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

This survey was made cooperatively by the Soil Conservation Service and
the lowa Agricuiture and Home Economics Experiment Station, Cooperatiave
Extension Service, lowa State University, and the Department of Soil
Conservation, State of lowa. It is part of the technical assistance furnished to
the Carroll County Soil Conservation District. Funds appropriated by Carroll
County were used to defray part of the cost of the survey.

Major fieldwork for this soil survey was performed in the period 1874-78. Soil
names and descriptions were approved in 1979. Unless otherwise indicated,
statements in this publication refer to conditions in the survey area in 1979.

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: The Calco and Spillville soils on the bottom land are used for
cultivated crops. The bordering, strongly sloping Storden soils are used for
pasture.
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preface

This soil survey contains information that can be used in land-planning
programs in Carroll County, lowa. 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 insure 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.






soil survey of
Carroll County, lowa

By Max A. Sherwood, Soil Conservation Service

Fieldwork by Max A. Sherwood, Robert J. Vobora,
Earl D. Lockridge, Kim C. Goerg, Frank L. Haynes,
and Kirk Johnson, Soil Conservation Service

United States Department of Agriculture,

Soil Conservation Service, in cooperation with

lowa Agriculture and Home Economics Experiment Station;
Cooperative Extension Service, lowa State University; and
Department of Soil Conservation, State of lowa

CARROLL COUNTY is in the west-central part of
lowa. It has a total land area of 573 square miles or
367,296 acres. The population of Carroll County in 1970
was 22,912. Carroll, the county seat, is about 100 miles
northwest of Des Moaines, lowa, and about 100 miles
southeast of Sioux City, lowa (fig. 1).

|
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Figure 1.—Location of Carroll County in lowa.

Most of the acreage in the county is in farms. Corn,
soybeans, hay, oats, and pasture are the main crops.
Corn, hay, and soybeans are predominant. Much of the
grain and forage that is grown on the farms is fed to
swine, beef, and dairy cattle that are raised in the
county.

Most of the soils in Carroll County formed under prairie
grasses and have a surface layer that is quite dark and
fertile. The climate is subhumid and continental. Winters
are cold and summers are warm. The growing season is
long enough for crops grown in the county to mature.

The first soil survey of Carroll County was published in
1926 (73). This survey updates the first survey and
provides additional information and larger maps that
show more detail.

general nature of the county

This section was prepared for those who are not
familiar with Carroll County. It discusses the climate,
physiography, relief and drainage, history and
development, water supply, farming, transportation
facilities, and vegetation in the county.

climate

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

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Carroll County, lowa
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in the period 1951 to 1977. 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 21 degrees F,
and the average daily minimum temperature is 11
degrees. The lowest temperature on record, which
occurred at Carroll on January 21, 1970, is -32 degrees.
In summer the average temperature is 72 degrees, and
the average daily maximum temperature is 85 degrees.
The highest recorded temperature, which occurred at
Carroll on July 31, 1955, is 105 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.

The total annual precipitation is 30.7 inches. Of this,
22 inches, or 75 percent, usually falls in April through
September, which includes the growing season for most
crops. In 2 years out of 10, the rainfall in April through
September is less than 17 inches. The heaviest 1-day
rainfall during the period of record was 4.85 inches at
Carroll on September 26, 1973. Thunderstorms occur on
about 50 days each year, and most occur in summer.

Average seasonal snowfall is 30 inches. The greatest
snow depth at any one time during the period of record
was 28 inches. On an average of 26 days, at least 1 inch
of snow is 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 70 percent
of the time possible in summer and 50 percent in winter.
The prevailing wind is from the northwest. Average
windspeed is highest, 13 miles per hour, in spring.

Tornadoes and severe thunderstorms strike
occasionally. These storms are local and of short
duration and result in sparse damage in narrow belts.
Hailstorms occur at times during the warmer part of the
year in irregular patterns and in relatively small areas.

physiography, relief and drainage

The highest elevation in Carroll County is 1,557 feet. It
is in the western part of the county. The lowest elevation
is about 1,090 feet. It is in the eastern part of the county
in the valley of the North Raccoon River. The upland
divide that separates the Missouri River watershed from
the Mississippi River watershed is mantled by Wisconsin
loess and extends in a north-south direction through the
western part of Carroll County.

Carroll County has two distinct topographic areas that
are divided by the Middle Raccoon River. This river

Soil survey

originates in the northwestern part of the county and
flows in a southeasterly direction through the city of
Carroll and on through Coon Rapids in the southeastern
part of the county.

Most of the area north and east of the Middle
Raccoon River has the undulating, nearly level to gently
rolling topography typical of the Wisconsin (Cary) drift
area. It has a few natural drainageways and many
enclosed depressions. The greatest variation in relief is
along the Bemis end moraine just north of the Middle
Raccoon River and along the Altamont end moraine in
the northeastern part of the county. The drainage
network in the northeastern part of Carroll County is
dominated by the Middie and North Raccoon Rivers and
by Storm, Purgatory, and Willow Creeks. These creeks
flow in a southeasterly direction. This part of the county
includes the Clarion-Nicollet-Webster, the Clarion-Storden,
the Wadena-Coland-Storden, and part of the Colo-
Ackmore-Calco soil associations on the general soil
map.

The area south and west of the Middle Raccoon River
has topography that is somewhat typical of the Kansan
glacial drift plain and is mantled by loess. It has nearly
level to gently sloping ridges that have more steeply
sloping sides than the Wisconsin drift area and nearly
level to gently sloping valleys. It is part of a large upland
plain that slopes to the south. The loess mantle is about
25 feet thick on the most stable ridgetops in the western
part of the county, but the thickness decreases gradually
to the east. The loess and the till plain are dissected by
numerous drainageways and streams that generally flow
in a southerly direction. The larger streams have well
developed tributaries fed by numerous smaller streams.
The drainage network in the southwestern part of Carroll
County is dominated by the Middle Raccoon and West
Nishnabotna Rivers and by Brushy Creek. The Middle
Raccoon, Nishnabotna, and East Boyer Rivers originate
in the western part of Carroll County. This part of the
county includes the Marshall-Exira, the Marshall-Exira-
Burchard, the Gara-Knox-Armstrong, and part of the
Colo-Ackmore-Calco soil associations on the general soil
map.

history and development

Although hunting parties of Indians passed through
this area, apparently no Indian tribes permanently settled
on the land that was to become Carroll County. The first
settler came to Carroll County in 1849. He settled on
land that is about 7 miles northeast of where Glidden is
now located.

Carroll County was established in 1851, and the
county was organized in 1856. The first county seat was
at Carrollton, but a few years later it was moved to
Carroll, which was on a railroad line.

Most of the settlements were near streams, where
water and timber were readily available. In 1856 there
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were 251 people in the county. As railroads were built,
more towns and farms were established, and by 1875
the population was 5,760. In 1970 the population was
22,912

The early settlers grew corn and small grain, and had
vegetable gardens. They raised cattle, swine, sheep, and
chickens. The economy that developed has been and is
still largely dependent upon farming. Some light industry,
manufacturing, and transportation enterprises, however,
are now located in Carroll County.

water supply

The supply of water for municipal, crop, and livestock
use is adequate in the northeastern part of Carroll
County, which is the area covered by Wisconsin (Cary)
glacial till. The water supply is also generally adequate in
the southwestern part of the county, but it is sometimes
a concern in dry years.

Farm wells are an average of about 30 feet deep in
the southwestern part of the county and about 220 feet
deep in the northeastern part. Much of the water for
livestock use comes from small farm ponds, creeks, or
rivers that are in pastureland. In 1977 there were 42
farm ponds in Carroll County. They averaged 1 to 2
acres but ranged from 1/2 acre to 6 acres.

The uplands in the southwestern part of the county
are covered by a mantle of Wisconsin loess overlying
Kansan glacial till. Water moves downward through the
loess, but the underlying glacial till restricts this
downward movement. As a result, a perched water table
develops in the loess above the glacial till during wet
seasons. This perched water seeps out along the loess-
till contact line along hillsides. Because of this, wells that
take water from this area with a perched water table
often have a good supply in spring but a greatly reduced
supply during the drier summer months. During extended
drought periods, the water supply from these wells may
become critical. For this reason, most wells in the
southwestern part of the county take water from the
alluvial sands that underlie the valleys, rather than from
the upland areas that have a perched water table. A
rural water supply system is being developed in the
southwestern part of Carroll County that is expected to
serve about 35 percent of the farms in the county when
it is completed.

The principal sources of water supply to wells for both
rural and municipal uses in Carroll County are shallow
alluvial sands and deeper glacial sands and the Dakota
Sandstone in the upper part of the bedrock.

Municipal water supply systems in Carroll County are
located at Arcadia, Breda, Carroll, Coon Rapids,
Dedham, Glidden, Halbur, Lanesboro, Lidderdale,
Manning, Templeton, and Willey. With the exception of
Arcadia and Templeton, all of these communities
develop their water supply from alluvial and glacial sand,
or from the Dakota Sandstone. Some of these wells

have produced large quantities of water. At Carroll
individual wells have tested as high as 700 to 900
gallons per minute. These conditions do not occur
everywhere, however, because the physical character
and distribution of these aquifers vary locally. For
example, in the upland areas in the southwestern part of
the county, where the alluvial and Dakota aquifers are
absent, some places may have difficulty in obtaining
more than a few gallons of water per minute. Efforts that
have been made to drill deeper than the Dakota aquifer
have proven impractical, but a promising source for large
supplies of good quality drinking water may be the
Jordan Sandstone and associated dolomites, which are
about 2,100 to 2,400 feet below the surface (70).

farming

In 1976, there were 1,227 farms in Carroll County that
averaged 287 acres per farm. The total area in farms
was 352,738 acres, of which 293,076 acres was used for
crops. In 1975, 31,181 acres was in pasture, 1,248 acres
in woodland, 11,225 acres in farmsteads, roads, and
miscellaneous uses, and 628 acres in small water areas
(3). '

Corn is the primary crop in Carroll County. In 1975,
175,200 acres of corn harvested for grain yielded an
average of 83 bushels per acre, and 23,650 acres
harvested for silage yielded an average of 16 tons per
acre. Soybeans is the second most important crop. In
1975, 85,800 acres of soybeans harvested for grain
yielded an average of 35.6 bushels per acre. The
average yield of 19,100 acres of oats was 65.2 bushels
per acre. Of the 17,100 acres of hay grown in 1975,
13,300 acres was alfalfa (9).

Although some cash-grain farms in Carroll County
receive most of their income from corn and soybeans,
most of the farmers receive about 40 percent of their
income from crops and 60 percent from livestock. In
1976, 394,400 hogs were marketed. Also marketed were
115,800 cattle, of which 19,750 were beef cows. Of
these, 82,200 were grain-fed. In addition, 1,900 milk
cows were sold. During 1976, an average of 45,100
laying hens were raised in Carroll County.

Most of the cattle and hogs are marketed in Denison,
lowa; Omaha, Nebraska; and Sioux City, lowa but some
are sold nearby. Milk and eggs are generally picked up
on regular produce truck routes and hauled to
processing plants or markets outside of Carroll County.
Corn and soybeans are commonly trucked to local grain
elevators for storage or market, but some crops are held
in storage on the farm for marketing later, or are fed to
livestock. Silage and hay are generally fed to livestock
on the farm.

Since the 1930's, the farms in Carroll County have
declined steadily in number and increased steadily in
size.



transportation facilities

Two railroads serve Carroll County. A network of
federal, state, and county highways serves all parts of
the county. U.S. Highways 30 and 71 provide the major
east-west and north-south service. Farm-to-market roads
are paved or gravel surfaced throughout the county.

Most communities have freight service by train, and all
have service by truck. Bus service is provided to the
communities along Highway 30. Airfields for small aircraft
are at Carroll and Manning. A landing strip is at Coon
Rapids.

vegetation

The native vegetation of Carroli County was mainly
prairie grasses (bluestems) and oak-hickory type forest.
Prairie grasses were dominant throughout the county,
except along the major streams and valleys where forest
vegetation was dominant. Native grass areas are
generally in pastureland. Native timbered areas are
mainly in county or state parks or access areas to rivers
in the county.

how this survey was made

Soil scientists made this survey to learn what soils are
in the survey area, where they are, and how they can be
used. They observed the steepness, length, and shape
of slopes; the size of streams and the general pattern of
drainage; the kinds of native plants or crops; and the
kinds of rock. They dug many holes to study soil profiles.
A profile is the sequence of natural layers, or horizons, in
a soil. It extends from the surface down into the parent

material, which has been changed very little by leaching
or by plant roots.

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

The areas shown on a soil map are called map units.
Most map units are made up of one kind of soil. Some
are made up of two or more kinds. The map units in this
survey area are described under “General soil map
units” and “Detailed soil map units.”

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

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



general soil map units

The general soil map at the back of this publication
shows broad areas called soil associations that have a
distinctive pattern of soils, relief, and drainage. Each soil
association on the general soil map is a unique natural
landscape. Typically, a soil 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 other associations 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 soil association differ from place to
place in slope, depth, drainage, and other characteristics
that affect management.

1. Clarion-Nicollet-Webster association

Nearly level to strongly sloping, well drained, somewhat
poorly drained, and poorly drained, loamy and silty soils
that formed in glacial till or in local glacial sediment; on
uplands

This association consists of soils on a young tiil plain
(fig. 2). Relief varies from shont, irregular slopes on the
higher areas to slight depressions in the low areas.
Surface drainage is not well developed, and runoff water
commonly accumulates in some of the lowest areas.
Slopes range from 0 to 14 percent (fig. 3).

Figure 2.—Typical pattern of soils in the Clarion-Nicollet-Webster association.
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Figure 3.—Typical landscape in the Clarion-Nicollet-Webster association. The Clarion soils are on the gently sloping areas, and the
Nicollet and Webster soils are on the nearly level to level areas.

This association makes up about 31 percent of the
county. About 33 percent is Clarion soils, about 17
percent is Nicollet soils, and about 15 percent is
Webster soils. Soils of minor extent make up about 35
percent.

Clarion soils are well drained and are on the higher,
steeper areas of the association. Nicollet soils are
somewhat poorly drained and are on the lower parts of
long, gentle slopes. The nearly level Webster soils are
poorly drained and are in the low areas.

Typically, the surface layer of the Clarion soils is black
loam about 9 inches thick. The subsurface layer is mixed
very dark grayish brown and black loam about 5 inches
thick. The subsoil is about 19 inches thick. The upper
part is brown, friable loam, and the lower part is dark
yellowish brown; mottled, friable loam. The substratum to

a depth of about 60 inches is yellowish brown, mottled,
calcareous loam.

Typically, the surface layer of the Nicollet soils is black
loam about 9 inches thick. The subsurface layer is black
and very dark grayish brown loam and clay loam about
13 inches thick. The subsoil is dark grayish brown,
mottled, friable clay loam about 8 inches thick. The
substratum to a depth of about 60 inches is grayish
brown, mottled, friable clay loam and loam.

Typically, the surface layer of the Webster soils is
black siity clay loam about 8 inches thick. The
subsurface layer is about 13 inches thick. It is black silty
clay loam in the upper part and very dark gray clay loam
in the lower part. The subsoil is about 24 inches thick.
The upper part is dark gray and olive gray clay loam, and
the lower part is olive gray, mottled, friable loam. The
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substratum to a depth of about 60 inches is olive gray,
mottled, calcareous loam.

Canisteo soils are important soils of minor extent.
They are poorly drained and have a higher lime content
than the major soils. Other soils of minor extent in this
association are Calco, Coland, Harps, Okoboji, and
Storden soils. Calco and Coland soils are poorly drained
and are on bottom lands. Harps soils are poorly drained
and are at a slightly higher elevation than the very poorly
drained Okoboji soils, which are in closed depressional
areas. Storden soils are well drained and are on the
steepest slopes. Calco, Harps, and Storden soils have a
higher lime content than the other soils.

The soils in this association are used mainly for corn,
soybeans, small grains, and hay. Some of the wetter

areas and some of the steeper, sloping areas are used
for pasture. Fertility, content of organic matter, and
available water capacity are high in these soils. The main
concerns of management are the improvement of
drainage in the low areas and the control of water
erosion-and maintenance of fertility on the more sloping
areas.

2. Ciarion-Storden association

Moderately sloping to very steep, well drained, loamy
solls that formed in glacial till; on uplands

This association is made up of soils on glacial moraine
areas (fig. 4). These areas consist of convex side slopes,
knolls, and ridgetops. Surface drainage is well
developed. Slopes range from 5 to 40 percent.

Figure 4.—Typical pattern of soils in the Clarion-Storden association.



This association makes up about 6 percent of the
county. About 40 percent is Clarion soils and about 30
percent is Storden soils. Soils of minor extent make up
about 30 percent.

Clarion and Storden soils are well drained. The
Storden soils are generally on convex side slopes and
are downslope from the Clarion soils. Storden soils are
calcareous.

Typically, the surface layer of the Clarion soils is very
dark grayish brown loam about 8 inches thick. The
subsoil is about 16 inches thick. The upper part is brown,
friable loam, and the lower part is dark yellowish brown,
mottled, friable loam. The substratum to a depth of about
60 inches is yellowish brown, mottled, friable, calcareous
loam.

Typically, the surface layer of the Storden soils is very
dark grayish brown and dark grayish brown, calcareous
loam mixed with streaks and patches of brown subsoil
material. It is about 8 inches thick. The substratum to a
depth of about 60 inches is yellowish brown, friable,
calcareous loam in the upper part and light olive brown,
mottled, friable, calcareous loam in the middle and lower
parts. Lime accumlations are throughout the soil.

Of minor extent are Calco, Coland, and Spillville soils
in bottom lands and Salida soils on uplands. Calco and

Soil survey

Coland soils are poorly drained, have a seasonal high
water table, and are frequently flooded. Spillville soils are
somewhat poorly drained or moderately well drained.
The Salida soils are excessively drained and are
underlain by sand and gravel. They occur as gravelly
knobs or mounds and are generally surrounded by
Storden soils.

The soils in this association are used mainly for corn,
soybeans, small grains, and hay. The steepest areas are
in pasture. Except for Storden and Salida soils, these
soils are high in fertility and content of organic matter,
and except for Salida soils, they have high available
water capacity. The main concerns of management are
control of water erosion and maintenance of fertility.

3. Wadena-Coland-Storden association

Nearly level to very steep, well drained and poorly
drained, loamy soils that formed in glacial outwash
sediment, alluvium, and glacial till; on uplands and
bottom lands

This association consists of soils on flood plains,
terraces, glacial outwash plains, and valley side slopes
(fig. 5). Slopes range from 0 to 40 percent. Many of the
glacial outwash areas are underlain by sand and gravel.

Figure 5.—Typical pattern of soils in the Wadena-Coland-Storden association.
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This association makes up about 6 percent of the
county. About 18 percent is Wadena soils, 16 percent is
Coland soils, and 12 percent is Storden soils. Soils of
minor extent make up about 54 percent.

Wadena soils are well drained and are underlain by
sand and gravel. They are on outwash plains, valley
trains, and benches. Coland soils are poorly drained.
They commonly have a seasonal high water table and
are frequently flooded. Storden soils are well drained.
They are calcareous and are mainly along the sloping
sides of valleys.

Typically, the surface layer of the Wadena soils is
black loam about 9 inches thick. The subsurface layer is
about 8 inches thick. It is black loam in the upper part
and very dark grayish brown loam in the lower part. The
subsoil is about 17 inches thick. The upper part is brown,
friable loam, the middle part is dark yellowish brown,
friable loam, and the lower part is brown, friable gravelly
loamy sand. The substratum to a depth of about 60
inches is multicolored, calcareous, loose sand and
gravel.

Typically, the surface layer of the Coland soils is black
clay loam about 8 inches thick. The subsurface layer is
black clay loam about 21 inches thick. The mottled
subsoil is very dark gray, friable clay loam about 19
inches thick. The substratum to a depth of about 60
inches is gray, friable sandy clay loam.

Typically, the surface layer of the Storden soils is dark
grayish brown and very dark grayish brown, calcareous
loam mixed with streaks and patches of light olive brown
subsoil material. It is about 8 inches thick. The
substratum to a depth of about 60 inches is light olive
brown and yellowish brown, friable, calcareous loam in
the upper part and light olive brown, mottled, friable,
calcareous loam in the lower part. Lime accumulations
are throughout the soil.

Of minor extent are Biscay, Calco, Cylinder,
Estherville, Ridgeport, Salida, Spillville, and Talcot soils.
Except for Calco and Spillville soils, all of these soils are
underlain by sand and gravel. Biscay, Calco, and Talco
soils are poorly drained. Cylinder soils are somewhat
poorly drained, and Spillville soils are somewhat poorly
drained to moderately well drained. Estherville soils and
Ridgeport soils are somewhat excessively drained, and
Salida soils are excessively drained. Other soils of minor
extent are Terril soils on foot slopes and Dickman and
Lester soils on the sides of valleys. Dickman and Lester
soils are well drained.

The soils in the valleys in this association are used
mainly for corn, soybeans, small grains, and hay, and the
soils on the valley sides are used mainly for grasses for
hay and pasture. Most of the soils on bottom lands are
subject to flooding. These soils vary widely in fertility,
content of organic matter, and available water capacity.
The main concerns of management are the droughty
characteristics of the sandy soils, which are underlain by
sand and gravel. Other management concerns are

maintenance of fertility and improvement of drainage or
protection from flooding of the low, wet areas.

This soil association is used mainly for cultivated farm
crops and for pasture. The hazard of flooding in the
valleys and steepness of slopes on the sides of valleys
are severe limitations. The main concerns of
management are improvement of drainage in low areas
and control of erosion on the more sloping valley side
slopes.

4. Marshall-Exira association

Nearly level to moderately steep, well drained, silty soils
that formed in loess; on uplands

This association consists of soils on ridges, side
slopes, and valleys (fig. 6). The areas have well
developed drainage systems. The broadest and highest
ridge separates the Missouri River watershed to the west
from the Mississippi River watershed to the east. Slopes
range from 0 to 20 percent.

This association makes up about 35 percent of the
county. About 60 percent is Marshall soils and about 20
percent is Exira soils. Soils of minor extent make up
about 20 percent.

In most places, Marshall soils are at a higher elevation
and are upslope from Exira soils. Both soils have a
surface layer of friable silty clay loam.

Typically, the surface layer of the Marshall soils is very
dark grayish brown silty clay loam mixed with streaks
and patches of brown subsoil material. It is about 8
inches thick. The subsoil is about 35 inches thick. The
upper part is dark brown and brown, friable silty clay
loam, and the lower part.is brown and grayish brown,
mottled, friable silty clay loam. The substratum to a
depth of 60 inches is grayish brown, mottled, friable silt
loam.

Typically, the surface layer of the Exira soils is very
dark grayish brown, friable silty clay loam mixed with
streaks and patches of brown subsoil material. It is about
8 inches thick. The subsoil is about 33 inches thick. The
upper part is brown, friable silty clay loam, the middle
part is brown and dark yellowish brown, mottled, friable
silty clay loam, and the lower part is yellowish brown,
mottled, friable silty clay loam. The substratum to a
depth of about 60 inches is yellowish brown and grayish
brown, friable silty clay loam.

Of minor extent are Ackmore, Colo, Dickman, Judson,
and Zook soils. Ackmore, Colo, and Zook soils are
poorly drained and are on bottom lands. The sandy
Dickman soils are well drained and are on uplands.
Judson soils are well drained and are on foot slopes.

The soils in this association are used mainly for corn,
soybeans, small grains, and hay. Some soils on bottom
lands along drainageways that are frequently flooded are
used for pasture. Fertility, content of organic matter, and
available water capacity are high in these soils. The main
concern of management is control of water erosion.
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Figure 6.—Typical pattern of soils in the Marshall-Exira association.

5. Marshall-Exira-Burchard association

Nearly level to steep, well drained and moderately well
drained, silty and loamy soils that formed in loess and
glacial till; on uplands

This association is made up of soils on ridges and side
slopes that are dissected by valleys (fig. 7). The
ridgetops and upper side slopes consist of silty soils, and
the more sloping valley side slopes commonly are glacial
till soils that drain into deeply cut valleys. Slopes range
from 0 to 25 percent (fig. 8).

This association makes up about 14 percent of the
county. About 40 percent is Marshall soils, about 25
percent is Exira soils, and about 15 percent is Burchard
soils. Soils of minor extent make up about 20 percent.

In most places, Marshall and Exira soils are at a
higher elevation than Burchard soils. Marshall soils are
well drained, and Exira soils are well drained or
moderately well drained. Both soils have a surface layer

of friable silty clay loam and formed in loess. Burchard
soils are moderately well drained. They are loamy upland
soils that formed in glacial till.

Typically, the surface layer of the Marshall soils is very
dark brown silty clay loam mixed with streaks and
patches of brown subsoil material. It is about 8 inches
thick. The subsoil is about 32 inches thick. The upper
part is dark brown and brown, friable silty clay loam, and
the lower part is brown and grayish brown, mottled,
friable silty clay loam. The substratum to a depth of
about 60 inches is grayish brown, mottled, friable silt
loam.

Typically, the surface layer of the Exira soils is very
dark grayish brown, friable silty clay loam mixed with
streaks and patches of brown subsoil material. It is about
8 inches thick. The subsoil is about 28 inches thick. The
upper part is brown, friable silty clay loam, the middle
part is brown and dark yellowish brown, mottled, friable
silty clay loam, and the lower part is yellowish brown,



Carroll County, lowa

mottled, friable silty clay loam. The substratum to a
depth of about 60 inches is yellowish brown and grayish
brown, friable silt loam.

Typically, the surface layer of the Burchard soils is
very dark grayish brown clay loam about 7 inches thick.
The subsoil is about 15 inches thick. The upper part is
brown, firm clay loam, and the lower part is yellowish
brown, mottled, firm clay loam. The mottled substratum
to a depth of about 60 inches is yellowish brown and
grayish brown, firm, calcareous clay loam.

Of minor extent are Ackmore, Adair, Colo, Ida, Judson,
Lamoni, and Zook soils. Ackmore, Colo, and Zook soils
are poorly drained. They are on bottom lands and
formed in alluvium. Adair and Lamoni soils are somewhat
poorly drained. They are in uplands and formed in glacial
till. Ida soils are well drained. They are in uplands and
formed in loess. Judson soils are well drained and are
on foot slopes.

Most of the soils in this association are used for
soybeans, corn, small grains, and hay. Some areas on
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bottom lands that are frequently flooded are used for
pasture. Hillside seeps commonly develop along the
loess-glacial till contact in wet seasons. The main
concerns of management are control of water erosion,
improvement of drainage in wet areas, and maintenance
of tilth and fertility.

6. Colo-Ackmore-Calco association

Nearly level to gently sloping, poorly drained, silty soils
that formed in alluvium; on bottomn lands

This association consists mainly of silty soils on
alluvial flood plains but in some places near the water
course are more sandy soils (fig. 9). These soils are
subject to flooding. In places, the stream channel has
been straightened. Slopes range from 0 to 5 percent.

This association makes up about 6 percent of the
county. About 22 percent is Colo soils, 18 percent is
Ackmore soils, and 15 percent is Calco soils. Soils of
minor extent make up about 45 percent.

Colo, Ackmore, and Calco soils are on bottom lands

Figure 7 —Typical pattern of soils in the Marshall-Exira-Burchard association.
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Figure 8.—Typical landscape in the Marshall-Exira-Burchard association. The Exira soils are on the upper part of the slope, and the
Burchard soils are on the lower part.

and are poorly drained. They have a seasonal high water
table and a silty surface layer. Calco soils have a higher
lime content than the other soils.

Typically, the surface layer of the Colo soils is black
silty clay loam about 8 inches thick. The subsurface layer
is black silty clay loam about 30 inches thick. Below this
is a very dark gray, mottled, firm silty clay loam layer
about 11 inches thick. The substratum to a depth of
about 60 inches is dark gray, mottled, firm silty clay
loam.

Typically, the surface layer of the Ackmore soils is
very dark grayish brown silt loam about 8 inches thick.
The substratum to a depth of about 30 inches is
stratified, friable, very dark gray, dark grayish brown, and
black silt loam and silty clay loam. Below this to a depth
of about 60 inches is a buried soil of black silty clay

loam. The upper part is friable, and the lower part is firm.

Typically, the surface layer of the Calco soils is black,
calcareous silty clay loam about 8 inches thick. The
subsurface layer is black, calcareous silty clay loam
about 32 inches thick. The subsoil is very dark gray,
friable, calcareous silty clay loam about 8 inches thick.
The substratum to a depth of about 60 inches is very
dark gray, friable, calcareous silty clay loam.

In the valleys, the soils of minor extent are Biscay,
Coland, Cylinder, Judson, Knoke, Marshall, Spillville,
Wadena, and Zook soils. Biscay, Cylinder, Coland,
Spillville, and Wadena soils are higher in content of sand
than the major soils. Biscay, Cylinder, and Wadena soils
are on low benches and are underlain by sand and
gravel. Biscay and Coland soils are poorly drained.
Cylinder soils are somewhat poorly drained. Spillville
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soils are mostly somewhat poorly drained, but in places
they are moderately well drained. Wadena soils are well
drained. Judson soils are on foot slopes and are well
drained. Knoke soils are in the uplands and are very
poorly drained. Marshall soils are on silty benches that
are underlain by alluvium and are well drained.

The soils in this association are used mainly for corn,
soybeans, small grains, and hay. Wetness and seasonal
flooding are the main limitations to the use of these soils
for farming or for other purposes. Most of these soils
have been drained.

7. Gara-Knox-Armstrong association

Moderately sloping to very steep, well drained to
somewhat poorly drained, loamy and silly soils that
formed in glacial till and loess; on uplands

This association is made up of soils on rather narrow
ridges and long side slopes that are dissected by valleys
(fig. 10). The ridgetops consist of silty soils and the more
sloping side slopes are glacial till soils that drain into
deeply cut valleys. Slopes range from 4 to 40 percent,
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This association makes up about 2 percent of the
county. About 40 percent is Gara soils, about 20 percent
is Knox soils, and 15 percent is Armstrong soils. Soils of
minor extent make up about 25 percent.

Gara soils are on side slopes and are moderately well
drained. They have a loam surface layer and formed in
glacial till. Knox soils are on ridges above Gara and
Armstrong soils and are well drained. They have a silt
loam surface layer and formed in loess. Armstrong soils
are on the side slopes above Gara soils and are
somewhat poorly drained. They have a clayey subsoil
and formed in glacial till.

Typically, the surface layer of the Gara soils is dark
grayish brown loam about 6 inches thick. The subsoil is
about 30 inches thick. The upper part is brown and dark
yellowish brown, firm clay loam, the middle part is dark
yellowish brown, mottled, firm clay loam; and the lower
part is yellowish brown, mottled, firm clay loam. The
mottled substratum to a depth of about 60 inches is
yellowish brown clay loam.

Figure 9.—Typical pattern of soils in the Colo-Ackmore-Calco association.
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Figure 10.—Typical pattern of soils in the Gara-Knox-Armstrong association.

Typically, the surface layer of the Knox soils is very
dark grayish brown siit loam about 6 inches thick. The
subsurface layer is brown, friable silt loam about 8
inches thick. The subsoil is dark yellowish brown,
mottled, friable silty clay loam about 30 inches thick. The
substratum to a depth of about 60 inches is brown,
mottled, friable silt loam.

Typically, the surface layer of the Armstrong soils is
very dark grayish brown loam about 7 inches thick. The
subsoil is about 35 inches thick. The upper part is brown,
firm clay loam, the middle part is grayish brown and
yellowish brown, firm clay, and the lower part is grayish
brown, yellowish brown, and light gray, firm clay loam. A
stone line is in the upper part of the subsoil. The mottled

substratum to a depth of about 60 inches is light gray
and yellowish brown clay loam.

The soils of minor extent in this association are
Ackmore, Coland, Colo, Judson, Spillville, and Zook
soils. Ackmore, Coland, Colo, and Zook soils are in the
valleys on bottom lands and are poorly drained. Spillville
soils also are on bottom lands. They are somewhat
poorly drained or moderately well drained. Judson soils
are on foot slopes and are well drained.

The more sloping soils in this association are used for
pasture. Most of the less sloping soils are used for
cultivated crops, small grains, and hay. The main
concerns of management are control of water erosion
and maintenance of fertility.



detailed soil map units

15

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 soi/
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, Clarion loam, 5 to 9 percent
slopes, is one of several phases in the Clarion series.

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

A soil complex consists of two or more soils in such
an intricate pattern or in such small areas that they
cannot be shown separately on the soil maps. The
pattern and proportion of the soils are somewhat similar
in all areas. Salida-Storden complex, 5 to 9 percent
slopes, is an example.

Most map units include small scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ
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.

1C3-—Ida siit loam, 5 to 9 percent slopes, severely
eroded. This moderately sloping, well drained soil is on
ridges, points of ridges, and side slopes in uplands.
Slopes generally are long or grade into adjacent, long
slopes. Individual areas range from 2 to 20 acres and
are irregular in shape.

Typically, the surface layer is brown, calcareous silt
loam about 6 inches thick. Lime nodules are common
throughout this layer. The substratum to a depth of about
60 inches is mottled, friable to very friable, calcareous
silt loam. The upper part is brown and has common lime
nodules, the middle part is light olive brown, and the
lower part is light brownish gray. In places the soil is
noncalcareous to a depth of 10 to 15 inches and the
upper part of the subsoil is not brown.

Included with this soil in mapping are small areas of
Adair, Dickman, and Lamoni soils. The clayey Adair and
Lamoni soils are on the lower part of the unit and are
somewhat poorly drained. The sandy Dickman soils are
on the more convex, sloping part of the unit and in
places are just above the Adair or Lamoni soils. They are
well drained. The included areas make up less than 5§
percent of this unit.

This Ida soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 0.5 to 1 percent organic matter.
Reaction typically is moderately alkaline throughout. The
substratum generally is very low in available phosphorus
and potassium. This soil is easily tilled.

Most areas of this soil are cultivated, but a few areas
are used for hay or pasture. This soil is poorly suited to
corn, soybeans, and small grains. It is better suited to
grasses and legumes for hay and pasture. If this soil is
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used for cultivated crops, the high lime content in the
soil increases the possibility of crop damage from
herbicides, and damage from further erosion is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss. Contour farming and terracing are suited to this soil
if slopes are long enough. Returning crop residue or the
regular addition of other organic matter helps to improve
fertility and tilth and increases water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing reduces the
vegetative cover and increases runoff, which makes the
soil more susceptible to erosion. Proper stocking rates
and controlied grazing help to keep the pasture and soil
in good condition.

This soil is in capability subclass llle.

1D3—1Ida silt loam, 9 to 14 percent slopes,
severely eroded. This strongly sloping, well drained soil
is on narrow ridges, points of ridges, and side slopes in
uplands. Slopes are long or grade into adjacent, long
slopes. Individual areas range from 2 to 20 acres and
are irregular in shape.

Typically, the surface layer is brown, calcareous silt
loam about 6 inches thick. Lime nodules are common
throughout this layer. The mottied substratum to a depth
of about 60 inches is friable, calcareous silt loam. The
upper part is brown and has common lime nodules, the
middle part is light olive brown, and the lower part is light
brownish gray. In places the soil is noncalcareous to a
depth of 10 to 15 inches and the upper part of the
subsoil is not brown.

Included with this soil in mapping are small areas of
Adair, Dickman, and Lamoni soils. The clayey Adair and
Lamoni soils are on the lower part of the unit and are
somewhat poorly drained. The sandy Dickman soils are
on the more convex, sloping part of the unit and in
places are just above the Adair or Lamoni soils. They are
well drained. The included areas make up less than 5
percent of this unit.

This Ida soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 0.5 to 1 percent organic matter.
Reaction typically is moderately alkaline throughout. The
substratum generally is very low in available phosphorus
and potassium. This soil is easily tilled.

Most areas of this soil are cultivated, but a few areas
are used for hay or pasture. This soil is poorly suited to
corn, soybeans, and small grains. It is better suited to
grasses and legumes for hay and pasture. If this soil is
used for cuitivated crops, the high lime content in the
soil increases the possibility of crop damage from
herbicides, and damage from further erosion is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss. Contour farming and terracing are suited to this soil
if slopes are long enough. Returning crop residue or the
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regular addition of other organic material helps to
improve fertility and tilth and increases water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing reduces the
vegetative cover and increases runoff, which makes the
soil more susceptible to erosion. Proper stocking rates
and timely deferment of grazing help to keep the pasture
and soil in good condition.

This soil is in capability subclass llle.

5B—Ackmore-Judson complex, 1 to 5 percent
slopes. These nearly level and gently sloping soils are in
valleys and upland drainageways. Individual areas range
from 5 to more than 100 acres and are irregular in
shape. This map unit is about 60 percent Ackmore soil
and 25 percent Judson soil. The poorly drained Ackmore
soil is in the lower and less sloping part of the map unit
and is subject to flooding. The well drained or
moderately well drained Judson soil is fairly uniform in
width and is along the upper part of the map unit. It is
generally adjacent to and below the steeper, sloping,
upland soils. These soils are so intricately mixed or so
small that it is not practical to separate them in mapping.

Typically, the surface layer of the Ackmore soil is very
dark grayish brown silt loam about 8 inches thick. The
subsoil is stratified, very dark gray, dark grayish brown,
and black, mottled, friable silt loam about 22 inches
thick. The substratum to a depth of about 60 inches is
an older buried soil. It is black, friable silty clay loam. In
places are small areas of a soil that is similar to the
Ackmore soil except the layer of substratum above the
buried soil is thinner.

Typically, the surface layer of the Judson soil is black
silty clay loam about 8 inches thick. The subsurface layer
is black and very dark grayish brown silty clay loam
about 17 inches thick. The subsoil is dark brown and
brown, friable silty clay loam about 18 inches thick. The
substratum to a depth of about 60 inches is brown,
mottled, friable silty clay loam. In places are small areas
of a soil that is similar to the Judson soil except the
subsoil is dark grayish brown.

Included with these soils in mapping are small areas of
poorly drained Colo and Zook soils. They are not
stratified and do not have a buried layer. These soils are
in depressed areas between the Ackmore and Judson
soils. The included areas make up about 15 percent of
this unit.

The Ackmore and Judson soils are moderately
permeable. Surface runoff is slow. The Ackmore soil has
a seasonal high water table. The surface layer of the
Ackmore soil is about 2 to 4 percent organic matter, and
the surface layer of the Judson soil is about 4 to 5
percent. In both soils, reaction typically is medium acid,
and the subsoil generally is low in available phosphorus
and potassium. These soils are easily tilled unless they
are wet.
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Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, and grasses for
hay or pasture. If these soils are cultivated, wetness
caused by flooding or the seasonal high water table is a
hazard for the Colo soil. The use of diversion terraces on
foot slopes just above this unit and the installation of
surface or tile drains help to control excessive wetness.

The use of these soils for pasture or hay is an
effective means of controlling erosion in areas that are
subject to more frequent flooding. Overgrazing or grazing
when the soils are too wet, however, causes surface
compaction and puddling and results in lower
productivity. Proper stocking rates, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soils in good condition.

These soils are moderately suited to trees, and a few
small areas remain in native hardwoods. Because the
soils are poorly drained, the use of equipment needs to
be restricted to drier times of the year or to the winter
months when the ground is frozen. Special high flotation
equipment can be used in harvesting or management
during wet periods. Because natural and planted
seedlings do not survive well, seedlings should be
spaced closely together in planting. The surviving trees
can be thinned later to achieve the desired stand
density. Competing vegetation needs to be controlled
during site preparation or by spraying or cutting. Erosion
is not a limiting factor on these soils during logging and
related road construction.

The soils in this complex are in capability subclass liw.

6—Okoboiji silty clay loam, 0 to 1 percent slopes.
This level or nearly level, very poorly drained soil is in
slight depressions in uplands. It is subject to ponding
(fig. 11). Individual areas are commonly 2 to 5 acres but
range to 30 acres or more. Areas generally are
somewhat round but are irregular in shape in places.

Typically, the surface layer is black silty clay loam
about 8 inches thick, and the subsurface layer is black
silty clay loam about 19 inches thick. The subsoil is
about 22 inches thick. The upper part is very dark gray,
firm silty clay loam, the middle part is olive gray and dark
gray, mottled, firm clay loam, and the lower part is gray
and olive gray, firm, calcareous silty clay loam. The
substratum to a depth of about 60 inches is gray,
mottled, friable clay loam. In places in small areas the
surface layer is mucky silt loam as much as 20 inches
thick or silt loam as much as 24 inches thick.

Included with this soil in mapping at slightly higher
elevations are small areas of poorly drained, highly
calcareous Harps soil. The included areas make up
about 10 percent of this unit.

Permeability is moderately slow in this Okoboji soil,
and runoff from the surrounding soils ponds on this soil.
The soil has a seasonal high water table. Available water
capacity is high. The surface layer is about 9 to 10
percent organic matter, and typically is mildly alkaline in
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Figure 11.—Typical area of very poorly drained Okoboji
silty clay loam, 0 to 1 percent slopes.

reaction. The subsoil generally is very low in available
phosphorus and low or very low in available potassium.
This soil is easily tilled unless it is wet.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if it is adequately drained.
After heavy rains, this soil is ponded in depressional
areas. The surface layer puddles easily if worked when
wet. The installation of deep tiling or surface drains is
needed to reduce excessive wetness.

This soil is in capability subclass Illw.

8B—Judson silty clay loam, 2 to 5 percent slopes.
This gently sloping, moderately well drained or well
drained soil is on foot slopes or alluvial fans. Individual
areas range from 3 to 20 acres and are irregular in
shape.

Typically, the surface layer is very dark brown silty clay
loam about 8 inches thick. The subsurface layer is about
20 inches thick. It is black in the upper part and very
dark grayish brown in the lower part. The subsoil is dark
brown and brown, friable silty clay loam about 18 inches
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thick. The substratum to a depth of about 60 inches is
brown, mottled, friable silty clay loam. In places on the
lower and more gentle slopes the subsoil is dark grayish
brown.

Included with this soil in mapping are small areas of
Colo, Exira, and Marshall soils. The Colo soil is poorly
drained and is on lower, less sloping areas than Judson
soils. The Exira and Marshall soils have a thinner surface
layer and less content of organic matter and are along
higher, more sloping places in the upper part of the map
unit. The included areas make up 5 to 15 percent of this
unit.

This Judson soil is moderately permeable, and surface
runoff is moderately slow. Available water capacity is
high. The surface layer is about 4 to 5 percent organic
matter and typically is slightly acid in reaction. The large
amount of organic matter helps to maintain a porous
topsoil, which increases water infiltration and reduces
water runoff. The subsoil generally is low in available
phosphorus and potassium. This soil is easily tilled
unless it is wet.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. Erosion and siltation
resulting from overflow from adjacent uplands are
hazards, however, if this soil is used for cultivated crops.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss and siltation. Erosion control practices, such as
contouring and terracing, are suited to this soil. Diversion
terraces are also used to control erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass lle.

8C—Judson siity clay loam, 5 to 9 percent slopes.
This moderately sloping, moderately well drained or well
drained soil is on foot slopes or alluvial fans. Individual
areas range from 3 to 45 acres and are irregular in
shape.

Typically, the surface layer is very dark brown silty clay
loam about 8 inches thick. The subsurface layer is about
17 inches thick. It is black in the upper part and very
dark grayish brown in the lower part. The subsoil is dark
brown and brown, friable silty clay loam about 18 inches
thick. The substratum to a depth of about 60 inches is
brown, mottied, friable silty clay loam. In places the
subsoil is dark grayish brown.

Included with this soil in mapping are small areas of
Colo, Exira, and Marshall soils. The poorly drained Colo
soil is on the lower, less sloping areas. The Exira and
Marshall soils have a thinner surface layer and less
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content of organic matter than Judson soils and are
along the higher, more sloping places in the upper part
of the unit. The included areas make up about 5 to 15
percent of this unit.

This Judson soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 4 to 5 percent organic matter and
typically is slightly acid in reaction. The large amount of
organic matter in the surface layer helps to maintain a
porous topsoil, which increases water infiltration and
reduces water runoff. The subsoil generally is low in
available phosphorus and potassium. This soil is easily
tilled unless it is wet.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. Erosion and siltation
resulting from overflow from adjacent uplands are
hazards, however, if this soil is used for cultivated crops.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss and siltation. Erosion control practices, such as
contouring and terracing, are suited to this soil. Diversion
terraces are used.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass llle.

9—Marshall siity clay loam, 0 to 2 percent slopes.
This nearly level, well drained soil is on ridgetops in
uplands. Individual areas range from 5 to more than 80
acres but are commonly less than 20 acres. They are
irregular in shape.

Typically, the surface layer is very dark brown silty clay
loam about 8 inches thick. The subsurface layer is very
dark brown silty clay loam about 10 inches thick. The
subsoil is about 42 inches thick. The upper part is dark
brown and brown, friable silty clay loam, the middle part
is brown, mottled, friable silty clay loam, and the lower
part is grayish brown, mottled, friable silty clay loam. Iin
places mottles are common at a depth of less than 30
inches.

Included with this soil in mapping, on ridgetops, are
small areas of a nearly level, somewhat poorly drained
soil that has a dark grayish brown subsoil. Also included,
in slight depressions, are very small areas of a very
poorly drained soil that has a light colored subsurface
layer. The included areas make up about 10 percent of
this unit.

This Marshall soil is moderately permeable, and
surface runoff is medium. Available water capacity is
high. The surface layer is about 3 to 4 percent organic
matter and typically is slightly acid in reaction. The
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subsoil generally is low in available phosphorus and
potassium. This soil is easily tilled.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, helps to prevent soil loss by wind
erosion. Returning crop residue or the regular addition of
other organic material helps to improve fertility and
maintain good ftilth.

If this soil is used for pasture, proper stocking rates
and restricted use during wet periods help to maintain
pasture and soil productivity.

This soil is in capability class I.

9B—Marshall siity clay loam, 2 to 5 percent slopes.
This gently sloping, well drained soit is on ridges and
side slopes in uplands. Individual areas range from 10 to
more than 100 acres and are irregular in shape. Slopes
generally are long or grade into adjacent, long slopes.

Typically, the surface layer is very dark brown silty clay
loam about 7 inches thick. The subsurface layer is very
dark brown and very dark grayish brown silty clay loam
about 11 inches thick. The subsoil is about 40 inches
thick. The upper part is dark brown and brown, friable
silty clay loam, the middle part is brown, mottied, friable
silty clay loam, and the lower part is grayish brown,
mottled, friable silty clay loam. The substratum to a
depth of about 60 inches is grayish brown, mottled,
friable silt loam. In places mottles are common at a
depth of less than 30 inches.

Included with this soil in mapping, on ridgetops, are
small areas of a nearly level, somewhat poorly drained
soil that has a dark grayish brown subsoil. Also included
are small areas of sandy Dickman soil that are
somewhat excessively drained. They are on more
convex slopes and have low available water capacity.
The included areas make up about 10 percent of the
unit.

This Marshall soil is moderately permeable, and
surface runoff is medium. The surface layer is about 3 to
4 percent organic matter and typically is slightly acid in
reaction. The subsoil generally is low in available
phosphorus and potassium. This soil is easily tilled
unless it is wet.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. Erosion is a hazard,
however, if this soil is used for cultivated crops.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss. Erosion control practices, such as contouring and
terracing, are suited to this soil. Returning crop residue
or the regular addition of other organic material helps to
improve fertility, maintain good tilth, and reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
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when the soil is too wet, however, causes surface
compaction and increases runoff. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass lle.

9B2—Marshall silty clay loam, 2 to 5 percent
slopes, moderately eroded. This gently sloping, well
drained soil is on ridges and side slopes in uplands.
Slopes generally are long or grade into adjacent, long
slopes. Individual areas range from 5 to more than 200
acres and are irregular in shape.

Typically, the surface layer is very dark brown silty clay
loam mixed with streaks and patches of brown subsoil
material. It is about 8 inches thick. The subsoil is about
37 inches thick. The upper part is brown, friable silty clay
loam, and the lower part is brown and grayish brown,
mottled, friable silty clay loam. The substratum to a
depth of about 60 inches is grayish brown, mottled,
friable silt loam. In places mottles are common at a
depth of less than 30 inches. In other places the soil has
a higher content of silt and lower content of clay.

Included with this soil in mapping are small areas of
Adair, Dickman, and Ida soils. The Adair soil is in the
lower part of the unit and is somewhat poorly drained.
The Dickman and Ida soils are on the more convex,
sloping part of the unit and in places are just above the
Adair soils. The Dickman soil has low available water
capacity. The Ida soil is calcareous. The included areas
make up about 5 percent of this unit.

This Marshall soil is moderately permeable, and
surface runoff is medium. Available water capacity is
high. The surface layer is about 2 to 3 percent organic
matter and typically is slightly acid in reaction. The
subsoil generally is low in available phosphorus and
potassium. This soil is easy to till uniess it is wet.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. Damage from further erosion
is a hazard, however, if this soil is used for cultivated
crops. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, helps to
prevent soil loss. Erosion control practices, such as
contouring and terracing, are suited to this soil.
Returning crop residue or the regular addition of other
organic material helps to improve fertility, reduce crusting
and the formation of clods, increase water infiltration,
and improve tilth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff, and resuits in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass lle.
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9C—Marshall slity clay loam, 5 to 9 percent slopes.
This moderately sloping, well drained soil is on ridges
and side slopes in uplands. Slopes generally are long or
grade into adjacent, long slopes. Individual areas range
from 2 to 25 acres and are irregular in shape.

Typically, the surface layer is very dark brown silty clay
loam about 8 inches thick. The subsurface layer is very
dark brown silty clay loam about 5 inches thick. The
subsoil is about 36 inches thick. The upper part is dark
brown and brown, friable silty clay loam, and the lower
part is brown and grayish brown, mottled, friable silty
clay loam. The substratum to a depth of about 60 inches
is grayish brown, mottled, friable silt loam. In places the
surface layer is thinner and mottles are common at a
depth of less than 30 inches. In other places the soil has
a higher content of silt and lower content of clay.

Included with this soil in mapping are small areas of
Adair, Dickman, and Ida soils. The Adair soil is in the
lower part of the unit and is somewhat poorly drained.
The Dickman and ida soils are on the more convex,
sloping part of the unit and in places are just above the
Adair soil. The Dickman soil has low available water
capacity. The Ida soil is calcareous. The included areas
make up about 5 percent of this unit.

This Marshall soil is moderately permeable, and
surface runoff is medium. Available water capacity is
high. The surface layer is about 3 to 4 percent organic
matter and typically is slightly acid in reaction. The
subsoil generally is low in available phosphorus and
potassium. This soil is easy to till.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. Erosion is a hazard,
however, if this soil is used for cultivated crops.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent soil loss. Erosion control
practices, such as contouring and terracing, are suited to
this soil. Returning crop residue or the regular addition of
other organic material helps to improve fertility and
maintain good tilth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff, and results in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llle.

9C2—Marshall silty clay loam, 5 to 9 percent
slopes, moderately eroded. This moderately sloping,
well drained soil is on ridges and side slopes in uplands.
Slopes generally are long or grade into adjacent, long
slopes. Individual areas range from 10 to more than 100
acres and are irregular in shape. This soil is generally
upslope from drainageways.
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Typically, the surface layer is very dark grayish brown
silty clay loam mixed with streaks and patches of brown
subsoil material. It is about 8 inches thick. The subsoil is
about 35 inches thick. The upper part is dark brown and
brown, friable silty clay loam, and the lower part is brown
and grayish brown, mottled, friable silty clay loam. The
substratum to a depth of about 60 inches is grayish
brown, mottied, friable silt loam. In places along small
drainageways on hillsides the surface layer is thicker and
the subsoil is grayer and commonly mottled at a depth of
less than 30 inches. In places the soil has a higher
content of silt and lower content of clay.

Included with this soil in mapping are small areas of
Adair, Dickman, and Ida soils. The Adair soil is in the
lower part of the unit and is somewhat poorly drained.
The Dickman and Ida soils are on the more convex,
sloping part of the unit and in places are just above the
Adair soils. The sandy Dickman soil has low available
water capacity. The Ida soil is calcareous. The included
areas make up about 10 percent of this unit.

This Marshall soil is moderately permeable, and
surface runoff is medium. Available water capacity is
high. The surface layer is about 2 to 3 percent organic
matter and typically is slightly acid in reaction. The
subsoil generally is low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. Damage from further erosion
is a hazard, however, if this soil is used for cultivated
crops. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent soil loss. Erosion control
practices, such as contouring and terracing, are suited to
this soil. Returning crop residue or the regular addition of
other organic material helps to improve fertility, maintain
good tilth, reduce erosion and crusting, and increase
water infiltration. Increasing the amount of organic matter
in the surface layer also helps to reduce puddling in wet
weather and lessen the hardness of soil clods in very dry
weather.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and resulits in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass llle.

9D2—Marshall silty clay loam, 9 to 14 percent
slopes, moderately eroded. This strongly sloping, well
drained soil is on side slopes in uplands. Individual areas
range from 5 to more than 100 acres. Slopes generally
are long or grade into adjacent, long slopes.
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Typically, the surface layer is very dark grayish brown
silty clay loam mixed with streaks and patches of brown
subsoil material. 1t is about 8 inches thick. The subsoil is
about 32 inches thick. The upper part is dark brown and
brown, friable silty clay loam, and the lower part is brown
and grayish brown, mottled, friable silty clay loam. The
substratum to a depth of about 60 inches is grayish
brown, mottled, friable silt loam. In places along small
drainageways on hillsides the surface layer is thicker and
the subsoil is grayer. In places the soil has a higher
content of silt and lower content of clay.

Included with this soil in mapping and making up about
10 percent of the unit are small areas of Adair, Burchard,
Dickman, Ida, and Lamoni soils. The Adair and Lamoni
soils are on shoulders of ridges or on side slopes in the
lower part of the unit. They have slower permeability and
are higher in content of clay than Marshall soils. The
Dickman and lda soils are on more convex, sloping
places and in places are just above the Adair, Burchard,
and Lamoni soils. The sandy Dickman soil has low
available water capacity. The Ida soil is calcareous. The
Burchard soil is on the lower part of the slope. It has
slower permeability than Marshall soils and contains
pebbles and gravel-size particles. The included areas
make up about 10 percent of this unit.

This Marshall soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 2 to 3 percent organic matter
and is slightly acid in reaction. The subsoil generally is
low in available phosphorus and potassium. This soil is
in good tilth.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. Damage from further erosion
is a hazard, however, if this soil is used for cultivated
crops. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent soil loss. Erosion control
practices, such as contouring and terracing, are suited to
this soil. Returning crop residue or the regular addition of
other organic material helps to improve fertility, maintain
good tilth, reduce erosion and crusting, and increase
water infiltration. Increasing the amount of organic matter
in the surface layer also helps to reduce puddling in wet
weather and lessen the hardness of soil clods in very dry
weather.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and results in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass llle.
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9E2—Marshall silty clay loam, 14 to 20 percent
slopes, moderately eroded. This moderately steep,
well drained soil is on side slopes in uplands. Slopes
generally are long or grade into adjacent slopes.
Individual areas range from 5 to 20 acres and are
irregular in shape.

Typically, the surface layer is very dark grayish brown
silty clay loam mixed with streaks and patches of brown
subsoil material. It is about 8 inches thick. The subsoil is
about 27 inches thick. The upper part is dark brown and
brown, friable silty clay loam, and the lower part is
grayish brown, mottled, friable silty clay loam. The
substratum to a depth of about 60 inches is grayish
brown, mottled, friable silt loam. In places the soil is
thinner and has more content of silt.

Included with this soil in mapping and making up about
10 percent of the unit are small areas of Adair, Burchard,
Dickman, Ida, and Lamoni soils. The Adair and Lamoni
soils are on shoulders of ridges or on side slopes in the
lower part of the unit. They have slower permeability and
are higher in content of clay than Marshall soils. The
Dickman and Ida soils are on the more convex, sloping
places and in places are just above the Adair, Burchard,
and Lamoni soils. The sandy Dickman soil has low
available water capacity. The Ida soil is calcareous. The
Burchard soil is on the lower part of the slope. It has
slower permeability than Marshall soils and contains
pebbles and gravel-size particles. The included areas
make up about 10 percent of the unit.

This Marshall soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 2 to 3 percent organic matter
and is slightly acid in reaction. The subsoil generally is
low in available phosphorus and potassium. This soil is
in good tilth.

Most areas of this soil are cultivated. The soil is suited
to grasses and legumes for hay or pasture and has
limited suitability for cultivated crops. If the soil is used
for cultivated crops, however, damage from further
erosion is a hazard. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
and grassed waterways help to prevent excessive soil
loss. Erosion control practices, such as contouring and
terracing, are suited to this soil. Returning crop residue
or the regular addition of other organic material helps to
improve fertility, maintain good tilth, reduce surface
crusting, and increase water infiltration. Increasing the
amount of organic matter in the surface layer also helps
to reduce puddling in wet weather and lessen the
hardness of soil clods in very dry weather.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and soil erosion, and
results in poorer tilth. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
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during wet periods help to keep the pasture and soil in
good condition.

This soil is well suited to trees. Tree seeds, cuttings,
and seedlings survive and grow well if competing
vegetation is removed during site preparation or
controlled by spraying, cutting, and girdling. The hazard
of erosion is severe if this soil is not protected. Adequate
vegetative cover needs to be maintained on the surface
of the soil.

This soil is in capability subclass IVe.

11B—Colo-Judson silty clay loams, 2 to 5 percent
slopes. These gently sloping, poorly drained and
moderately well drained soils are in valleys and upiand
drainageways. Individual areas range from 10 to more
than 40 acres and are irregular in shape. This map unit
ranges from 60 to 80 percent Colo soil and from 20 to
25 percent Judson soil. The proportion of Colo soil
decreases and the proportion of Judson soil increases in
the narrow, upper parts of the valleys. The Colo soil is
on the less sloping and lower part of the map unit. It is
subject to flooding. The Judson soil is on the higher and
more sloping part of the map unit. It is below the steeper
upland soils along the edge of the valley. These soils are
so intricately mixed or so small that it is not practical to
separate them in mapping.

Typically, the surface layer of the Colo soil is black
silty clay loam about 8 inches thick. The subsurface layer
is black silty clay loam about 30 inches thick. Below this
is a very dark gray, mottled, friable silty clay loam layer
about 11 inches thick. The substratum to a depth of
about 60 inches is dark gray, mottled, friable silty clay
loam. In places the surface layer is multicolored, black,
dark gray, and grayish brown silt loam overwash.

Typically, the surface layer of the Judson soil is very
dark brown silty clay loam about 8 inches thick. The
subsurface layer is black and very dark grayish brown
silty clay loam about 17 inches thick. The subsoil is dark
brown and brown, friable silty clay loam about 18 inches
thick. The substratum to a depth of about 60 inches is
brown, mottled, friable siity clay loam. In places at the
lower end of slopes, the subsoil is dark grayish brown.

Included with these soils in mapping are small areas of
Ackmore and Zook soils. These soils are on the flood
plain or the more nearly level part of the map unit
together with the Colo soil. The Ackmore soil is stratified
and has a buried soil. The Zook soil has a higher
content of clay than Colo soil. The included areas make
up about 15 percent of this unit.

These Colo and Judson soils are moderately
permeable. Surface runoff is slow. The Colo soil has a
seasonal high water table. Available water capacity is
high in both soils. The surface layer of the Judson soil is
about 4 to 5 percent organic matter and that of the Colo
soil about 5 to 7 percent. In both soils the surface layer
typically is neutral or slightly acid in reaction, and the
subsoil generally is medium or low in available
phosphorus and potassium. These soils are in good tilth.

Soil survey

Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soils are cultivated,
however, wetness caused by flooding or the seasonal
high water table is a hazard. The use of diversion
terraces on foot slopes above these soils and the
installation of surface or tile drains help to control
excessive wetness.

The use of these soils for pasture or hay is helpful in
areas that are subject to more frequent flooding.
Overgrazing or grazing when the soils are too wet,
however, causes surface compaction and puddling and
results in lower productivity. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soils in good condition.

These soils are in capability subclass llw.

27B—Terril loam, 2 to 5 percent slopes. This gently
sloping, moderately well drained soil is on foot slopes and
alluvial fans. Individual areas range from 3 to 10 acres and
are generally long and narrow and have somewhat
irregular boundaries. These areas extend horizontally
along the edges of valleys below steeper sloping uplands.

Typically, the surface layer is black loam about 8 inches
thick. The subsurface layer is black and very dark brown
loam about 25 inches thick. The subsoil is about 30 inches
thick. The upper part is dark brown, friable loam, and the
middle and lower parts are brown, friable loam. In places
the surface layer has an accumulation of light colored,
sandy overwash sediment several inches thick.

Included with this soil'in mapping are small areas of
Clarion and Spillville soils. The Clarion soils are on the
higher and more sloping part of the map unit. They are
lower in content of organic matter than Terril soils. The
Spillville soil is on the lower part of the unit and is more
poorly drained than Terril soils. The included areas make
up about 10 percent of this unit.

This Terril soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 4 to 5 percent organic matter and
typically is slightly acid in reaction. The subsoil generally is
very low in available phosphorus and very low or low in
available potassium. This soil is easily tilled.

Most areas of this soil are cultivated. The soil is in good
tilth. Where the soil is used for cultivated crops, erosion
caused by runoff from soils upslope is a hazard. In
addition, heavy rains can cause the deposition of eroded
sediment from the steeper soils upon young plants.
Conservation practices on the soils upslope that reduce
runoff and erosion help to protect this Terril soil. Using
diversion terraces along the upper edge of this soil,
contour farming, and terracing are suitable measures.
Returning crop residue or the regular addition of other
organic material helps to increase water infiltration.

The use of this soil for pasture or hay is an effective
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means of controlling erosion if the pasture is not
overgrazed.
This soil is in capability subclass lle.

27C—Terrll loam, 5 to 9 percent slopes. This
moderately sloping, moderately well drained soil is on
foot slopes and alluvial fans. Individual areas range from
3 to 15 acres and are generally long and narrow and
have somewhat irregular boundaries. These areas
extend horizontally along the edges of valleys below
steeper sloping uplands.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is black and very dark
brown loam about 24 inches thick. The subsoil typically
is about 28 inches thick. The upper part is dark brown,
friable loam, and the middle and lower parts are brown,
friable loam. In places the surface layer has an
accumulation of lighter colored, sandy overwash
sediment several inches thick.

Included with this soil in mapping are small areas of
Clarion and Dickman soils. These soils are on the higher
and more sloping part of the map unit. They are much
lower in content of organic matter than Terril soils. The
included areas make up about 10 percent of this unit.

This Terril soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 4 to 5 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is very low in available phosphorus and very low or low
in available potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. Where the soil is used for
cultivated crops, however, erosion caused by runoff from
soils upslope is a hazard. In addition, heavy rains can
cause the deposition of eroded sediment from the
steeper soils upon young plants. Conservation practices
on the soils upslope that reduce runoff and erosion help
to protect this Terril soil. Using diversion terraces along
the upper edge of this soil, contour farming, and
terracing are suitable measures. Returning crop residue
or the regular addition of other organic material helps to
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion if the pasture is not
overgrazed.

This soil is in capability subclass lle.

28B—Dickman sandy loam, 2 to 5 percent slopes.
This gently sloping, well drained soil is on uplands.
Individual areas range from 2 to 30 acres and are
irregular in shape.

Typically, the surface layer is very dark brown sandy
loam about 8 inches thick. The subsurface layer is very
dark brown loam about 4 inches thick. The subsoil is
about 30 inches thick. The upper part is dark brown, very
friable sandy loam, and the lower part is brown, loose
sand. Loamy sand is at a depth of about 20 inches. The
substratum to a depth of about 60 inches is dark
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yellowish brown and brown sand. In places the
substratum is fine sand.

Included with this soil in mapping are small areas of
Ida soils in the southwestern part of the county and
Clarion soils in the northeastern part. These areas are
on the less convex, sloping places in the unit. The Ida
soil is silty and calcareous, and the Clarion soil is loamy.
Both of these soils have slower permeability and higher
available water capacity than Dickman soils. The
included areas make up about 5 percent of this unit.

Permeability is moderately rapid in this Dickman soil,
and surface runoff is slow. Available water capacity is
low in the surface layer and subsoil and very low in the
substratum. The surface layer is about 2 to 5 percent
organic matter and typically is slightly acid in reaction.
The subsoil generally is low in available phosphorus and
very low to low in available potassium. This soil is in
good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. It is droughty during dry
periods. If the soil is used for cultivated crops, erosion
damage caused by wind and water is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, maintain good tilth, and
reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing destroys the
vegetative cover and increases the erosion hazard.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. However, native
hardwoods generally are not suited to soils that have
been in cultivation or to soils that are moderately eroded
or severely eroded. Hardwoods apparently require a
good site and grow better if they are planted on
uncultivated soils. Conifers are better suited to eroded or
formerly cultivated soils.

This soil is in capability subclass llle.

28B2—Dickman sandy loam, 2 to 5 percent slopes,
moderately eroded. This gently sloping, well drained
soil is on uplands. Individual areas range from 2 to 15
acres and are irregular in shape.

Typically, the surface layer is very dark brown sandy
loam mixed with streaks and patches of dark brown
subsoil material. It is about 6 inches thick. The subsoil is
about 28 inches thick. The upper part is dark brown, very
friable sandy loam, and the lower part is dark yellowish
brown, loose loamy sand. Loamy sand is at a depth of
about 16 inches. The substratum to a depth of about 60
inches is dark yellowish brown and brown sand. In
places the substratum is fine sand.

Included with this soil in mapping are small areas of
Ida soils in the southwestern part of the county and
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Clarion soils in the northeastern part. These soils are on
the less steep part of the unit. The Ida soil is silty and
calcareous, and the Clarion soil is loamy. Both soils have
slower permeability and higher available water capacity
than Dickman soils. The included areas make up about 5
percent of this unit.

Permeability is moderately rapid in this Dickman soi),
and surface runoff is slow. Available water capacity is
low in the surface layer and subsoil and very low in the
substratum. The surface layer is about 1 to 2 percent
organic matter and typically is medium acid in reaction.
The subsoil generally is low in available phosphorus and
very low or low in available potassium. This soil is in
good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. It is droughty during dry
periods. If the soil is used for cultivated crops, erosion
damage caused by wind and water is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, maintain good tilth, and
reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing destroys the
vegetative cover and increases the erosion hazard.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. However, native
hardwoods generally are not suited to soils that have
been in cultivation or to moderately eroded or severely
eroded soils. Hardwoods apparently require a good site
and grow better if they are planted on uncultivated soils.
Conifers are better suited to eroded or formerly
cultivated soils.

This soil is in capability subclass llle.

28C2—Dickman sandy loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is on uplands. Individual areas range from 2
to 20 acres and are irregular in shape.

Typically, the surface layer is very dark brown sandy
loam mixed with streaks and patches of dark brown
subsoil material. It is about 6 inches thick. The subsoil is
about 25 inches thick. The upper part is dark brown, very
friable sandy loam, the middle part is brown, very friable
loamy sand, and the lower part is dark yellowish brown,
loose loamy sand. Loamy sand is at a depth of about 15
inches. The substratum to a depth of about 60 inches is
dark yellowish brown and brown sand. In places the
substratum is fine sandy loam.

Included with this soil in mapping are small areas of
Marshall soils in the southwestern part of the county and
Clarion and Storden soils in the northeastern part. The
Marshall soil is on long, convex, sloping places and is
silty Clarion and Storden soils are on the steeper places
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and are loamy. The Storden soil is calcareous. All of
these soils have slower permeability and higher available
water capacity than Dickman soils. The included areas
make up about 10 percent of this unit.

Permeability is moderately rapid in this Dickman soil,
and surface runoff is medium. Available water capacity is
low in the surface layer and subsoil and very low in the
substratum. The surface layer is about 1 to 2 percent
organic matter. Reaction typically is medium acid in the
surface layer and subsoil. The subsoil generally is low in
available phosphorus and very low or low in available
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. It is droughty during dry
periods. If the soil is used for cultivated crops, however,
erosion damage caused by wind and water is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, maintain good tilth, and
reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing destroys the
vegetative cover and increases the erosion hazard.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. However, native
hardwoods generally are not suited to soils that have
been in cultivation or to moderately eroded or severely
eroded soils. Hardwoods apparently require a good site
and grow better if they are planted on uncultivated soils.
Conifers are better suited to eroded or formerly
cultivated soils.

This soil is in capability subclass 1Ve.

28D2—Dickman sandy loam, 9 to 14 percent
slopes, moderately eroded. This strongly sloping, well
drained soil is in uplands. Individual areas range from 2
to 20 acres and are irregular in shape.

Typically, the surface layer is very dark brown sandy
loam mixed with streaks and patches of brown subsoil
material about 6 inches thick. The subsurface layer is
dark brown sandy loam about 7 inches thick. The subsoil
is about 18 inches thick. The upper part is brown, very
friable sandy loam, and the lower part is dark yellowish
brown, loose loamy sand. Loamy sand is at a depth of
about 32 inches. The substratum to a depth of about 60
inches is dark yellowish brown and brown sand. In
places the subtratum is fine sandy loam.

Included with this soil in mapping are small areas of
Marshall soils in the southwestern part of the county and
Clarion and Storden soils in the northeastern part. The
Marshall soil is on the less convex, sloping places and is
silty. Clarion and Storden soils are on the steeper places
in the unit and are loamy. The Storden soil is calcareous.
All of these soils have slower permeability and higher
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available water capacity than Dickman soils. Also
included are soils that have slopes as steep as 18
percent. The included areas make up about 10 percent
of this unit.

Permeability is moderately rapid in this Dickman soil,
and surface runoff is medium. Available water capacity is
low in the surface layer and subsoil and very low in the
substratum. The surface layer is about 1 to 2 percent
organic matter and typically is medium acid in reaction.
The subsoil generally is low in available phosphorus and
very low or low in available potassium. This soil is in
good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture, but it is droughty and
productive capacity is greatly limited during dry seasons.
If this soil is used for cultivated crops, erosion damage
caused by wind and water is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Returning crop residue or
the regular addition of other organic material helps to
improve fertility, maintain good tilth, and reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing destroys the
vegetative cover and increases the erosion hazard.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. However, native
hardwoods generally are not suited to soils that have
been in cultivation or to moderately eroded or severely
eroded soils. Hardwoods apparently require a good site
and grow better if they are planted on uncultivated soils.
Conifers are better suited to eroded or formerly
cultivated soils.

This soil is in capability subclass Ve.

34B—Estherville sandy loam, 2 to 5 percent
slopes. This moderately sloping, somewhat excessively
drained soil is shallow to sand or sand and gravel and is
on outwash plains, valley trains, or in glacial moraines.
Individual areas range from 3 to 40 acres and are
irregular in shape.

Typically, the surface layer is very dark gray sandy
loam about 6 inches thick. The subsoil is about 18
inches thick. The upper part is dark brown and brown,
friable sandy loam, and the lower part is brown, coarse
loamy sand. The substratum to a depth of about 60
inches is dark yellowish brown, calcareous, loose sand
and gravel in the upper part and multicolored,
calcareous, loose sand and gravel in the lower part.
Some gravel and cobbles are scattered throughout the
profile. In places the surface layer is gravelly loam.

Included with this soil in mapping are small areas of
Salida and Wadena soils. The Salida soil is on the more
convex, sloping areas, and the Wadena soil is on the
less sloping areas. The included areas make up about
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15 percent of this unit.

Permeability in this Estherville soil is moderately rapid
in the upper part and rapid in the lower part. Surface
runoff is slow or medium. Available water capacity is very
low. The surface layer is about 2 to 4 percent organic
matter and typically is slightly acid in reaction. The
subsoil is very low in available phosphorus and
potassium. This soil is in fair tilth, but cobbles and gravel
interfere with tillage.

The larger areas of this soil are commonly in grass
and used for hay or pasture, and the smaller areas of 3
to 5 acres are generally cultivated with the surrounding,
more productive soils. This soil is poorly suited to corn,
soybeans, and small grains because it is droughty. It is
better suited to grasses for hay and pasture or to use as
habitat for wildlife. This soil is suited to trees.

The use of this soil for pasture or hay is an effective
means of controlling erosion if the pasture is not
overgrazed. Leaving the soil idle for use as wildlife
habitat is also effective.

This soil is in capability subclass llls.

34C2—Estherville sandy loam, 5 to 9 percent
slopes, moderately eroded. This moderately sloping,
somewhat excessively drained soil is shallow to sand or
sand and gravel and is on outwash plains, valley trains,
or in glacial moraines. Individual areas range from 3 to
30 acres and are irregular in shape.

Typically, the surface layer is very dark gray sandy
loam mixed with streaks and patches of brown subsoil
material. It is about 5 inches thick. The subsoil is about
15 inches thick. The upper part is dark brown and brown,
friable sandy loam, and the lower part is brown, coarse
loamy sand. The substratum to a depth of about 60
inches is dark yellowish brown, calcareous, loose sand
and gravel in the upper part and multicolored,
calcareous, loose sand and gravel in the lower part.
Some gravel and cobbles are scattered throughout the
profile. In places the surface layer is gravelly loam.

Included with this soil in mapping are small areas of
Salida and Wadena soils. The Salida soil is on the more
convex, sloping areas, and the Wadena soil is on the
less sloping areas. The included areas make up about
15 percent of this unit.

Permeability in this Estherville soil is moderately rapid
in the upper part and rapid in the lower part. Surface
runoff is slow or medium. Available water capacity is very
low. The surface layer is about 1 to 2 percent organic
matter and typically is slightly acid in reaction. The
subsoil is very low in available phosphorus and
potassium. This sail is in fair tilth, but stones and gravel
interfere to some extent with tillage.

The larger areas of this soil are commonly in grass for
hay or pasture, and the smaller areas of 1 to 3 acres are
generally cultivated with the surrounding, more
productive soils. This soil is poorly suited to corn,
soybeans, and small grains because it is droughty. It is
better suited to grasses for hay and pasture or used as
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habitat for wildlife. This soil is suited to trees.

The use of this soil for pasture or hay is an effective
means of controlling erosion if the pasture is not
overgrazed. Leaving the soil idle for use as wildlife
habitat is also effective.

This soil is in capability subclass 1Vs.

48—Knoke mucky silt loam, 0 to 1 percent slopes.
This level, very poorly drained soil is on large, flat, or
slightly depressed areas that were formerly lake plains. It
is subject to ponding. Individual areas range from 50 to
more than 100 acres and are irregular in shape.

Typically, the surface layer is black, calcareous mucky
silt loam about 9 inches thick. Below this is black, very
friable, calcareous silty clay loam about 16 inches thick.
The subsoil to a depth of about 60 inches is friable to
firm, calcareous silty clay loam. In places the surface
layer is not calcareous. In places a light colored layer of
ash is between the surface layer and the subsoil. This
ash fayer is from two inches to several inches thick. In
other places the surface layer is silty clay.

Included with this soil in mapping are small areas of
Canisteo, Harps, and Okoboiji soils. The Canisteo and
Harps soils frequently form a convex, shoreline rim
around Knoke soils. Okoboji soils are commonly in
depressional areas similar to those of Knoke soils. Also
included are pits that have been dug in the lower, wet
areas. They are several feet deep and several feet
across. The included areas make up about 10 percent of
this unit.

Permeability is moderately slow in this Knoke soil, and
surface runoff is very slow to ponded. The soil has a
seasonal high water table. Available water capacity is
high. The mucky surface layer is about 10 to 20 percent
organic matter. Reaction typically is moderately alkaline
in the surface layer and subsoil. The subsoil generally is
very low or low in available phosphorus and potassium.
This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, and small grains if it is adequately
drained, but it is better suited to grasses and legumes for
hay or pasture. The high lime content in this soil
increases the possibility of crop damage from herbicides.
If this soil is cultivated, wetness caused by flooding or
the seasonal high water table is a hazard. The
installation of surface or tile drains helps to control
excessive wetness.

This soil is better suited to pasture or hay than to row
crops in areas that are subject to frequent ponding.
Overgrazing or grazing when this soil is too wet results in
lower productivity. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is in capability subclass lliw.
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54—Zook silty clay loam, 0 to 2 percent slopes.
This nearly level, poorly drained soil is on bottom lands
of the larger streams and their tributaries. It is subject to
flooding. Individual areas range from 5 to more than 100
acres and are generally oriented along the valley
somewhat parallel to the stream channel.

Typically, the surface layer is black silty clay loam
about 7 inches thick. The subsurface layer is black silty
clay loam and silty clay about 24 inches thick. The
subsoil extends to a depth of about 60 inches. The
upper part is very dark gray, firm silty clay, and the lower
part is dark gray, mottled, firm silty clay. In places the
soil is similar to this Zook soil but is more alkaline and
has small, soft lime accumulations below a depth of
30 inches. In places the soil is grayer below a depth
of 27 inches. In other places the soil has an overwash
layer that is several inches thick on the surface.

Included with this soil in mapping are small areas of
Ackmore, Calco, Coland, and Colo soils. All of these
soils are in positions on the landscape similar to those of
Zook soils, but they are more permeable and have less
content of clay. In addition, the Calco soil is calcareous.
The included areas make up about 10 to 15 percent of
this unit.

This Zook soil is slowly permeable. Surface runoff is
generally slow, but it is very slow to ponded in
depressions or old channels. This soil has a seasonal
high water table. Available water capacity is high. The
surface layer is about 5 to 7 percent organic matter and
typically is slightly acid in reaction. The subsoil is low in
available phosphorus and potassium. This soil is in fair
tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. Using diversion terraces on foot slopes
above this soil and installing surface or tile drains help to
control excessive wetness.

The use of this soil for pasture or hay is helpful in
areas that are subject to frequent flooding. Overgrazing
or grazing when the soil is too wet, however, causes
surface compaction and puddling and results in lower
productivity. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass liw.

55—Nicollet loam, 1 to 3 percent slopes. This very
gently sloping, somewhat poorly drained soil is in
uplands. Individual areas range from 2 to more than 200
acres and are irregular in shape.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is black and very dark
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grayish brown loam and clay loam about 13 inches thick.
The subsoil is dark grayish brown, mottled, friable clay
loam about 8 inches thick. The substratum to a depth of
about 60 inches is grayish brown, mottled, friable clay
loam and loam. In some areas the profile is calcareous.
In places the soil has more content of silt, and in other
places the subsoil is firm clay loam or silty clay loam.

Included with this soil in mapping are small areas of
very poorly drained Okoboiji soils in slight depressions.
Also included are areas that have slightly higher rises or
“humps” of Clarion soils. These areas have a brown
:subsoil and are well drained. The included areas make up
.about 15 percent of this unit.

This Nicollet soil is moderately permeable, and surface
runoff is slow. The soil has a seasonal high water table.
Available water capacity is high. The surface layer is
about 4 to 8 percent organic matter and typically is
slightly acid in reaction. The subsoil generally is very low
in available phosphorus and low or very low in available
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is plowed in the
fall and left barren, the surface layer is susceptible to
soil blowing. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, helps to
prevent excessive soil loss. Returning crop residue or
the regular addition of other organic material helps to
improve fertility and maintain good tilth.

The use of this soil for pasture or hay is an effective
means of controlling wind erosion. Overgrazing or
grazing when the soil is too wet, however, causes
surface compaction and increases runoff. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability class |.

59C2—Burchard clay loam, 5 to 9 percent slopes,
moderately eroded. This deep, moderately sloping,
moderately well drained soil is on side slopes and ridges
in uplands. Individual areas range from 2 to 10 acres.
They are generally long and narrow and have irregular
boundaries. These areas extend horizontally along
hillsides and around nose slopes.

Typically, the surface layer is very dark grayish brown
clay loam mixed with streaks and patches of brown
subsoil material. It is about 7 inches thick. The subsoil is
about 17 inches thick. The upper part is brown, firm clay
loam, and the lower part is yellowish brown, mottled, firm
clay loam. The substratum to a depth of about 60 inches
is multicolored, calcareous, firm clay loam. In places the
soil has a thicker surface layer and greater depth to lime
accumulations. In places it is sandy clay loam
throughout.
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Included with this soil in mapping are small areas of
clayey Adair and Lamoni soils on the upper part of the
‘'slopes. The included areas make up about 10 percent of
the unit.

Permeability is moderately slow in this Burchard soil,
and surface runoff is medium. Available water capacity is
high. The surface layer is about 2 to 3 percent organic
matter and typically is slightly acid. The subsoil generally
is low in available phosphorus and high in available
potassium. This soil is in fair tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and to grasses and
legumes for hay and pasture. If the soil is used for
cultivated crops, however, damage from further erosion
is a hazard. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, and
grassed waterways help to prevent excessive soil loss.
Erosion control practices, such as contouring and
terracing, are suited to this soil. Returning crop residue
or the regular addition of other organic material helps to
improve fertility, reduce crusting and the formation of
hard clods on the surface, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llle.

59D2-—Burchard clay loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, moderately
well drained soil is on side slopes in uplands. Slopes
generally are long or grade into adjacent, long slopes.
Individual areas range from 2 to about 50 acres and are
generally long and narrow and have irregular boundaries.

Typically, the surface layer is very dark grayish brown
clay loam mixed with streaks and patches of brown
subsoil material. It is about 7 inches thick. The subsoil is
about 15 inches thick. The upper part is brown, firm clay
loam, and the lower part is yellowish brown, mottled, firm
clay loam. The mottled substratum to a depth of about
60 inches is yellowish brown and grayish brown, firm,
calcareous clay loam. In places the soil is sandy clay
loam throughout.

Included with this soil in mapping are small areas of
clayey Adair and Lamoni soils. These soils are on the
upper part of the slopes. Also included are severely
eroded areas where the surface layer consists mainly of
subsoil material. These areas are higher in content of
clay and lower in content of organic matter than
Burchard soil. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in this Burchard soil,
and surface runoff is rapid. Available water capacity is
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high. The surface layer is about 2 to 3 percent organic
matter because of loss of the surface soil by erosion.
Reaction typically is slightly acid in the surface layer but
varies as a result of liming practices. The subsoil
generally is low in available phosphorus and high in
available potassium. This soil is in fair tilth.

Most areas of this soil are cultivated, but some areas
are in hay or pasture. The soil is suited to corn,
soybeans, small grains, and to grasses and legumes for
hay and pasture. If the soil is used for cultivated crops,
damage from further erosion is a severe hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Farming
on the contour, stripcropping (fig. 12), and terracing are
suitable practices if the slopes are long enough.
Returning crop residue or the regular addition of other
organic material helps to improve fertility, reduce crusting
and the formation of hard clods on the surface, and
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing causes
excessive runoff and increases erosion. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass llle.

59E2—Burchard clay loam, 14 to 18 percent
slopes, moderately eroded. This moderately steep,
moderately well drained soil is on side slopes in uplands.
Individual areas range from 5 to 60 acres and are
generally on the lower part of long slopes.

Typically, the surface layer is very dark grayish brown
clay loam mixed with streaks and patches of brown
subsoil material. It is about 7 inches thick. The subsoil is
about 13 inches thick. The upper part is brown, firm clay
loam, and the lower part is yellowish brown, mottled, firm
clay loam. The substratum to a depth of about 60 inches
is yellowish brown and light gray, mottled, firm,
calcareous clay loam. In places the soil is sandy clay
loam throughout.

Included with this soil in mapping are small areas of
Adair and Lamoni soils. These soils are on the upper
part of the slopes. Also included are severely eroded
soils where the surface layer consists mainly of subsoil
material. They are higher in content of clay and lower in
content of organic matter than Burchard soil. The
included areas make up about 10 percent of this unit.

Permeability is moderately slow in this Burchard soil,
and surface runoff is rapid. Available water capacity is
high. The surface layer is about 2 to 3 percent organic
matter. Reaction typically is slightly acid in the surface
layer but varies widely as a result of liming practices.
The subsoil generally is low in available phosphorus and
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Figure 12.—Stripcropping on the Marshall and Burchard soils
helps to control erosion.

high in available potassium. This soil is in fair tilth.

Although most areas of this soil are farmed together
with the more productive, adjacent soils this soil is poorly
suited to corn, soybeans, and small grains. It is better
suited to grasses and legumes for hay or pasture. If the
soil is used for cultivated crops, damage from further
erosion is a hazard. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
and grassed waterways help to prevent excessive soil
loss. Practices such as contouring and terracing also
help to control erosion. Returning crop residue or the
regular addition of other organic material helps to
improve fertility and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing increases
runoff and reduces protection against erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. Tree seeds, cuttings,
and seedlings survive and grow well if competing
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vegetation is removed during site preparation or
controlled by spraying, cutting, and girdling. Adequate
vegetative cover needs to be maintained on the surface
because the erosion hazard is severe if the soil is not
protected.

This soil is in capability subclass IVe.

59F2—Burchard clay loam, 13 to 25 percent
slopes, moderately eroded. This steep, moderately
well drained soil is on side slopes in uplands. Slopes
generally are long. Individual areas range from 5 to 20
acres and are generally long and narrow and have
irregular boundaries.

Typically, the surface layer is very dark grayish brown
clay loam mixed with streaks and patches of brown
subsoil material. It is about 6 inches thick. The subsoil is
brown, firm clay loam about 11 inches thick. The
substratum to a depth of about 60 inches is yellowish
brown and light gray, mottled, firm, calcareous clay loam.
In places the subsoil is mottled grayish brown and
yellowish brown.

Included with this soil in mapping are small areas of
Gara soils on some of the north-facing slopes near
streams. Also included are small areas of clayey Adair
and Lamoni soils on the upper part of the slopes. The
included areas make up about 15 percent of this unit.

Permeability is moderately slow in this Burchard soil,
and surface runoff is rapid. Available water capacity is
high. The surface layer is about 2 to 3 percent organic
matter and typically is slightly acid in reaction. The
subsoil generally is low in available phosphorus and high
in available potassium. This soil is in fair tilth.

Most areas of this soil are used for pasture. The soil is
not suited to corn, soybeans, and small grains, but it is
well suited to grasses and legumes for hay or pasture.
Returning crop residue or the regular addition of other
organic material helps to improve fertility, reduce crusting
and the formation of hard clods on the surface, and
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing increases
runoff and erosion. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is well suited to trees. Tree seeds, cuttings,
and seedlings survive and grow well if competing
vegetation is removed during site preparation or
controlled by spraying, cutting, and girdling. Adequate
vegetative cover needs to be maintained on the surface
because the erosion hazard is severe if the soil is not
protected.

This soil is in capability subclass Vle.

62C2—Storden loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is on side slopes and some ridges in
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uplands. Individual areas range from 2 to 30 acres and
are irregular in shape.

Typically, the surface layer is dark grayish brown and
very dark grayish brown, calcareous loam mixed with
streaks and patches of yellowish brown substratum
material. It is about 8 inches thick. The substratum to a
depth of about 60 inches is yellowish brown, friable,
calcareous loam in the upper part and light olive brown,
mottled, friable, calcareous loam in the middle and lower
parts. Lime accumulations are throughout.

Included with this soil in mapping are small areas of
Clarion, Dickman, and Salida soils. The Clarion soil is on
the less sloping areas and is well drained. The Dickman
soil is on the convex, sloping areas and has a much
higher content of sand than Storden soil. The Salida soil
is on small, scattered knobs and has more sand and
gravel throughout. The included areas make up about 15
percent of this unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 to 2 percent organic matter
and typically is moderately alkaline in reaction. It has
lime concretions and contains a few stones. The
underlying substratum is very low in available
phosphorus and potassium. This soil is in good tilth.

Although most areas of this soil are cuitivated, the soil
is poorly suited to corn, soybeans, and small grains. It is
better suited to grasses. If the soil is used for cultivated
crops, the high lime content in the soil increases the
possibility of crop damage from herbicides, and erosion
is a hazard. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, and
grassed waterways help to prevent excessive soil loss.
Conservation practices to control erosion, such as
contouring and terracing, are difficult to use on this soil
because of the uneven, complex, short slopes in most
places. Returning crop residue or the regular addition of
other organic material helps to improve fertility and
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing causes
surface compaction and increases runoff and erosion.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llle.

62D2—Storden loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, well drained
soil is on side slopes and some ridges in uplands.
Individual areas range from 3 to 50 acres and are
irregular in shape.

Typically, the surface layer is very dark grayish brown
and dark grayish brown, calcareous loam mixed with
streaks and patches of yellowish brown substratum
material. It is about 8 inches thick. The substratum to a
depth of about 60 inches is yellowish brown, friable,
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calcareous loam in the upper part and light olive brown,
mottled, friable, calcareous loam in the middie and lower
parts. Lime accumulations are throughout.

Included with this soil in mapping are small areas of
Clarion, Dickman, and Salida soils. The Clarion soil is on
the less sloping areas and is well drained. The Dickman
soil is on the convex, sloping areas and has a much
higher content of sand than Storden soil. The Salida soil
is on small, scattered knobs and has more sand and
gravel throughout. The included areas make up about 15
percent of this unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 to 2 percent organic matter
and typically is moderately alkaline in reaction. It has
lime concretions and contains a few stones. The
underlying substratum is very low in available
phosphorus and potassium. This soil is in good tilth.

Although some areas of this soil are cultivated, the soil
is poorly suited to corn, soybeans, and small grains. It is
better suited to grasses. If the soil is used for cultivated
crops, the high lime content in the soil increases the
possibility of crop damage from herbicides, and, in
addition, erosion is a hazard. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Conservation practices to
control erosion, such as contouring and terracing, are
difficult to use on this soil because of the uneven,
complex, short slopes in most places. Returning crop
residue or the regular addition of other organic material
helps to improve fertility and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing when the soil
is too wet causes surface compaction and increases
runoff and erosion. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is in capability subclass IVe.

62E2—Storden loam, 14 to 18 percent slopes,
moderately eroded. This moderately steep, well drained
soil is on side slopes in uplands. Individual areas range
from 5 to 20 acres and are irregular in shape.

Typically, the surface layer is dark grayish brown and
very dark grayish brown, calcareous loam mixed with
streaks and patches of yellowish brown substratum
material. It is about 6 inches thick. The substratum to a
depth of about 60 inches is yellowish brown, friable,
calcareous loam in the upper part and light olive brown,
mottled, friable, calcareous loam in the middle and lower
parts. Lime accumulations are throughout.

Included with this soil in mapping are small areas of
Clarion, Dickman, and Salida soils. The Clarion soil is on
the less sloping areas and is well drained. The Dickman
soil is on convex, sloping areas and has a much higher
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content of sand than Storden soil. The Salida soil is on
small, scattered knobs and has more sand and gravel
throughout. The included areas make up about 15
percent of this unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 to 2 percent organic matter
and typically is moderately alkaline in reaction. The
underlying substratum is very low in available
phosphorus and potassium. This soil is in good tilth.

Although some areas of this soil are cultivated, the soil
is poorly suited to corn, soybeans, and small grains. It is
better suited to grasses. If the soil is used for cultivated
crops, the high lime content in the soil increases the
possibility of crop damage from herbicides, and, in
addition, erosion is a hazard. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Conservation practices to
control erosion, such as contouring and terracing, are
difficult to use on this soil because of the uneven,
complex, short slopes in most places. Returning crop
residue or the regular addition of other organic material
helps to improve fertility and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil-is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass IVe.

62F—Storden loam, 18 to 25 percent slopes. This
steep, well drained soil is on side slopes in uplands.
Individual areas range from 5 to 60 acres and are
irregular in shape. This soil generally is on the sides of
valleys along the larger drainageways.

Typically, the surface layer is very dark grayish brown
and dark grayish brown, calcareous loam mixed with
streaks and patches of yellowish brown substratum
material. It is about 5 inches thick. The substratum to a
depth of about 60 inches is yellowish brown, friable,
calcareous loam in the upper part and light olive brown,
mottled, friable, calcareous loam in the lower part. it has
lime accumulations throughout.

Included with this soil in mapping are small areas of
Clarion, Dickman, Lester, and Salida soils. The Clarion
soil is on the less sloping areas and is well drained. The
Dickman soil is scattered along the sides of valleys in
places. It has a much higher content of sand than
Storden soil and low available water capacity. The Lester
soil is on north- and east-facing slopes in places and is
well drained. The Salida soil is on the higher part of the
slopes and on knobs and has more sand and gravel
than Storden soils. The included areas make up about
15 percent of this unit.
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This Storden soil is moderately permeable, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 percent organic matter and
typically is moderately alkaline in reaction. The
underlying substratum is very low in available
phosphorus and potassium. This soil is in good tilth.

Most areas of this soil are in pasture. The soil is not
suited to corn, soybeans, and small grains, but it is
suited to grasses. Returning crop residue or the regular
addition of other organic material helps to improve
fertility and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass Vle.

62G—Storden loam, 25 to 40 percent slopes. This
very steep, well drained soil is on side slopes in uplands.
Individual areas range from 3 to 40 acres and are
irregular in shape. This soil generally is on the sides of
valleys along larger drainageways.

Typically, the surface layer is very dark grayish brown
and dark grayish brown, calcareous loam mixed with
streaks and patches of light olive brown substratum
material. It is about 5 inches thick. The substratum to a
depth of about 60 inches is light olive brown and
yellowish brown, friable, calcareous loam in the upper
part and light olive brown, mottled, friable, calcareous
loam in the lower part. it has lime accumulations
throughout.

Included with this soil in mapping are small areas of
Clarion, Dickman, Lester, and Salida soils. The Clarion
soil is on the less sloping areas and is well drained. The
Dickman soil is on side slopes along the major valleys. It
has a much higher content of sand than Storden soils
and low available water capacity. The Lester soil is on
north- and east-facing slopes in places and is well
drained. The Salida soil is on the higher part of the
slopes and on knobs and has more sand and gravel
than Storden soils. The included areas make up about
15 percent of this unit.

This Storden soil is moderately permeable, and
surface runoff is very rapid. Available water capacity is
high. The surface layer is about 1 to 2 percent organic
matter and typically is moderately alkaline in reaction.
The underlying substratum is very low in available
phosphorus and potassium.

Most areas of this soil are in pasture. The soil is not
suited to corn, soybeans, and small grains, but it is
suited to grasses. Returning crop residue or the regular
addition of other organic material helps to improve
fertility and increases water infiltration.
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The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass Vlle.

71D2—Marshall-Dickman complex, 9 to 14 percent
slopes, moderately eroded. These strongly sloping,
well drained soils are on ridges and side slopes in
uplands. Individual areas range from 5 to 20 acres and
are irregular in shape. This map unit is about 55 percent
Marshall soil and 30 percent Dickman soil. The Dickman
soil is in the more convex, sloping areas. It tends to be
oval in shape and is surrounded by the Marshall soil.
These soils are so intricately mixed or so small that it is
not practical to separate them in mapping.

Typically, the surface layer of the Marshall soil is very
dark grayish brown silty clay loam mixed with streaks
and patches of brown subsoil material. It is about 8
inches thick. The subsoil is about 32 inches thick. The
upper part is dark brown and brown, friable silty clay
loam, and the lower part is brown and grayish brown,
mottled, friable silty clay loam. The substratum to a
depth of about 60 inches is brown, mottled, friable silt
loam. In places the mottles are higher in the profile than
is typical.

Typically, the surface layer of the Dickman soil is very
dark brown sandy loam mixed with streaks and patches
of brown subsoil material about 6 inches thick. The
subsurface layer is dark brown sandy loam about 7
inches thick. The subsoil is about 18 inches thick, but
the total depth from the surface to loamy sand is about
32 inches. The upper part is brown, very friable sandy
loam, and the lower part is dark yellowish brown, loose
loamy sand. The substratum to a depth of about 60
inches is dark yellowish and brown sand.

Permeability is moderate in the Marshall soil, and
moderately rapid in the Dickman soil. Surface runoff is
medium in both soils. Available water capacity is high in
the Marshall soil and low in the Dickman soil. The
surface layer of the Marshall soil is about 2 to 4 percent
organic matter and that of the Dickman soil about 1 to 3
percent. In both soils, reaction typically is slightly acid or
medium acid, and the subsoil generally is low in available
phosphorus and low or very low in available potassium.
These soils are in good tilth.

Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, and grasses and
legumes for hay or pasture, but the Dickman soil is
droughty and its productive capacity is greatly limited
during dry seasons. If the soils are used for cultivated
crops, damage from erosion by wind and water is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
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waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, maintain good tilth, and
reduce erosion.

The use of these soils for pasture or hay is an
effective means of controlling erosion. Overgrazing
destroys the vegetative cover and increases the erosion
hazard. Proper stocking rates, pasture rotation, timely
deferment of grazing, and restricted use during wet
periods help to keep the pasture and soils in good
condition.

The soails in this complex are in capability subclass
iVe.

90—O0koboji mucky silt loam, 0 to 1 percent
slopes. This nearly level, very poorly drained soil is in
slight depressions in uplands. It is generally in the lower
lying areas of the poorly drained Canisteo and Webster
soils and is ponded in wet seasons. Individual areas
range from 5 to 20 acres but are 40 acres or more in
places. Areas generally tend to be somewhat round but
are irregularly shaped in places.

Typically, the surface layer is black mucky silt loam
about 8 inches thick. The subsurface layer is about 19
inches thick. It is black silty clay loam in the upper part
and very dark gray, mottled silty clay loam in the lower
part. The subsoil to a depth of about 60 inches is very
dark gray, mottled, firm silty clay loam in the upper part
and olive gray and gray, mottled, friable, calcareous silty
clay loam in the lower part. In small areas in places the
surface layer is silty clay loam.

included with this soil in mapping are small areas of
poorly drained, highly calcareous Harps soil on slightly
higher lying areas. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in this Okoboiji soil,
and runoff from the surrounding soils ponds on this soil
(see fig. 11). The soil has a seasonal high water table.
Available water capacity is high. The surface layer is
about 9 to 18 percent organic matter and typically is
mildly alkaline in reaction. The subsoil generally is very
low in available phosphorus and low or very low in
available potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if it is adequately drained.
After heavy rains, water is ponded in depressional areas.
The surface layer puddies easily if worked when wet.
The installation of deep tiling or surface drains is needed
to reduce the excessive wetness.

Many areas of this soil are used for pasture or hay.
Restricted use during wet periods helps to keep pasture
and soil in good condition.

This soil is in capability subclass Illw.

95—Harps loam, 0 to 2 percent slopes. This level
and nearly level, poorly drained soil is almost entirely on
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narrow rims around slight depressions or potholes in
uplands. Individual areas range from 2 to 10 acres and
are generally narrow. ,

Typically, the surface layer is black, calcareous loam
about 7 inches thick. The subsurface layer is very dark
gray, calcareous loam about 12 inches thick. The subsoil
is about 17 inches thick. The upper part is mixed dark
gray, very dark gray, and light olive gray, friable,
calcareous loam, and the middle and lower parts are
light gray and light olive gray, friable, calcareous loam.
The substratum to a depth of about 60 inches is
multicolored, light olive gray, strong brown, and yellowish
brown, friable, calcareous loam.

Included with this soil in mapping are small areas of
very poorly drained Okoboiji soils in small depressions.
The included areas make up about 10 percent of this
unit.

This Harps soil is moderately permeable, and surface
runoff is slow. The soil has a seasonal high water table.
Available water capacity is high. The surface layer is
about 4 to 5 percent organic matter and typically is
moderately alkaline in reaction. The subsoil generally is
very low in available phosphorus and potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if it is adequately drained.
Special treatment is needed to offset the high content of
lime in the soil. The high lime content increases the
hazard of crop damage from herbicides. If the soil is
plowed in the fall and left barren, the surface layer is
susceptible to wind erosion. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, helps to prevent excessive soil loss.

The use of this soil for pasture or hay is an effective
means of controlling wind erosion. Restricted use during
wet periods helps to keep pasture and soil in good
condition.

This soil is in capability subclass liw.

99C2—Exira silty clay loam, 5§ to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is in uplands. Individual areas range from 5
to 40 acres and are generally in coves next to broad,
gently sloping ridgetops at high elevations or on long,
straight side slopes below shoulder slopes.

Typically, the surface layer is very dark grayish brown,
friable silty clay loam mixed with streaks and patches of
brown subsoil material. It is about 8 inches thick. The
subsoil is about 33 inches thick. The upper part is brown,
friable silty clay loam; the middle part is brown and dark
yellowish brown, mottled, friable silty clay loam; and the
lower part is yellowish brown, mottled, friable silty clay
loam. The substratum to a depth of about 60 inches is
yellowish brown and grayish brown, friable silt loam. In
places along small drainageways on hillsides this soil
has a dark gray and gray subsoil.
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Included with this soil in mapping are smail areas of
clayey, somewhat poorly drained Adair and Lamoni soils.
These soils are on the lower and more sloping part of
the unit. The included areas make up about 10 percent
of this unit.

This Exira soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 2 to 3 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is low in available phosphorus and potassium. This soil is
in good tiith.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further erosion damage is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Erosion
control practices, such as contouring and terracing, are
suited to this soil. Returning crop residue or the regular
addition of other organic material helps to improve
fertility, reduce crusting, increase water infiltration, and
maintain good tilth. Increasing the amount of organic
matter in the surface layer helps to reduce puddling in
wet weather and lessen the hardness of soil clods in
very dry weather.

The use of this soil for pasture or hay is an effective
means of controliing erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and results in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition,

This soail is in capability subclass llle.

99D2—Exira silty clay loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, well drained
soil is in uplands. Individual areas range from 5 to 40
acres and are generally in coves next to broad, gently
sloping ridgetops at high elevations or on long, straight
side slopes that are downslope from convex shoulder
slopes.

Typically, the surface layer is very dark grayish brown
silty clay loam mixed with streaks and patches of brown
subsoil material. It is about 8 inches thick. The subsoil is
about 28 inches thick. The upper part is brown, friable
silty clay loam, the middle part is brown and dark
yellowish brown, mottled, friable silty clay loam, and the
lower part is yellowish brown, mottled, friable siity clay
loam. The substratum to a depth of about 60 inches is
yellowish brown and grayish brown, friable silt loam. In
places along drainageways on hillsides, small areas have
a thicker surface layer.

Included with this soil in mapping are small areas of
clayey Adair and Lamoni soils and areas of severely
eroded Marshall soils on the lower and steeper parts of
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the unit. The included areas make up about 15 percent
of this unit.

This Exira soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 2 to 3 percent organic matter.
Reaction typically is slightly acid in the surface layer and
upper part of the subsoil. The subsoil generally is low in
available phosphorus and potassium. This soil is in good
tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further damage from erosion is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Erosion
control practices, such as contouring and terracing, (fig.
13) are suited to this soil. Returning crop residue or the
regular addition of other organic material helps to
improve fertility, reduce crusting, increase water
infiltration, and maintain good tilth. Increasing the
amount of organic matter on the surface helps to reduce
puddling in wet weather and lessen the hardness of soil
clods in very dry weather.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and results in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass llle.

99E2—EXxira silty clay loam, 14 to 20 percent
slopes, moderately eroded. This moderately steep,
well drained soil is in uplands. Individual areas range
from 5 to.25 acres and are generally in coves next to
broad, gently sloping ridgetops at high elevations or on
long, straight side slopes that are downslope from
convex shoulder slopes.

Typically, the surface layer is very dark grayish brown
silty clay loam mixed with streaks and patches of brown
subsoil material. It is about 8 inches thick. The subsoil is
about 24 inches thick. The upper part is brown, friable
silty clay loam, the middle part is brown and dark
yellowish brown, mottled, friable silty clay loam, and the
lower part is yellowish brown, mottled, friable silty clay
loam. The substratum to a depth of about 60 inches is
yellowish brown and grayish brown, friable silty clay
loam. In places along small drainageways on hillsides,
small areas have a thicker, dark surface layer.

Included with this soil in mapping are small areas of
clayey Adair and Lamoni soils on the lower parts of
slopes and small areas of severely eroded Marshall soils
on the steeper part of the unit. The included areas make
up about 15 percent of this unit.
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Figure 13~Tile inlet terrace under construction on the Marshall and Exira soils.

This Exira soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 2 to 3 percent organic matter.
Reaction typically is slightly acid in the surface layer and
upper part of the subsoil. The subsoil generally is low in
available phosphorus and potassium. This soil is in good
tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further damage from erosion is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic

material helps to improve fertility, reduce crusting,
increase water infiltration, and maintain good tilth.
Increasing the amount of organic matter in the surface
layer helps to reduce puddling in wet weather and lessen
the hardness of soil clods in very dry weather.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and resuits in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass IVe.
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107—Webster silty clay loam, 0 to 2 percent
slopes. This nearly level, poorly drained soil is on
smooth or slightly concave till plains in uplands.
Individual areas range from 5 to 20 acres or more and
are irregular in shape.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is about 13
inches thick. It is black silty clay loam in the upper part
and very dark clay loam in the lower part. The subsoil is
about 24 inches thick. The upper part is dark gray and
olive gray, mottled, friable clay loam, and the lower part
is olive gray, mottled, friable loam. The substratum to a
depth of about 60 inches is olive gray, mottled,
calcareous loam. In places the surface layer and subsoil
have higher content of clay. In other places the
substratum has lower content of sand and higher
content of silt.

Included with this soil in mapping are small areas of
Okoboiji, Nicollet, and Canisteo soils. The Okoboji soil is
in low places and has a thicker, dark surface layer and
higher content of clay in the surface layer and subsoil
than Webster soils. The Nicollet soil is on slightly higher
areas and is somewhat poorly drained. The Canisteo soil
has more lime than Webster soils. The included areas
make up about 30 percent of this unit.

This Webster soil is moderately permeable, and
surface runoff is slow. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 6 to 7 percent organic matter and typically
is slightly acid in reaction. The subsoil generally is very
low in available phosphorus and potassium. This soil is
in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is cultivated,
wetness from the seasonal high water table is a hazard.
The use of mechanical practices such as diversion
terraces on slopes above this soil and the installation of
surface or tile drains help to control excessive wetness.

If this soil is used for pasture, grazing when the soil is
too wet causes compaction and surface puddling and
resuits in lower productivity. Proper stocking rates,
pasture rotation, timely deferment of grazing and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass liw.

108—Wadena loam, 24 to 32 inches to sand and
gravel, 0 to 2 percent slopes. This level and nearly
level, well drained soil is on outwash plains, valley trains,
and terraces along major streams. Individual areas range
from 2 to 50 acres and are irregular in shape.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is very dark grayish
brown loam about 8 inches thick. The subsoil is about 17
inches thick. The upper part is brown, friable loam, the
middle part is dark yellowish brown, friable loam, and the
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lower part is brown, friable, gravelly loamy sand. The
substratum to a depth of about 60 inches is friable,
calcareous, loose sand and gravel. In places, especially
along the Raccoon River, the substratum is uniform fine
sand that extends to a depth of as much as 12 feet or
more. In a few small areas the depth to sand and gravel
is more than 32 inches. In other places the soil is not
calcareous at a depth of less than 40 inches. In places
the surface layer and subsoil are sandy .0am.

Included with this soil in mapping are small areas of
Cylinder and Estherville soils. The Cylinder soil is
somewhat poorly drained and is on lower lying areas.
The Estherville soil is somewhat excessively drained and
is on slightly higher knobs and ridges.

Permeability is moderately rapid in the upper part of
this Wadena soil and very rapid in the lower part.
Surface runoff is medium. Available water capacity is
moderate in the upper part and low in the lower part.
The surface layer is about 3 to 4 percent organic matter
and typically is slightly acid in reaction. The subsoil
generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. If this
soil is used for cultivated crops, conservation practices
to conserve moisture are needed. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, is beneficial. If the soil is plowed in
the fall and left barren, the surface layer is susceptible to
wind erosion. Conservation tillage helps to reduce soil
loss. Returning crop residue or the regular addition of
other organic material helps to improve fertility, reduce
crusting, increase water infiltration, and maintain good
tilth.

The use of this soil for pasture or hay is an effective
means of controlling wind erosion. Overgrazing, however,
causes surface compaction and resuits in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass lls.

108B—Wadena loam, 24 to 32 inches to sand and
gravel, 2 to 5 percent slopes. This gently sloping, well
drained soil is on outwash plains, valley trains, and
terraces along major streams. Individual areas range
from 2 to 20 acres and are irregular in shape.

Typically, the surface layer is biack loam about 8
inches thick. The subsurface layer is very dark grayish
brown loam about 8 inches thick. The subsoil is about 17
inches thick. The upper part is brown, friable loam, the
middle part is dark yellowish brown, friable loam, and the
lower part is brown, gravelly loamy sand. The substratum
to a depth of about 60 inches is multicolored,
calcareous, loose sand and gravel. In places, especially
along the Raccoon River, the substratum is uniform fine
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sand that extends to a depth of as much as 12 feet or
more. In a few small areas the depth to sand and gravel
is 32 inches. In other places the soil is not calcareous at
a depth of less than 40 inches. In places the surface
layer and subsoil are sandy loam.

Included with this soil in mapping are small areas of
Cylinder and Estherville soils. The Cylinder soil is
somewhat poorly drained and is on lower lying areas.
The Estherville soil is somewhat excessively drained and
is on slightly higher knobs and ridges. The included
areas make up about 15 percent of this unit.

Permeability is moderately rapid in the upper part of
this Wadena soil and very rapid in the lower part.
Surface runoff is medium. Available water capacity is
moderate in the upper part and low in the lower part.
The surface layer is about 3 to 4 percent organic matter.
Reaction typically is slightly acid in the surface layer and
subsoil. The subsoil generally is very low in available
phosphorus and potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. If this
soil is used for cultivated crops, conservation practices
that conserve moisture are needed. Conservation tillage,
a practice that leaves crop residue on the surface
throughout the year, is beneficial. Damage from erosion
is a hazard. Conservation tillage and grassed waterways
help to prevent excessive soil loss. Returning crop
residue or the regular addition of other organic material
helps to improve fertility, reduce crusting, and increase
water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes increased runoff and results in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass lle.

108C2—Wadena loam, 24 to 32 inches to sand and
gravel, 5 to 9 percent slopes, moderately eroded.
This moderately sloping, well drained soil is on outwash
plains, valley trains, and terraces along major streams.
Individual areas range from 2 to 10 acres and are
irregular in shape.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. The subsoil is about 16
inches thick. The upper part is brown, friable loam, the
middle part is dark yellowish brown, friable loam, and the
lower part is brown, very friable, gravelly loamy sand.
The substratum to a depth of about 60 inches is
calcareous, loose sand and gravel. In places, especially
along the Raccoon River, the substratum is uniform fine
sand that extends to a depth of as much as 12 feet or
more. In a few small areas the depth to sand and gravel
is more than 32 inches. In other places the soil is not
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calcareous at a depth of less than 40 inches. In places
the surface layer and subsoil are sandy loam.

included with this soil in mapping are small areas of
Cylinder and Estherville soils. The Cylinder soil is
somewhat poorly drained and is on lower lying areas.
The Estherville soil is somewhat excessively drained and
is on slightly higher knobs and ridges. The included
areas make up about 15 percent of this unit.

Permeability is moderately rapid in the upper part of
this Wadena soil and very rapid in the lower part.
Surface runoff is medium. Available water capacity is
moderate in the upper part and low in the lower part.
The surface layer is about 2 to 3 percent organic matter
and typically is slightly acid in reaction. The subsoil
generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. If the soil
is used for cultivated crops, conservation practices that
conserve moisture are needed. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, is beneficial. Damage from further
erosion is a hazard. Conservation tillage and grassed
waterways help to prevent excessive soil loss. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, reduce crusting, and
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes increased runoff and erosion and results in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass llle.

133—Colo silty clay loam, 0 to 2 percent slopes.
This nearly level, poorly drained soil is on bottom lands
of larger streams and their tributaries. It is subject to
flooding. Individual areas range from 20 to more than
100 acres and are irregular in shape.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is black silty
clay loam about 30 inches thick. Below this is a layer of
very dark gray, mottled, firm silty clay loam about 11
inches thick. The substratum to a depth of about 60
inches is dark gray, mottled, firm silty clay loam. In
places the surface layer is lighter colored overwash that
has higher content of siit. In other places near the
channel the soil is stratified. :

Included with this soil in mapping are small areas of
Zook soil in low places. They are more clayey and less
permeable than Colo soil. The included areas make up
about 15 percent of this unit.

Permeability is moderate in this Colo soil. Surface
runoff is slow, but it is very slow to ponded in
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depressions or old channels. This soil has a seasonal
high water table. Available water capacity is high. The
surface layer is about 5 to 7 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is medium in available phosphorus and potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, smalil grains, and grasses and
legumes for hay or pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. The use of diversion terraces on foot
slopes above this soil and the installation of surface or
tile drains help to control excessive wetness.

In areas that are subject to more frequent flooding,
this soil is better suited to pasture or hay than to row
crops. Overgrazing or grazing when the soil is too wet,
however, causes surface compaction and puddling and
results in lower productivity. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass llw.

133 +—Colo silty clay loam, overwash, 0 to 2
percent slopes. This nearly level, poorly drained soil is
on bottom lands of larger streams and their tributaries. It
is subject to flooding. Individual areas range from 20 to
more than 100 acres and are irregular in shape.

Typically, the overwash surface layer is mixed very
dark grayish brown, dark gray, dark grayish brown, and
black silty clay loam about 10 inches thick. Below this is
a subsurface layer of black silty clay loam about 33
inches thick. The substratum to a depth of about 60
inches is dark gray, mottled, friable silty clay loam. In
places the overwash surface layer is more than 10
inches thick.

Included with this soil in mapping are small areas of
Ackmore and Zook soils. Ackmore soils are stratified.
The more clayey Zook soils are in small depressions or
in low lying areas. The included areas make up about 15
percent of this unit.

Permeability is moderate in this Colo soil. Surface
runoff is slow, but it is very slow to ponded in
depressions. This soil has a seasonal high water table.
Available water capacity is high. The surface layer is
about 3 to 5 percent organic matter. Reaction typically is
slightly acid in the surface layer and subsoil. The subsoil
generally is medium in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. The use of diversion terraces on foot
slopes above this soil, the construction of levees, and
the installation of surface or tile drains help to control
excessive wetness.
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In areas that are subject to more frequent flooding,
this soil is better suited to pasture or hay than to
cultivated crops. Overgrazing or grazing when this soil is
too wet, however, causes surface compaction and
puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llw.

135—Coland clay loam, 0 to 2 percent slopes. This
nearly level, poorly drained soil is on bottom lands of the
larger streams and their tributaries. It is subject to
flooding. Individual areas range from 10 to more than
100 acres.

Typically, the surface layer is black clay loam about 8
inches thick. The subsurface layer is black clay loam
about 21 inches thick. The mottled subsoil is very dark
gray, friable clay loam about 19 inches thick. The
substratum to a depth of about 60 inches is gray, friable
sandy clay loam. In places the surface layer is lighter
colored sandy loam and is several inches thick.

Included with this soil in mapping are small areas of
poorly drained Spillville soils and more clayey Zook soils.
The included areas make up about 15 percent of this
unit.

This Coland soil is moderately permeable. Surface
runoff is slow, but it is very slow to ponded in
depressions or old channels. This soil has a seasonal
high water table. Available water capacity is high. The
surface layer is about 5 to 7 percent organic matter.
Reaction typically is neutral in the surface layer and
subsoil. The subsoil generally is low in available
phosphorus and very low in available potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. The use of diversion terraces on foot
slopes above this soil and the installation of surface or
tile drains help to control excessive wetness.

In areas that are subject to more frequent flooding,
this soil is better suited to pasture or hay than to
cultivated crops. Overgrazing or grazing when this soil is
too wet, however, causes surface compaction and
puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass liw.

138B—Clarion loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on knolls and
ridgetops in uplands. Individual areas range. from 2 to
more than 80 acres.
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Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is mixed very dark
grayish brown and black loam about 5 inches thick. The
subsoil is about 19 inches thick. The upper part is brown,
friable loam, and the lower part is dark yellowish brown,
mottled, friable loam. The substratum to a depth of about
60 inches is yellowish brown, mottled, friable, calcareous
loam. In places in small areas the substratum has higher
content of silt and lower content of sand.

Included with this soil in mapping are small areas of
somewhat poorly drained Nicollet soil in slightly lower
lying areas, and calcareous Storden soils on more
convex, sloping areas. The included areas make up
about 15 percent of this unit.

This Clarion soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 3 to 4 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is very low in available phosphorus and potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is used for
cultivated crops, erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, helps to prevent excessive soil loss.
The use of mechanical practices to control erosion, such
as contouring and terracing, is somewhat difficult on this
soil because of the undulating relief and short slopes. In
places, however, these operations are feasible.
Returning crop residue or the regular addition of other
organic material helps to improve fertility and maintain
good filth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing causes
increased runoff. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass lle.

138B2—Clarion loam, 2 to 5 percent slopes,
moderately eroded. This gently sloping, well drained
soil is on knolls and ridgetops in uplands. Slopes
typically are short. Individual areas range from 2 to 40
acres and are irreguiar in shape.

Typically, the surface layer is black and very dark
grayish brown, friable loam mixed with streaks and
patches of brown subsoil material. It is about 8 inches
thick. The subsoil is about 18 inches thick. The upper
and middle parts are brown, friable loam, and the lower
part is dark yellowish brown, mottled, friable loam. The
substratum to a depth of about 60 inches is yellowish
brown, mottled, friable, calcareous loam. In places the
surface layer is dark grayish brown and the depth to the
calcareous substratum is less. In places the substratum
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is higher in content of silt and lower in content of sand.
In other places the subsoil is higher in content of clay.

Included with this soil in mapping are small areas of
somewhat poorly drained Nicollet soils in slightly lower
lying places and calcareous Storden soils in more
convex, sloping places. The included areas make up
about 15 percent of this unit.

This Clarion soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 2 to 3 percent organic matter.
Reaction typically is slightly acid in the surface layer and
subsoil. The subsoil generally is very low in available
phosphorus and very low in available potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further damage from erosion is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, helps to
prevent excessive soil loss. The use of mechanical
practices to control erosion, such as contouring and
terracing, is somewhat difficult on this soil because of
the undulating relief and short slopes. In places,
however, these operations are feasible. Returning crop
residue or the regular addition of other organic material
helps to improve fertility, reduce crusting, increase water
infiltration, and maintain good tilth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction, increases runoff and erosion, and results in
poorer tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass lle.

138C—Clarion loam, 5 to 9 percent slopes. This
moderately sloping, well drained soil is on knolls and
side slopes that border streams and in upland
drainageways. Slopes typically are short. Individual areas
range from 2 to 15 acres and are irregular in shape.

Typically, the surface layer is black oam about 8
inches thick. The subsurface layer is very dark grayish
brown loam about 3 inches thick. The subsoil is about 18
inches thick. The upper and middle parts are brown, -
friable loam, and the lower part is dark yellowish brown,
mottled, friable ioam. The substratum to a depth of about
60 inches is yellowish brown, friable, calcareous loam. In
places the subsoil has higher content of clay. In places
the substratum has higher content of silt.

Included with this soil in mapping are small areas of
calcareous Storden soils and sandy Dickman soils on
more convex, sloping places. The included areas make
up about 10 percent of this unit.
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This Clarion soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 3 to 4 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is very low in available phosphorus and potassium. This
soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is used for
cultivated crops, erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. In places, the use of
mechanical practices to control erosion, such as
contouring and terracing, is difficult because of the
undulating relief and short slopes. In places, however,
these operations are feasible. Returning crop residue to
the soil or the regular addition of other organic material
helps to improve fertility and maintain good tilth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llle.

138C2—Clarion loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is on knolls and side slopes that border
streams and in upland drainageways. Slopes typically are
short. Individual areas range from 2 to 80 acres and are
irregular in shape.

Typically, the surface layer is very dark grayish brown
loam mixed with streaks and patches of brown subsoil
material. It is about 8 inches thick. The subsoil is about
16 inches thick. The upper part is brown, friable loam,
and the lower part is dark yellowish brown, mottled,
friable loam. The substratum to a depth of about 60
inches is yellowish brown, mottled, friable, calcareous
loam. In places the subsoil is higher in content of clay. In
places the substratum is higher in content of silt.

Included with this soil in mapping are small areas of
calcareous Storden soil and sandy Dickman and Salida
soils on more convex, sloping places. The included
areas make up about 15 percent of this unit.

This Clarion soil is moderately permeable, and surface
runoff from cultivated areas is rapid. Available water
capacity is high. The surface layer is about 2 to 4
percent organic matter and typically is slightly acid in
reaction. The subsoil generally is very low in available
phosphorus and potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further damage from erosion is a
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hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. In places,
the use of mechanical practices to control erosion, such
as contouring and terracing, is difficult because of the
undulating relief and short slopes. In places, however,
these operations are feasible. Returning crop residue or
the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water
infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
increases runoff and erosion and results in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llle.

138D2—Clarion loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, well drained
soil is on knolls and side slopes that border streams and
in upland drainageways. Slopes typically are short.
Individual areas range from 2 to 20 acres and are
irregular in shape.

Typically, the surface layer is very dark grayish brown
loam mixed with streaks and patches of brown subsoil
material. It is about 8 inches thick. The subsoil is about
14 inches thick. The upper part is brown, friable ioam,
and the lower part is dark yellowish brown, mottled,
friable loam. The substratum to a depth of about 60
inches is yellowish brown, mottled, friable, calcareous
loam. In places the subsoil is higher in content of clay. In
places the substratum is higher in content of silt.

Included with this soil in mapping are small areas of
Storden and Dickman soils on the more convex, sloping
areas. The Storden soil is calcareous throughout. The
Dickman soil is sandy. The included areas make up
about 15 percent of this unit.

This Clarion soil is moderately permeable, and surface
runoff from cultivated areas is rapid. Available water
capacity is high. The surface layer is about 2 to 4
percent organic matter. Reaction typically is slightly acid
in the surface layer and upper part of the subsoil. The
subsoil generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is used for
cultivated crops, further damage from erosion is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. In places,
the use of mechanical practices to control erosion, such
as contouring and terracing, is difficult because of the
undulating relief and short slopes. In places, however,
these operations are feasible. Returning crop residue or
the regular addition of other organic material helps to
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improve fertility, reduce crusting, and increase water
infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
increases runoff and erosion. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass [Ve.

179E2—Gara loam, 14 to 18 percent slopes,
moderately eroded. This moderately steep, moderately
well drained to well drained soil is on side slopes and
nose slopes in uplands. It is on the lower part of the
slopes and generally extends down to the drainageway.
It extends horizontally along the hillsides. Individual
areas range from 10 to more than 40 acres and are long
and narrow and have irregular boundaries.

Typically, the surface layer is very dark gray and dark
grayish brown loam mixed with streaks and patches of
brown subsoil material. it is about 6 inches thick. The
subsoil is about 34 inches thick. The upper part is brown
and dark yellowish brown, firm clay loam, the middie part
is dark yellowish brown, mottled, firm clay loam, and the
lower part is yellowish brown, mottled, firm clay loam.
The substratum to a depth of about 60 inches is
yellowish brown, mottled clay loam that has lime
concretions. In places the subsoil is higher in content of
sand, and in places it is calcareous at a depth of less
than 40 inches.

Included with this soil in mapping are small, linear
shaped areas of Armstrong soil along shoulder slopes.
Also included are severely eroded areas where the
surface layer consists mainly of subsoil material. These
areas are higher in content of clay and lower in content
of organic matter than Gara soil. The included areas
make up about 10 percent of this unit.

Permeability is moderately slow in this Gara soil, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 0.5 to 1 percent organic matter
and typically is slightly acid in reaction unless the soil is
limed. The subsaoil is very low or low in available
phosphorus and very low in available potassium. This
soil is in good tilth. '

Although most areas of this soil are cultivated, the soil
is not suited to corn, soybeans, and small grains. It is
better suited to grasses and legumes for hay or pasture.
it is well suited to woodland. If this soil is used for
cultivated crops, severe erosion damage is a hazard.
Returning crop residue or the regular addition of other
organic material helps to improve fertility, reduce
erosion, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes surface compaction, increases runoff and
erosion, and results in reduced productivity. Proper
stocking rates, pasture rotation, timely deferment of
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grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is well suited to trees. Native hardwoods,
however, generally are not suited to soils that have been
cultivated or to moderately eroded or severely eroded
soils. Hardwoods apparently require a good site and
grow better if they are planted on uncultivated soils.
Conifers are better suited to eroded or formerly
cultivated soils. Tree seeds, cuttings, and seedlings
survive and grow well if competing vegetation is
removed during site preparation or controlled by
prescribed burning or by spraying, cutting, or girdling.

This soil is in capability subclass Vle.

179F—Gara loam, 18 to 25 percent siopes. This
steep, moderately well drained to well drained soil is on
side slopes and nose slopes in uplands. It is on the
lower part of the slopes and generally extends down to
the valley or drainageway. It extends horizontally along
the hillsides. Individual areas range from 10 to 30 acres
but are as large as 60 acres or more. They are long and
narrow and have irregular boundaries,

Typically, the surface layer in uncultivated areas is
very dark gray loam about 7 inches thick. The
subsurface layer is dark grayish brown loam about 4
inches thick. The subsoil is about 32 inches thick. The
upper part is brown and dark yellowish brown, firm clay
loam, the middle part is dark yellowish brown, mottled,
firm clay loam, and the lower part is yellowish brown,
mottled, firm clay loam, The mottled substratum to a
depth of about 60 inches is calcareous clay loam. In
places this soil is calcareous at a depth of less than 30
inches.

Included with this soil in mapping are small areas of
Armstrong soil on shoulder slopes. Also included are
severely eroded areas where the surface layer consists
mainly of subsoil material. These areas are higher in
content of clay and lower in content of organic matter
than Gara soil. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in this Gara soil, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 to 2 percent organic matter
and typically is slightly acid in reaction unless the soil is
limed. The subsoil is very low or low in available
phosphorus and very low in available potassium. This
soil is in good filth.

Most areas of this soil are in hay and pasture. The soil
is not suited to corn, soybeans, and small grains. It is
better suited to grasses and legumes for hay. It is well
suited to pasture or woodland. If this soil is used for
cultivated crops, severe erosion damage is a hazard.

The use of this soil for pasture or hay is an effective
means of controlling erosion if good management is
practiced. Overgrazing, however, causes surface
cofnpaction, increases runoff and erosion, and results in
reduced productivity. Proper stocking rates, pasture.
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rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is moderately suited to the production of
upland oaks and conifers. Trees grow best on north-
facing and east-facing, lower slopes and in coves. The
use of a cover crop helps reduce the hazard of erosion
when establishing new stands, but the cover crop needs
to be carefully managed to avoid competition with the
seedlings being established. Because steep slopes make
the use of equipment difficult and dangerous, much of -
the work in establishing new stands needs to be done by
hand.

This soil is in capability subclass Vlle.

179F2—Gara loam, 18 to 25 percent slopes,
moderately eroded. This steep, moderately well drained
to well drained soil is on side slopes and nose slopes in
uplands. It is on the lower part of the slopes and
generally extends down to the valley or drainageway.
Individual areas range from 20 to 60 acres or more. They
are long and narrow and have irregular boundaries.

Typically, the surface layer is dark grayish brown loam
mixed with streaks and patches of brown subsoil
material. It is about 6 inches thick. The subsoil is about
30 inches thick. The upper part is brown and dark
yellowish brown, firm clay loam, the middle part is dark
yellowish brown, mottled, firm clay loam, and the lower
part is yellowish brown, mottled, firm clay loam. The
mottled substratum to a depth of about 60 inches is
yellowish brown clay loam.

Included with this soil in mapping are small areas of
Armstrong soil on shoulder slopes. Also included are
severely eroded areas where the surface layer consists
mainly of subsoil material. These areas are higher in
content of clay and lower in content of organic matter
than Gara soil. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in this Gara soil, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 0.5 to 1 percent organic matter
and typically is slightly acid in reaction unless the soil is
limed. The subsoil is very low or low in available
phosphorus and very low in available potassium. This
soil is in good tilth.

Most areas of this soil are in hay or pasture. The soil
is not suited to corn, soybeans, and small grains. It is
better suited to grasses and legumes for hay. It is well
suited to pasture or woodland. If this soil is used for
cultivated crops, severe erosion damage is a hazard.

The use of this soil for pasture or hay is an effective
means of controlling erosion if good management is
practiced. Overgrazing, however, causes surface
compaction, increases runoff and erosion, and results in
reduced productivity. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
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during wet periods help to keep the pasture and soil in
good condition.

This soil is well suited to trees. However, native
hardwoods generally are not suited to soils that have
been cultivated or to moderately eroded or severely
eroded soils. Hardwoods apparently require a good site
and grow better if they are planted on uncultivated soils.
Conifers are better suited to eroded or formerly
cultivated soils. Tree seeds, cuttings, and seedlings
survive and grow well if competing vegetation is
removed during site preparation or controlled by
prescribed burning, spraying, cutting, or girdling.

This soil is in capability subclass Vlle.

179G—Gara loam, 25 to 40 percent slopes. This
very steep, moderately well drained to well drained soil is
on side slopes and nose slopes in uplands. It is on the
lower part of the slopes and generally extends down to
the valley or drainageway. It extends horizontally along
the hillsides. Individual areas range from 10 to 30 acres
but may be more than 100 acres. They are long and
narrow and have irregular boundaries.

Typically, the surface layer in uncultivated areas is
very dark gray loam about 7 inches thick. The
subsurface layer is dark grayish brown loam about 4
inches thick. The subsoil is about 32 inches thick. The
upper part is brown and dark yellowish brown, firm clay
loam, the middle part is dark yellowish brown, firm clay
loam, and the lower part is yellowish brown, firm clay
loam. The mottled substratum to a depth of about 60
inches is calcareous, light gray and strong brown clay
loam. In places the soil is calcareous at a depth of less
than 30 inches.

Included with this soil in mapping are small areas of
Armstrong soil on shoulder slopes. Also included are
severely eroded areas where the surface layer consists
mainly of subsoil material. These areas are higher in
content of clay and lower in content of organic matter
than Gara soil. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in this Gara soil, and
surface runoff is rapid. Available water capacity is high.
The surface layer is about 1 to 2 percent organic matter
and typically is slightly acid in reaction unless the soil
has been limed. The subsoil is very low or low in
available phosphorus and very low in available
potassium.

Most areas of this soil are in hay or pasture. This soil
is not suited to corn, soybeans, and small grains. It is
better suited to grasses and legumes for hay. It is well
suited to pasture and woodland. If this soil is used for
cultivated crops, damage from severe erosion is a
hazard.

The use of this soil for pasture or hay is an effective
means of controlling erosion if good management is
practiced. Overgrazing, however, causes surface
compaction, increases runoff and erosion, and results in
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reduced productivity. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is moderately suited to the production of
upland oaks and conifers. Trees grow best on north-
facing and east-facing, lower slopes and in coves. The
use of a cover crop may help to reduce the hazard of
erosion when establishing new stands, but the cover
crop needs to be carefully managed to avoid competition
with the seedlings being established. Because steep
slopes make the use of equipment difficult and
dangerous, much of the work in establishing new stands
needs to be done by hand.

This soil is in capability subclass Vlle.

192D2—Adair clay loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, somewhat
poorly drained soil is on side slopes and some ridges in
uplands. It runs on the contour along hillslopes, around
nose slopes, and into coves at the heads of
drainageways. In places, this soil is on the top of
extended ridges. Individual areas range from 3 to 25
acres. They are long and narrow and have irregular
boundaries.

Typically, the surface layer is very dark grayish brown
clay loam mixed with streaks and patches of dark
reddish brown subsoil material. It is about 6 inches thick.
The subsoil is about 36 inches thick. The upper part is
dark reddish brown, mottled, firm clay loam, the middle
part is multicolored, very firm clay, and the lower part is
multicolored, firm clay loam. The mottled substratum to a
depth of about 60 inches is yellowish brown and grayish
brown, firm clay loam. In places in small areas the
subsoil is less red and contains more gray.

Included with this soil in mapping are small areas of
Burchard, Exira, and Ida soils. The Exira and Ida soils
are in the higher part of the map unit, and the Burchard
soil is in the lower part. All of these soils have better
drainage and less clay content than Adair soil. The Exira
and |da soils also contain more silt and less sand. The
Ida soil is calcareous. The included areas make up about
15 percent of this unit.

This Adair soil is slowly permeable, and surface runoff
is rapid. Available water capacity is high. The surface
layer is about 2 to 3 percent organic matter and typically
is slightly acid in reaction. The subsoil generally is very
low in available phosphorus and potassium. This soil is
in fair tilth.

Most areas of this soil are cultivated, but the soil is
poorly suited to corn, soybeans, and small grains. It is
better suited to grasses and legumes for hay and
pasture. If the soil is used for cultivated crops, further
damage from erosion is a hazard. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Contour farming is well
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suited to this soil. Terracing is only moderately suited
because the exposed subsoil is in poor tilth. Returning
crop residue or the regular addition of other organic
material helps to improve fertility, reduce crusting and
the formation of hard clods on the surface, and increase
water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff and erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subciass IVe.

201B—Coland-Spillville complex, 2 to 5 percent
slopes. These gently sloping, poorly drained to
moderately well drained soils are in valleys and upland
drainageways. Individual areas range from 5 to more
than 40 acres and are irregular in shape. This map unit
is about 60 percent Coland soil and 25 percent Spillville
soil. These soils are subject to flooding. The Coland soil
typically is in the less sloping places. The Spillville soil is
along the higher edge of the unit and is generally just
below the steeper sloping, upland soils. These soils are
so intricately mixed or so small that it is not practical to
separate them in mapping.

Typically, the surface layer of the Coland soil is black
clay loam about 8 inches thick. The subsurface layer is
black clay loam about 21 inches thick. The mottled
subsoil is very dark gray, friable clay loam about 19
inches thick. The substratum to a depth of about 60
inches is gray, friable sandy clay loam. In places the
surface layer and subsoil are silty clay loam.

Typically, the surface layer of the Spillville soil is loam
about 8 inches thick. The subsurface layer is loam about
38 inches thick. The upper part is black, and the lower
part is mottled, very dark grayish brown. The substratum
to a depth of about 60 inches is multicolored, friable
loam.

Included with these soils in mapping are small areas of
Biscay, Calco, and Zook soils. The Biscay soil is
underlain by sand and gravel at a depth of less than 42
inches. The Calco soil is calcareous. The Zook soil is in
lower lying areas and has a higher content of clay than
Coland and Spillville soils. The included areas make up
about 15 percent of this unit.

These Coland and Spillville soils are moderately
permeable. Surface runoff is slow in most places but is
very slow to ponded in depressions or old channels.
These soils have a seasonal high water table. Available
water capacity is high. In both soils, the surface layer is
about 5 to 7 percent organic matter and typically is
neutral or medium acid in reaction. The subsoil is
generally low in available phosphorus and very low in
available potassium. These soils are in good tilth.
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Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If these soils are
cultivated, wetness caused by flooding or the seasonal
high water table is a hazard. The use of mechanical
practices, such as diversion terraces on foot slopes
above these soils and the installation of surface or tile
drains, help to control excessive wetness.

These soils are better suited to pasture or hay than to
cultivated crops in the areas that are subject to more
frequent fiooding. Overgrazing or grazing when the soils
are too wet, however, causes surface compaction and
surface puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soils in good condition.

The soils in this complex are in capability subclass llw.

203—Cylinder loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes. This nearly level,
somewhat poorly drained soil is on glacial outwash
plains and stream benches. Individual areas range from
2 to more than 20 acres and are irregular in shape.

Typically, the surface layer is black loam about 7
inches thick. The subsurface layer is very dark brown
loam about 12 inches thick. The subsoil is about 19
inches thick. The upper part is dark grayish brown,
friable clay loam, the middle part is mixed grayish brown
and dark grayish brown, friable, gravelly loam, and the
lower part is brown, very friable loamy sand. The upper
part of the calcareous substratum is pale brown, loamy
sand and gravel. Below this to a depth of about 60
inches is multicolored sand or sand and gravel. In places
small areas of a similar soil is 40 to 46 inches deep over
loamy sand or sand and gravel. In other places the soil
is calcareous throughout.

Included with this soil in mapping are small areas of
well drained Wadena soil on rises and poorly drained
Biscay soils in swales. The included areas make up
about 10 percent of this unit.

This Cylinder soil is moderately permeable in the
upper part and rapidly to very rapidly permeable in the
lower part. Surface runoff is slow. Available water
capacity is moderate in the upper part and low in the
lower part. The surface layer is about 3 to 5 percent
organic matter. Reaction typically is neutral or slightly
acid in the surface layer and subsoil. The subsoil
generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. Where
the soil is used for cultivated crops, conservation
practices that conserve moisture, such as conservation
tillage that leaves crop residue on the surface throughout
the year, are beneficial. If the soil is plowed in the fall
and left barren, the surface layer is susceptible to soil
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blowing. Conservation tillage helps to reduce soil loss.
Returning crop residue or the regular addition of other
organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling wind erosion.

This soil is in capability subclass Ils.

236C—Lester loam, 4 to 10 percent slopes. This
moderately sloping, well drained soil is on ridgetops in
uplands. Individual areas range from 3 to 15 acres and
are irregular in shape.

Typically, the surface layer is very dark gray loam
about 6 inches thick. The subsurface layer is very dark
grayish brown, friable loam about 4 inches thick. The
subsoil is about 33 inches thick. The upper and middle
parts are brown, friable clay loam, and the lower part is
yellowish brown, mottled, friable clay loam. The
substratum to a depth of about 60 inches is mottled,
friable clay loam. In places in small areas the surface
layer is thicker and darker.

Included with this soil in mapping are small areas of
Storden soil on more convex, steeper places. The
Storden soil is calcareous throughout. The included
areas make up about 10 percent of this unit.

This Lester soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 2 to 4 percent organic matter and
typically is slightly acid in reaction. The subsoil generally
is medium in available phosphorus and very low in
available potassium. This soil is in good tilth.

Most areas of this soil are in timbered pasture. This
soil is suited to corn, soybeans, small grains, and
grasses and legumes for hay and pasture. If the soil is
used for cultivated crops, erosion is a hazard.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Practices
such as contouring and terracing also help to reduce soil
erosion. Returning crop residue or the regular addition of
other organic material helps to improve fertility and
increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes increased runoff and reduces protection against
erosion. Proper stocking rates, pasture rotation, timely
deferment of grazing, and restricted use during wet
periods help to keep the pasture and soil in good
condition.

This soil is well suited to trees. Tree seeds, cuttings,
and seedlings survive and grow well if competing
vegetation is removed during site preparation or
controlled by spraying, cutting, and girdling. The hazard
of erosion is moderate if the soil is not protected.
Adequate vegetative cover needs to be maintained on
the surface.

This soil is in capability subclass llle.
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259—Biscay loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes. This nearly level, poorly
drained and very poorly drained soil is on glacial
outwash areas in uplands and in valley terraces that are
underlain by sand and gravel. Individual areas range
from 5 to more than 20 acres and are irregular in shape.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is very dark gray clay
loam about 7 inches thick. The subsoil is about 22
inches thick. The upper part is dark gray, friable clay
loam, the middle part is gray, friable, sandy, clay loam
and the lower part is dark gray, friable, gravelly sandy
ioam. The substratum to a depth of about 60 inches is
dark grayish brown and dark gray sand and gravel. It is
calcareous in the lower part. In places in small areas the
surface layer and subsoil have a higher content of clay.
In places the substratum is siity clay loam. In other
places the depth to sand and gravel ranges from 40 to
46 inches.

Included with this soil in mapping are small areas of
Cylinder and Talcot soils. The Cylinder soil is somewhat
poorly drained. The Talcot soil is calcareous. The
included areas make up about 15 percent of this unit.

This Biscay soil is moderately permeable in the upper
part and rapidly permeable in the lower part. Surface
runoff is slow. This soil has a seasonal high water table.
Available water capacity is moderate. The surface layer
is about 4 to 8 percent organic matter and typically is
neutral in reaction. The subsoil generally is very low in
available phosphorus and very low to low in available
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, smali grains, and grasses and
legumes for hay or pasture. Conservation tillage, a
practice that leaves crop residue on the surface
throughout the year, helps to prevent excessive soil loss
by wind erosion. Returning crop residue or the regular
addition of other organic material helps to improve
fertility and maintain good tilth.

If this soil is used for pasture, proper stocking rates
and controlled grazing during wet periods reduce soil
puddling and compaction and help to maintain the
pasture and soil productivity.

This soil is in capability subclass llw.

268C—Knox siit loam, 4 to 9 percent slopes. This
moderately sloping, well drained soil is on narrow
ridgetops and side slopes in uplands. Slopes are long or
grade into adjacent, long slopes. Individual areas range
from 3 to 50 acres and are irregular in shape.

Typically, the surface layer is very dark grayish brown
silt loam about 6 inches thick. The subsurface layer is
brown, friable silt loam about 8 inches thick. The subsoil
is dark yellowish brown, mottled, friable silty clay loam
about 30 inches thick. The substratum to a depth of
about 60 inches-is brown, mottled, friable silt loam.

Soil survey

Included with this soil in mapping are small areas of
calcareous Ida soils. The Ida soil is generally on the
steepest part of the slope. Also included are severely
eroded areas where the surface layer consists mainly of
subsoil material. These areas are higher in content of
clay and lower in content of organic matter than Knox
soil. The included areas make up less than 10 percent of
this unit. .

This Knox soil is moderately permeable, and surface
runoff is medium. Available water capacity is high. The
surface layer is about 1 to 3 percent organic matter and
typically is slightly acid. Reaction varies widely, however,
because of use and liming practices. The subsoil
generally is medium in available phosphorus and low in
available potassium. This soil is in good tilth.

Most areas of this soil are cultivated, but some areas
are in trees or pasture. The soil is suited to corn,
soybeans, small grains, and grasses and legumes for
hay and pasture. If the soil is used for cultivated crops,
further damage from erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Farming on the contour and
terracing are suited if the slopes are long enough.
Returning crop residue or the regular addition of other
organic material helps to improve fertility and tilth,
reduce crusting, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes excessive runoff and increases erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to trees, and some areas remain in
native hardwoods. Tree seeds, cuttings, and seedlings
survive and grow well if competing vegetation is
removed during site preparation or controlled by
spraying, cutting, and girdling. Only a few hazards or
limitations are concerns in the planting or harvesting of
trees. ,

This soil is in capability subclass llle.

268D2—Knox siit loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, well drained
soil is on side slopes in uplands. Slopes are long or
grade into adjacent, long slopes. Individual areas range
from 2 to 20 acres and are irregular in shape.

Typically, the surface layer in cultivated areas is very
dark grayish brown silt loam mixed with streaks and
patches of brown silt loam subsoil material. It is about 8
inches thick. The subsoil is dark yellowish brown, friable
silty clay loam about 29 inches thick. The mottled
substratum to a depth of about 60 inches is brown,
friable silt loam. In places small areas are still in trees.
These areas have a surface layer of very dark grayish
brown silt loam about 5 inches thick and a subsurface
layer of brown, friable silt loam about 5 inches thick.
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Included with this soil in mapping are small areas of
calcareous Ida soils, loamy Gara soils, and clayey
Armstrong soils. These soils are generally on the lower
part of the slope. Also included are severely eroded
areas where the surface layer consists mainly of subsoil
material. These areas are higher in content of clay and
lower in content of organic matter than Knox soil. The
included areas make up about 15 percent of this unit.

This Knox soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 1 to 2 percent organic matter and
typically is slightly acid. Reaction varies widely, however,
because of use and liming practices. The subsoil
generally is medium in available phosphorus and low in
available potassium. This soil is in good tilth.

Most areas of this soil are cultivated, but some areas
are in trees or pasture. The soil is suited to corn,
soybeans, small grains, and grasses and legumes for
hay and pasture. If the soil is used for cultivated crops,
further damage from erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Farming on the contour and
terracing are suited to this soil if the slopes are long
enough. Returning crop residue or the regular addition of
other organic material helps to improve fertility and tilth,
reduce crusting, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes excessive runoff and increases erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to trees, and some areas remain in
native hardwoods. Tree seeds, cuttings, and seedlings
survive and grow well if competing vegetation is
removed during site preparation or controlled by
spraying, cutting, and girdling. Steepness of slope and
the hazard of erosion are the main concerns in the
planting and harvesting of trees.

This soil is in capability subclass IVe.

268E2—Knox silt loam, 14 to 18 percent slopes,
moderately eroded. This moderately steep, well drained
soil is on side slopes in uplands. Individual areas range
from 2 to 20 acres and are irregular in shape. Slopes are
long or grade into adjacent, long slopes.

Typically, the surface layer is very dark grayish brown
silt loam mixed with streaks and patches of brown
subsoil material. It is about 8 inches thick. The subsoil is
dark yellowish brown, mottled, friable silty clay loam
about 28 inches thick. The substratum to a depth of
about 60 inches is brown, mottled, friable silt loam. In
places the surface layer consists mostly of dark
yellowish brown, silty clay loam subsoil. In other places
small areas are still in trees. These areas have a surface
layer of very dark grayish brown silt loam about 5 inches
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thick and a subsurface layer of brown, friable silt loam
about 5 inches thick.

Included with this soil in mapping are small areas of
loamy Gara soils and clayey Armstrong soils. These soils
are on the lower part of the slope. Also included are
severely eroded areas where the surface layer consists
mostly of subsoil material. These areas are higher in-
content of clay and lower in content of organic matter
than Knox soil. The included areas make up about 15
percent of this unit.

This Knox soil is moderately permeable, and surface
runoff is rapid. Available water capacity is high. The
surface layer is about 1 to 2 percent organic matter and
typically is slightly acid. Reaction varies widely, however,
because of use and liming practices. The subsoil
generally is medium in available phosphorus and low in
available potassium. This soil is in good tilth.

Most areas of this soil are cultivated, but some areas
are in trees and pasture. The soil is suited to corn,
soybeans, small grains, and grasses and legumes for
hay and pasture. If the soil is used for cultivated crops,
damage from further erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. Farming on the contour and
terracing are suited to this soil if the slopes are long
enough. Returning crop residue or the regular addition of
other organic material helps to improve fertility and tilth,
reduce crusting, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes excessive runoff and increases erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to trees, and some areas remain in
native hardwoods. Tree seeds, cuttings, and seedlings
survive and grow well if competing vegetation is
removed during site preparation or controlled by
spraying, cutting, and girdling. Steep slopes and the
hazard of erosion are the main concerns in the planting
and harvesting of trees.

This soil is in capability subclass |Ve.

308—Wadena loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes. This gently sloping, well
drained soil is on outwash plains, valley trains, and
terraces along major streams. Individual areas range
from 5 to 20 acres and are irregular in shape.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is about 8 inches
thick. It is black loam in the upper part and very dark
grayish brown loam in the lower part. The subsoil is
about 19 inches thick. The upper part is dark brown,
friable loam, and the lower part is dark yellowish brown,
very friable sandy loam. The substratum to a depth of
about 60 inches is grayish brown, pale brown, and dark
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yellowish brown and brown, calcareous, loose sand and
gravel. In places the depth to sand and gravel ranges
from 40 to 46 inches. In other places, especially in the
uplands along the North Raccoon River, the substratum
is fine sand to a depth of 10 feet or more.

included with this soil in mapping are small areas of
Cylinder soils that are somewhat poorly drained. Cytinder
soils generally are on the less sloping parts of the unit.
The included areas make up less than 10 percent of this
unit.

This Wadena soil is moderately permeable in the
upper part and very rapidly permeable in the lower part.
Surface runoff is medium. Available water capacity is
moderate in the upper part and low in the lower part.
The surface layer is about 3 to 4 percent organic matter
and typically is slightly acid in reaction. The subsoil
generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. Where
the soil is used for cultivated crops, conservation
practices that conserve moisture, such as conservation
tillage that leaves crop residue on the surface throughout
the year, are beneficial. Erosion damage is a hazard.
Conservation tillage and grassed waterways help to
prevent excessive soil loss. Returning crop residue or
the regular addition of other organic material helps to
improve fertility and increase water infiltration. Proper
stocking rates help to keep the pasture and soil in good
condition.

This soil is in capability subclass lis.

308B—Wadena loam, 32 to 40 inches to sand and
gravel, 2 to 5 percent slopes. This gently sloping, well
drained soil is on outwash plains, valley trains, and
terraces along major streams. Individual areas range
from 5 to 30 acres and are irregular in shape.

Typically, the surface layer is black loam about 9
inches thick. The subsurface layer is black loam in the
upper part and very dark grayish brown loam in the lower
part. It is about 8 inches thick. The subsoil is about 19
inches thick. The upper part is dark brown, friable loam,
and the lower part is dark yellowish brown, very friable
sandy loam. The substratum to a depth of about 60
inches is grayish brown, pale brown, and dark yellowish
brown and brown, calcareous, loose sand and gravel. In
places the depth to sand and gravel ranges from 40 to
46 inches. In other places, especially along the North
Raccoon River, the substratum is fine sand.

Included wtih this soil in mapping are small areas of
Estherville soils. The Estherville soil is thinner and has
more sand in the surface and subsoil layers than
Wadena soils. It generally is on the more sloping parts of
the map unit. The included areas make up less than 10
percent of this unit.

Soil survey

This Wadena soil is moderately permeable in the
upper part and very rapidly permeable in the lower part.
Surface runoff is medium. Available water capacity is
moderate in the upper part and low in the lower part.
The surface layer is about 3 to 4 percent organic matter
and typically is slightly acid in reaction. The subsoil
generally is very low in available phosphorus and
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture if rainfall is timely. Where
the soil is used for cultivated crops, conservation
practices that conserve moisture, such as conservation
tillage that leaves crop residue on the surface throughout
the year, are beneficial. Erosion damage is a hazard.
Conservation tillage and grassed waterways help to
prevent excessive soil loss. Returning crop residue or
the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water
infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing, however,
causes increased runoff and erosion. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass lle.

430—Ackmore silt loam, 0 to 2 percent slopes. This
nearly level, poorly drained soil is on smooth bottom
lands. It is subject to flooding. Individual areas range
from 10 to more than 100 acres and are irregular in
shape. They are generally oriented along the middle part
of the valley somewhat parallel to the stream channel.

Typically, the surface layer is very dark grayish brown
silt loam about 8 inches thick. The substratum to a depth
of about 30 inches is stratified, friable, very dark gray,
dark grayish brown, and black silt loam and silty clay
loam. Below this to a depth of about 60 inches is a
buried soil of black silty clay loam. The upper part is
friable, and the lower part is firm. In places along the
stream channel the soil has a higher content of silt and
does not have a dark buried soil.

Included with this soil in mapping are small areas of
Colo and Zook soils. These soils are not stratified and
do not have a buried soil. Zook soils are higher in
content of clay than Ackmore soils. They are in the
depressed areas of the unit. The included areas make
up about 15 percent of this unit.

This Ackmore soil is moderately permeable, and
surface runoff is slow. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 2 to 4 percent organic matter and typically
is medium acid in reaction. The subsoil generally is low
in available phosphorus and very low in available
potassium. This soil is in good tilth.
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Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. In places, the use of mechanical
practices, such as diversion terraces on foot slopes
above the soil, the construction of levees, or the
installation of surface or tile drains help to control
excessive wetness.

The use of this soil for pasture or hay is an effective
means of controlling erosion in areas that are subject to
more frequent flooding. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction and
surface puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass lw.

485—Spillville loam, 0 to 2 percent slopes. This
nearly level, somewhat poorly drained to moderately well
drained soil is on smooth bottom lands of larger streams
and their tributaries. It is subject to flooding. Individual
areas range from 5 to more than 100 acres and are
irregular in shape.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is black loam in the
upper part and mottled, very dark grayish brown loam in
the lower part. It is about 38 inches thick. The
substratum to a depth of about 60 inches is muilticolored,
friable loam. In places sandy loam is at a depth of more
than 34 inches. In other places the more sloping areas
are better drained.

included with this soil in mapping are small areas of
Coland soil in the lower parts of the map unit and
Cylinder soil on low terraces. The Coland soil is poorly
drained, and the Cylinder soil is underlain by sand and
gravel. The included areas make up about 15 percent of
this unit.

This Spillville soil is moderately permeable, and
surface runoff is slow. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 5 to 7 percent organic matter and typically
is medium acid in reaction. The subsoil generally is low
in available phosphorus and very low in available
potassium. This soil is in good tilth.

Most areas of this soil are cultivated. This soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is cultivated,
wetness caused by flooding or the seasonal high water
table is a hazard. The use of diversion terraces on foot
slopes above this soil and the installation of surface or
tile drains help to control excessive wetness.

The use of this soil for pasture or hay is an effective
means of controlling erosion in areas that are subject to
more frequent flooding. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction and
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surface puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass llw.

485B—Spillville loam, 2 to 5 percent slopes. This
gently sloping, somewhat poorly drained to moderately
well drained soil is on foot slopes or in fan positions
along narrow stream valleys adjacent to uplands. It is
subject to flooding. Individual areas range from 2 to 15
acres and are elongated.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is black loam in the
upper part and mottled, very dark grayish brown loam in
the lower part. It is about 38 inches thick. The
substratum to a depth of about 60 inches is muiticolored,
friable loam. In places the dark surface layer is much
thinner. In places along the higher lying parts of the unit
on fans, the more sloping areas are better drained.

Included with this soil in mapping are small areas of
poorly drained Coland soils in depressions. The included
areas make up about 5 percent of this unit.

This Spillville soil is moderately permeable, and
surface runoff is slow. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 5 to 7 percent organic matter. Reaction
typically is medium acid in the surface layer and subsoil.
The subsoil generally is very low in available phosphorus
and potassium. This sail is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is cultivated,
siltation, runoff, and the seasonal high water table are
hazards. The use of mechanical practices, such as
contouring and diversion terraces upslope from this soil,
and the installation of interceptor tiles to remove
seepage water help to offset these hazards.

The use of this soil for pasture or hay helps to control
runoff. Overgrazing or grazing when the soil is too wet,
however, causes surface compaction and surface
puddling and results in lower productivity. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass lle.

507—Canisteo silty clay loam, 0 to 2 percent
slopes. This nearly level, poorly drained, calcareous soil
is on low areas or in slight depressions in the uplands.
Individual areas range from 10 to more than 80 acres
and are irregular in shape.

Typically, the surface layer is black, calcareous silty
clay loam about 8 inches thick. The subsurface layer is .
about 12 inches thick. It is black silty clay loam in the
upper part and dark gray and black, calcareous clay
ioam in the lower part. The mottled subsoil is grayish
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brown, friable, calcareous clay loam about 7 inches
thick. The mottled substratum to a depth of about 60
inches is grayish brown, friable, calcareous clay loam. In
places are small areas of more calcareous Harps soil. In
places the subsoil is higher in content of clay. In other
places the surface layer is not calcareous.

Included with this soil in mapping are small areas of
Okoboji and Webster soils. The Okoboiji soil is in slight
depressions. It has a higher content of organic matter in
the surface layer and a higher content of clay in the
subsoil than Canisteo soils. The Webster soil is
noncalcareous in the surface layer and upper part of the
subsoil. The included areas make up 10 percent of this
unit.

This Canisteo soil is moderately permeable, and
surface runofi is slow. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 4 to 6 percent organic matter and typically
is mildly alkaline in reaction. The subsoil generally is very
low in available phosphorus and potassium. This soil is
in good filth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. The high lime content in the
soil increases the possibility of crop damage from
herbicides. If the soil is cultivated, wetness caused by
the seasonal high water table is a hazard. The
installation of surface field drains and tile drains help to
control excessive wetness.

If this soil is used for pasture, grazing when the soil is
too wet causes surface compaction and surface puddling
and results in lower productivity. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture in good condition.

This soil is in capability subclass liw.

509B—Marshall silty clay loam, benches, 2 to 7
percent slopes. This gently sloping and moderately
sloping, well drained soil is on loess covered benches in
valleys of larger streams. Individual areas range from 2
to 15 acres and are irregular in shape.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is black silty
clay loam about 8 inches thick. The subsoil is about 40
inches thick. The upper part is dark brown and brown,
friable silty clay loam, and the lower part is brown and
grayish brown, mottled, friable silty clay loam. The
mottled substratum to a depth of about 60 inches is
grayish brown, friable silty clay loam. The loess overlying
the sandy alluvium is about 10 feet thick. In places small
areas are less sloping and the subsoil is grayer.

This Marshall soil is moderately permeable, and
surface runoff is slow. Available water capacity is high.
The surface layer is about 3 to 4 percent organic matter
and typically is slightly acid in reaction. The subsoil
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generally is low in available phosphorus and potassium.
This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. If the soil is used for
cultivated crops, erosion is a hazard. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, helps to prevent excessive soil loss.
In most places, the practice of contouring for erosion
control is suited to this soil. Returning crop residue or
the regular addition of other organic material helps to
improve fertility and maintain good tilth.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases runoff. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass lle.

559—Talcot silty clay loam, 32 to 40 inches to
sand and gravel, 0 to 2 percent slopes. This nearly
level, poorly drained to very poorly drained soil is on
glacial outwash plains and is underlain by sand and
gravel. Individual areas range from 5 to 15 acres and are
irregular in shape.

Typically, the surface layer is black, calcareous silty
clay loam about 8 inches thick. The subsurface layer is
about 14 inches thick. The upper part is black clay loam,
and the lower part is very dark gray clay loam. The
subsoil is about 15 inches thick. The upper and middie
parts are multicolored, firm, calcareous clay loam, and
the lower part is olive gray, friable, calcareous gravelly
loam. The calcareous substratum to a depth of about 60
inches is olive gray to multicolored sand and gravel. in
places the depth to sand and gravel ranges from 40 to
48 inches. In places the surface layer is clay loam and
the subsoil is higher in content of clay.

Included with this soil in mapping are small areas of
poorly drained Biscay soils and somewhat poorly drained
Cylinder soils. Cylinder soils are at a slightly higher
elevation, and Biscay soils are in positions on the
landscape similar to those of Talcot soils. The included
areas make up less than 10 percent of this unit.

This Talcot soil is moderately permeable in the surface
layer and subsoil and rapidly permeable in the
substratum. Surface runoff is slow or ponded. The soil
has a seasonal high water table. Available water
capacity is moderate. The surface layer is about 4 to 8
percent organic matter and typically is moderately
alkaline in reaction. The subsoil generally is very low in
available phosphorus and potassium. This soil is in good
tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay and pasture. The high lime content in
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the soil increases the possibility of crop damage from
herbicides. If the soil is used for cultivated crops,
conservation practices that conserve moisture, such as
conservation tillage that leaves crop residue on the
surface throughout the year, are beneficial. If the soil is
plowed in the fall and left barren, the surface layer is
susceptible to wind erosion. Conservation tillage helps to
reduce soil loss. Returning crop residue or the regular
addition of other organic material helps to improve
fertility, reduce erosion, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
when the soil is too wet, however, causes surface
compaction and increases erosion. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
restricted use during wet periods help tc keep the
pasture and soil in good condition.

This soil is in capability subclass llw.

638C2—Clarion-Storden loams, 5 to 9 percent
slopes, moderately eroded. These moderately sloping,
well drained soils are on side slopes and on some ridges
on glacial moraines. Individual areas range from 10 to
more than 50 acres and are irregular in shape. This map
unit is about 70 percent Clarion soil and 25 percent
Storden soil. The Clarion soil is on the smoother side
slopes and ridges, and the Storden soil is on the more
convex side slopes and ridges. These soils are so
intricately mixed or so small that it is not practical to
separate them in mapping.

Typically, the surface fayer of the Clarion soil is very
dark grayish brown loam mixed with streaks and patches
of brown subsoil material. It is about 8 inches thick. The
subsoil is about 16 inches thick. The upper part is brown,
friable loam, and the lower part is dark yellowish brown,
mottled, friable loam. The substratum to a depth of about
60 inches is yellowish brown, mottled, friable, calcareous
loam.

Typically, the surface layer of the Storden soil is dark
grayish brown and very dark grayish brown loam mixed
with streaks and patches of brown subsoil material. It is
about 8 inches thick. The substratum to a depth of about
60 inches is mottled, friable, calcareous loam that has
lime accumulations. The upper part is yellowish brown,
and the lower part is light olive brown.

Included with these soils in mapping are small areas ‘of
the gravelly Salida soil on the most convex, sloping
ridges and knobs, and the somewhat poorly drained
Nicollet soil in low places. The included areas make up
about 5 percent of this unit.

These Clarion and Storden soils are moderately
permeable, and surface runoff is medium to rapid.
Available water capacity is high. The surface layer is
about 1 to 2 percent organic matter in both soils.
Reaction typically is slightly acid in the surface layer of
the Clarion soil and moderately alkaline in the Storden
soil. The subsoil of the Clarion soil and the substratum of
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the Storden soil are very low in available phosphorus
and potassium. These soils are in good tilth.

Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, grasses, and
trees. If the soils are used for cultivated crops, erosion is
a hazard. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, and
grassed waterways help to prevent excessive soil loss.
The use of mechanical practices to control erosion, such
as contouring and terracing, is difficult because of the
undulating relief and uneven side slopes. Returning crop
residue or the regular addition of other organic material
helps to improve fertility and increase water infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion if adequate
vegetative cover is left on the surface. Overgrazing
causes increased runoff and erosion. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soils in good condition.

These soils are in capability subclass llle.

638D2—Clarion-Storden loams, 9 to 14 percent
slopes, moderately eroded. These strongly sloping,
well drained soils are on side slopes and on some ridges
on glacial moraines. Individual areas range from 10 to
more than 50 acres. This map unit is about 60 percent
Clarion soil and 35 percent Storden soil. The Clarion soil
is on the smoother side slopes and ridges, and the
Storden soil is on the more convex side slopes and
ridges. These soils are so intricately mixed or so small
that it is not practical to separate them in mapping.

Typically, the surface layer of the Clarion sail is very
dark grayish brown loam mixed with streaks and patches
of brown subsoil material. It is about 8 inches thick. The
subsoil is about 14 inches thick. The upper part is brown,
friable loam, and the lower part is dark yellowish brown,
mottled, friable loam. The substratum to a depth of about
60 inches is yellowish brown, mottied, friable, calcareous
loam.

Typically, the surface layer of the Storden soil is dark
grayish brown and very dark grayish brown loam mixed
with streaks and patches of brown subsoil material. It is
about 8 inches thick. The mottled substratum to a depth
of about 60 inches is friable, calcareous loam that has
lime accumulations. The upper part is yellowish brown,
and the middle and lower parts are light olive brown.

Included with these soils in mapping are small areas of
gravelly Salida soil on the most convex, sloping areas
and somewhat poorly drained Nicollet soil in the lower
lying places. The included areas make up about 5
percent of this unit.

These Clarion and Storden soils are moderately
permeable, and surface runoff is medium to rapid.
Available water capacity is high. The surface layer is
about 1 to 2 percent organic matter in both soils.
Reaction typically is slightly acid in the surface layer of



50

the Clarion soil and moderately alkaline in the Storden
soil. The subsoil of the Clarion soil and the substratum of
the Storden soil are very low in available phosphorus
and potassium.

Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, grasses, and
trees. If the soils are used for cultivated crops, further
erosion is a hazard. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
and grassed waterways help to prevent excessive soil
loss. The use of mechanical practices to control erosion,
such as contouring and terracing, is difficult because of
the undulating relief and uneven side slopes. Returning
crop residue or the regular addition of other organic
material helps to improve fertility and increase water
infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion if adequate
vegetative cover is left on the surface. Overgrazing
causes increased runoff and erosion. Proper stocking
rates, pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soils in good condition.

These soils are in capability subclass 1Ve.

639C—Salida-Storden complex, 5 to 9 percent
slopes. These moderately sloping, excessively drained
and well drained soils are on knobs, hilly valley trains,
and glacial outwash plains. Individual areas range from 2
to 30 acres and are irregular in shape. This map unit is
about 40 percent Salida soil, 30 percent Storden soil,
and 30 percent soils of minor extent. The Salida soil is
generally on high and more prominent knobs and ridges,
and the Storden soil is generally in areas that surround
or are adjacent to the knobs and ridges. These soils are
so intricately mixed or so small that it is not practical to
separate them in mapping.

Typically, the surface layer of the Salida soil is very
dark grayish brown, calcareous gravelly sandy loam
about 7 inches thick. The subsoil is brown, calcareous,
loose, gravelly loamy sand about 8 inches thick. The
substratum to a depth of about 60 inches is multicolored,
calcareous, loose gravelly sand. In places the surface
layer is not calcareous.

Typically, the surface layer of the Storden soil is dark
grayish brown and very dark grayish brown, calcareous
loam mixed with streaks and patches of brown subsoil
material. It is about 8 inches thick. The substratum to a
depth of about 60 inches is friable, calcareous loam. The
upper part is yellowish brown, and the middle and lower
parts are mottled, light olive brown. Lime accumulations
are throughout.

Included with these soils in mapping are small areas of
Clarion, Estherville, Wadena, and Dickman soils that are
thicker than Salida or Storden soils and are not
calcareous. They contain less gravel than Salida soil and
are on the less prominent, lower lying parts of the map

Soil survey

unit. The included areas make up about 30 percent of
this unit.

The Salida soil is very rapidly permeable, and the
Storden soil is moderately permeable. Surface runoff is
slow on the Salida soil and rapid on the Storden soil.
Available water capacity is very low in the Salida soil and
high in the Storden soil. In both soils the surface layer is
about 0.5 to 2 percent organic matter, and typically is
mildly alkaline or moderately alkaline in reaction, and the
subsoil is very low in available phosphorus and
potassium. These soils are in fair tiith because the
surface layer is gravelly.

Most of the larger areas of these soils are in grass for
hay or pasture, and most of the smaller areas of 2 to 4
acres are generally cultivated 'with the surrounding, more
productive soils. These soils are poorly suited to corn,
soybeans, and small grains because they are droughty.
They are, however, better suited to grasses for hay and
pasture or to habitat for wildlife. These soils are poorly
suited to trees.

The use of these soils for pasture or hay is an
effective means of controlling erosion if the pasture is
not overgrazed. Leaving the soils idle for use as habitat
by wildlife is also an effective means of erosion control.

The soils in this complex are in capability subclass lile.

639D—Salida-Storden complex, 9 to 16 percent
slopes. These strongly sloping and moderately steep,
excessively drained and well drained soils are on knobs,
hilly valley trains, and glacial outwash plains. Individual
areas range from 2 to 30 acres and are irregular in
shape. This map unit is about 40 percent Salida soil, 30
percent Storden soil, and 30 percent soils of minor
extent. The Salida soil is generally on high and more
prominent knobs and ridges, and the Storden soil is
generally in areas that surround or are adjacent to the
knobs and ridges. These soils are so intricately mixed or
so small that it is not practical to separate them in
mapping.

Typically, the surface layer of the Salida soil is very
dark grayish brown, calcareous, gravelly sandy loam
about 7 inches thick. The subsoil is brown, calcareous,
loose, gravelly loamy sand about 8 inches thick. The
substratum to a depth of about 60 inches is multicolored,
calcareous, loose gravelly sand. In places the surface
layer is not calcareous.

Typically, the surface layer of the Storden soil is mixed
dark grayish brown and very dark grayish brown,
calcareous loam mixed with streaks and patches of
brown subsoil material. It is about 8 inches thick. The
mottled substratum to a depth of about 60 inches is
friable, caicareous loam. The upper part is yellowish
brown, and the middle and lower parts are light olive
brown. Lime accumulations are throughout. In places the
surface layer is gravelly loam.

Included with these soils in mapping are small areas of
Clarion, Estherville, Wadena, and Dickman soils that are
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thicker than Salida or Storden soils and are not
calcareous. They are on the less prominent, lower lying
parts of the map unit. The included areas make up about
30 percent of this unit.

The Salida soil is very rapidly permeable, and the
Storden soil is moderately permeable. Surface runoff is
slow on the Salida soil and rapid on the Storden soil.
Available water capacity is very low in the Salida soil and
high in the Storden soil. In both soils the surface layer is
about 0.5 to 2 percent organic matter and reaction
typically is mildly alkaline or moderately alkaline, and the
subsoil is very low in available phosphorus and
potassium. These soils are in fair tilth because the
surface layer is gravelly.

Most of the larger areas of these soils are generally in
grass for hay or pasture, and most of the smaller areas
of 2 to 4 acres are cultivated with the surrounding, more
productive soils. The soils are not suited to corn,
soybeans, and small grains. Salida soils are droughty
and are better suited to grasses for hay and pasture or
to habitat for wildlife. These soils are poorly suited to
trees.

The use of these soils for pasture or hay is an
effective means of controlling erosion if the soils are not
overgrazed. Leaving the soils idle for use as habitat by
wildlife is also an effective means of erosion control.

The soils in this complex are in capability subclass Vls.

733—Calco silty clay loam, 0 to 2 percent slopes.
This nearly level, poorly drained soil is on low benches
and flood plains in bottom lands. It is subject to flooding.
Individual areas range from 10 to more than 60 acres
and are irregular in shape.

Typically, the surface layer is black, calcareous silty
clay loam about 8 inches thick. The subsurface layer is
black, calcareous silty clay loam about 32 inches thick.
The subsoil is very dark gray, friable, calcareous silty
clay loam about 8 inches thick. The substratum to a
depth of about 60 inches is very dark gray, friable,
calcareous silty clay loam. In places the subsoil is higher
in content of clay.

Included with this soil in mapping are small areas of
Canisteo, Coland, Colo, and Zook soils. The Canisteo
soils are on slightly higher areas or edges of the unit and
have a thinner dark surface layer than Calco soils.
Coland, Colo, and Zook soils are not calcareous. Zook
soils have more content of clay than Calco soils. The
included areas make up about 15 percent of this unit.

Permeability is moderate in this Calco soil, and surface
runoff is slow. The soil has a seasonal high water table.
Available water capacity is high. The surface layer is
about 5 to 7 percent organic matter and typically is
mildly alkaline in reaction. The subsoil generally is
medium in available phosphorus and very low in
available potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
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legumes for hay or pasture. The high lime content in the
soil increases the possibility of crop damage from
herbicides. If the soil is cultivated, wetness from flooding
or the seasonal high water table is a hazard. The use of
diversion terraces on slopes above this soil and the
installation of surface or tile drains help to control
excessive wetness.

If this soil is used for pasture, grazing when the soil is
too wet causes compaction and surface puddling and
results in lower productivity. Proper stocking rates,
pasture rotation, timely deferment of grazing, and
restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is in capability subclass llw.

822D3—Lamoni silty clay loam, 9 to 14 percent
slopes, severely eroded. This strongly sloping,
somewhat poorly drained soil is on convex side slopes
and some ridges in uplands. Individual areas range from
3 to 25 acres. They are rather long and narrow and have
irregular boundaries.

Typically, the surface layer is dark grayish brown silty
clay loam about 5 inches thick. The subsoil is about 55
inches thick. The upper part is grayish brown, mottled,
very firm clay, the middle part is multicolored, firm clay,
and the lower part is multicolored, firm clay loam that
has common accumulations of lime. In places the soil is
lower in content of sand and higher in content of clay. In
places the subsoil is of redder hue.

Included with this soil in mapping are small areas of
Burchard soil on the lower part of the map unit. The
Burchard soil is less clayey and more permeable than
Lamoni soil. The included areas make up about 10
percent of this unit.

Permeability is slow or very slow in this Lamoni soil,
and surface runoff is rapid. The soil has a seasonal high
water table. Available water capacity is high. The surface
layer is about 1 to 2 percent organic matter. Reaction
typically is slightly acid in the surface layer and upper
part of the subsoil. The subsoil generally is low in
available phosphorus and potassium. This soil is difficult
to till because it is sticky when wet and hard when dry.

Most areas of this soil are cultivated. The soil is poorly
suited to corn, soybeans, and small grains. It is better
suited to grasses and legumes for hay or pasture. If the
soil is used for cultivated crops, further damage from
erosion is a hazard. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
and grassed waterways help to prevent excessive soil
loss. Contour farming is well suited to this soil. Terracing
is only moderately suited because of poor tilth of the
exposed subsoil. Returning crop residue or the regular
addition of other organic material helps to improve
fertility, reduce crusting and the formation of hard clods
on the surface, and increase water infiltration.

The use of this soil for pasture or hay is an effective
means of controlling erosion. Overgrazing or grazing
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when the soil is too wet, however, causes surface
compaction, increases runoff, and results in poorer tilth.
Proper stocking rates, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is in capability subclass Ve.

823—Ridgeport sandy loam, 1 to 3 percent
slopes. This very gently sloping, somewhat excessively
drained soil is on low terraces and bottom lands. It is
subject to flooding. Individual areas range from 5 to 50
acres and are irregular in shape. They are generally
oriented along the valley somewhat parallel to the
stream channel.

Typically, the surface layer is black fine sandy loam
about 7 inches thick. The subsurface layer is very dark
brown fine sandy loam about 7 inches thick. The subsoil
is about 21 inches thick. The upper part is dark brown,
very friable fine sandy loam, and the middle and lower
parts are multicolored, very friable fine sandy loam. The
substratum to a depth of about 60 inches is multicolored
sand and gravel. In places the surface layer is loam.

Included with this soil in mapping are small areas of
Cylinder, Estherville, and Wadena soils. These soils are
underlain by sand and gravel at a depth of less than 42
inches. Cylinder soils are somewhat poorly drained,
Estherville soils are somewhat excessively drained, and
Wadena soils are well drained. The included areas make
up about 15 percent of this unit.

Permeability in this Ridgeport soil is moderately rapid
in the solum and rapid and very rapid in the underlying,
coarse textured material. Surface runoff is slow.
Available water capacity is low. The surface layer is
about 1 to 3 percent organic matter. Reaction typically is
neutral or slightly acid in the surface layer and subsoil.
The subsoil generally is very low in available phosphorus
and potassium. This soil is in good tilth.

Most areas of this soil are cultivated. The soil is suited
to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soil is cultivated,
wetness from flooding is a hazard. The use of
mechanical practices, such as diversion terraces on foot
slopes, help to control éxcessive wetness. If this soil is
plowed in the fall, wind erosion is a slight hazard. The
use of conservation tillage, a practice that leaves crop
residue on the surface throughout the year, helps to
reduce erosion.

The use of this soil for pasture or hay is an effective
means of controlling erosion in areas that are subject to
more frequent flooding and wind erosion. Overgrazing
causes surface compaction and results in lower
productivity. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is in capability subclass lls.

Soil survey

924D2—Burchard-Adair clay loams, 9 to 14 percent
slopes, moderately eroded. These strongly sloping,
moderately well drained and somewhat poorly drained
soils are on sloping uplands. They extend horizontally
along hillsides, around nose slopes, and into heads of
drainageways. Individual areas range from 5 to 30 acres.
They are generally rather long and narrow and have
irregular boundaries. This map unit is about 60 percent
Burchard soil and 25 percent Adair soil. The Burchard
soil is in the lower part of the unit below the Adair and
Lamoni soils. These soils are so intricately mixed or so
small that it is not practical to separate them in mapping.

Typically, the surface layer of the Burchard soil is dark
brown clay loam mixed with streaks and patches of
brown subsoil material. It is about 7 inches thick. The
subsoil is about 15 inches thick. The upper part is brown,
firm clay loam, and the middle and lower parts are dark
yellowish brown and yellowish brown, mottled, firm clay
loam. The substratum to a depth of about 60 inches is
yellowish brown and grayish brown, mottled, firm,
calcareous clay loam that has common lime
accumulations. In places the surface layer and subsoil
are sandy clay loam.

Typically, the surface layer of the Adair soil is very
dark grayish brown clay loam mixed with streaks and
patches of yellowish red subsoil material. It is about 6
inches thick. The subsoil is about 36 inches thick. The
upper part is yellowish red, very firm clay, the middie part
is brown and yellowish red, mottled, very firm clay, and
the lower part is multicolored, firm clay loam. The
substratum to a depth of about 60 inches is grayish
brown and yellowish brown, mottled, firm clay loam. In
places in small areas the subsoil is grayer.
 Included with these soils in mapping are small areas of
Exira and Ida soils. These soils are on less sloping
places along the higher or lower parts of the map unit.
The Exira and Ida soils have more silt than the Adair and
Burchard soils. The Ida soil is calcareous throughout.
Also included are severely eroded areas where the
surface layer consists mainly of subsoil material. These
areas are higher in content of clay and lower in content
of organic matter. The included areas make up about 15
percent of this unit.

Permeability is moderately slow in the Burchard soil
and slow in the Adair soil. Surface runoff is medium or
rapid in both soils. The Adair soil has a seasonal high
water table. In both soils the available water capacity is
high, and the surface layer is about 1 to 3 percent
organic matter and- typically is slightly acid in reaction.
The subsoil of the Burchard soil generally is low in
available phosphorus and high in available potassium,
and the subsoil of the Adair soil generally is very low in
available phosphorus and potassium. These soils are in
fair tilth.

Most areas of these soils are cultivated. The soils are
suited to corn, soybeans, small grains, and grasses and
legumes for hay or pasture. If the soils are used for
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cultivated crops, damage from further erosion is a
hazard. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss. Erosion
control practices, such as contouring and terracing, are
suited to these soils. Returning crop residue or the
regular addition of other organic material helps to
improve fertility, reduce crusting and the formation of
hard clods on the surface, and increase water infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion. Overgrazing or
grazing when the soils are too wet, however, causes
surface compaction, increases runoff and erosion, and
results in poorer tilth. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soils in
good condition.

These soils are in capability subclass Ve.

924E2—Burchard-Adair clay ioams, 14 to 18
percent slopes, moderately eroded. These soils are
moderately steep. They are moderately well drained and
somewhat poorly drained and are on uplands. Areas
extend horizontally along hillsides, around nose slopes,
and into heads of drainageways. Individual areas range
from 5 to 60 acres. They are generally rather long and
narrow and have irregular boundaries. This map unit is
about 70 percent Burchard soit and 20 percent Adair
soil. The Burchard soil is on the lower lying and steeper
parts of the unit below the Adair soil. These soils are so
intricately mixed or so small that it is not practical to
separate them in mapping.

Typically, the surface layer of the Burchard soil is dark
brown clay loam mixed with streaks and patches of
brown subsoil material. It is about 6 inches thick. The
subsoil is brown and yellowish brown, firm clay loam
about 13 inches thick. The substratum to a depth of
about 60 inches is brown, yellowish brown, and dark
yellowish brown, mottled, firm, calcareous clay loam that
has common soft lime accumulations. In places the
surface layer is sandy clay loam.

Typically, the surface layer of the Adair sonl is very
dark grayish brown clay loam mixed with streaks and
patches of reddish brown subsoil material. It is about 6
inches thick. The subsoil is about 36 inches thick. The
upper part is reddish brown, mottled, firm clay, the
middle part is multicolored, very firm clay, and the lower
part is multicolored, firm clay loam. The substratum to a
depth of about 60 inches is yellowish brown and grayish
brown, mottled, firm clay loam. In places in small areas
the subsoil is grayer.

included with these soils in mapping are small areas of
Exira and Ida soils. These soils are on less sloping
places along the higher or lower edges of the map unit.
The Exira and Ida soils have more silt than Adair or
Burchard soils. The Ida soil is calcareous throughout.
Also included are severely eroded areas where the
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surface layer consists mainly of subsoil material. These

areas are higher in content of clay and lower in content

of organic matter. The included areas make up about 10
percent of this unit.

Permeability is moderately slow in the Burchard soil
and slow in the Adair soil. Surface runoff is rapid in both
soils. The Adair soil has a seasonal high water table. In
both soils the available water capacity is high, the
surface layer is about 1 to 3 percent organic matter, and
reaction typically is slightly acid in the surface layer and
upper part of the subsoil. The subsoil of the Burchard
soil generally is low in available phosphorus and high in
available potassium, and the subsoil of the Adair soil is
very low in available phosphorus and potassium. These
soils are in fair tilth.

Most areas of these soils are cuitivated. The soils are
not suited to corn, soybeans, small grains, and grasses
and legumes for hay or pasture. If the soils are used for
cultivated crops, further damage from erosion is a
hazard. Returning crop residue or the regular addition of
other organic material helps to improve fertility, reduce
crusting and the formation of hard clods on the surface,
and increase water infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion. Overgrazing or
grazing when the soils are too wet, however, causes
surface compaction, increases runoff and erosion, and
results in poorer tilth. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soils in
good condition.

These soils are well suited to trees. Tree seeds,
cuttings, and seedlings survive and grow well if
competing vegetation is removed during site preparation
or controlled by spraying, cutting, and girdling; and if
erosion is controlled. The hazard of erosion is severe in
areas where the soils are not protected. Adequate
vegetative cover needs to be maintained on the surface
of these soils.

These soils are in capability subclass Vle.

993D2—Gara-Armstrong loams, 9 to 14 percent
slopes, moderately eroded. These strongly sloping,
somewhat poorly drained to well drained soils are on
side slopes in uplands. Slopes generally are long or
grade into adjacent, long slopes. Individual areas range
from 2 to 40 acres and are irregular in shape. This map
unit is about 70 percent Gara soil and 25 percent
Armstrong soil. The Armstrong soil is on the upper part
of the map unit and is generally a narrow band. The
Gara soil is on the middle and lower slopes. These soils
are so intricately mixed or so small that it is not practical
to separate them in mapping.

Typically, the surface layer of the Gara soil is very
dark grayish brown and dark grayish brown loam mixed
with streaks and patches of brown subsoil material. It is.
about 8 inches thick. The subsoil is about 34 inches



54

thick. The upper part is brown and dark yellowish brown,
firm clay loam, the middle part is dark yellowish brown,
mottled, firm clay loam, and the lower part is yellowish
brown, mottled, firm clay loam. The substratum to a
depth of about 60 inches is yellowish brown, mottled
clay loam that has lime concretions. In places small
areas are still in trees. In these areas the surface layer is
very dark gray loam about 5 to 7 inches thick, and the
subsurface layer is dark grayish brown and very dark
grayish brown, friable loam.

Typically, the surface layer of the Armstrong soil is
very dark grayish brown loam mixed with streaks and
patches of brown subsoil material. It is about 7 inches
thick. The subsoil is about 35 inches thick. The upper
part is brown, firm clay loam, the middie part is grayish
brown and yellowish brown, firm clay loam, and the
lower part is grayish brown, yellowish brown, and light
gray, firm clay loam. A stone line is in the upper part of
the subsoil. The substratum to a depth of about 60
inches is mottled, light gray and yellowish brown clay
loam. In places small areas are still in trees. In these
areas the surface layer is very dark gray and black loam
about 7 inches thick, and the subsurface layer is grayish
brown, friable silt loam about 5 inches thick.

Included with these soils in mapping are small areas of
Knox soils. The Knox soil is in the upper part of the map
unit and in concave drainageways. Also included are
small calcareous areas of steeper soils and small
severely eroded areas where the soils are higher in
content of clay and lower in content of organic matter.
The included areas make up less than 5 percent of this
unit.

Permeability is moderately slow in the Gara soil and
slow in the Armstrong soil. Surface runoff is rapid in both
soils. The Armstrong soil has a seasonal high water
table. In both soils the available water capacity is high to
moderately high, and the surface layer is about 0.5 to 1.5
percent organic matter. Reaction varies in the surface
layer depending on use, type of soil, and liming practices
but typically is slightly acid to medium acid. In both soils
the subsoil generally is very low in available phosphorus
and potassium. These soils are in good tilth.

Most areas of these soils are cultivated, but some
areas are in pasture or trees. The soils are not suited to
corn, soybeans, and small grains. They are better suited
to grasses and legumes for hay or pasture. If the soils
are used for cultivated crops, further damage from
erosion is a severe hazard. Returning crop residue or the
regular addition of other organic material helps to
improve fertility and tilth, reduce crusting, and increase
water infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion. Overgrazing
causes excessive runoff and increases erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soils in good condition.

Soil survey

These soils are suited to trees, and some areas
remain in native hardwoods. Tree seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is removed during site preparation or controlled by
spraying, cutting, and girdling. Strong slopes and the
high shrink-swell potential are the main concerns in the
planting and harvesting of trees.

These soils are in capability subclass Vie.

993E2—Gara-Armstrong loams, 14 to 18 percent
slopes, moderately eroded. These moderately steep,
somewhat poorly drained to well drained soils are on
side slopes in uplands. Individual areas range from 2 to
40 acres and are irregular in shape. Slopes generally are
long or grade into adjacent, long slopes. This map unit is
about 70 percent Gara soil and 25 percent Armstrong
soil. The Gara soil is on the middle and lower parts of
the slopes. The Armstrong soil is generally a narrow
band on the upper part of the map unit. These soils are
so intricately mixed or so small that it is not practical to
separate them in mapping.

Where the Gara soil is cultivated, the surface layer
typically is very dark grayish brown and dark grayish
brown loam mixed with streaks and patches of brown
subsoil material. It is about 6 inches thick. The subsoil is
about 34 inches thick. The upper part is brown and dark
yellowish brown, firm clay loam, the middle part is dark
yellowish brown, mottled, firm clay loam, and the lower
part is yellowish brown, mottled, firm clay loam. The
substratum to a depth of about 60 inches is yellowish
brown, mottled clay loam that has lime concretions. In
places small areas are still in trees. In these areas the
surface layer is very dark gray, friable loam about 5 to 7
inches thick, and the subsurface layer is dark grayish
brown and very dark grayish brown, friable loam.

Typically, the surface layer of the Armstrong soil is
very dark grayish brown loam mixed with streaks and
patches of brown clay loam subsoil material. It is about 7
inches thick. The subsoil is about 35 inches thick. The
upper part is brown, firm clay loam, the middle part is
grayish brown and yellowish brown, firm clay loam, and
the lower part is grayish brown and yellowish brown and
light gray, firm clay loam. A stone line is in the upper part
of the subsoil. The mottled substratum to a depth of
about 60 inches is light gray and yellowish brown clay
loam. In areas that are still in trees, the surface layer is
about 8 inches thick. It is very dark gray ioam in the
upper part and black loam in the lower part. The
subsurface layer is grayish brown silt loam about 4
inches thick.

Included with these soils in mapping are small areas of
Knox soils. The Knox soil is in concave drainageways
and on less sloping areas. Also included are small,
severely eroded areas where the surface layer consists
mainly of subsoil material. These areas are higher in
content of clay and lower in content of organic matter.
The included areas make up about 5 percent of this unit.
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Permeability is moderately slow in the Gara soil and
slow in the Armstrong soil. Surface runoff is rapid in both
soils. The Armstrong soil has a seasonal high water
table. In both soils the available water capacity is high to
moderately high, and the surface layer is about 0.5 to 1.5
percent organic matter. Reaction varies in the surface
layer depending on use and liming practices but typically
is slightly acid. In both soils the subsoil generally is very
low in available phosphorus and potassium.

Most areas of these soils are cultivated, but some
areas are in pasture or trees. The soils are not suited to
corn, soybeans, small grains, or grasses and legumes for
hay or pasture. If the soils are used for cultivated crops,
further damage from erosion is a severe hazard.
Returning crop residue or the regular addition of other
organic material helps to improve fertility and tilth,
reduce crusting, and increase water infiltration.

The use of these soils for pasture or hay is an
effective means of controlling erosion. Overgrazing
causes excessive runoff and increases erosion. Proper
stocking rates, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soils in good condition.

These soils are suited to trees, and some areas
remain in native hardwoods. Tree seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is removed during site preparation or controlled by
spraying, cutting, and girdling. Moderately steep slopes
and the high shrink-swell potential are the main
concerns in the planting and harvesting of trees.

These soils are in capability subclass Vie.

2315—Fluvaquents, nearly level. These nearly level,
poorly drained to somewhat poorly drained soils are on
bottom lands. They are adjacent to the main channel in
most places. Individual areas range from 10 to more
than 100 acres and are irregular in shape. These soils
are along the channel of the larger streams. Some areas
are undulating. In these areas differences in elevation
range from 1 foot to 3 feet but are as much as 6 or 7
feet in places. The undulating areas range from 15 to 50
feet across. These soils are subject to frequent
depositions of alluvial sediment.

Typically, Fluvaquents are stratified, very dark grayish
brown, grayish brown, and brown fine sand, loamy sand,
sandy loam, silt loam, and silty clay loam to a depth of
about 60 inches.

Included with these soils in mapping are small areas of
Ackmore, Coland, Colo, Ridgeport, Spillville, and Zook
soils. The poorly drained or somewhat poorly drained
Ackmore soils and the poorly drained Coland, Colo, and
Zook soils are in the slightly lower, slackwater areas, old
oxbows, and in small, meandering channels. The
somewhat excessively drained Ridgeport soils and the
somewhat poorly drained to moderately well drained
Spillville soils are on the slightly higher lying areas.
Spillville soils have higher content of organic matter and
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higher available water capacity than Fluvaquents, nearly
level.

The soils in this unit differ in permeability, depending
upon soil texture. The rate varies from very rapid in the
most sandy soil to very slow in'the most clayey soil.
Surface runoff is medium to very slow. Fluvaquents,
nearly level; sandbars; and Coland, Colo, and Zook soils
frequently have a seasonal high water table during the
spring and at times during the rest of the year. The other
soils generally have a seasonal high water table during
wet seasons. Soils in this map unit are commonly

- flooded for brief periods during the spring. Available

water capacity varies from high to low. The surface layer
is about 1 to 5 percent organic matter and typically is
slightly acid or neutral in reaction. The subsoil generally
is low in available phosphorus and very low in available
potassium. If these soils are protected from flooding,
they are easily tilled.

Most areas of this map unit are in timbered pasture.
The soils are suited to corn, soybeans, and small grains
if they are protected from flooding, but they are better
suited to grasses and legumes for hay or pasture. |f the
soils are cultivated, wetness caused by flooding or the
seasonal high water table is a hazard, but the use of
levees and the installation of surface or tile drains help
to control excessive wetness.

Areas of this soil that are subject to more frequent
flooding are better suited to pasture or hay than to other
uses. Proper stocking rates, pasture rotation, timely
deferment of grazing, and restricted use during wet
periods help to keep the pasture and soils in good
condition.

These soils are in capability subclass Iliw.

5010—Pits, gravel. This map unit consists of gravel
pits. Some of the pits are in active use, and some have
been mined out and abandoned (fig. 14). The pits vary
from a few acres to a hundred acres or more. They are
mostly on stream benches.

Some of the larger pits have potential for recreation
use, especially those that are ponded. They have low
potential for most other uses, even though they are filled
and graded. Some pits that are filled and graded have
fair suitability for pasture or as habitat for wildlife.

This map unit is not assigned to a capability subclass.

5040—Orthents, loamy. These soils have been
leveled, reshaped, or relocated during industrial,
highway, or residential construction. The original soils are
no longer recognizable. In most places, the landscape
has been altered. Individual areas range from 5 to 25
acres.

The soil material dominantly is silt loam and silty clay
loam. In places the entire profile has been removed, and
the surface is calcareous, silt loam material.

Included in mapping are some areas of fill where
cement, bricks, and trash have been covered with soil
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Figure 14.—Gravel pit in the Wadena soils, exposing
layers of sand and gravel.

material and then compacted and leveled. These areas
are used as building sites, railroad yards, and highways.

Erosion is the main hazard in new cut and fill areas.
Because disturbance results in variable soil and physical
conditions, onsite investigation is needed before
engineering or agricultural decisions are made
concerning these areas.

This map unit is not assigned to a capability subclass.

prime farmiand

Prime farmland is one of several kinds of important
farmlands defined by the U.S. Department of Agriculture.
it is of major importance in providing the Nation’s short-
and long-range needs for food and fiber. The supply of
high quality farmland is limited, and the U.S. Department
of Agriculture recognizes that responsible levels of
government, as well as individuals, must encourage and
facilitate the use of our Nation's prime farmland with
wisdom and foresight.

Soil survey

Prime farmland, as defined by the U.S. Department of
Agriculture, is the land that is best suited to producing
food, feed, forage, fiber, and oilseed crops. It has the
soil quality, growing season, and moisture supply needed
to economically produce a sustained high yield of crops.
If it is properly treated and high level management and
acceptable farming methods are used, prime farmland
produces the highest yields with minimal inputs of energy
and economic resources, and its use results in the least
damage to the environment.

Prime farmland in Carroll County may now be in
cropland, pastureland, woodland, or other land uses, but
not in urban land, built-up land, or water areas. It must
either be used for producing food or fiber or be available
for these uses.

Prime farmland usually has an adequate and
dependable supply of moisture from precipitation or
irrigation. It also has favorable temperature and growing
season, acceptable acidity or alkalinity, few or no rocks,
and is permeable to water and air. Prime farmland is not
excessively erodible or saturated with water for long
periods and is not frequently flooded during the growing
season. The slope ranges mainly from 0 to 6 percent.
For more detailed information on the criteria for prime
farmland consult the local staff of the Soil Conservation
Service.

About 213,000 acres or nearly 60 percent of Carroll
County meets the soil requirements for prime farmland.
Areas are throughout the county. Approximately 210,000
acres of this prime farmland is used for crops. Crops
grown on this land, mainly corn and soybeans, account
for an estimated two-thirds of the county’s total
agricultural income each year.

A recent trend in land use in some parts of the county
has been the loss of some prime farmland to industrial
and urban uses. The loss of prime farmland to other
uses puts pressure on marginal lands, which generally
are more erodible, droughty, difficult to cultivate, and
usually less productive.

Soil map units that make up prime farmland in Carroll
County are listed in this section. This list does not
constitute a recommendation for a particular land use.
The extent of each listed map unit is shown in table 4.
The location is shown on the detailed soil maps in the
back of this publication. The soil qualities that affect use
and management are described in the section *‘Detailed
soil map units.”

Soils that have limitations, such as a seasonal high
water table, flooding, or inadequate rainfall, may qualify
as prime farmland if these limitations are overcome by
such measures as drainage, flood control, or irrigation.
The soil map units in the following list are prime farmland
or would be prime farmland if measures were used to

‘overcome the limitations indicated by the footnotes.

Onsite evaluation is needed to make sure that these
limitations have been overcome by the corrective
measures indicated.
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430
5B

259

733
507

1388
138B2

135
201B

133
133+

11B
203

95
8B

Ackmore silt loam, 0 to 2 percent slopes !, 2
Ackmore-Judson complex, 1 to 5 percent
slopes 2

Biscay loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes 2

Calco silty Clay loam, 0 to 2 percent slopes 1, 2

Canisteo silty clay loam, 0 to 2 percent
slopes 2

Clarion loam, 2 to 5 percent slopes

Clarion loam, 2 to 5§ percent slopes, moder-
ately eroded

Coland ciay loam, 0 to 2 percent slopes 2
Coland-Spillville complex, 2 to 5 percent
slopes 2

Colo silty clay loam, 0 to 2 percent slopes !, 2
Colo silty clay loam, overwash, 0 to 2 percent
slopes 1, 2

Colo-Judson silty clay loams, 2 to § percent
slopes 2

Cylinder loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes

Harps loam, 0 to 2 percent slope 2

Judson silty clay loam, 2 to 5 percent slopes

! Prime farmland where protected from flooding.
2 Prime farmland where drained.

9

98
9B2
5098
55
823
485

4858
559

278
108

1088
308
3088
107
54
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Marshall silty clay loam, O to 2 percent slopes
Marshall silty clay loam, 2 to 5 percent slopes
Marshall silty clay loam, 2 to 5§ percent
slopes, moderately eroded

Marshall silty clay loam, benches, 2 to 7 per-
cent slopes

Nicollet loam, 1 to 3 percent slopes

Ridgeport sandy loam, 1 to 3 percent slopes
Spillville loam, 0 to 2 percent slopes

Spillville loam, 2 to 5 percent slopes

Talcot silty clay loam, 32 to 40 inches to sand
and gravel, 0 to 2 percent slope 2

Terril loam, 2 to 5 percent slopes

Wadena loam, 24 to 32 inches to sand and
gravel, 0 to 2 percent slopes

Wadena loam, 24 to 32 inches to sand and

gravel, 2 to 5 percent slopes

Wadena loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes

Wadena loam, 32 to 40 inches to sand and
gravel, 2 to 5 percent slopes

Webster silty clay loam, 0 to 2 percent
slopes 2

Zook silty clay loam, 0 to 2 percent slopes !, 2
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use and management of the soils

This soil survey is an inventory and evaluation of the
soils in the survey area. It can be used to adjust land
uses to the limitations and potentials of natural
resources and the environment. Also, it can help avoid
soil-related failures in land uses.

In preparing a soil survey, soil scientists,
conservationists, engineers, and others collect extensive
field data about the nature and behavior characteristics
of the soils. They collect data on erosion, droughtiness,
flooding, and other factors that affect various soil uses
and management. Field experience and collected data
on soil properties and performance are used as a basis
in predicting soil behavior.

Information in this section can be used to plan the use
and management of soils for crops and pasture; as
woodland; as sites for buildings, sanitary facilities,
highways and other transportation systems, and parks
and other recreation facilities; and for wildlife habitat. It
can be used to identify the potentials and limitations of
each soil for specific land uses and to help prevent
construction failures caused by unfavorable soil
properties.

Planners and others using soil survey information can
evaluate the effect of specific land uses on productivity
and on the environment in all or part of the survey area.
The survey can help planners to maintain or create a
land use pattern in harmony with the natural soil.

Contractors can use this survey to locate sources of
sand and gravel, roadfill, and topsoil. They can use it to
identify areas where bedrock, wetness, or very firm soil
layers can cause difficulty in excavation.

Health officials, highway officials, engineers, and
others may also find this survey useful. The survey can
help them plan the safe disposal of wastes and locate
sites for pavements, sidewalks, campgrounds,
playgrounds, lawns, and trees and shrubs.

crops and pasture

General management needed for crops and pasture is
suggested in this section. The crops or pasture plants
best suited to the soils, including some not commonly
grown in the survey area, are identified; the system of
land capability classification used by the Soil
Conservation Service is explained; and the estimated
yields of the main crops and hay and pasture plants are
listed for each soil.

Planners of management systems for individual fields
or farms should consider the detailed information given
in the description of each soil under “Detailed soil map
units.” Specific information can be obtained from the
local office of the Soil Conservation Service or the
Cooperative Extension Service.

Carroll County has a total of 367,296 acres. According
to the 1980 Carroll County Conservation District
Inventory, 297,900 acres were in crops, 16,600 acres in
hay, and 15,340 acres in pasture. Corn, soybeans, and
oats are the main crops. Alfalfa or grass-alfalfa mixture is
the main hay crop. Most of the permanent pastures are
in bluegrass, but some of the pastureland has been
renovated and birdsfoot trefoil or crownvetch introduced.
Most of the permanant bluegrass pastures are not used
as cropland because the soils are too steep for
cultivation.

Maximum grass and legume production can be
achieved if the hayland and pastureland are correctly
treated and properly used. Grazing management and
livestock production can be enhanced if warm-season
grasses are included in a balanced forage program.
Switchgrasses, big bluestem, and indiangrass are
suitable warm-season grasses. Proper management
practices for established stands include adequate
fertilization, weed and brush control, rotational and
deferred grazing with a full-season grazing system,
proper stocking rates, and adequate watering facilities
for livestock. A severe erosion hazard will result if
sloping soils used for pasture and hay are renovated and
the existing vegetative cover is destroyed. The use of
conservation practices, such as conservation tillage,
contouring, and grassed waterways, prior to seeding can
reduce soil losses. In addition, interseeding grasses and
legumes into the existing sod can eliminate the need for
destroying the vegetative cover during seedbed
preparation.

Soil erosion is the major soil problem on about 70
percent of the cropland and pasture in Carroll County.
Adair, Burchard, Dickman, Exira, Gara, Knox, Lamoni,
Lester, Marshall, Storden, and Wadena soils are major
soils that need erosion control.

Loss of the surface layer through erosion is damaging
for two reasons. First, productivity is reduced as the
surface layer is lost and part of the subsoil is mixed into
the plow layer. Loss of the surface layer is especially
damaging on soils that have a subsoil with low fertility,
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Clarion and Marshall soils, for example. Erosion also
reduces productivity on soils that tend to be droughty,
Dickman and Wadena soils, for example. Second, soil
erosion on farmland results in sediment entering
streams. Control of erosion minimizes the pollution of
streams by sediment and improves quality of water for
municipal use, for recreation, and for fish and wildlife.

Preparing a good seedbed and tilling is difficult on
soils that are severely eroded because the original,
friable, silty clay loam surface soil has been eroded
away. The clay subsoil exposed on the surface in
severely eroded Lamoni soils is sticky if worked when
wet and becomes hard and cloddy when dry.

Erosion control practices provide protective surface
cover, reduce runoff, and increase water infiltration. A
cropping system that keeps vegetative cover on the
surface can reduce soil erosion losses to amounts that
will not affect the productive capacity of the soils. On
livestock farms, which require pasture and hay, legume
and grass forage crops in the cropping system reduce
erosion on sloping land and also provide nitrogen and
improve soil tilth for the following crop.

Examples of major conservation tillage systems
include: (1) Chisel-disk—a system which loosens the soil
over the entire surface and partially incorporates the
residue into the soil. (2) Strip-till or till plant— a system
in which seedbed preparation and planting are
completed in one operation. In this system, tillage in the
row is limited to a strip not wider than one-third of the
total area, and a protective cover of crop residue is left
on two-thirds of the soil surface. (3) No-till, slot or zero
tilage—in this system, preparation of the seedbed and
planting can be completed in one operation. Little or no
soil is disturbed except in the immediate area of the
planted seed row, and a protective cover of crop residue
is left on at least 90 percent of the soil surface. Seedbed
preparation and planting may be carried out in one or
separate operations. Conservation tillage is not practiced
unless enough residue can be left on the soil surface
after planting to effectively reduce erosion.

Terraces and diversions reduce the length of slope
and help to control runoff and erosion. They are most
practical on deep, well drained soils that have long,
uniform slopes. Many Exira and Marshall soils, for
example, are well suited to terracing. Other soils are less
suitable for terraces and diversions because of irregularly
shaped slopes, steepness, underlying sand or gravel,
and clayey glacial till subsoils.

In the Adair and Lamoni soils, adequate measures of
erosion control and drainage are difficult to provide
because the loamy surface material of these soils is
more permeable than the clayey glacial till in the subsoil.
In addition, these soils are downslope from the
permeable Exira and Marshall soils. As a result, water
moving more rapidly in the Exira and Marshall soils and
in the loamy material of the Adair and Lamoni soils,
tends to accumulate at the till contact where it causes
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sidehill seepage during wet periods. Because of this
difficulty, a combination of terracing and tiling is likely to
be most successful in controlling erosion. Gully control
structures and grassed waterways are used to control
gullying in watercourses.

Terracing is not practical on some Clarion soils that
have short, irregular slopes and on the sandy Dickman
soils. On these soils, cropping systems that provide
substantial vegetative cover and conservation tillage,
which leaves residue on the surface, is effective in
reducing erosion.

Contouring is the most widely used erosion control
practice in Carroll County. It is best adapted to soils that
have smooth, uniform slopes, including most areas of
the Exira and Marshall soils and some areas of the
Clarion soil.

Wind erosion is a hazard on the sandy Dickman soils
and on soils that have high lime content, for example,
the Calco, Canisteo, Harps, and Knoke soils. Maintaining
vegetative cover and surface mulch or roughening the
surface soil by proper tillage minimizes wind erosion on
these soils.

Soil drainage is a major management need in Carroll
County. Poorly drained and somewhat poorly drained
soils make up about 30 percent of the total acreage in
the county.

The design of surface and subsurface drainage
systems varies with the kind of soil. A combination of
adequate surface drainage and protection from runoff
from the slopes at higher elevation is needed in most
areas of somewhat poorly drained and poorly drained
soils that are used for intensive row cropping. Drains
need to be more closely spaced in soils that have
moderately slow permeability than in the soils that are
more permeable.

Soil fertility is low or very low in most soils in Carroll
County because in most soils the subsoil that is low or
very low in available phosphorus and potassium. Most
upland soils are acid in the surface layer and require
applications of ground limestone to raise the pH level
sufficiently for good growth of alfalfa and other crops
needing nearly neutral soils for high production. Some
soils, however, are high in pH and do not need
applications of lime. Canisteo, Harps, Knoke, Storden,
and Talcot soils are examples.

Most medium textured, well drained, upland soils that
developed under grass vegetation, for example, Clarion,
Exira, and Marshall soils, are about 4 percent organic
matter in the surface layer. Eroded soils generally are
less than 2 percent organic matter. Medium textured,
well drained soils that developed under the influence of
forest and grass vegetation are about 2 to 3 percent
organic matter in the surface layer. Gara, Knox, and
Lester soils are examples. The coarse textured Dickman
soil on uplands is generally 1 or 2 percent organic
matter. The poorly drained upland soils, for example,
Canisteo and Webster soils, are from 5 to 6 percent
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organic matter in the surface layer. Mucky soils, which
are very poorly drained, are about 15 percent organic
matter.

Soils that developed from alluvium on bottom lands
are commonly slightly acid or neutral but range from
medium acid to mildly alkaline in reaction in the surface
layer. The organic matter content ranges from about 3
percent in the Ackmore soils to 6 percent in the Coland
soils. Alluvial soils in Carroll County are generally low or
very low in available phosphorus and potassium in the
subsoil. Colo soils, however, are medium.

Applications of lime and fertilizer should be based on
the results of soil tests, need of the intended crop, and
expected level of yield. The Cooperative Extension
Service can help in determining the kinds and amounts
of fertilizer and lime to apply.

Soil tilth is an important factor in the germination of
seeds and in the infiltration of water into the soil. Soils
that are in good tilth are generally high in organic matter,
granular, and porous.

Most of the upland soils in the county have a dark
surface layer that is moderate to high in organic matter.
Generally, the structure of the surface layer is weak, and
intense rainfall causes the formation of a crust on the
surface. This crust is hard when dry and is less pervious
to water. Once the crust forms, it reduces infiltration and
increases runoff. Regular additions of crop residue,
manure, and other organic material help to improve soil
structure and reduce crust formation.

Fall plowing is generally considered an undesirable
practice on the soils in this county by conservationists
and environmentalists. It increases the hazard of wind
erosion if the soils are not protected by cover crops,
windbreaks, or snow and, in addition, increases the
hazard of erosion early in spring during snowmelt and
runoff.
yields per acre

The average yields per acre that can be expected of
the principal crops under a high level of management
are shown in table 5. In any given year, yields may be
higher or lower than those indicated in the table because
of variations in rainfall and other climatic factors.

The yields are based mainly on the experience and
records of farmers, conservationists, and extension
agents. Available yield data from nearby counties and
results of field trials and demonstrations are also
considered.

The management needed to obtain the indicated
yields of the various crops depends on the kind of soil
and the crop. Management can include drainage, erosion
control, and protection from flooding; the proper planting
and seeding rates; suitable high-yielding crop varieties;
appropriate and timely tillage; control of weeds, plant
diseases, and harmful insects; favorable soil reaction
and optimum levels of nitrogen, phosphorus, potassium,
and trace elements for each crop; effective use of crop
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residue, barnyard manure, and green-manure crops; and
harvesting that insures the smaliest possible loss.

The estimated yields reflect the productive capacity of
each soil for each of the principal crops. Yields are likely
to increase as new production technology is developed.
The productivity of a given soil compared with that of
other soils, however, is not likely to change.

Crops other than those shown in table 5 are grown in
the survey area, but estimated yields are not listed
because the acreage of such crops is small. The local
office of the Soil Conservation Service or of the
Cooperative Extension Service can provide information
about the management and productivity of the soils.
land capability classification

Land capability classification shows, in a general way,
the suitability of soils for most kinds of field crops. Crops
that require special management are excluded. The soils
are grouped according to their limitations for field crops,
the risk of damage if they are used for crops, and the
way they respond to management. The grouping does
not take into account major and generally expensive
landforming that would change slope, depth, or other
characteristics of the soils, nor does it consider possible
but unlikely major reclamation projects. Capability
classification is not a substitute for interpretations
designed to show suitability and limitations of groups of
soils for woodland, and for engineering purposes.

In the capability system, soils are generally grouped at
three levels: capability class, subclass, and unit. Only
class and subclass are used in this survey. These levels
are defined in the following paragraphs.

Capability classes, the broadest groups, are
designated by Roman numerals i through VIIl. The
numerals indicate progressively greater limitations and
narrower choices for practical use. The classes are
defined as follows:

Class | soils have slight limitations that restrict their
use.

Class |l soils have moderate limitations that reduce the
choice of plants or that require moderate conservation
practices.

Class Ill soils have severe limitations that reduce the
choice of plants or that require special conservation
practices, or both.

Class 1V soils have very severe limitations that reduce
the choice of plants or that require very careful
management, or both.

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their use.

Class V! soils have severe limitations that make them
generally unsuitable for cuitivation.

Class VIl soils have very severe limitations that make
them unsuitable for cultivation.

Class VIII soils and miscellaneous areas have
limitations that nearly preclude their use for commercial
crop production.
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Capability subclasses are soil groups within one class.
They are designated by adding a small letter, e, w, s, or
¢, to the class numeral, for example, lle. The letter
shows that the main limitation is risk of erosion unless
close-growing plant cover is maintained; w shows that
water in or on the soil interferes with plant growth or
cultivation (in some soils the wetness can be partly
corrected by artificial drainage); s shows that the soil is
limited mainly because it is shallow, droughty, or stony;
and ¢, used in only some parts of the United States,
shows that the chief limitation is climate that is very cold
or very dry.

In class | there are no subclasses because the soils of
this class have few limitations. Class V contains only the
subclasses indicated by w, s, or ¢ because the soils in
class V are subject to little or no erosion. They have
other limitations that restrict their use to pasture,
woodland, wildlife habitat, or recreation. '

Capability units are soil groups within a subclass. The
soils in a capability unit are enough alike to be suited to
the same crops and pasture plants, to require similar
management, and to have similar productivity.

The acreage of soils in each capability class and
subclass is shown in table 6. The capability classification
of each map unit is given in the section “Detailed soil
map units.”

woodland management and productivity

Table 7 can be used by woodland owners or forest
managers in planning the use of soils for wood crops.
Only those soils suitable for wood crops are listed. The
table lists the ordination (woodland suitability) symbol for
each soil. Soils assigned the same ordination symbol
require the same general management and have about
the same potential productivity.

The first part of the ordination symbol, a number,
indicates the potential productivity of the soils for
important trees. The number 1 indicates very high
productivity; 2, high; 3, moderately high; 4, moderate;
and 5, low. The second part of the symbol, a letter,
indicates the major kind of soil limitation. The letter x
indicates stoniness or rockiness; w, excessive water in or
on the soil; t, toxic substances in the soil; d, restricted
root depth; ¢, clay in the upper part of the soil; s, sandy
texture; £, high content of coarse fragments in the soil
profile; and r, steep slopes. The letter o indicates that
limitations or restrictions are insignificant. If a soil has
more than one limitation, the priority is as follows: x, w, t,
dc s f,andr.

In table 7, slight, moderate, and severe indicate the
degree of the major soil limitations to be considered in
management.

Ratings of the erosion hazard indicate the risk of loss
of soil in well managed woodland. The risk is s/ight if the
expected soil loss is small, moderate if measures are
needed to control erosion during logging and road
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construction, and severe if intensive management or
special equipment and methods are needed to prevent
excessive loss of soil.

Ratings of equipment limitation reflect the
characteristics and conditions of the soil that restrict use
of the equipment generally needed in woodland
management or harvesting. A rating of s/ight indicates
that use of equipment is not limited to a particular kind of
equipment or time of year; moderate indicates a short
seasonal limitation or a need for some modification in
management or in equipment; and severe indicates a
seasonal limitation, a need for special equipment or
management, or a hazard in the use of equipment.

Seedling mortality ratings indicate the degree to which
the soil affects the mortality of tree seedlings. Plant
competition is not considered in the ratings. The ratings
apply to seedlings from good stock that are properly
planted during a period of sufficient rainfall. A rating of
slight indicates that the expected mortality is less than
25 percent, moderate, 25 to 50 percent; and severe,
more than 50 percent.

Ratings of plant competition indicate the degree to
which undesirable plants are expected to invade where
there are openings in the tree canopy. The invading
plants compete with native plants or planted seedlings. A
rating of slight indicates little or no competition from
other plants; moderate indicates that plant competition is
expected to hinder the development of a fully stocked
stand of desirable trees; severe indicates that plant
competition is expected to prevent the establishment of
a desirable stand unless the site is intensively prepared,
weeded, or otherwise managed to control undesirable
plants.

The potential productivity of merchantable or common
trees on a soil is expressed as a site index. This index is
the average height, in feet, that dominant and
codominant trees of a given species attain in a specified
number of years. The site index applies to fully stocked,
even-aged, unmanaged stands. Commonly grown trees
are those that woodland managers generally favor in
intermediate or improvement cuttings. They are selected
on the basis of growth rate, quality, value, and
marketability. '

Trees to plant are those that are suited to the soils
and to commercial wood production.

windbreaks and environmental plantings

Windbreaks protect livestock, buildings, and yards
from wind and snow. They also protect fruit trees and
gardens, and they furnish habitat for wildlife. Several
rows of low- and high-growing broadleaf and coniferous
trees and shrubs provide the most protection.

Field windbreaks are narrow plantings made at right
angles to the prevailing wind and at specific intervals
across the field. The interval depends on the erodibility
of the soil. Field windbreaks protect cropland and crops
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from wind, hold snow on the fields, reduce energy
requirements, and provide food and cover for wildlife.

. Environmental plantings help to beautify and screen
houses and other buildings and to abate noise. The
plants, mostly evergreen shrubs and trees, are closely
spaced. To insure plant survival, a healthy planting stock
of suitable species should be planted properly on a well
prepared site and maintained in good condition.

Table 8 shows the height that locally grown trees and
shrubs are expected to reach in 20 years on various
soils. The estimates in table 8 are based on
measurements and observation of established plantings
that have been given adequate care. They can be used
as a guide in planning windbreaks and screens.
Additional information on planning windbreaks and
screens and planting and caring for trees and shrubs
can be obtained from local offices of the Soil
Conservation Service or the Cooperative Extension
Service or from a nursery.

recreation

The soils of the survey area are rated in table 9
according to limitations that affect their suitability for
recreation. The ratings are based on restrictive soil
features, such as wetness, slope, and texture of the
surface layer. Susceptibility to flooding is considered. Not
considered in the ratings, but important in evaluating a
site, are the location and accessibility of the area, the
size and shape of the area and its scenic quality,
vegetation, access to water, potential water
impoundment sites, and access to public sewerlines. The
capacity of the soil to absorb septic tank effluent and the
ability of the soil to support vegetation are also
important. Soils subject to flooding are limited for
recreation use by the duration and intensity of flooding
and the season when flooding occurs. In planning
recreation facilities, onsite assessment of the height,
duration, intensity, and frequency of flooding is essential.

In table 9, the degree of soil limitation is expressed as
slight, moderate, or severe. Slight means that soil
properties are generally favorable and that limitations are
minor and easily overcome. Moderate means that
limitations can be overcome or alleviated by planning,
design, or special maintenance. Severe means that soil
properties are unfavorable and that limitations can be
offset only by costly soil reclamation, special design,
intensive maintenance, limited use, or by a combination
of these measures.

The information in table 9 can be supplemented by
other information in this survey, for example,
interpretations for septic tank absorption fields in table
12 and interpretations for dwellings without basements
and for local roads and streets in table 11.

Camp areas require site preparation such as shaping
and leveling the tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary
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facilities and utility lines. Camp areas are subject to
heavy foot traffic and some vehicular traffic. The best
soils have mild slopes and are not wet or subject to
flooding during the period of use. The surface has few or
no stones or boulders, absorbs rainfall readily but
remains firm, and is not dusty when dry. Strong slopes
and stones or boulders can greatly increase the cost of
constructing campsites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for picnic areas are firm when wet,
are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or
stones or boulders that increase the cost of shaping
sites or of building access roads and parking areas.

Playgrounds require soils that can withstand intensive
foot traffic. The best soils are almost level and are not
wet or subject to flooding during the season of use. The
surface is free of stones and boulders, is firm after rains,
and is not dusty when dry. If grading is needed, the
depth of the soil over bedrock or a hardpan should be
considered.

Paths and trails for hiking, horseback riding, and
bicycling should require little or no cutting and filling. The
best soils are not wet, are firm after rains, are not dusty
when dry, and are not subject to flooding more than
once a year during the period of use. They have
moderate slopes and few or no stones or boulders on
the surface.

Golf fairways are subject to heavy foot traffic and
some light vehicular traffic. Cutting or filling may be
required. The best soils for use as golf fairways are firm
when wet, are not dusty when dry, and are not subject to
prolonged flooding during the period of use. They have
moderate slopes and no stones or boulders on the
surface. The suitability of the soil for tees or greens is
not considered in rating the soils.

wildlife habitat

Soils affect the kind and amount of vegetation that is
available to wildlife as food and cover. They also affect
the construction of water impoundments. The kind and
abundance of wildlife depend largely on the amount and
distribution of food, cover, and water. Wildlife habitat can
be created or improved by planting appropriate
vegetation, by maintaining the existing plant cover, or by
promoting the natural establishment of desirable plants.

In table 10, the soils in the survey area are rated
according to their potential for providing habitat for
various kinds of wildlife. This information can be used in
planning parks, wildlife refuges, nature study areas, and
other developments for wildlife; in selecting soils that are
suitable for establishing, improving, or maintaining
specific elements of wildlife habitat; and in determining
the intensity of management needed for each element of
the habitat.
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The potential of the soil is rated good, fair, poor, or
very poor. A rating of good indicates that the element or
kind of habitat is easily established, improved, or
maintained. Few or no limitations affect management,
and satisfactory results can be expected. A rating of fair
indicates that the element or kind of habitat can be
established, improved, or maintained in most places.
Moderately intensive management is required for
satisfactory results. A rating of poor indicates that
limitations are severe for the designated element or kind'
of habitat. Habitat can be created, improved, or
maintained in most places, but management is difficult
and must be intensive. A rating of very poor indicates
that restrictions for the element or kind of habitat are
very severe and that unsatisfactory results can be
expected. Creating, improving, or maintaining habitat is
impractical or impossible.

The elements of wildlife habitat are described in the
following paragraphs.

Grain and seed crops are domestic grains and seed-
producing herbaceous plants. Soil properties and
features that affect the growth of grain and seed crops
are depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface
stoniness, and flood hazard. Soil temperature and soil
moisture are also considerations. Examples of grain and
seed crops are corn, wheat, oats, and barley.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes. Soil properties and features
that affect the growth of grasses and legumes are depth
of the root zone, texture of the surface layer, available
water capacity, wetness, surface stoniness, flood hazard,
and slope. Soil temperature and soil moisture are also
considerations. Examples of grasses and legumes are
fescue, orchardgrass, bromegrass, clover, and alfalfa.

Wild herbaceous plants are native or naturally
established grasses and forbs, including weeds. Soil
properties and features that affect the growth of these
plants are depth of the root zone, texture of the surface
layer, available water capacity, wetness, surface
stoniness, and fiood hazard. Soil temperature and soil
moisture are also considerations. Examples of wild
herbaceous plants are bluestem, goldenrod,
beggarweed, wheatgrass, and grama.

Hardwood trees and woody understory produce nuts
or other fruit, buds, catkins, twigs, bark, and foliage. Soil
properties and features that affect the growth of
hardwood trees and shrubs are depth of the root zone,
the available water capacity, and wetness. Examples of
these plants are oak, poplar, cherry, apple, hawthorn,
dogwood, hickory, blackberry, and elderberry. Examples
of fruit-producing shrubs that are suitable for planting on
soils rated good are Russian-olive, autumn-olive, and
crabapple.

Coniferous plants furnish browse, seeds, and cones.
Soil properties and features that affect the growth of
coniferous trees, shrubs, and ground cover are depth of
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the root zone, available water capacity, and wetness.
Examples of coniferous plants are pine, spruce, fir,
cedar, and juniper.

Wetland plants are annual and perennial wild
herbaceous plants that grow on moist or wet sites.
Submerged or floating aquatic plants are excluded. Soil
properties and features affecting wetland plants are
texture of the surface layer, wetness, reaction, salinity,
slope, and surface stoniness. Examples of wetland
plants are smartweed, wild millet, wildrice, cordgrass,
rushes, sedges, and reeds.

Shallow water areas have an average depth of less
than 5 feet. Some are naturally wet areas. Others are
created by dams, levees, or other water-control
structures. Soil properties and features affecting shallow
water areas are depth to bedrock, wetness, surface
stoniness, slope, and permeability. Examples of shallow
water areas are marshes, waterfowl feeding areas, and
ponds.

The habitat for various kinds of wildlife is described in
the following paragraphs.

Habitat for openland wildlife consists of cropland,
pasture, meadows, and areas that are overgrown with
grasses, herbs, shrubs, and vines. These areas produce
grain and seed crops, grasses and legumes, and wild
herbaceous plants. The wildlife attracted to these areas
include bobwhite quail, pheasant, meadowlark, field
sparrow, cottontail, and red fox.

Habitat for woodland wildlife consists of areas of
deciduous plants or coniferous plants or both and
associated grasses, legumes, and wild herbaceous
plants. Wildlife attracted to these areas include wild
turkey, woodcock, thrushes, woodpeckers, squirrels, gray
fox, raccoon, and deer.

Habitat for wetland wildlife consists of open, marshy or
swampy shallow water areas. Some of the wildlife
attracted to such areas are ducks, geese, shore birds,
muskrat, mink, and beaver.

engineering

This section provides information for planning land
uses related to urban development and to water
management. Soils are rated for various uses, and the
most limiting features are identified. The ratings are
given in the following tables: Building site development,
Sanitary facilities, Construction materials, and Water
management. The ratings are based on observed
performance of the soils and on the estimated data and
test data in the “Soil properties’ section.

Information in this section is intended for land use
planning, for evaluating land use alternatives, and for
planning site investigations prior to design and
construction. The information, however, has limitations.
For example, estimates and other data generally apply
only to that part of the soil within a depth of 5 or 6 feet.
Because of the map scale, small areas of different soils
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may be included within the mapped areas of a specific
soil.

The information is not site specific and does not
eliminate the need for onsite investigation of the soils or
for testing and analysis by personnel experienced in the
design and construction of engineering works.

Government ordinances and regulations that restrict
certain land uses or impose specific design criteria were
not considered in preparing the information in this
section. Local ordinances and regulations need to be
considered in planning, in site selection, and in design.

Soil properties, site features, and observed
performance were considered in determining the ratings
in this section. During the fieldwork for this soil survey,
determinations were made about grain-size distribution,
liquid limit, plasticity index, soil reaction, depth to
bedrock, hardness of bedrock within 5 to 6 feet of the
surface, soil wetness, depth to a seasonal high water
table, slope, likelihood of flooding, natural soil structure
aggregation, and soil density. Data were collected about
kinds of clay minerals, mineralogy of the sand and silt
fractions, and the kind of adsorbed cations. Estimates
were made for erodibility, permeability, corrosivity, shrink-
swell potential, available water capacity, and other
behavioral characteristics affecting engineering uses.

This information can be used to (1) evaluate the
potential of areas for residential, commercial, industrial,
and recreation uses; (2) make preliminary estimates of
construction conditions; (3) evaluate alternative routes
for roads, streets, highways, pipelines, and underground
cables; (4) evaluate alternative sites for sanitary landfills,
septic tank absorption fields, and sewage lagoons; (5)
plan detailed onsite investigations of soils and geology;
(6) locate potential sources of gravel, sand, earthfill, and
topsoil; (7) plan drainage systems, irrigation systems,
ponds, terraces, and other structures for soil and water
conservation; and (8) predict performance of proposed
small structures and pavements by comparing the
performance of existing similar structures on the same or
similar soils.

The information in the tables, along with the soil maps,
the soil descriptions, and other data provided in this
survey can be used to make additional interpretations.

Some of the terms used in this soil survey have a
special meaning in soil science and are defined in the
Glossary.
building site development

Table 11 shows the degree and kind of soil limitations
that affect shallow excavations, dwellings with and
without basements, small commercial buildings, local
roads and streets, and lawns and landscaping. The
limitations are considered s/ight if soil properties and site
features are generally favorable for the indicated use
and limitations are minor and easily overcome; moderate
if soil properties or site features are not favorable for the
indicated use and special planning, design, or
maintenance is needed to overcome or minimize the
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limitations; and severe if soil properties or site features
are so unfavorable or so difficult to overcome that
special design, significant increases in construction
costs, and possibly increased maintenance are required.
Special feasibility studies may be required where the soil
limitations are severe.

Shallow excavations are trenches or holes dug to a
maximum depth of 5 or 6 feet for basements, graves,
utility lines, open ditches, and other purposes. The
ratings are based on soil properties, site features, and
observed performance of the soils. The ease of digging,
filling, and compacting is affected by the depth to
bedrock, a cemented pan, or a very firm dense layer;
stone content; soil texture; and slope. The time of the
year that excavations can be made is affected by the
depth to a seasonal high water table and the
susceptibility of the soil to flooding. The resistance of the
excavation walls or banks to sloughing or caving is
affected by soil texture and the depth to the water table.

Dwellings and small commercial buildings are
structures built on shallow foundations on undisturbed
soil. The load limit is the same as that for single-family
dwellings no higher than three stories. Ratings are made
for small commercial buildings without basements, for
dwellings with basements, and for dwellings without
basements. The ratings are based on soil properties, site
features, and observed performance of the soils. A high
water table, flooding, shrink-swell potential, and organic
layers can cause the movement of footings. A high water
table, depth to bedrock or to a cemented pan, large
stones, and flooding affect the ease of excavation and
construction. Landscaping and grading that require cuts
and fills of more than 5 to 6 feet are not considered.

Local roads and streets have an all-weather surface
and carry automobile and light truck traffic all year. They
have a subgrade of cut or fill soil material, a base of
gravel, crushed rock, or stabilized soil material, and a
flexible or rigid surface. Cuts and fills are generally
limited to less than 6 feet. The ratings are based on soil
properties, site features, and observed performance of
the soils. Depth to bedrock or to a cemented pan, a high
water table, flooding, large stones, and slope affect the
ease of excavating and grading. Soil strength (as
inferred from the engineering classification of the soil),
shrink-swell potential, frost action potential, and depth to
a high water table affect the traffic supporting capacity.

Lawns and landscaping require soils on which turf and
ornamental trees and shrubs can be established and
maintained. The ratings are based on soil properties, site
features, and observed performance of the soils. Soil
reaction, a high water table, depth to bedrock or to a
cemented pan, the available water capacity in the upper
40 inches, and the content of salts, sodium, and sulfidic
materials affect plant growth. Flooding, wetness, slope,
stoniness, and the amount of sand, clay, or organic
matter in the surface layer affect trafficability after
vegetation is established.
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sanitary tacilities

Table 12 shows the degree and the kind of soil
limitations that affect septic tank absorption fields,
sewage lagoons, and sanitary landfills. The limitations
are considered s/ight if soil properties and site features
are generally favorable for the indicated use and
limitations are minor and easily overcome; moderate if
soil properties or site features are not favorable for the
indicated use and special planning, design, or
maintenance is needed to overcome or minimize the
limitations; and severe if soil properties or site features
are so unfavorable or so difficult to overcome that
special design, significant increases in construction
costs, and possibly increased maintenance are required.

Table 12 also shows the suitability of the soils for use
as daily cover for landfills. A rating of good indicates that
soil properties and site features are favorable for the use
and good performance and low maintenance can be
expected; fair indicates that soil properties and site
features are moderately favorable for the use and one or
more soil properties or site features make the soil less
desirable than the soils rated good; and poor indicates
that one or more soil properties or site features are
unfavorable for the use and overcoming the unfavorable
properties requires special design, extra maintenance, or
costly alteration.

Septic tank absorption fields are areas in which
effluent from a septic tank is distributed into the soil
through subsurface tiles or perforated pipe. Only that
part of the soil between depths of 24 and 72 inches is
evaluated. The ratings are based on soil properties, site
features, and observed performance of the soils.
Permeability, a high water table, depth to bedrock or to a
cemented pan, and flooding affect absorption of the
effluent. Large stones and bedrock or a cemented pan
interfere with installation.

Unsatisfactory performance of septic tank absorption
fields, including excessively slow absorption of effluent,
surfacing of effluent, and hillside seepage, can affect
public health. Ground water can be polluted if highly
permeable sand and gravel or fractured bedrock is less
than 4 feet below the base of the absorption field, if
slope is excessive, or if the water table is near the
surface. There must be unsaturated soil material beneath
the absorption field to effectively filter the effluent. Many
local ordinances require that this material be of a certain
thickness.

Sewage lagoons are shallow ponds constructed to
hold sewage while aerobic bacteria decompose the solid
and liquid wastes. Lagoons should have a nearly level
floor surrounded by cut slopes or embankments of
compacted soil. Lagoons generally are designed to hold
the sewage within a depth of 2 to 5 feet. Nearly
impervious soil material for the lagoon floor and sides is
required to minimize seepage and contamination of
ground water.

Soil survey

Table 12 gives ratings for the natural soil that makes
up the lagoon floor. The surface layer and, generally, 1
or 2 feet of soil material below the surface layer are
excavated to provide material for the embankments. The
ratings are based on soil properties, site features, and
observed performance of the soils. Considered in the
ratings are slope, permeability, a high water table, depth
to bedrock or to a cemented pan, flooding, large stones,
and content of organic matter.

Excessive seepage due to rapid permeability of the
soil or a water table that is high enough to raise the level
of sewage in the lagoon causes a lagoon to function
unsatisfactorily. Poliution results if seepage is excessive
or if floodwater overtops the lagoon. A high content of
organic matter is detrimental to proper functioning of the
lagoon because it inhibits aerobic activity. Slope,
bedrock, and cemented pans can cause construction
problems, and large stones can hinder compaction of
the lagoon floor.

Sanitary landfills are areas where solid waste is
disposed of by burying it in soil. There are two types of
landfill—trench and area. In a trench landfill, the waste is
placed in a trench. It is spread, compacted, and covered
daily with a thin layer of soil excavated at the site. In an
area landfill, the waste is placed in successive layers on
the surface of the soil. The waste is spread, compacted,
and covered daily with a thin layer of soil from a source
away from the site.

Both types of landfill must be able to bear heavy
vehicular traffic. Both types involve a risk of ground
water pollution. Ease of excavation and revegetation
needs to be considered.

The ratings in table 12 are based on soil properties,
site features, and observed performance of the soils.
Permeability, depth to bedrock or to a cemented pan, a
high water table, slope, and flooding affect both types of
landfill. Texture, stones and boulders, highly organic
layers, soil reaction, and content of salts and sodium
affect trench type landfilis. Unless otherwise stated, the
ratings apply only to that part of the soil within a depth
of about 6 feet. For deeper trenches, a limitation rated
slight or moderate may not be valid. Onsite investigation
is needed.

Daily cover for landfill is the soil material that is used
to cover compacted solid waste in an area type sanitary
landfill. The soil material is obtained offsite, transported
to the landfill, and spread over the waste.

Soil texture, wetness, coarse fragments, and slope
affect the ease of removing and spreading the material
during wet and dry periods. Loamy or silty soils that are
free of large stones or excess gravel are the best cover
for a landfill. Clayey soils are sticky or cloddy and are
difficult to spread; sandy soils are subject to soil blowing.

After soil material has been removed, the soil material
remaining in the borrow area must be thick enough over
bedrock, a cemented pan, or the water table to permit
revegetation. The soil material used as final cover for a
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landfill should be suitable for plants. The surface layer
generally has the best workability, more organic matter,
and the best potential for plants. Material from the
surface layer should be stockpiled for use as the final
cover.

construction materials

Table 13 gives information about the soils as a source
of roadfill, sand, gravel, and topsoil. The soils are rated
good, fair, or poor as a source of roadfill and topsoil.
They are rated as a probable or improbable source of
sand and gravel. The ratings are based on soil
properties and site features that affect the removal of
the soil and its use as construction material. Normal
compaction, minor processing, and other standard
construction practices are assumed. Each soil is
evaluated to a depth of 5 or 6 feet.

Hoadffill is soil material that is excavated in one place
and used in road embankments in another place. In this
table, the soils are rated as a source of roadfill for low
embankments, generally less than 6 feet high and less
exacting in design than higher embankments.

The ratings are for the soil material below the surface
layer to a depth of 5 or 6 feet. It is assumed that soil
layers will be mixed during excavating and spreading.
Many soils have layers of contrasting suitability within
their profile. The table showing engineering index
properties provides detailed information about each soil
layer. This information can help determine the suitability
of each layer for use as roadfill. The performance of soil
after it is stabilized with lime or cement is not considered
in the ratings.

The ratings are based on soil properties, site features,
and observed performance of the soils. The thickness of
suitable material is a major consideration. The ease of
excavation is affected by large stones, a high water
table, and slope. How well the soil performs in place
after it has been compacted and drained is determined
by its strength (as inferred from the engineering
classification of the soil) and shrink-swell potential.

Soils rated good contain significant amounts of sand
or gravel or both. They have at least 5 feet of suitable
material, low shrink-swell potential, few cobbles and
stones, and slopes of 15 percent or less. Depth to the
water table is more than 3 feet. Soils rated fair are more
than 35 percent silt- and clay-sized particles and have a
plasticity index of less than 10. They have moderate
shrink-swell potential, slopes of 15 to 25 percent, or
many stones. Depth to the water table is 1 to 3 feet.
Soils rated poor have a plasticity index of more than 10,
a high shrink-swell potential, many stones, or slopes of
more than 25 percent. They are wet, and the depth to
the water table is less than 1 foot. They may have layers
of suitable material, but the material is less than 3 feet
thick.

Sand and gravel are natural aggregates suitable for
commercial use with a minimum of processing. Sand and
gravel are used in many kinds of construction.
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Specifications for each use vary widely. In table 13, only
the probability of finding material in suitable quantity is
evaluated. The suitability of the material for specific
purposes is not evaluated, nor are factors that affect
excavation of the material.

The properties used to evaluate the soil as a source of
sand or gravel are gradation of grain sizes (as indicated
by the engineering classification of the soil), the
thickness of suitable material, and the content of rock
fragments. Kinds of rock, acidity, and stratification are
given in the soil series descriptions. Gradation of grain
sizes is given in the table on engineering index '
properties.

A soil rated as a probable source has a layer of clean
sand or gravel or a layer of sand or gravel that is up to
12 percent silty fines. This material must be at least 3
feet thick and less than 50 percent, by weight, large
stones. All other soils are rated as an improbable
source. Coarse fragments of soft bedrock, such as shale
and siltstone, are not considered to be sand and gravel.

Topsoil is used to cover an area so that vegetation
can be established and maintained. The upper 40 inches
of a soil is evaluated for use as topsoil. Also evaluated is
the reclamation potential of the borrow area.

Plant growth is affected by toxic material and by such
properties as soil reaction, available water capacity, and
fertility. The ease of excavating, loading, and spreading
is affected by rock fragments, slope, a water table, soil
texture, and thickness of suitable material. Reclamation
of the borrow area is affected by slope, a water table,
rock fragments, bedrock, and toxic material.

Soils rated good have friable loamy material to a depth
of at least 40 inches. They are free of stones and
cobbles, have little or no gravel, and have siopes of less
than 8 percent. They are low in content of soluble salts,
are naturally fertile or respond well to fertilizer, and are
not so wet that excavation is difficult.

Soils rated fair are sandy soils, ioamy soils that have a
relatively high content of clay, soils that have only 20 to
40 inches of suitable material, soils that have an

-appreciable amount of gravel, or stones, or soils that

have slopes of 8 to 15 percent. The soils are not so wet
that excavation is difficult.

Soils rated poor are very sandy or clayey, have less
than 20 inches of suitable material, have a large amount
of gravel, stones, or soluble salts, have slopes of more
than 15 percent, or have a seasonal water table at or
near the surface.

The surface layer of most soils is generally preferred
for topsoil because of its organic matter content. Organic
matter greatly increases the absorption and retention of
moisture and nutrients for plant growth.
water management

Table 14 gives information on the soil properties and
site features that affect water management. The degree
and kind of soil limitations are given for pond reservoir
areas; embankments, dikes, and levees. The limitations
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are considered slight if soil properties and site features
are generally favorable for the indicated use and
limitations are minor and are easily overcome; moderate
if soil properties or site features are not favorable for the
indicated use and special planning, design, or
maintenance is needed to overcome or minimize the
limitations; and severe if soil properties or site features
are so unfavorable or so difficult to overcome that
special design, significant increase in construction costs,
and possibly increased maintenance are required.

This table also gives for each soil the restrictive
features that affect drainage, irrigation, terraces and
diversions, and grassed waterways.

Pond reservoir areas hold water behind a dam or
embankment. Soils best suited to this use have low
seepage potential in the upper 60 inches. The seepage
potential is determined by the permeability of the soil
and the depth to fractured bedrock or other permeable
material. Excessive slope can affect the storage capacity
of the reservoir area.

Embankments, dikes, and levees are raised structures
of soil material, generally less than 20 feet high,
constructed to impound water or to protect land against
overflow. In this table, the soils are rated as a source of
material for embankment fill. The ratings apply to the soil
material below the surface layer to a depth of about 5
feet. It is assumed that soil layers will be uniformly mixed
and compacted during construction.

The ratings do not indicate the ability of the natural
soil to support an embankment. Soil properties to a
depth even greater than the height of the embankment
can affect performance and safety of the embankment.
Generally, deeper onsite investigation is needed to
determine these properties.

Soil material in embankments must be resistant to
seepage, piping, and erosion and have favorable
compaction characteristics. Unfavorable features include
less than 5 feet of suitable material and a high content
of stones or boulders, or organic matter. A high water
table affects the amount of usable material. It also
affects trafficability.

Drainage is the removal of excess surface and
subsurface water from the soil. How easily and

effectively the soil is drained depends on the depth to
bedrock, to a cemented pan, or to other layers that
affect the rate of water movement; permeability; depth to
a high water table or depth of standing water if the soil is
subject to ponding; slope; susceptibility to flooding;
subsidence of organic layers; and potential frost action.
Excavating and grading and the stability of ditchbanks
are affected by depth to bedrock or to a cemented pan,
large stones, slope, and the hazard of cutbanks caving.
The productivity of the soil after drainage is adversely
affected by extreme acidity or by toxic substances in the
root zone, such as high content of calcium carbonate.
Availability of drainage outlets is not considered in the
ratings.

Irrigation is the controlled application of water to
supplement rainfall and support plant growth. The design
and management of an irrigation system are affected by
depth to the water table, the need for drainage, flooding,
available water capacity, intake rate, permeability,
erosion hazard, and slope. The construction of a system
is affected by large stones and depth to bedrock or to a
cemented pan. The performance of a system is affected
by the depth of the root zone, and soil reaction.

Terraces and diversions are embankments or a
combination of channels and ridges constructed across
a slope to reduce erosion and conserve moisture by
intercepting runoff. Slope, wetness, large stones, and
depth to bedrock or to a cemented pan affect the
construction of terraces and diversions. A restricted
rooting depth, a severe hazard of wind or water erosion,
an excessively coarse texture, and restricted permeability
adversely affect maintenance.

Grassed waterways are natural or constructed
channels, generally broad and shallow, that conduct
surface water to outlets at a nonerosive velocity. Large
stones, wetness, slope, and depth to bedrock or to a
cemented pan affect the construction of grassed
waterways. A hazard of wind erosion, low available water
capacity, restricted rooting depth, toxic substances such
as salts or sodium, and restricted permeability adversely
affect the growth and maintenance of the grass after
construction.
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Data relating to soil properties are collected during the
course of the soil survey. The data and the estimates of
soil and water features, listed in tables, are explained on
the following pages.

Soil properties are determined by field examination of
the soils and by laboratory index testing of some
benchmark soils. Established standard procedures are
followed. During the survey, many shallow borings are
made and examined to identify and classify the soils and
to delineate them on the soil maps. Samples are taken
from some typical profiles and tested in the laboratory to
determine grain-size distribution, plasticity, and
compaction characteristics.

Estimates of soil properties are based on field
examinations, on laboratory tests of samples from the
survey area, and on laboratory tests of samples of
similar soils in nearby areas. Tests verify field
observations, verify properties that cannot be estimated
accurately by field observation, and help characterize
key soils.

The estimates of soil properties shown in the tables
include the range of grain-size distribution and Atterberg
limits, the engineering classifications, and the physical
and chemical properties of the major layers of each soil.
Pertinent soil and water features also are given.

engineering index properties

Table 15 gives estimates of the engineering
classification and of the range of index properties for the
major layers of each soil in the survey area. Most soils
have layers of contrasting properties within the upper 5
or 6 feet.

Depth to the upper and lower boundaries of each layer
is indicated. The range in depth and information on other
properties of each layer are given for each soil series
under “Soil series and their morphology."

Texture is given in the standard terms used by the
U.S. Department of Agriculture. These terms are defined
according to percentages of sand, silt, and clay in the
fraction of the soil that is less than 2 millimeters in
diameter. “Loam,” for example, is soil that is 7 to 27
percent clay, 28 to 50 percent silt, and less than 52
percent sand. If a soil contains particles coarser than
sand, an appropriate modifier is added, for example,
“gravelly.” Textural terms are defined in the Glossary.

Classification of the soils is determined according to
the Unified soil classification system (2) and the system

adopted by the American Association of State Highway
and Transportation Officials (7).

The Unified system classifies soils according to
properties that affect their use as construction material.
Soils are classified according to grain-size distribution of
the fraction less than 3 inches in diameter and according
to plasticity index, liquid limit, and organic matter
content. Sandy and gravelly soils are identified as GW,
GP, GM, GC, SW, SP, SM, and SC; silty and clayey soils
as ML, CL, OL, MH, CH, and OH; and highly organic
soils as Pt. Soils exhibiting engineering properties of two
groups can have a dual classification, for example, SP-
SM.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one
of seven groups from A-1 through A-7 on the basis of
grain-size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in content
of fines (silt and clay). At the other extreme, soils in
group A-7 are fine grained. Highly organic soils are
classified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7
groups are further classified as A-1-a, A-1-b, A-2-4, A-2-
5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional
refinement, the suitability of a soil as subgrade material
can be indicated by a group index number. Group index
numbers range from O for the best subgrade material to
20 or higher for the poorest.

Hock fragments larger than 3 inches in diameter are
indicated as a percentage of the total soil on a dry-
weight basis. The percentages are estimates determined
mainly by converting volume percentage in the field to
weight percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an oven-dry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on
laboratory tests of soils sampled in the survey area and
in nearby areas and on estimates made in the field.

Liquid limit and plasticity index (Atterberg limits)
indicate the plasticity characteristics of a soil. The
estimates are based on test data from the survey area or
from nearby areas and on field examination.
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physical and chemical properties

Table 16 shows estimates of some characteristics and
features that affect soil behavior. These estimates are
given for the major layers of each soil in the survey area.
The estimates are based on field observations and on
test data for these and similar soils.

Clay as a soil separate consists of mineral soil
particles that are less than 0.002 millimeter in diameter.
In this table, the estimated clay content of each major
soil layer is given as a percentage, by weight, of the soil
material that is less than 2 millimeters in diameter.

The amount and kind of clay greatly affect the fertility
and physical condition of the soil. They determine the
ability of the soil to adsorb cations and to retain
moisture. They influence shrink-swell potential,
permeability, and plasticity, the ease of soil dispersion,
and other soil properties. The amount and kind of clay in
a soil also affect tillage and earth-moving operations.

Moist bulk density is the weight of soil (ovendry) per
unit volume. Volume is measured when the soil is at field
moisture capacity, that is, the moisture content at 1/3
bar moisture tension. Weight is determined after drying
the soil at 105 degrees C. In this table, the estimated
moist bulk density of each major soil horizon is
expressed in grams per cubic centimeter of soil material
that is less than 2 millimeters in diameter. Bulk density
data are used to compute shrink-swell potential,
available water capacity, total pore space, and other soil
properties. The moist bulk density of a soil indicates the
pore space available for water and roots. A bulk density
of more than 1.6 can restrict water storage and root
penetration. Moist bulk density is influenced by texture,
kind of clay, content of organic matter, and soil structure.

Permeability refers to the ability of a soil to transmit
water or air. The estimates indicate the rate of downward
movement of water when the soil is saturated. They are
based on soil characteristics observed in the field,
particularly structure, porosity, and texture. Permeability
is considered in the design of soil drainage systems,
septic tank absorption fields, and construction where the
rate of water movement under saturated conditions
affects behavior.

Available water capacily refers to the quantity of water
that the soil is capable of storing for use by plants. The
capacity for water storage is given in inches of water per
inch of soil for each major soil layer. The capacity varies,
depending on soil properties that affect the retention of
water and the depth of the root zone. The most
important properties are the content of organic matter,
soil texture, bulk density, and soil structure. Available
water capacity is an important factor in the choice of
plants or crops to be grown and in the design and
management of irrigation systems. Available water
capacity is not an estimate of the quantity of water
actually available to plants at any given time.

Soil survey

Soil reaction is a measure of acidity or alkalinity and is
expressed as a range in pH values. The range in pH of
each major horizon is based on many field tests. For
many soils, values have been verified by laboratory
analyses. Soil reaction is important in selecting crops
and other plants, in evaluating soil amendments for
fertility and stabilization, and in determining the risk of
corrosion.

Shrink-swell potential is the potential for volume
change in a soil with a loss or gain in moisture. Volume
change occurs mainly because of the interaction of clay
minerals with water and varies with the amount and type
of clay minerals in the soil. The size of the load on the
soil and the magnitude of the change in soil moisture
content influence the amount of swelling of soils in
place. Laboratory measurements of swelling of
undisturbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and
amount of clay minerals in the soil and on
measurements of similar soils.

If the shrink-swell potential is rated moderate to very
high, shrinking and swelling can cause damage to
buildings, roads, and other structures. Special design is
often needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture
content is increased from air-dry to field capacity. The
change is based on the soil fraction less than 2
millimeters in diameter. The classes are /ow, a change of
less than 3 percent; moderate, 3 to 6 percent; and high,
more than 6 percent. Very high, greater than 9 percent,
is sometimes used.

Erosion factor K indicates the susceptibility of a soil to
sheet and rill erosion by water. Factor K is one of six
factors used in the Universal Soil Loss Equation (USLE)
to predict the average annual rate of soil loss by sheet
and rill erosion in tons per acre per year. The estimates
are based primarily on percentage of silt, sand, and
organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.05 to 0.69.

~ The higher the value the more susceptible the soil is to

sheet and rill erosion by water.

Erosion factor T is an estimate of the maximum
average annual rate of soil erosion by wind or water that
can occur without affecting crop productivity over a
sustained period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have
similar properties affecting their resistance to wind
erosion in cultivated areas. The groups indicate the
susceptibility of soil to wind erosion and the amount of
soil lost. Soils are grouped according to the following
distinctions:

1. Sands, coarse sands, fine sands, and very fine
sands. These soils are generally not suitable for crops.
They are extremely erodible, and vegetation is difficult to
establish.
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2. Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible. Crops
can be grown if intensive measures to control wind
erosion are used.

3. Sandy loams, coarse sandy loams, fine sandy
loams, and very fine sandy loams. These soils are highly
erodible. Crops can be grown if intensive measures to
control wind erosion are used.

4L. Calcareous loamy soils that are less than 35
percent clay and more than 5 percent finely divided
calcium carbonate. These soils are erodible. Crops can
be grown if intensive measures to control wind erosion
are used. ’

4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible. Crops can be grown if measures to
control wind erosion are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided calcium carbonate and
sandy clay loams and sandy clays that are less than 5
percent finely divided calcium carbonate. These soils are
slightly erodible. Crops can be grown if measures to
control wind erosion are used.

6. Loamy soils that are 18 to 35 percent clay and
less than 5 percent finely divided calcium carbonate,
except silty clay loams. These soils are very slightly
erodible. Crops can easily be grown.

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbonate.
These soils are very slightly erodible. Crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject
to wind erosion.

Organic matter is the plant and animal residue in the
soil at various stages of decomposition.

In table 16, the estimated content of organic matter is
expressed as a percentage, by weight, of the soil
material that is less than 2 millimeters in diameter.

The content of organic matter of a soil can be
maintained or increased by returning crop residue to the
soil. Organic matter affects the available water capacity,
infiltration rate, and tilth. It is a source of nitrogen and
other nutrients for crops.

soil and water features

Table 17 gives estimates of various soil and water
features. The estimates are used in land use planning
that involves engineering considerations.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
assigned to one of four groups. They are grouped
according to the intake of water when the soils are
thoroughly wet and receive precipitation from long-
duration storms.

The four hydrologic soil groups are:
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Group A. Soils having a high infiltration rate (low runoff
potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water
transmission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils having a
layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These
soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of clays that have a high shrink-swell potential,
soils that have a permanent high water table, soils that
have a claypan or clay layer at or near the surface, and
soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

Flooding, the temporary inundation of an area, is
caused by overflowing streams and by runoff from
adjacent slopes. Water standing for short periods after
rainfall or snowmelt and water in swamps and marshes
are not considered flooding.

Table 17 gives the frequency and duration of flooding
and the time of year when flooding is most likely.

Frequency, duration, and probable dates of occurrence
are estimated. Frequency is expressed as none, rare,
common, occasional, and frequent. None means that
flooding is not probable; rare that it is unlikely but
possible under unusual weather conditions; common that
it is likely under normal conditions; occasional that it
occurs on an average of once or less in 2 years; and
frequent that it occurs on an average of more than once
in 2 years. Duration is expressed as very brief if less
than 2 days, brief if 2 to 7 days, and /ong if more than 7
days. Probable dates are expressed in months;
November-May, for example, means that flooding can
occur during the period November through May.

The information is based on evidence in the soil
profile, namely thin strata of gravel, sand, silt, or clay
deposited by floodwater; irregular decrease in organic
matter content with increasing depth; and absence of
distinctive horizons that form in soils that are not subject
to flooding.

Also considered are local information about the extent
and levels of flooding and the relation of each soil on
the landscape to historic floods. Information on the
extent of flooding based on soil data is less specific than
that provided by detailed engineering surveys that
delineate flood-prone areas at specific flood frequency
levels.
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High water table (seasonal) is the highest level of a
saturated zone in the soil in most years. The depth to a
seasonal high water table applies to undrained soils. The
estimates are based mainly on the evidence of a
saturated zone, namely grayish colors or mottles in the
soil. Indicated in table 17 are the depth to the seasonal
high water table; the kind of water table—that is,
perched, artesian, or apparent; and the months of the
year that the water table commonly is high. A water table
that is seasonally high for less than 1 month is not
indicated in table 17.

An apparent water table is a thick zone of free water
in the soil. It is indicated by the level at which water
stands in an uncased borehole after adequate time is
allowed for adjustment in the surrounding soil. An
artesian water table is under hydrostatic head, generally
beneath an impermeable layer. When this layer is
penetrated, the water level rises in an uncased borehole.
A perched water table is water standing above an
unsaturated zone. In places an upper, or perched, water
table is separated from a lower one by a dry zone.

Only saturated zones within a depth of about 6 feet
are indicated. A plus sign preceding the range in depth
indicates that the water table is above the surface of the
soil. The first numeral in the range indicates how high
the water rises above the surface. The second numeral
indicates the depth below the surface.

Depth to bedrock is given if bedrock is within a depth
of 5 feet. The depth is based on many soil borings and
on observations during soil mapping. The rock is
specified as either soft or hard. If the rock is soft or
fractured, excavations can be made with trenching
machines, backhoes, or small rippers. If the rock is hard
or massive, blasting or special equipment generally is
needed for excavation.

Potential frost action is the likelihood of upward or
lateral expansion of the soil caused by the formation of

segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing.
Frost action occurs when moisture moves into the
freezing zone of the soil. Temperature, texture, density,
permeability, content of organic matter, and depth to the
water table are the most important factors considered in
evaluating the potential for frost action. It is assumed
that the soil is not insulated by vegetation or snow and is
not artificially drained. Silty and highly structured clayey
soils that have a high water table in winter are most
susceptible to frost action. Well drained, very gravelly, or
very sandy soils are the least susceptible. Frost heave
and low soil strength during thawing cause damage
mainly to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced
electrochemical or chemical action that dissolves or
weakens uncoated steel or concrete. The rate of
corrosion of uncoated steel is related to such factors as
soil moisture, particle-size distribution, acidity, and
electrical conductivity of the soil. The rate of corrosion of
concrete is based mainly on the sulfate and sodium
content, texture, moisture content, and acidity of the soil.
Special site examination and design may be needed if
the combination of factors creates a severe corrosion
environment. The steel in installations that intersect soil
boundaries or soil layers is more susceptible to corrosion
than steel in installations that are entirely within one kind
of soil or within one soil layer.

For uncoated steel, the risk of corrosion, expressed as
low, moderate, or high, is based on soil drainage class,
total acidity, electrical resistivity near field capacity, and
electrical conductivity of the saturation extract.

For concrete, the risk of corrosion is also expressed
as /ow, moderate, or high. It is based on soil texture,
acidity, and amount of sulfates in the saturation extract.
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classification of the soils

The system of soil classification used by the National
Cooperative Soil Survey has six categories (29).
Beginning with the broadest, these categories are the
order, suborder, great group, subgroup, family, and
series. Classification is based on soil properties
observed in the field or inferred from those observations
or from laboratory measurements. In table 18, the soils
of the survey area are classified according to the
system. The categories are defined in the following
paragraphs.

ORDER. Ten soil orders are recognized. The
differences among orders reflect the dominant soil-
forming processes and the degree of soil formation.
Each order is identified by a word ending in so/. An
example is Mollisol.

SUBORDER. Each order is divided into suborders
primarily on the basis of properties that influence soil
genesis and are important to plant growth or properties
that reflect the most important variables within the
orders. The last syllable in the name of a suborder
indicates the order. An example is Udoll (Ud, meaning
humid, plus o//, from Mollisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind,
arrangement, and degree of development of pedogenic
horizons; soil moisture and temperature regimes; and
base status. Each great group is identified by the name
of a suborder and by a prefix that indicates a property of
the soil. An example is Argiudolls {(Arg, meaning argillic
horizon, plus udolls, the suborder of the Mollisols that
have an udic moisture regime).

SUBGROUP. Each great group has a typic subgroup.
Other subgroups are intergrades or extragrades. The
typic is the central concept of the great group; it is not
necessarily the most extensive. Intergrades are
transitions to other orders, suborders, or great groups.
Extragrades have some properties that are not
representative of the great group but do not indicate
transitions to any other known kind of soil. Each
subgroup is identified by one or more adjectives
preceding the name of the great group. The adjective
Typic identifies the subgroup that typifies the great
group. An example is Typic Argiudolls.

FAMILY. Families are established within a subgroup on
the basis of physical and chemical properties and other
characteristics that affect management. Mostly the
properties are those of horizons below plow depth where

there is much biological activity. Among the properties
and characteristics considered are particle-size class,
mineral content, temperature regime, depth of the root
zone, consistence, moisture equivalent, slope, and
permanent cracks. A family name consists of the name
of a subgroup preceded by terms that indicate soil
properties. An example is fine, montmorillonitic, mesic
Aquic Argiudolls.

SERIES. The series consists of soils that have similar
horizons in their profile. The horizons are similar in color,
texture, structure, reaction, consistence, mineral and
chemical composition, and arrangement in the profile.
The texture of the surface layer or of the substratum can
differ within a series.

soil series and their morphology

In this section, each soil series recognized in the
survey area is described. The descriptions are arranged
in alphabetic order.

Characteristics of the soil and the material in which it
formed are identified for each series. The soil is
compared with similar soils and with nearby soils of
other series. A pedon, a small three-dimensional area of
soil, that is typical of the series in the survey area is
described. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (27). Many
of the technical terms used in the descriptions are
defined in Soil Taxonomy (29). Unless otherwise stated,
colors in the descriptions are for moist soil. Following the
pedon description is the range of important
characteristics of the soils in the series.

The map units of each soil series are described in the
section “Detailed soil map units.”

Ackmore series

The Ackmore series consists of poorly drained,
moderately permeable soils. These soils formed in silty
alluvium on flood plains. Native vegetation was prairie
grasses. Slopes range from 0 to 5 percent.

Ackmore soils are similar to Colo soils and are
commonly adjacent to Zook soils on the landscape. Colo
soils do not have stratification. They have a finer
textured surface layer than Ackmore soils and commonly
are some distance from the main stream channel.
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Typical pedon of Ackmore silt loam, 0 to 2 percent
slopes, 21 feet east and 400 feet south of the northwest
corner of sec. 34, T. 82 N,, R. 35 W.

A1—0 to 8 inches; very dark grayish brown (10YR 3/2)
silt loam, grayish brown (10YR 5/2) dry; weak fine
granular structure; friable; medium acid; clear
smooth boundary.

C—8 to 30 inches; stratified very dark gray (10YR 3/1),
dark grayish brown (10YR 4/2), and black (10YR
2/1) silty clay loam and silt loam; few coarse distinct
brown (7.5YR 4/4) mottles; moderately thin and
medium platy structure parting to weak very fine
subangular blocky; friable; slightly acid; clear smooth
boundary.

IIAb—30 to 48 inches; black (N 2/0) silty clay loam;
weak and moderate fine subangular blocky
structure; friable; slightly acid; clear smooth
boundary.

IIBb—48 to 60 inches; black (10YR 2/1) silty clay loam;
weak medium prismatic structure parting to
moderate fine blocky; firm; slightly acid.

The A and C horizons above the IIAb horizon range
from 20 to 36 inches in thickness.

The A1 horizon ranges from black (10YR 2/1) to very
dark grayish brown (10YR 3/2). The A1 and C horizons
are silty clay loam or silt loam. The A horizon and C
horizon are medium acid to neutral. The C horizon is
stratified and ranges from black (10YR 2/1) to grayish
brown (10YR 5/2). The 1IBb horizon ranges from silty
clay loam to silty clay. The lIAb and IIBb horizons are
slightly acid or neutral.

Adair series

The Adair series consists of somewhat poorly drained,
slowly permeable soils. These soils formed in glacial till
and a thin mantle of loess or loess and pedisediment.
They are on convex side slopes and some ridges in the
uplands. Native vegetation was prairie grasses. Slopes
range from 9 to 18 percent.

These Adair soils are taxadjuncts to the Adair series
because they do not have a mollic epipedon. This
difference does not alter the usefulness and behavior of
these soils.

Adair soils are similar to Lamoni soils and are
commonly adjacent to Burchard, Exira, Lamoni, and
Marshall soils on the landscape. Burchard, Exira, and
Marshall soils have less clay in the subsoil than Adair
soils. Lamoni soils do not have red hues in the subsoil
and are at a slightly higher elevation on the landscape.
Exira and Marshall soils are upslope from Adair soils,
and Burchard soils are downslope.

Typical pedon of Adair clay loam, 8 to 14 percent
slopes, moderately eroded, 1,300 feet west and 1,300
feet south of the northeast corner of sec. 13, T. 82 N,,
R. 35 W.

Soil survey

Ap—0 to 6 inches; very dark grayish brown (10YR 3/2)
clay loam, grayish brown (10YR 5/2) dry; mixed with
streaks and patches of dark reddish brown subsoil
material; weak fine and medium granular structure;
firm; slightly acid; clear smooth boundary.

B1—6 to 9 inches; dark reddish brown (5YR 3/4) clay
loam; weak fine subangular blocky structure; firm;
dark coatings in root channels; medium acid; clear
smooth boundary.

1IB21t—9 to 21 inches; reddish brown (5YR 4/4) and
yellowish red (5YR 4/6) clay; moderate fine and
medium subangular blocky structure; few fine
distinct grayish brown (10YR 5/2) mottles; very firm;
thin continuous clay films; band of pebbles at about
10 inches; medium acid; clear smooth boundary.

11B22t—21 to 30 inches; mottled brown (7.5YR 4/4),
yellowish red (5YR 5/6), and light grayish brown
(10YR 5/2) clay; weak medium prismatic structure
parting to moderate medium and fine subangular
blocky; very firm; thin continuous clay films; slightly
acid; gradual smooth boundary.

[1B3t—30 to 42 inches; mottled yellowish red (5YR 5/6),
brown (7.5YR 4/4), and grayish brown (2.5Y 5/2)
clay loam; weak medium and coarse subangular
blocky structure; firm; thin discontinuous clay films;
common dark stains; neutral; gradual smooth
boundary.

IIC1—42 to 51 inches; yellowish brown (10YR 5/6) and
grayish brown (10YR 5/2) clay loam; weak medium
prismatic structure; firm; neutral; gradual smooth
boundary.

IC2—51 to 60 inches; grayish brown (2.5Y 5/2) clay
loam that has common fine faint yellowish brown
(10YR 5/4) mottles; weak medium subangular
blocky structure; firm; neutral.

The thickness of the solum ranges from 40 to 64
inches.

The Ap horizon is very dark grayish brown (10YR 3/2),
dark brown (10YR 3/3), or brown (10YR 4/3). In some
pedons, the Ap horizon has small amounts of black
(10YR 2/1) or very dark brown (10YR 2/2). The plow
layer in cultivated areas is medium acid or slightly acid.
The IB2t horizon is clay loam or clay. The |IB horizon is
medium acid to neutral. The IIC horizon is neutral or
mildly alkaline. Few pebbles and stones are scattered on
the surtace. The 1IB and IIC horizons are up to 5 percent
pebbles and stones.

Armstrong series

The Armstrong series consists of moderately well
drained and somewhat poorly drained, slowly permeable
soils. These soils formed in glacial till and a thin mantie
of loess or loess and pedisediment. They are on convex
side slopes in uplands. Native vegetation was prairie
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grasses and deciduous trees. Slopes range from 9 to 18
percent.

Armstrong soils are similar to Gara soils and are
commonly adjacent to Gara and Knox soils on the
landscape. Gara soils do not have red hues and have
less clay in the B horizon than Armstrong soils. Knox
soils have less sand and clay and are upslope from
Armstrong soils.

Typical pedon of Armstrong loam, in an area of Gara-
Armstrong loams, 9 to 14 percent slopes, moderately
eroded, 360 feet north and 610 feet east of the
southwest corner of sec. 22, T. 82 N., R. 34 W.

Ap—O0 to 7 inches; very dark grayish brown (10YR 3/2)
loam, grayish brown (10YR 5/2) dry; mixed with
streaks and patches of brown subsoil material; weak
fine granular structure; friable; medium acid; clear
smooth boundary.

B21t—7 to 12 inches; dark yellowish brown (10YR 4/4)
clay loam; moderate fine subangular blocky
structure; thin discontinuous clay films; firm; many
light gray (10YR 6/1) dry silt coatings on peds; band
of pebbles at 12 inches; strongly acid; clear smooth
boundary.

IIB22t—12 to 17 inches; brown (7.5YR 4/4) clay;
common fine faint reddish brown (5YR 4/4) mottles;
moderate fine and medium subangular blocky and
angular blocky structure; firm; thick discontinuous
clay films; thick discontinuous light gray (10YR 6/1)
dry silt coatings on peds; few coarse sand and
gravel; strongly acid; clear smooth boundary.

1IB23t—17 to 22 inches; brown (7.5YR 4/4) light clay
that has many fine distinct grayish brown (10YR
5/2) and reddish brown (5YR 4/4) mottles;
moderate medium subangular blocky structure
parting to moderate fine angular blocky; thin
continuous clay films; thin discontinuous light gray
(10YR 6/1) silt coatings on peds; firm; strongly acid;
clear smooth boundary.

1IB24t—22 to 31 inches; mottled grayish brown (2.5Y
5/2), brown (7.5YR 4/4), and yellowish brown
(10YR 5/6) clay loam; weak medium prismatic
structure parting to weak fine subangular blocky;
firm; thin continuous clay films; few pebbles; strongly
acid; gradual wavy boundary.

1IB31—31 to 42 inches; mottied light gray (10YR 6/1)
and yellowish brown (10YR 5/4 and 5/6) clay loam,
weak medium prismatic structure parting to weak
fine subangular blocky; firm; thin continuous clay
films; few pebbles; strongly acid; clear wavy
boundary.

IIC1—42 to 48 inches; mottled light gray (10YR 6/1) and
yellowish brown (10YR 5/4 and 5/6) clay loam; very
weak medium angular blocky structure; firm;
common pebbles; common lime accumulations;
neutral; clear smooth boundary.
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IIC2—48 to 60 inches; mottled light gray (10YR 6/1) and
yellowish brown (10YR 5/4 and 5/6) clay loam; very
weak medium angular blocky structure; firm;
common pebbles; many soft fine lime
accumulations; violent effervescence in lime spots;
mildly alkaline.

The thickness of the solum ranges from 42 to 60
inches. Up to 5 percent gravel and cobbles are in the
solum. A few pebbles and cobbles are scattered on the
surface.

The Ap horizon is very dark gray (10YR 3/1) or very
dark grayish brown (10YR 3/2). In places, the Ap horizon
is mixed with brown (10YR 4/3) clay ioam subsoil
material. In uneroded and uncultivated areas, the A1
horizon is 5 to 8 inches thick and is medium acid or
slightly acid. In uncultivated areas, the A2 horizon ranges
from dark grayish brown (10YR 4/2) to brown (10YR
5/3) and is 3 to 6 inches thick. It is medium acid or
slightly acid. If dry, the IIB2t horizon ranges from a nearly
continuous gray silt coating to a few coatings in the
upper part. The 11B2t horizon ranges from clay loam to
clay.

Biscay series

The Biscay series consists of poorly drained soils that
have moderate permeability in the upper part of the
profile and rapid permeability in the lower part. These
soils formed in loamy glacial outwash, which is underlain
by sandy and gravelly glacial outwash at a depth of 32 to
40 inches. They are mainly on low stream benches but
are also on uplands. Native vegetation was prairie
grasses. Slopes range from 0 to 2 percent.

Biscay soils are similar to Talcot soils and are
commonly adjacent to Coland, Cylinder, Talcot, and
Wadena soils on the landscape. Talcot soils are
calcareous in the surface layer. Coland soils do not have
sand and gravel at depths of less than 40 inches and
are on lower parts of the landscape near the main
channel. Cylinder and Wadena soils are in positions on
the landscape similar to those of Biscay soils and are
better drained.

Typical pedon of Biscay loam, 32 to 40 inches to sand
and gravel, 0 to 2 percent slopes, 1,190 feet south and
2,200 feet east of the northwest corner of sec. 28, T. 85
N., R. 33 W,

Ap—0 to 10 inches; black (N 2/0) loam, very dark gray
(10YR 3/1) dry; weak medium subangular blocky
structure parting to moderate fine granular; friable;
neutral; clear smooth boundary.

A3—10 to 17 inches; very dark gray (10YR 3/1) clay
loam, gray (10YR 5/1) dry; moderate fine granular
structure; friable; neutral; clear smooth boundary.

B21—17 to 28 inches; dark gray (5Y 4/1) clay loam;
moderate medium and fine subangular blocky
structure; firm; neutral; clear smooth boundary.
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B22—28 to 35 inches; gray (5Y 5/1) sandy clay loam;
common fine prominent strong brown (7.5YR 5/6)
and yellowish brown (10YR 5/6) mottles; moderate
medium and fine subangular blocky structure; friable;
mildly alkaline; clear smooth boundary.

B3—35 to 39 inches; dark gray (5Y 4/1) gravelly sandy
loam; few fine distinct dark yellowish brown (10YR
4/4) mottles; moderate medium subangular blocky
structure; friable; neutral; abrupt smooth boundary.

IIC1—39 to 46 inches; dark grayish brown (2.5Y 4/2)
sand; many fine distinct yellowish brown (10YR 5/6)
mottles; single grain; loose; neutral; abrupt smooth
boundary.

[IC2—46 to 50 inches; dark grayish brown (2.5Y 4/2)
sand and gravel; few fine distinct yellowish brown
(10YR 5/6) mottles; single grain; loose; neutral;
abrupt wavy boundary.

IIC3—50 to 60 inches; dark gray (5Y 4/1) sand and
gravel; single grain; loose; slight effervescence;
moderately alkaline.

The A horizon ranges from black (10YR 2/1 or N 2/0)
to very dark gray (10YR 3/1), from loam to clay loam,
and from 14 to 22 inches in thickness. The B horizon
ranges from dark gray (10YR 4/1 to 5Y 4/1) to olive
gray (5Y 4/2 or 5Y 5/2) or gray (5Y 5/1) and from clay
loam to sandy clay loam or gravelly sandy loam. Depth
to the IIC horizon ranges from 32 to 40 inches. This
horizon is dark grayish brown (2.5Y 4/2), dark gray (5Y
4/1), or olive gray (5Y 4/2) sand and gravel. In some
pedons, it is loamy sand or sand and is 5 to 10 percent
gravel. Depth to free carbonates ranges from 40 to 56
inches. ‘

Burchard series

The Burchard series consists of moderately well
drained soils. Permeability is moderately slow. These
soils formed in glacial till on uplands. Native vegetation
was prairie grasses. Slopes range from 5 to 25 percent.

Burchard soils are commonly adjacent to Adair, Exira,
Gara, Lamoni, and Marshall soils on the landscape. Gara
soils have a lighter colored surface layer. Adair and
Lamoni soils are on convex slopes above the Burchard
soils and have more clay in the B horizon. Exira and
Marshall soils are on convex slopes above the Burchard
soils and formed in loess that is higher in content of silt
and lower in content of sand.

Typical pedon of Burchard clay loam, 14 to 18 percent
slopes, moderately eroded, 75 feet west and 90 feet
south of the northeast corner of sec. 4, T. 82 N,, R. 34
W.

Ap—0 to 7 inches; very dark grayish brown (10YR 3/2)
light clay loam, brown (10YR 5/3) dry; mixed with
streaks and patches of (10YR 4/3) clay loam
subsoil material; weak fine granular structure; friable;
slightly acid; clear smooth boundary.
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B21t—7 to 14 inches; brown (10YR 4/3) clay loam; firm;
thin discontinuous clay films; few pebbles; neutral;
clear smooth boundary.

B22t—14 to 20 inches; yellowish brown (10YR 5/4) clay
loam; few fine faint yellowish brown (10YR 5/6)
mottles; moderate fine angular blocky structure; firm;
thin discontinuous clay films; few pebbles; neutral;
clear smooth boundary.

C1ca—20 to 24 inches; mottled yellowish brown (10YR
5/4), light brownish gray (2.5Y 6/2), and yellowish
brown (10YR 5/6) clay loam; weak medium
subangular blocky structure; firm; few pebbles;
strong effervescence in spots; common soft lime
accumulations; moderately alkaline; gradual wavy
boundary.

C2ca—24 to 43 inches; light gray (5Y 6/1) clay loam;
many medium prominent yellowish brown (10YR 5/4
and 5/6) mottles; weak medium prismatic structure
parting to weak medium subangular blocky; friable;
few pebbles; many lime accumulations and
concretions; strong effervescence; mildly alkaline;
gradual wavy boundary.

C3—43 to 60 inches; mottled light olive gray (5Y 6/2),
dark yellowish brown (10YR 4/4), and yellowish
brown (10YR 5/6) clay loam; massive; friable; few
pebbles; common lime accumulations; strong
effervescence; mildly alkaline.

The thickness of the solum and depth to carbonates
range from 16 to 28 inches.

The Ap horizon is very dark grayish brown (10YR 3/2)
or dark brown (10YR 3/3) with brown (10YR 4/3)
pockets and streaks. The Ap horizon is clay loam or silty
clay loam. It is 5 to 8 inches thick. The B2t horizon has a
clay content of 27 to 35 percent. It is brown (10YR 4/3),
dark yellowish brown (10YR 4/4), or yellowish brown
(10YR 5/4). The C horizon has hue of 10YR, 2.5Y, or
5Y; value of 4, 5, or 6; and chroma of 1 through 6.

Calco series

The Calco series consists of poorly drained,
moderately permeable soils. These soils formed in silty,
calcareous alluvium on flood plains and low benches.
Native vegetation was prairie grasses. Slopes range from
0 to 2 percent.

Calco soils are similar to Canisteo soils and are .
commonly adjacent to Canisteo, Coland, Colo, and Zook
soils on the landscape. Canisteo soils have a thinner
mollic epipedon than Calco soils. Coland, Colo, and
Zook soils are in positions on the landscape similar to
those of Calco soils and are noncalcareous.

Typical pedon of Calco silty clay loam, 0 to 2 percent
slopes, 120 feet west and 30 feet south of the northeast
corner of sec. 12, T. 83 N, R. 33 W.
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Ap—o0 to 8 inches; black (10YR 2/1) silty clay loam, dark
gray (10YR 4/1) dry; weak medium and fine
subangular blocky structure parting to moderate fine
granular; friable; few fine fragments of snail shells;
strong effervescence; mildly alkaline; clear smooth
boundary.

A12—8 to 16 inches; black (10YR 2/1) silty clay loam,
very dark gray (10YR 3/1) dry; moderate medium
and fine subangular blocky structure; friable; few fine
fragments of snail shells; strong effervescence;
moderately alkaline; clear smooth boundary.

A13—16 to 25 inches; black (N 2/0) silty clay loam, very
dark gray (10YR 3/1) dry; weak coarse subangular
blocky structure parting to moderate fine subangular
blocky; friable; common fine fragments of snail
shells; strong effervescence; moderately alkaline;
gradual smooth boundary.

A14—25 to 40 inches; black (N 2/0) silty clay loam, very
dark gray (10YR 3/1) dry; moderate medium
subangular blocky structure; friable; common fine
fragments of snail shells; moderately alkaline; strong
effervescence; gradual smooth boundary.

B—40 to 48 inches; very dark gray (10YR 3/1) silty clay
loam; common fine faint dark gray (10YR 4/1)
mottles; moderate medium and fine subangular
blocky structure; friable; common fine fragments of
snail shells; slight effervescence; moderately
alkaline; gradual smooth boundary.

C—48 to 60 inches; very dark gray (10YR 3/1) light silty
clay loam; few fine distinct dark grayish brown (2.5Y
4/2) and few fine prominent strong brown (7.5YR
5/6) mottles; massive with some vertical cleavage;
friable; common fine fragments of snail shells; slight
effervescence; moderately alkaline.

The thickness of the solum and the thickness of the
mollic epipedon are more than 40 inches. The sand
content in the upper 40 inches is less than 15 percent.
Snail shell fragments are scattered throughout the soil
and vary from few to many.

The A horizon ranges from 30 to 42 inches in
thickness. The Bg horizon ranges from very dark gray (N
3/0 or 10YR 3/1) to dark gray (10YR 4/1 or N 4/0).
Some pedons do not have a Bg horizon. The maximum
clay content in the A and B horizons ranges from 30 to
33 percent. The Cg horizon is very dark gray (10YR 3/1
or N 3/0), dark gray (10YR 4/1 or 5Y 4/1), or gray
(10YR 5/1 or 5Y 5/1). It is mildly alkaline or moderately
alkaline.

Canisteo series

The Canisteo series consists of poorly drained,
moderately permeable, calcareous soils formed in glacial
till. These soils are in low areas and slight depressions in
the uplands. Native vegetation was prairie grasses.
Slopes range from 0 to 2 percent.
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Canisteo soils are similar to Calco and Webster soils
and are commonly adjacent to Calco, Harps, and Nicollet
soils. Calco soils have a thicker mollic epipedon than
Canisteo soils. Nicollet soils are on more sloping areas
and are better drained. Harps soils have more lime.
Webster soils are in positions on the landscape similar to
those of Canisteo soils and are noncalcareous.

Typical pedon of Canisteo silty clay loam, 0 to 2
percent slopes, 120 feet west and 1,015 feet north of
the southeast corner, sec. 9, T. 84 N, R. 33 W.

Ap—O0 to 8 inches; black (10YR 2/1) silty clay loam, dark
gray (10YR 4/1) dry; weak fine subangular blocky
structure parting to weak fine granular; friable;
strong effervescence; mildly alkaline; clear smooth
boundary.

A12—8 to 14 inches; black (10YR 2/1) clay loam, dark
gray (10YR 4/1) dry; weak fine granular structure;
friable; common very fine snail shell fragments;
strong effervescence; mildly alkaline; clear smooth
boundary.

A3—14 to 20 inches; mixed very dark gray (10YR 3/1),
dark gray (10YR 4/1), and black (10YR 2/1) loam;
weak fine subangular blocky structure parting to
weak fine granular; friable; about 1 percent fine snail
shell fragments; strong effervescence; mildly
alkaline; clear smooth boundary.

Bg—20 to 27 inches; grayish brown (2.5Y 5/2) loam;
very dark gray (10YR 3/1) tongues, few fine distinct
yellowish brown (10YR 5/4) mottles; weak fine
subangular blocky structure; friable; common fine
gravel; common small snail shell fragments; strong
effervescence; mildly alkaline; clear smooth
boundary.

C1g—27 to 43 inches; grayish brown (2.5Y 5/2) loam;
few fine distinct yellowish brown (10YR 5/4) and
10YR 5/8) mottles; weak fine subangular blocky
structure; friable; common fine gravel; few fine dark
accumulations (iron and manganese oxides);
common lime accumulations; strong effervescence;
mildly alkaline; clear smooth boundary.

C2g—43 to 53 inches; grayish brown (2.5Y 5/2) loam;
many medium distinct yellowish brown (10YR 5/6)
mottles; weak very fine subangular blocky structure;
friable; few fine dark accumulations (iron and
manganese oxides); few lime accumulations; strong
effervescence; mildly alkaline; gradual smooth
boundary.

C3g—53 to 60 inches, grayish brown (2.5Y 5/2) loam;
many medium distinct yellowish brown (10YR 5/4
and 10YR 5/8) mottlies; massive; friable; few fine
gravel and few fine dark accumulations (iron and
manganese oxides); strong effervescence; mildly
alkaline.

The A horizon ranges from black (10YR 2/1 or N 2/0)
to very dark gray (10YR 3/1). It is silty clay loam or clay
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loam and is about 14 to 24 inches thick. The B2g
horizon is olive gray (5Y 4/2 or 5Y 5/2), dark gray (5Y
4/1), or gray (5Y 5/1). The Cg horizon typically is clay
loam but ranges to include loam with strata of silt loam,
sandy loam, or loamy sand. Reaction is mildly alkaline or
moderately alkaline.

Clarion series

The Clarion series consists of well drained, moderately
permeable soils. These soils are on convex slopes and
formed in glacial till. Native vegetation was prairie
grasses. Slopes range from 2 to 14 percent.

Clarion soils commonly are adjacent to Canisteo,
Nicollet, Storden, and Webster soils on the landscape.
Canisteo, Nicollet, and Webster soils are more poorly
drained and are on lower lying areas than Clarion soils.
Storden soils do not have a B horizon and are
calcareous in the A horizon. Storden soils are well drained
and are generally on steeper slopes than Clarion soils.

Typical pedon of Clarion loam, 2 to 5 percent slopes,
75 feet west and 1,500 feet south of the northeast
corner of sec. 16, T. 85 N., R. 33 W.

Ap—0 to 9 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine granular structure; friable;
slightly acid; clear smooth boundary.

A3—89 to 14 inches; mixed very dark grayish brown
(10YR 3/2) and black (10YR 2/1) loam, grayish
brown (10YR 5/2) and dark gray (10YR 4/1) dry;
weak fine subangular blocky structure; friable;
slightly acid; clear smooth boundary.

B21—14 to 21 inches; brown (10YR 4/3) loam that has
very dark grayish brown coatings and few black
(10YR 2/1) stains on peds; weak medium
subangular blocky structure; friable; about 5 percent
gravel; neutral; gradual smooth boundary.

B22—21 to 29 inches; brown (10YR 4/3) loam; weak
medium subangular blocky structure; friable; about 5
percent gravel; neutral; clear smooth boundary.

B3—29 to 33 inches; dark yellowish brown (10YR 4/4)
loam; few medium and large faint brown (7.5YR 4/4)
mottles; weak medium subangular blocky structure;
friable; about 5 percent gravel; neutral; clear smooth
boundary.

C1—33 to 44 inches; yellowish brown (10YR 5/4) loam;
few fine faint grayish brown (10YR 5/2) and few fine
prominent yellowish red (5YR 4/8) mottles; very
weak medium subangular blocky structure; friable;
about 5 percent gravel; common lime nodules;
violent effervescence; mildly alkaline; gradual
smooth boundary.

C2—44 to 51 inches; yellowish brown (10YR 5/4) loam;
common fine distinct light olive gray and strong
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brown (7.5YR 5/6) mottles; massive; friable; about 5
percent gravel; common lime accumulations; violent
effervescence; mildly alkaline; clear smooth
boundary.

C3—51 to 55 inches; mottled light brownish gray (2.5Y
6/2) and yellowish brown (10YR 5/4) loam;
massive; friable; about 5 percent gravel; many lime
nodules; violent effervescence; mildly alkaline; clear
smooth boundary.

C4—55 to 60 inches; yellowish brown (10YR 5/4) loam;
many medium distinct light brownish gray (2.5Y 6/2)
mottles; massive; friable; about 5 percent gravel;
common lime accumulations; violent effervescence;
mildly alkaline.

The solum thickness and depth to carbonates range
from 22 to 40 inches.

The A1 or Ap horizon ranges from black (10YR 2/1) to
very dark grayish brown (10YR 3/2). The A horizon is
generally loam but ranges to silt loam. The B horizon
ranges from dark brown (10YR 3/3) to yellowish brown
(10YR 5/4). It is loam or clay loam. In some pedons, the
lower part of the B horizon and the C horizon are sandy
loam. The C horizon is predominantly yellowish brown
(10YR 5/4 or 10YR 5/6) or light olive brown (2.5Y 5/4)
but ranges to grayish brown (2.5Y 5/2) or light brownish
gray (2.5Y 6/2).

The A horizon and the upper part of the B horizon are
generally slightly acid or neutral. The lower part of the B
horizon is neutral or mildly alkaline and is calcareous in
places.

Coland series

The Coland series consists of poorly drained,
moderately permeable soils. These soils formed in loamy
alluvium on flood plains and in drainageways. Native
vegetation was prairie grasses. Slopes range from 0 to 2
percent.

Coland soils are commonly adjacent to Calco,
Canisteo, and Spillville soils on the landscape. Calco,
Spillville, and Zook soils are in positions on the
landscape similar to those of Coland soils. Calco and
Canisteo soils are more calcareous. Canisteo soils are at
a higher elevation in the uplands. Spillville soils are not
so poorly drained as Coland soils.

Typical pedon of Coland clay loam, O to 2 percent
slopes, 250 feet north and 750 feet west of the
southeast corner of sec. 2, T. 84 N, R. 33 W,

A11—0 to 12 inches; black (N 2/0) clay loam, very dark
gray (10YR 3/1) dry; weak fine granular structure;
friable; neutral; clear smooth boundary.

A12-—12 to 21 inches; black (N 2/0) clay loam, very dark
gray (10YR 3/1) dry; weak medium granular
structure; friable; neutral; clear smooth boundary.
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A3—21 to 29 inches; black (N 2/0) clay loam, very dark
gray (10YR 3/1) dry; very weak fine subangular
blocky structure; friable; neutral; clear smooth
boundary.

B2—29 to 40 inches; very dark gray (10YR 3/1) clay
loam, dark gray (10YR 4/1) dry; black (10YR 2/1)
coatings on peds; moderate fine and medium
subangular blocky structure; friable; neutral; gradual
smooth boundary.

B3—40 to 48 inches; very dark gray (10YR 3/1) clay
loam, gray (10YR 5/1) dry; black (10YR 2/1)
coatings on peds; few fine distinct brown (7.5YR
4/4) mottles; weak medium subangular blocky
structure; friable; neutral; clear smooth boundary.

Cg—48 to 60 inches; gray (5Y 5/1) sandy clay loam;
massive; friable; mildly alkaline.

Clay content in the solum ranges from 27 to 35
percent. The solum is neutral or slightly acid.

The A horizon is 24 to 40 inches thick. It is black (N
2/0 or 10YR 2/1) or very dark gray (10YR 3/1). The B
horizon, which does not occur in some profiles, ranges
from very dark gray (10YR 3/1 or N 3/0) to gray (10YR
5/1 to 8Y 5/1). Value of 2 or 3 extends to a depth of 36
inches or more. The Cg horizon ranges from very dark
gray (N 3/0 or 10YR 3/1) to gray (5Y 5/1) and is clay
loam or sandy clay loam. The Cg horizon is neutral or
mildly alkaline.

Colo series

The Colo series consists of poorly drained, moderately
permeable soils. These soils formed in silty alluvium on
flood plains and in drainageways. Native vegetation was
prairie grasses. Slopes range from 0 to 2 percent.

Colo soils are similar to Ackmore soils and are
commonly adjacent to Ackmore, Calco, Coland, and
Zook soils on the landscape. Ackmore soils are stratified
in the upper horizons. Calco soils are calcareous. Coland
soils have more sand, and Zook soils have more clay
than Colo soils.

Typical pedon of Colo silty clay loam, 0 to 2 percent
slopes, 237 feet east and 2,116 feet south of the
northwest corner of sec. 20, T. 82 N., R 36 W.

A11—0 to 8 inches; black (10YR 2/1) silty clay loam,
dark gray (10YR 4/1) dry; moderate medium
granular structure; friable; slightly acid; gradual
smooth boundary.

A12—8 to 21 inches; black (N 2/0) silty clay loam, very
dark gray (10YR 3/1) dry; moderate fine subangular
blocky structure; friable; slightly acid; gradual
smooth boundary.

A13—21 to 33 inches; black (10YR 2/1) silty clay loam,
dark gray (10YR 4/1) dry; weak fine subangular
blocky structure parting to moderate fine granular;
friable; slightly acid; gradual smooth boundary.
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A14—33 to 38 inches; black (10YR 2/1) silty clay loam,
dark gray (10YR 4/1) dry; weak medium and fine
granular structure; firm; slightly acid; clear smooth
boundary.

AC—38 to 49 inches; very dark gray (10YR 3/1) silty
clay loam, gray (10YR 5/1) dry; few fine distinct
strong brown (7.5YR 5/6) motties; black (10YR 2/1)
coatings on peds; moderate medium and fine
subangular blocky structure; firm; slightly acid;
gradual smooth boundary.

Cg—49 to 60 inches; dark gray (10YR 4/1) silty clay
loam; few fine distinct strong brown (7.5YR 5/6) and
light yellowish brown (2.5Y 6/4) mottles; weak
medium and fine subangular blocky structure; firm;
slightly acid.

The thickness of the solum ranges from 36 to 54
inches.

The A1 horizon ranges from black (N 2/0) to very dark
gray (10YR 3/1). Value of 2 or 3 extends to a depth of
36 inches or more. The A horizon is silty clay loam that
ranges from 27 to 32 percent clay. It is neutral or slightly
acid. The overwash phase of this soil has value of 3 to 5
and chroma of 1 or 2. It is 6 to 16 inches thick. A weak
B horizon has developed in some pedons. The Cg
horizon is very dark gray (10YR 3/1) or dark gray (10YR
4/1). It is silty clay loam that ranges from 30 to 35
percent clay. The Cg horizon has strong brown, olive,
olive brown, or light yellowish brown motties. It is neutral
or slightly acid.

Cylinder series

The Cylinder series consists of somewhat poorly
drained soils that are moderately permeable in the
upper part of the profile and rapidly or very rapidly
permeable in the substrata. These soils formed in loamy
glacial outwash or alluvium and the underlying
calcareous sand and gravel. They are on glacial outwash
plains and stream benches. Native vegetation was prairie
grasses. Slopes range from 0 to 2 percent.

Cylinder soils are commonly adjacent to Biscay,
Talcot, and Wadena soils on the landscape. Biscay soils
are poorly drained, and Wadena soils are well drained.
Talcot soils are poorly drained and are mildly alkaline to
moderately alkaline throughout the solum. All of these
soils are in positions on the landscape similar to those of
Cylinder soils.

Typical pedon from an area of Cylinder loam, 32 to 40
inches to sand and gravel, 0 to 2 percent slopes, 246
feet south and 405 feet west of the northeast corner of
sec. 10, T. 83 N,, R. 33 W.

Ap—o0 to 7 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; black (N 2/0) coatings on
peds; weak fine granular structure; friable; slightly
acid; clear smooth boundary.
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A12—7 to 13 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; black (N 2/0) coatings on
peds; weak fine and medium granular structure;
friable; slightly acid; clear smooth boundary.

A3—13 to 19 inches; very dark brown (10YR 2/2) light
clay loam, dark gray (10YR 4/1) dry; black (10YR
2/1) coatings on peds; weak fine and medium
granular structure; friable; slightly acid; clear smooth
boundary.

B21—19 to 28 inches; dark grayish brown (2.5Y 4/2)
clay loam; very dark grayish brown (10YR 3/2)
coatings on peds; weak fine and medium subangular
blocky structure; friable; slightly acid; gradual
smooth boundary.

B22—28 to 33 inches; mixed grayish brown (2.5Y 5/2)
and dark grayish brown (2.5Y 4/2) gravelly loam;
weak fine and medium subangular blocky structure;
friable; few fine dark accumulations (iron and
managanese oxides); slightly acid; clear smooth
boundary.

1IB3—33 to 38 inches; brown (10YR 5/3) loamy sand;
weak fine subangular blocky structure; very friable;
slightly acid; clear smooth boundary.

1IC1—38 to 44 inches; pale brown (10YR 6/3) loamy
sand and gravel; weak fine subangular blocky
structure; very friable; slight effervescence; mildly
alkaline; clear smooth boundary.

IIC2—44 to 60 inches; light brownish gray (10YR 6/2)
and light gray (10YR 7/2) sand and gravel with thin
lenses of fine sand; single grain; loose; few lime
concretions; slight effervescence; mildly alkaline.

The thickness of the solum and the depth to sand and
gravel range from 32 to 40 inches.

The A horizon is 12 to 24 inches thick. It ranges from
black (10YR 2/1) to very dark grayish brown (10YR 3/2)
and is loam or light clay loam. The B horizon has hue of
2.5Y to 10YR, value of 4 or 5, and chroma of 2 or 3, with
mottles. The C horizon is typically medium and coarse
sand and gravel but ranges to loamy sand. In some
pedons, the upper part of the C horizon is leached to a
depth of several inches.

Dickman series

The Dickman series consists of well drained soils that
have moderately rapid permeability in the upper part of
the profile and rapid permeability in the lower part. These
soils formed in loamy and sandy eolian sediment. They
are on convex ridgetops and side slopes in the uplands.
Native vegetation was prairie grasses. Siopes range from
2 to 14 percent.

Dickman soils are commonly adjacent to Clarion,

Exira, Marshall, and Storden soils on the landscape. All
of these soils are in positions on the landscape similar to
those of Dickman soils but have less sand and more silt
and clay. Storden soils are calcareous.
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Typical pedon of Dickman sandy loam, 9 to 14 percent
slopes, moderately eroded, 1,200 feet east and 2,100
feet south of the northwest corner of sec. 2, T. 84 N,, R.
33 w.

Ap—0 to 6 inches; very dark brown (10YR 2/2) and
brown (10YR 4/3) sandy loam, dark grayish brown
(10YR 4/2) dry; weak fine granular structure; very
friable; medium acid; gradual smooth boundary.

A3—6 to 13 inches; dark brown (10YR 3/3) sandy loam,
brown (10YR 5/3) dry; very dark grayish brown
(10YR 3/2) coatings on peds; weak fine and
medium subangular blocky structure; very friable;
medium acid; gradual smooth boundary.

B21—13 to 22 inches; brown (10YR 4/3) sandy loam;
weak fine and medium subangular blocky structure;
very friable; medium acid; gradual smooth boundary.

B3—22 to 31 inches; dark yellowish brown (10YR 4/4)
loamy sand; weak fine subangular blocky structure;
loose; medium acid; gradual smooth boundary.

C1—31 to 40 inches; dark yellowish brown (10YR 4/4)
sand; single grain; loose; medium acid; gradual
smooth boundary.

C2—40 to 60 inches; brown (10YR 5/3) sand; single
grain; loose; medium acid.

The solum thickness ranges from 24 to 36 inches.
Depth to loamy sand ranges from 12 to 24 inches.

The A horizon is black (10YR 2/1), very dark brown
(10YR 2/2), very dark grayish brown (10YR 3/2), or dark
brown (10YR 3/3) and is 6 to 14 inches thick. The B
horizon typically is brown (10YR 4/3) or dark yellowish
brown (10YR 4/4) but ranges to include hue of 7.5YR,
with value of 4 or 5 and chroma of 4. The C horizon has
hue of 10YR; value of 4, 5, or 6; and chroma of 3 or 5. It
is sand or fine sand.

Estherville series

The Estherville series consists of somewhat
excessively drained soils that have moderately rapid
permeability in the upper part of the profile and rapid
permeability in the lower part. These soils formed in
loamy glacial outwash sediment that is underlain by
sandy and gravelly outwash sediment on benches,
valleys, and moraines. Native vegetation was prairie
grasses. Slopes range from 2 to 9 percent.

Estherville soils are commonly adjacent to Calco,
Coland, Cylinder, and Wadena soils on the landscape.
Calco and Coland soils are poorly drained and are near
the main stream channel. Cylinder soils are somewhat
poorly drained, and Wadena soils are well drained. Both
of these soils are on benches and are underlain by sand
and gravel.

Typical pedon of Estherville sandy loam, 2t0 5
percent slopes, 1,400 feet west and 620 feet south of
the northeast corner of sec. 22, T. 84 N, R. 34 W.
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Ap—O to 6 inches; very dark gray (10YR 3/1) sandy
loam, dark gray (10YR 4/1) dry; weak fine
subangular blocky and moderate fine granular
structure; friable; about 5 percent gravel; slightly
acid; clear smooth boundary.

B1—6 to 9 inches; dark brown (10YR 3/3) sandy loam,
brown (10YR 5/3) dry; very dark grayish brown
(10YR 3/2) coating on peds; weak fine subangular
blocky structure; friable; about 5 percent gravel;’
slightly acid; gradual smooth boundary.

B2—9 to 15 inches; brown (7.5YR 4/4 and 10YR 4/3)
sandy loam; weak medium subangular blocky
structure; friable; about 10 percent gravel; slightly
acid; clear smooth boundary.

B3—15 to 20 inches; brown (10YR 4/3) loamy coarse
sand; weak fine subangular blocky structure; very
friable; about 10 percent gravel; neutral; clear
smooth boundary.

1IC1—20 to 25 inches; dark yellowish brown (10YR 4/4)
coarse sand; single grain; loose; about 5 percent
gravel, mildly alkaline; clear smooth boundary.

[IC2—25 to 32 inches; variegated brown (10YR 4/3),
yellowish brown (10YR 5/4), and light gray (10YR
7/2) coarse sand; single grain; loose; about 12
percent gravel; strong effervescence; moderately
alkaline; clear wavy boundary.

1IC3—32 to 36 inches; variegated dark grayish brown
(10YR 4/2), yellowish brown (10YR 5/4), and light
gray (10YR 7/2) sand and gravel; single grain;
loose; about 15 percent gravel; strong
effervescence; moderately alkaline; clear wavy
boundary.

lIC4—36 to 60 inches; variegated yellowish brown (10YR
5/4), dark yellowish brown (10YR 4/4), and light
brownish gray (10YR 6/2) sand and gravel; single
grain; loose; about 35 percent gravel; strong
effervescence; moderately alkaline.

The solum thickness and depth to carbonates range
from 15 to 26 inches. The A and B horizons are 5 to 15
percent gravel.

The A horizon is black (10YR 2/1), very dark brown
(10YR 2/2), or very dark grayish brown (10YR 3/2). The
B horizon is dark brown (7.5YR 3/2 or 10YR 3/3), brown
(7.5YR 4/4 or 10YR 4/3), or dark yellowish brown (10YR
4/4). It is sandy loam or coarse loamy sand. The IIC
horizon is 5 to 40 percent gravel. The content of gravel
generally increases with depth. The IIC horizon has hue
of 10YR; value of 4, 5, or 6; and chroma of 2, 4 or 6. It is
mildly alkaline or moderately alkaline.

The Estherville soils in unit 34C2 are taxadjuncts to
the Estherville series because they do not have a mollic
epipedon. This difference does not alter the usefulness
and behavior of these soils.
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Exira series

The Exira series consists of well drained, moderately
permeable soils on upland side slopes and ridges. These
soils formed in loess that has relict mottles. Native
vegetation was prairie grasses. Slopes range from 5 to
20 percent.

Exira soils are taxadjuncts to the Exira series because
they do not have a mollic epipedon. This difference does
not alter the use and behavior of these soils.

Exira soils are similar to Marshall soils and are
commonly adjacent to Burchard, Ida, and Marshall soils
on the landscape. Burchard soils formed in glacial till
and are downslope from Exira soils. Marshall soils do not
have mottles at depths of less than 30 inches. Marshall
and Ida soils are in positions on the landscape similar to
those of Exira soils. Ida soils have more silt and less
clay and are calcareous.

Typical pedon of Exira silty clay loam, 5 to 9 percent
slopes, moderately eroded, 36 feet north and 1,750 feet
west of the southeast corner of sec. 22, T. 82 N., R. 35
W.

Ap—oO to 8 inches; very dark grayish brown (10YR 3/2)
silty clay loam, very dark grayish brown (10YR 3/2)
rubbed, mixed with streaks and patches of brown
(10YR 4/3) subsoil material, grayish brown (10YR
5/2) dry, weak fine subangular blocky structure
parting to weak fine granular; friable; slightly acid;
clear smooth boundary.

B1—8 to 13 inches; brown (10YR 4/3) silty clay loam,
brown (10YR 5/3) dry; thin discontinuous dark
brown (10YR 3/3) coating on peds; moderate fine
subangular blocky structure; friable; slightly acid;
clear smooth boundary.

B21t—13 to 17 inches; brown (10YR 4/3) silty clay loam;
moderate fine and medium subangular blocky
structure; friable; thin discontinuous clay films;
slightly acid; clear smooth boundary.

B22t—17 to 20 inches; brown (10YR 4/3) silty clay loam;
few fine faint brown (7.5R 4/4) and few fine distinct
grayish brown (2.5Y 5/2) relict mottles; moderate
fine and medium subangular blocky structure; friable;
few fine dark accumulations (iron and manganese
oxides); slightly acid; clear smooth boundary.

B23—20 to 29 inches, dark yellowish brown (10YR 4/4)
silty clay loam; many fine distinct grayish brown
(2.5Y 5/2) and common fine faint brown (7.5YR 4/4)
relict mottles; weak medium subangular blocky
structure; friable; common fine dark accumulations
(iron and manganese oxides); slightly acid; gradual
smooth boundary.
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B3—29 to 41 inches; yellowish brown (10YR 5/4) and
dark yellowish brown (10YR 4/4) silt loam; many
fine distinct grayish brown (2.5Y 5§/2) and common
fine faint yellowish brown (10YR 5/6 and 5/8) relict
mottles; weak medium subangular blocky structure;
friable; common fine dark accumulations (iron and
manganese oxides); neutral; clear smooth boundary.

C—41 to 60 inches; mixed yellowish brown (10YR 5/4
and 5/6) and grayish brown (2.5Y 5/2) silt loam;
massive; friable; common fine dark accumulations
(iron and manganese oxides); neutral.

The thickness of the solum ranges from 30 to 44
inches.

The Ap horizon is 5 to 9 inches thick. It typically is
very dark grayish brown (10YR 3/2) mixed with brown
(10YR 4/3) or dark yellowish brown (10YR 4/4). The Ap
horizon ranges from medium acid to neutral. Clay
content in the B horizon ranges from 30 to 35 percent.
The B horizon is brown (10YR 4/3), dark yellowish
brown (10YR 4/4), or yellowish brown (10YR 5/4).
Depth to brown (7.5YR 4/4) or grayish brown (2.5Y 5/2)
relict mottles ranges from 11 to 25 inches. The C horizon
is yellowish brown (10YR 5/4 or 10YR 5/6), grayish
brown (2.5Y 5/2), or light brownish gray (2.5Y 6/2). It is
silt loam or silty clay loam.

Gara series

The Gara series consists of moderately well drained
and well drained soils. Permeability is moderately slow.
These soils formed in glacial till on convex side slopes
on uplands. Native vegetation was prairie grassses and
deciduous trees. Slopes range from 14 to 40 percent.

Gara soils are similar to Armstrong soils and are
commonly adjacent to Armstrong, Burchard, and Knox
soils. Armstrong soils have more clay and are redder in
hue in the B horizon than Gara soils. Burchard soils have
a darker A horizon. Knox soils formed in loess on ridges
above Armstrong and Gara soils.

Typical pedon of Gara loam, 25 to 40 percent slopes,
2,040 feet south and 2,200 feet west of the northeast
corner of sec. 14, T. 82 N., R. 34 W.

A1—0 to 7 inches; very dark gray (10YR 3/1) loam, gray
(10YR 5/1) dry; weak fine granular structure; friable;
slightly acid; clear smooth boundary.

A2—7 to 11 inches; mixed dark grayish brown (10YR
4/2) and very dark grayish brown (10YR 3/2) loam,
light brownish gray (10YR 6/2) dry; very weak thin
plates that break to weak fine subangular blocky
structure; friable; strongly acid; clear smooth
boundary.

B1—11 to.15 inches; brown (10YR 4/3) clay loam;
moderate fine subangular blocky structure; firm; thin
discontinuous light brownish gray (10YR 6/2) silt
coatings on peds; strongly acid; clear smooth
boundary.
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B21t—15 to 21 inches; dark yellowish brown (10YR 4/4)
clay loam; moderate fine and medium subangular
blocky structure; firm; common brown (10YR 4/3)
clay films on faces of peds; thin discontinuous light
brownish gray (10YR 6/2) silt coatings; strongly
acid; clear smooth boundary.

B22t—21 to 30 inches; dark yellowish brown (10YR 4/4)
clay loam; few fine distinct strong brown (7.5YR 5/6)
mottles; thin discontinuous clay films on faces of
peds; moderate medium subangular blocky
structure; firm; thin nearly continuous light brownish
gray (10YR 6/2) silt coatings; strongly acid; clear
smooth boundary.

B3t—30 to 43 inches; yellowish brown (10YR 5/4 and
5/6) clay loam; common fine distinct grayish brown
(10YR 5/2) mottles; nearly continuous thin clay films
on faces of peds; moderate medium subangular
blocky structure; firm; thin discontinuous light gray
(10YR 6/1) silt coatings; 5 percent gravel; medium
acid; clear wavy boundary.

C—43 to 60 inches; yellowish brown (10YR 5/6) clay
loam that has common fine distinct light brownish
gray (10YR 6/2) mottles; firm; 5 percent gravel;
common white lime concretions; strong
effervescence; mildly alkaline.

The thickness of the solum ranges from 36 to 60
inches. A few pebbles and stones are scattered on the
surface. The solum is as much as 5 percent gravel. The
depth to free carbonates is more than 36 inches.

The uneroded A1 horizon is very dark gray (10YR 3/1)
or very dark grayish brown (10YR 3/2) loam or silt loam.
itis 5 to 7 inches thick and is medium acid or slightly
acid. The eroded Ap horizon ranges from very dark
grayish brown (10YR 3/2) to dark brown (10YR 3/3).
The A2 horizon is loam or silt loam. It is 2 to 5 inches
thick and is medium acid or strongly acid. The B2t
horizon is clay loam and averages 33 to 35 percent clay.

Harps series

The Harps series consists of poorly drained,
moderately permeable soils on narrow rims of upland
depressions. These soils formed in calcareous, loamy
glacial till or in local alluvial sediment. Native vegetation
was prairie grasses. Slopes range from 0 to 2 percent.

Harps soils are similar to Canisteo soils and are
commonly adjacent to Canisteo, Okoboji, and Webster
soils on the landscape. Canisteo soils are less
calcareous than Harps soils. The other soils are
noncalcareous. Okoboji soils have a cumulic A horizon, a
finer textured B horizon, and are in depressional areas.
Canisteo and Webster soils are on lower lying, more
nearly level areas than Harps soils.

Typical pedon of Harps loam, 0 to 2 percent slopes,
1,470 feet north and 2,230 feet west of the southeast
corner of sec. 31, T. 84 N, R. 33 W.
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Apca—o0 to 7 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; moderate fine subangular blocky
structure parting to moderate fine granular; friable;
common small snail shell fragments; violent
effervescence; moderately alkaline; clear smooth
boundary.

A12ca—7 to 13 inches; very dark gray (10YR 3/1) loam,
gray (10YR 5/1) dry; weak medium subangular
blocky structure parting to moderate fine subangular
blocky; friable; common small snail shell fragments;
violent effervescence; moderately alkaline; clear
smooth boundary.

A3ca—13 to 19 inches; mixed very dark gray (5Y 3/1),
dark gray (5Y 4/1), and some gray (5Y 5/1) loam;
weak fine subangular blocky structure; friable;
common snail shell fragments; violent
effervescence; gradual smooth boundary.

B21gca—19 to 24 inches; mixed dark gray (5Y 4/1), very
dark gray (5Y 3/1), and light olive gray (5Y 6/2)
* loam; weak fine subangular blocky structure; friable;
violent effervescence; moderately alkaline; gradual
smooth boundary.

B22gca—24 to 36 inches; mixed light gray (5Y 6/1) and
light olive gray (5Y 6/2) loam; few fine prominent
strong brown (7.5YR 5/8) and few fine distinct light
olive brown (2.5Y 5/6) mottles; weak fine
subangular blocky structure; friable; thin, gray (10YR
5/1) organic stains on root channels; few fine dark
accumulations (iron and manganese oxides); less
than 5 percent pebbles; common lime concretions;
violent effervescence; moderately alkaline; clear
smooth boundary.

C1—36 to 50 inches; light olive gray (5Y 6/2) loam;
common medium prominent strong brown (7.5YR
5/8) and common fine distinct light olive brown
(2.5Y 5/6) mottles; massive; friable; about 2 percent
pebbles; common lime concretions; strong
effervescence; moderately alkaline; clear smooth
boundary.

C2—50 to 60 inches; light olive gray (5Y 6/2), yellowish
brown (10YR 5/6), light olive brown (2.5Y 5/4), and
strong brown (7.5YR 5/8) loam; massive; friable;
few lime concretions; strong effervescence;
moderately alkaline.

The A horizon ranges from 10 to 20 inches in
thickness and from black (10YR 2/1) to very dark gray
(10YR 3/1 or N 3/0). It is loam or clay loam. The B
horizon has hue of 5Y or 2.5Y, value of 3 through 6, and
chroma of 1 or 2. It typically is loam but the range
includes clay loam or sandy clay loam. The C horizon
has hue of 7.5YR, 10YR, 2.5Y, or 5Y; value of 5 or 6;
and chroma of 2 through 8.
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Ida series

The Ida series consists of well drained, moderately
permeable soils on uplands. These soils formed in silty,
calcareous loess on ridges and on the upper part of side
slopes. Native vegetation was prairie grasses. Slopes
range from 5 to 14 percent.

Ida soils are commonly adjacent to Exira, Lamoni, and
Marshall soils on the landscape. The adjacent soils have
more clay and less silt than |da soils. Exira and Marshall
soils have a thicker A horizon, a B horizon, and are
leached more deeply than Ida soils. They are in positions
on the landscape similar to those of Ida soils.

Typical pedon of Ida siit loam, 9 to 14 percent slopes,
severely eroded, 1,000 feet west and 120 feet north of
the southeast corner of sec. 35, T. 83 N., R. 35 W.

Ap—0 to 6 inches; brown (10YR 4/3) silt loam, pale
brown (10YR 6/3) dry; weak fine granular structure;
friable; common lime accumulations of about 5
millimeters; strong effervescence; moderately
alkaline; clear smooth boundary.

C1—6 to 9 inches; brown (10YR 4/3) silt loam; weak
fine subangular blocky structure; friable; common
lime accumulations of about 5 millimeters; strong
effervescence; moderately alkaline; clear smooth
boundary.

C2—9 to 24 inches; brown (10YR 5/3) silt loam;
common fine faint grayish brown (2.5Y 5/2) and few
fine distinct strong brown (7.5YR 5/6) mottles;
massive; friable; common lime accumulations of
about 5 millimeters; strong effervescence;
moderately alkaline; gradual smooth boundary.

C3—24 to 54 inches; light olive brown (2.5Y 5/4) silt
loam; many medium faint grayish brown (2.5Y 5/2)
and many medium distinct yellowish brown (10YR
5/6) mottles; massive; very friable; few fine dark
accumulations (iron and manganese oxides); strong
effervescence; moderately alkaline; gradual smooth
boundary.

C4—54 to 60 inches; light brownish gray (2.5Y 6/2) silt
loam; common fine distinct yellowish brown (10YR
5/6) mottles; massive; very friable; few fine dark
accumuiations (iron and manganese oxides); strong
effervescence; moderately alkaline.

The thickness of the solum and thickness of the A
horizon is less than 10 inches.

The Ap horizon is brown (10YR 4/3 or 5/3) or dark
grayish brown (10YR 4/2). The upper part of the C
horizon has hue of 10YR, value of 4 to 6, and chroma of
3 or 4. The lower part of the C horizon has hue of 10YR
or 2.5Y, value of 5 or 6, and chroma of 2 to 6. A few to
common lime nodules of as much as 2 centimeters in
diameter are on the surface.
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Judson series

The Judson series consists of moderately well drained
and well drained, moderately permeable soils. These
soils formed in local alluvium on aliuvial fans and foot
slopes. Native vegetation was prairie grasses. Slopes
range from 1 to 9 percent.

Judson soils are commonly adjacent to Burchard and
Marshall soils upslope and to Ackmore and Colo soils
downslope. Ackmore and Colo soils are more poorly
" drained than Judson soils, and Burchard and Marshall
soils have a thinner A horizon. Marshall soils formed in
loess, and Burchard soils formed in glacial till.

Typical pedon of Judson silty clay loam, 5 to 9 percent
slopes, 750 feet south and 120 feet west of the
northeast corner of sec. 28, T. 83 N., R. 36 W.

Ap—0 to 8 inches; very dark brown (10YR 2/2) silty clay
loam, dark grayish brown (10YR 4/2) dry; weak very
fine subangular blocky structure; friable; slightly acid;
clear smooth boundary.

A12—8 to 17 inches; black (10YR 2/1) silty clay loam,
dark grayish brown (10YR 4/2) dry; weak fine
subangular blocky structure parting to weak fine
granular; friable; medium acid; clear smooth
boundary.

A3—17 to 25 inches; very dark grayish brown (10YR
3/2) silty clay loam, dark grayish brown (10YR 4/2)
dry; weak fine subangular blocky structure parting to
weak fine granular; friable; medium acid; gradual
smooth boundary.

B2—25 to 34 inches; dark brown (10YR 3/3) silty clay
loam, grayish brown (10YR 5/2) dry; very dark
grayish brown (10YR 3/2) coatings on faces of
peds; weak medium subangular blocky structure
parting to weak fine and very fine subangular blocky;
friable; medium acid; gradual smooth boundary.

B3—34 to 43 inches; brown (10YR 4/3) silty clay loam;
weak medium subangular blocky structure parting to
moderate very fine subangular blocky; friable;
medium acid; gradual smooth boundary.

C—43 to 60 inches; brown (10YR 4/3) silty clay loam;
few fine distinct grayish brown (2.5Y 5/2), strong
brown (7.5YR 5/6), and dark reddish brown (5YR
3/4) mottles; massive with vertical cleavage; friable;
slightly acid.

The thickness of the solum ranges from 40 to 54
inches.

The A horizon is black (10YR 2/1), very dark brown
(10YR 2/2), or very dark grayish brown (10YR 3/2) silt
loam or silty clay loam. It ranges from 20 to 30 inches in
thickness. The B horizon is dark brown (10YR 3/3),
brown (10YR 4/3), or dark yellowish brown (10YR 4/4)
silty clay loam with a maximum clay content ranging from
30 to 35 percent. The B horizon is slightly acid or
medium acid. The C horizon is brown (10YR 4/3) or dark
yellowish brown (10YR 4/4) with grayish brown (10YR
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5/2 or 2.5Y 5/2), strong brown (7.5YR 5/6), or dark
reddish brown (5YR 3/4) mottles.

Knoke series

The Knoke series consists of very poorly drained soils.
Permeability is moderately slow. These soils are on large
flats in slightly depressed areas that were formerly lake
plains. Native vegetation was prairie grasses. Slopes
range from 0 to 1 percent.

Knoke soils are similar to Okoboji soils and are
commonly adjacent to Calco and Canisteo soils. All of
these soils have a lower content of organic matter than
Knoke soils. Okoboji soils have a higher clay content
and are not calcareous. Calco soils formed in alluvium.
Canisteo soils are at a higher elevation and have slightly
better drainage than Knoke soils.

Typical pedon of Knoke mucky silt loam, O to 1
percent slopes, 2,500 feet north and 1,600 feet east of
the southwest corner of sec. 30, T. 83 N., R. 33 W.

Ap—oO0 to 9 inches; black (N 2/0) mucky silt loam, dark
gray (10YR 4/1) dry; weak fine and very fine
subangular blocky structure parting to weak fine
granular; nonsticky and very friable; few fine snail
shell fragments; strong effervescence; moderately
alkaline; clear smooth boundary.

A12—9 to 19 inches; black (N 2/0) mucky silty clay
loam, dark gray (10YR 4/1) dry; weak very fine and
fine subangular blocky structure parting to weak fine
granular; slightly sticky and very friable; many fine
snail shell fragments; strong effervescence; mildly
alkaline; clear smooth boundary.

A13—19 to 25 inches; black (N 2/0) silty clay loam, gray
(10YR 5/1) dry; some very fine sand grains; weak
very fine and fine subangular blocky structure; very
friable; common snail shell fragments; strong
effervescence; mildly alkaline; clear smooth
boundary.

B21—25 to 34 inches; black (N 2/0) silty clay loam with
some very fine sand grains; weak medium
subangular blocky structure; friable; few snail shell
fragments; strong effervescence; mildly alkaline;
clear smooth boundary.

B22—34 to 45 inches; black (N 2/0) heavy silty clay
loam; weak fine and medium prismatic structure
parting to weak medium subangular blocky; firm;
strong effervescence; mildly alkaline; clear smooth
boundary.

B3—45 to 60 inches; very dark gray (S5Y 3/1) heavy silty
clay loam; few medium distinct dark brown (10YR
3/3) and dark grayish brown (2.5Y 4/2) mottles;
weak fine and medium prismatic structure parting to
weak medium subangular blocky; firm; strong
effervescence; mildly alkaline.
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The A horizon ranges from 24 to 36 inches in
thickness. The upper part is mucky silt loam or mucky
silt clay loam ranging from 10 to 20 inches in thickness.
The A horizon is black (N 2/0 or 10YR 2/1). The B
horizon is black (N 2/0 or 10YR 2/1) or very dark gray
(5Y 3/1). ltis silty clay loam or silty clay with clay
content ranging from 35 to 42 percent. The C horizon is
dark gray (5Y 4/1) or olive gray (5Y 5/2). It typically is
silty clay loam or clay loam. These soils are mildly
alkaline or moderately alkaline throughout.

Knox series

The Knox series consists of well drained, moderately
permeable soils. These soils formed in loess on
ridgetops and convex side slopes in uplands. Native
vegetation was prairie grasses and deciduous trees.
Slopes range from 4 to 18 percent.

Knox soils are similar to Marshall soils and are
commonly adjacent to Armstrong, Gara, and Marshall
soils on the landscape. Armstrong and Gara soils are
downslope from Knox soils and have more clay and
sand. They formed in glacial till. Marshall soils have a
thicker A1 horizon, do not have an A2 horizon, and do
not have silt coatings on ped faces in the B horizon.

Typical pedon of Knox silt loam, 4 to 9 percent slopes,
150 feet north and 2,120 feet east of the southwest
corner of sec. 22, T. 82 N., R. 34 W.

A1—0 to 6 inches; very dark grayish brown (10YR 3/2)
silt loam; grayish brown (10YR 5/2) with dark gray
(10YR 4/1) dry coatings; common thin discontinuous
black (10YR 2/1) coatings on peds; moderate fine
and medium granular structure; friable; slightly acid;
clear smooth boundary.

A21—6 to 10 inches; brown (10YR 4/3) silt loam; few
thin discontinuous very dark grayish brown (10YR
3/2) coatings on peds; weak fine subangular blocky
structure parting to moderate fine and medium
granular; friable; strongly acid; clear smooth
boundary.

A22—10 to 14 inches; brown (10YR 4/3) silt loam; thin
discontinuous very dark grayish brown (10YR 3/2)
coatings on peds; weak fine and medium subangular
blocky structure parting to moderate fine and
medium granular; friable; medium acid; clear smooth
boundary.

B21t—14 to 24 inches; dark yellowish brown (10YR 4/4)
silty clay loam; gray (10YR 5/1) dry silt coatings on
peds; moderate fine and medium subangular blocky
structure; friable; thin discontinuous brown (10YR
4/3) clay films; medium acid; gradual wavy
boundary.

B22t—24 to 33 inches; dark yellowish brown (10YR 4/4)
silty clay loam; weak medium subangular blocky

85

structure; friable; brown (10YR 4/3) thin
discontinuous clay films; thin discontinuous gray
(10YR 5/1) dry silt coatings; medium acid; gradual
wavy boundary.

B3—33 to 44 inches; dark yellowish brown (10YR 4/4)
silty clay loam; weak medium and coarse subangular
blocky structure; friable; thin discontinuous brown
(10YR 4/3) and dark brown (10YR 3/3) clay films;
medium acid; gradual wavy boundary.

C1—44 to 52 inches; brown (10YR 5/3) silt loam; few
medium faint brown (7.5YR 4/4) mottles; massive;
friable; few fine dark accumulations (iron and
manganese oxides); medium acid; gradual smooth
boundary.

C2—52 to 60 inches; brown (10YR 5/3) silt loam;
massive; friable; slightly acid.

The thickness of the solum and the depth to free
carbonates range from 36 to more than 60 inches.

The A1 horizon is 5 to 9 inches thick and is medium
acid or slightly acid unless limed. In cultivated areas, the
Ap horizon has value of 3 and chroma of 2 or 3. The Ap
horizon typically includes all or part of the A2 horizon.
The A2 horizon has value of 4 or 5§ and chroma of 2 or
3. The B2t horizon is silty clay loam with clay content
ranging from 30 to 35 percent. It is dark yellowish brown
(10YR 4/4) or yellowish brown (10YR 5/4). The B3
horizon is dark yellowish brown (10YR 4/4) or brown
(10YR 5/3). It is silty clay loam or silt loam with clay
content ranging from 25 to 30 percent. The B horizon is
slightly acid or medium acid. The C horizon ranges from
medium acid to mildly alkaline.

Lamoni series

The Lamoni series consists of somewhat poorly
drained soils on convex, upland side slopes. Permeability
is slow or very slow. These soils formed in a thin mantle
of loess or pedisediment and in loamy and clayey glacial
till. Native vegetation was prairie grasses. Slopes range
from 9 to 14 percent.

These Lamoni soils are taxadjuncts to the Lamoni
series because they do not have a mollic epipedon and
are only slightly acid in the most acid part of the profile.
These differences do not alter the usefulness and
behavior of the soils.

Lamoni soils are commonly adjacent to Burchard,
Exira, Ida, and Marshall soils on the landscape. Exira,
Ida, and Marshall soils have better internal drainage and
less clay in the B horizon than Lamoni soils. They
formed in loess on slopes and ridges above the Lamoni
soils. Burchard soils also have less clay in the B horizon
but are generally downslope from Lamoni soils.

Typical pedon of Lamoni silty clay loam, 9 to 14
percent slopes, severely eroded, 1,675 feet east and
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2,050 feet south of the northwest corner of sec. 22, T.
83 N.,R. 34 W.

Ap—0 to 5 inches; dark grayish brown (10YR 4/2) silty
clay loam, grayish brown (10YR 5/2) dry; weak fine
and medium angular and subangular blocky
structure; friable; slightly acid; abrupt smooth
boundary.

1B21t—5 to 21 inches; grayish brown (2.5Y 5/2) clay;
few fine faint light olive brown (2.5Y 5/4) and
distinct strong brown (7.5YR 5/6) mottles; weak
medium angular blocky structure parting to moderate
fine angular blocky; very firm; thin discontinuous clay
films; slightly acid; gradual smooth boundary.

11B22t—21 to 30 inches; mottled light olive brown (2.5Y
5/4), gray (10YR 5/1), and strong brown (7.5YR
5/6) clay; moderate medium and fine subangular
blocky structure; firm; thin continuous clay films;
slightly acid; gradual smooth boundary.

11B23t—30 to 38 inches; mottled light olive brown (2.5Y
5/4), strong brown (7.5YR 5/6), and gray (10YR
5/1) clay; moderate medium and fine subangular
blocky structure; firm; thin discontinuous clay films;
few lime accumulations; neutral; clear smooth
boundary.

1IB24t—38 to 43 inches; mottled yellowish brown (10YR
5/4 and §/6), light olive gray (5Y 6/2), and pale
olive (5Y 6/3) clay; weak medium subangular blocky
structure; firm; thin discontinuous clay films; few lime
accumulations; neutral; gradual smooth boundary.

11B311—43 to 52 inches; mottled light olive brown (2.5Y
5/4), yellowish brown (10YR 5/6), and strong brown
(7.5YR 5/8) clay loam; moderate medium
subangular blocky structure; firm; thin discontinuous
clay films; common lime accumuiations; neutral;
clear smooth boundary.

11B32t—52 to 60 inches; mottled yellowish brown (10YR
5/4 and 5/6) and light gray (10YR 6/1) clay loam;
moderate medium subangular blocky structure; firm;
thin discontinuous clay films; few fine dark
accumulations (iron and manganese oxides);
common lime accumulations; neutral.

The solum thickness ranges from 48 to 60 inches or
more.

The Ap horizon is very dark gray (10YR 3/1) or dark
grayish brown (10YR 4/2) silty clay loam or clay loam.
The 11B2t horizon has hue of 5Y, 2.5Y, 10YR, or 7.5YR;
value of 5 or 6; and chroma of 1 through 8. It is clay or
silty clay with clay content ranging from 40 to 50
percent. The liB3t horizon is mottled with colors similar
to those of the 11B2t horizon. 1t is clay loam with clay
content ranging from 27 to 32 percent.

Soil survey

Lester series

The Lester series consists of well drained, moderately
permeable soils in uplands. These soils formed in loam
glacial till on ground moraines or terminal moraines.
Native vegetation was prairie grasses and deciduous
trees. Slopes range from 4 to 10 percent.

Lester soils are commonly adjacent to Clarion and
Storden soils on the landscape. Clarion soils have a
thicker A1 horizon and do not have an A2 horizon.
Storden soils are calcareous throughout and do not have
an A2 horizon. Both soils are in positions on the
landscape similar to those of Lester soils.

Typical pedon of Lester loam, 4 to 10 percent siopes,
220 feet west and 400 feet south of the northeast corner
of sec. 4, T. 84 N, R. 33 W.

A1—0 to 6 inches; very dark gray (10YR 3/1) loam, dark
gray (10YR 4/1) dry; black (10YR 2/1) coatings on
peds; moderate very fine subangular blocky
structure; friable; slightly acid; clear smooth
boundary.

A2—6 to 10 inches; dark grayish brown (10YR 4/2)
loam; very dark grayish brown (10YR 3/2) coatings
on faces of peds; weak fine subangular blocky
structure; friable; slightly acid; clear smooth
boundary.

B1—10 to 14 inches; brown (10YR 4/3) clay loam; dark
brown (10YR 3/3) coatings on peds; moderate fine
subangular blocky structure; friable; medium acid;
clear smooth boundary.

B21t—14 to 23 inches; brown (10YR 4/3) clay loam;
moderate fine subangular blocky structure; friable;
common coarse sand at a depth of 19 to 23 inches;
thin continuous dark brown (10YR 3/3) clay films;
medium acid; gradual smooth boundary.

B22t—23 to 31 inches; brown (10YR 4/3) clay loam;
moderate medium and fine subangular blocky
structure; friable; thin discontinuous dark brown
(10YR 3/3) clay films; neutral; clear smooth
boundary.

B23t—31 to 37 inches; dark yellowish brown (10YR 4/4)
and yellowish brown (10YR 5/4) clay loam; weak
medium prismatic structure parting to moderate
medium subangular blocky; friable; thin
discontinuous brown (10YR 4/3) clay films; neutral;
gradual smooth boundary.

B3t—37 to 43 inches; yellowish brown (10YR 5/4) clay
loam; few fine distinct grayish brown (10YR 5/2) and
strong brown (7.5YR 5/8) mottles; friable; thin
discontinuous brown (10YR 4/3) clay films; neutral;
clear smooth boundary.

C—43 to 60 inches; mottled light brownish gray (2.5Y
6/2), yellowish brown (10YR 5/4 and 5/6), and
strong brown (7.5YR 5/8) loam; massive with some
vertical cleavage; friable; disseminated lime; mildly
alkaline.
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The A1 horizon ranges from 4 to 8 inches in thickness
and from black (10YR 2/1) to very dark grayish brown
(10YR 3/2). The A2 horizon ranges from 3 to 8 inches in
thickness and is very dark gray (10YR 3/1) or dark
grayish brown (10YR 4/2). In cultivated areas, most or
all of the A2 horizon is incorporated into the Ap horizon.
The Ap horizon is very dark grayish brown (10YR 3/2).
The B horizon is clay loam that has clay content ranging
from 27 to 35 percent. It is brown (10YR 4/3), dark
yellowish brown (10YR 4/4), or yellowish brown (10YR
5/4). The C horizon has hue of 7.5YR, 10YR, or 2.5Y;
value of 5 or 6; and chroma of 2 through 8. The C
horizon is mildly alkaline or moderately alkaline.

Marshall series

The Marshall series consists of well drained,
moderately permeable soils. These soils formed in loess
on convex ridges and side slopes in uplands and on
benches in some valleys. Native vegetation was prairie
grasses. Slopes range from 0 to 20 percent.

Marshall soils are similar to Exira soils and are
commonly adjacent to Burchard, Exira, and Ida soils on
the landscape. Exira soils have more mottles in the
subsoil at depths of less than 30 inches. Burchard soils
formed in glacial till and are downslope from Marshall
soils. Ida soils have a thinner A horizon, do not have a B
horizon, and are caicareous.

Typical pedon of Marshall silty clay loam, 2 to 5
percent slopes, 900 feet north and 700 feet west of the
southeast corner of sec. 6, T. 82 N.,, R. 35 W.

Ap—0 to 7 inches; very dark brown (10YR 2/2) silty clay
loam, grayish brown (10YR 5/2) dry; weak fine and
medium granular structure; friable; slightly acid; clear
smooth boundary.

A12—7 to 12 inches; very dark brown (10YR 2/2) silty
clay loam, dark grayish brown (10YR 4/2) dry; black
(10YR 2/1) coatings on peds; weak fine subangular
blocky structure; friable; slightly acid; clear smooth
boundary.

A3—12 to 18 inches; mixed very dark brown (10YR 2/2)
and very dark grayish brown (10YR 3/2) silty clay
loam, mixed brown (10YR 5/3) and dark grayish
brown (10YR 4/2) dry; weak medium subangular
blocky structure parting to weak medium and fine
subangular blocky; friable; slightly acid; gradual
smooth boundary.

B21—18 to 23 inches; dark brown (10YR 3/3) silty clay
loam, brown (10YR 5/3) dry; weak medium and fine
subangular blocky structure; friable; slightly acid;
gradual smooth boundary.

B22—23 to 31 inches; brown (10YR 4/3) silty clay loam;
weak medium prismatic structure parting to
moderate fine subangular blocky; friable; slightly
acid; gradual smooth boundary.
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B23—31 to 36 inches; brown (10YR 4/3) silty clay loam;
few medium distinct brownish gray (2.5Y 5/2) and
brown (7.5YR 4/4) mottles; weak medium prismatic
structure parting to weak fine and medium
subangular blocky; friable; slightly acid; clear smooth
boundary.

B31—36 to 44 inches; brown (10YR 5/3) silty clay loam;
many fine distinct grayish brown (2.5Y 5/2) and
brown (7.5YR 4/4) mottles; weak medium prismatic
structure parting to weak medium and fine
subangular blocky; friable; slightly acid; clear smooth
boundary.

B32—44 to 52 inches; grayish brown (2.5Y 5/2) silty clay
loam; many fine distinct brown (7.5YR 4/4) and
yellowish brown (10YR 5/6) mottles; weak medium
prismatic structure; friable; few fine dark
accumulations (iron and manganese oxides); neutral;
gradual smooth boundary.

B33—52 to 58 inches; grayish brown (2.5Y 5/2) silty clay
foam; many fine distinct yellowish brown (10YR 5/4)
and brown (7.5YR 4/4) mottles; weak medium
subangular blocky structure; friable; many medium
dark oxides; neutral; gradual smooth boundary.

C—58 to 60 inches; grayish brown (2.5Y 5/2) silt loam;
many fine distinct yellowish brown (10YR 5/4) and
brown (7.5YR 4/4) mottles; massive; friable;
common fine dark accumulations (iron and
manganese oxides); slightly acid.

Solum thickness ranges from 40 to 60 inches.

The A horizon ranges from black (10YR 2/1) to very
dark grayish brown (10YR 3/2). The B2 horizon is dark
brown (10YR 3/3) or brown (10YR 4/3) in the upper part
and ranges from brown (10YR 4/3) to yellowish brown
(10YR 5/4) in the lower part. In some pedons, a few
grayish brown, yellowish brown, and light brownish gray
mottles are present in the lower part of the B2 horizon.
These mottles are commonly at a depth of more than 30
inches, but in some pedons there are a very few mottles
at a depth of 26 inches. The B3 and C horizons have
hue of 10YR through 5Y, value of 4 or 5, and chroma of
2 through 6. The grayish colors are considered to be
relict mottles. The maximum clay content in the B2
horizon ranges from 32 to 35 percent.

The Marshall soils in map units 9B2, 9C2, 9D2, 9E2,
and 71D2 are taxadjuncts to the Marshall series because
they do not have a mollic epipedon. This difference does
not alter the usefulness or behavior of these soils.

Nicollet series

The Nicollet series consists of somewhat poorly
drained, moderately permeable soils that formed in
glacial till. These soils are on low convex rises, on the
lower parts of long gentle slopes, and in slightly concave
positions in the upper parts of drainageways in uplands.
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Native vegetation was prairie grasses. Slopes range from
1 to 3 percent.

Nicollet soils are commonly adjacent to Canisteo,
Clarion, and Webster soils. Clarion soils are more sloping
and are better drained than Nicollet soils. Canisteo and
Webster soils are poorly drained and are on lower, more
nearly level places on the landscape.

Typical pedon of Nicollet loam, 1 to 3 percent slopes,
116 feet east and 1,200 feet north of the southwest
corner of sec. 25, T. 84 N,, R. 33 W.

Ap—oO0 to 9 inches; black (10YR 2/1) loam, very dark
gray (10YR 3/1) dry; weak fine and medium
subangular blocky structure parting to weak fine
granular; friable; slightly acid; gradual smooth
boundary.

A12—9 to 16 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; moderate fine subangular blocky
structure; friable; slightly acid; gradual smooth
boundary.

A3—16 to 22 inches; very dark grayish brown (10YR
3/2) clay loam, dark grayish brown (10YR 4/2) dry;
thin discontinuous very dark gray (10YR 3/1)
coatings on peds; weak fine subangular blocky
structure; friable; slightly acid; gradual smooth
boundary.

B2—22 to 30 inches; dark grayish brown (2.5Y 4/2) clay
loam:; few fine faint olive brown (2.5Y 4/4) mottles;
thin discontinuous very dark gray (10YR 3/1)
coatings on peds; moderate fine and medium
subangular blocky structure; friable; slightly acid;
gradual smooth boundary.

C1g—30 to 37 inches; grayish brown (2.5Y 5/2) clay
loam; few fine faint light olive brown (2.5Y 5/4)
mottles; very weak fine and medium subangular
blocky structure; friable; common lime masses;
strong effervescence; mildly alkaline; gradual
smooth boundary.

C2g—37 to 44 inches; grayish brown (2.5Y 5/2) loam;
common medium distinct light olive brown (2.5Y
5/6) mottles; massive; friable; common lime masses;
violent effervescence; mildly alkaline; gradual
smooth boundary.

C3g—44 to 60 inches; grayish brown (2.5Y 5/2) loam;
many medium distinct light olive brown (2.5Y 5/6)
mottles; massive; friable; common lime masses;
strong effervescence; mildly alkaline.

The A horizon ranges from 12 to 24 inches in
thickness. It typically is loam but ranges to include clay
loam. The A1 horizon is black (10YR 2/1) or very dark
gray (10YR 3/1). The A3 horizon is very dark gray (10YR
3/1) or very dark grayish brown (10YR 3/2 or 2.5Y 3/2).
The B horizon has hue of 10YR or 2.5Y, value of 4 or 5,
and chroma of 2 or 4. It is loam or clay loam with clay
content ranging from 25 to 30 percent. The A and B
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horizons are neutral or slightly acid. The C horizon has
hue of 2.5Y, value of 5 or 6, and chroma of 2 through 6.
It is loam or clay loam with clay content ranging from 22
to 28 percent. The C horizon is mildly alkaline or
moderately alkaline and is calcareous.

Okoboji series

The Okoboiji series consists of very poorly drained
soils. Permeability is moderately slow. These soils
formed mainly in silty and loamy alluvium in depressions
on till plains. Native vegetation was prairie grasses.
Slopes range from 0 to 1 percent.

Okoboji soils are commonly adjacent to Canisteo,
Harps, and Webster soils. Canisteo, Harps, and Webster
soils do not have a cumulic epipedon and are lower in
clay content in the B horizon than Okoboiji soils.
Canisteo, Harps, and Webster soils are in a slightly
higher position on the landscape than Okoboiji soils.

Typical pedon of Okoboiji silty clay loam, 0 to 1
percent slopes, 1,180 feet west and 1,100 feet south of
the northeast corner of sec. 31, T. 85 N, R. 34 W.

Ap—O0 to 8 inches; black (10YR 2/1) silty clay loam, dark
gray (10YR 4/1) dry; weak fine subangular blocky
structure parting to moderate fine and medium
granular; friable; mildly alkaline; clear smooth
boundary.

A12—8 to 27 inches; black (10YR 2/1) silty clay loam,
dark gray (10YR 4/1) dry; weak fine subangular
blocky structure parting to weak medium granular;
friable; mildly alkaline; gradual smooth boundary.

B1g—27 to 37 inches; very dark gray (10YR 3/1) silty
clay loam, gray (10YR 5/1) dry; few fine dark
grayish brown (2.5Y 4/2) mottles and black (10YR
2/1) coatings on peds; moderate fine prismatic
structure parting to moderate fine subangular blocky;
firm; mildly alkaline; clear smooth boundary.

B21g—37 to 43 inches; mixed olive gray (5Y 5/2) and
dark gray (5Y 4/1) clay loam; common large distinct
yellowish brown (10YR 5/4) mottles; very dark gray
(10YR 3/1) coatings on peds; weak fine prismatic
structure parting to moderate medium subangular
blocky; firm; few snail shells; mildly alkaline; clear
smooth boundary.

B22g—43 to 49 inches; mixed gray (5Y 5/1) and olive
gray (5Y 5/2) clay loam; weak fine prismatic
structure parting to moderate fine and medium
subangular blocky; firm; few black (10YR 2/1)
organic clay flows; common soft lime masses;
strong effervescence; mildly alkaline; gradual
smooth boundary.

Cg—49 to 60 inches; gray (5Y 5/1) clay loam; common
large prominent yellowish brown (10YR 5/4) and
brown (7.5YR 4/4) mottles; massive; friable; strong
effervescence; mildly alkaline.
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The A horizon ranges from 24 to 36 inches in
thickness. It is black (N 2/0 or 10YR 2/1). The Bg
horizon has hue of 10YR or 5Y; value of 3, 4, or 5; and
chroma of 1 or 2. It is silty clay loam or clay loam with
clay content ranging from 35 to 40 percent. The A and
Bg horizons are neutral or mildly alkaline. The Cg
horizon has hue of 5Y, value of 4 or 5, and chroma of 1
or 2. It is mildly alkaline or moderately alkaline and is
calcareous. The Cg horizon is clay loam or silty clay
loam.

Ridgeport series

The Ridgeport series consists of somewhat
excessively drained soils on low stream benches.
Permeability is moderately rapid in the solum and rapid
or very rapid in the underlying material. These soils
formed in moderately coarse textured alluvium overlying
calcareous sand and gravel. Native vegetation was
prairie grasses. Slopes range from 1 to 3 percent.

Ridgeport soils are commonly adjacent to Biscay,
Cylinder, Spillville, and Wadena soils. Cylinder and
Wadena soils are in positions on the landscape similar to
those of Ridgeport soils but have more silt and clay in
the solum, are more poorly drained, and have a less
permeable solum. Spillville soils have more silt and clay
in the solum, have a deeper, less permeable solum, and
do not have coarse textured material at a depth of less
than 40 inches. Spillville soils are at a lower elevation
near the stream channel.

Typical pedon of Ridgeport sandy loam, 1 to 3 percent
slopes, 1,300 feet east and 330 feet north of the
southwest corner of sec. 27, T. 85 N., R 33 W.

Ap—0 to 7 inches; black (10YR 2/1) sandy loam, dark
gray (10YR 4/1) dry; weak fine granular structure;
friable; slightly acid; clear smooth boundary.

A12—7 to 14 inches; very dark brown (10YR 2/2) sandy
loam, dark gray (10YR 4/1) dry; weak fine and
medium granular structure; very friable; neutral; clear
smooth boundary.

B1—14 to 19 inches; dark brown (10YR 3/3) sandy
loam; thin discontinuous very dark grayish brown
(10YR 3/2) coatings on peds; weak medium and
fine subangular blocky structure; very friable; neutral;
clear smooth boundary.

B21—19 to 26 inches; dark yellowish brown (10YR 4/4)
sandy loam; thin discontinuous dark brown (10YR
3/3) coatings on peds; weak medium subangular
blocky structure parting to moderate fine subangular
blocky; very friable; neutral; gradual smooth
boundary.

B22—26 to 35 inches; mixed dark yellowish brown
(10YR 4/4) and yellowish brown (10YR 5/4) sandy
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loam; thin discontinuous dark brown (10YR 3/3)
coatings on peds; weak medium subangular blocky
structure parting to moderate fine subangular blocky;
very friable; neutral; clear smooth boundary.

IC1—35 to 40 inches; variegated colors but mainly
yellowish brown (10YR 5/4) sand and gravel; single
grain; loose; mildly alkaline; strong effervescence;
clear smooth boundary.

[IC2—40 to 60 inches; variegated colors but mainly
brown (10YR 5/3) and light brownish gray (10YR
6/2) sand and gravel; single grain; loose; mildly
alkaline; strong effervescence.

The thickness of the solum and the depth to free
carbonates range from 28 to 40 inches. The thickness of
the mollic epipedon ranges from 10 to 22 inches.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 1 or 2. The A and B horizons are fine sandy
loam or sandy loam. The B horizon has hue of 10YR;
value of 3, 4, or 5; and chroma of 3 or 4. The A and B
horizons are neutral or slightly acid. The IIC horizon has
hue of 10YR; value of 4, 5, or 6; and chroma of 2
through 6. Content of gravel in the IIC horizon ranges
from about 35 to 65 percent. It is mildly atkaline or
moderately alkaline.

Salida series

The Salida series consists of excessively drained, very
rapidly permeable soils. These soils formed mainly in
calcareous sand and gravel on knobs, valley trains, and
outwash plains. Native vegetation was prairie grasses.
Slopes range from 5 to 16 percent.

Salida soils are similar to Estherville soils and are
commonly adjacent to Estherville, Storden, and Wadena
soils on the landscape. Estherville soils are deeper to
sand and gravel than Salida soils. Storden soils formed
in loam glacial till. Estherville and Storden soils are in a
lower position on the landscape. Wadena soils have less
sand in the A and B horizons and are deeper to sand
and grave! than Salida soils. They are on outwash plains
below the Salida soils.

Typical pedon of Salida gravelly sandy loam, from an
area of Salida-Storden complex, 9 to 16 percent slopes,
1,750 feet north and 1,375 feet east of the southwest
corner of sec. 26, T. 85 N, R. 33 W.

Ap—a0 to 7 inches, very dark grayish brown (10YR 3/2)
gravelly sandy loam, grayish brown (10YR 5/2) dry;
weak medium granular structure; friable; 18 percent
gravel with a few cobbles; strong effervescence;
mildly alkaline; abrupt wavy boundary.

B2—7 to 15 inches; brown (10YR 4/3) gravelly loamy
coarse sand; single grain; loose; 35 percent gravel
with a few cobbles; violent effervescence; mildly
alkaline; gradual wavy boundary.
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C~—15 to 60 inches; variegated brown (10YR 4/3 and
5/3), dark yellowish brown (10YR 4/4), and
yellowish brown (10YR 5/4 and 5/6) gravelly coarse
sand; loose; 50 percent gravel, a few cobbles;
violent effervescence; moderately alkaline.

The solum thickness is 7 to 18 inches. The mollic
epipedon ranges from 7 to 9 inches in thickness. The
solum is generally calcareous throughout, but the depth
to carbonates ranges to 15 inches.

The Ap horizon is very dark brown (10YR 2/2), very
dark grayish brown (10YR 3/2), or dark brown (10YR
3/3). The B horizon is brown (10YR 4/3 or 10YR 5/3) or
dark yellowish brown (10YR 4/4). It is mildly alkaline or
moderately alkaline. The C horizon has hue of 10YR;
value of 4, 5, or 6; and chroma of 3 through 6. It is about
35 to 70 percent gravel.

Spillville series

The Spillville series consists of somewhat poorly
drained and moderately well drained, moderately
permeable soils. These soils formed in alluvium on foot
slopes, fans, low benches, and flood plains. Native
vegetation was prairie grasses. Slopes range from 0 to 5
percent.

Spillville soils are similar to Terril soils and are
commonly adjacent to Biscay, Coland, Cylinder,
Ridgeport, and Wadena soils on the landscape. Biscay,
Cylinder, and Wadena soils are underlain by sand and
gravel below the B horizon. Biscay and Coland soils are
poorly drained. Ridgeport soils are somewhat
excessively drained and have more sand than Spillville
soils. Storden soils formed in glacial till in uplands and
are upslope from Spiilville soils.

Typical pedon of Spillville loam, 0 to 2 percent slopes,
2,290 feet west and 675 feet north of the southeast
corner of sec. 28, T. 85 N., R. 33 W.

Ap—O0 to 8 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine granular structure; friable;
medium acid; clear smooth boundary.

A12—8 to 27 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; very weak fine subangular blocky
structure parting to weak fine granular; friable;
slightly acid; gradual smooth boundary.

A13—27 to 37 inches; black (10YR 2/1) and some very
dark gray (10YR 3/1) loam, dark gray (10YR 4/1)
dry; weak fine subangular blocky structure parting to
weak fine granular; friable; slightly acid; gradual
smooth boundary.

A14—37 to 46 inches; very dark grayish brown (10YR
3/2) loam, grayish brown (10YR 5/2) dry; common
fine faint brown (10YR 4/3) and dark gray (10YR
4/1) mottles; weak fine and medium subangular
blocky structure; friable; neutral; clear smooth
boundary.
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C1—46 to 52 inches; mixed dark grayish brown (10YR
4/2) and dark gray (10YR 4/1) loam; many fine faint
dark yellowish brown (10YR 4/4) mottles; weak very
fine subanguiar blocky structure; friable; few fine
dark accumulations (iron and manganese oxides);
neutral; clear smooth boundary.

C2—52 to 60 inches; dark gray (10YR 4/1) and gray
(10YR 5/1) loam; common fine distinct dark
yellowish brown (10YR 4/4) and few fine distinct
strong brown (7.5YR 5/6) mottles; friable; few fine
dark accumulations (iron and manganese oxides);
neutral.

The A horizon ranges from 36 to 52 inches in
thickness. It is black (10YR 2/1) or very dark brown
(10YR 2/2) in the upper part and very dark gray (10YR
3/1) or very dark grayish brown (10YR 3/2) in the lower
part. The A horizon typically is loam or, less commonly,
is silt loam. The C horizon has hue of 10YR, value of 4
or 5, and chroma of 1 through 6. It is loam or sandy
loam and has a clay content ranging from 14 to 24
percent. The C horizon is neutral or slightly acid to a
depth of 60 inches or more.

Storden series

The Storden series consists of well drained,
moderately permeable soils. These soils formed in
calcareous, loam glacial till in uplands. They are on
convex side slopes, ridges, and knobs along glacial
moraines. Native vegetation was prairie grasses. Slopes
range from 5 to 40 percent.

Storden soils are commonly adjacent to Clarion,
Lester, and Salida soils on the landscape. Clarion and
Lester soils have a thicker A horizon than Storden soils,
and they have a noncalcareous B horizon. Clarion and
Lester soils are generally on less convex slopes than
Storden soils. Salida soils have a mollic epipedon and
are underlain by sand and gravel. In addition, Salida soils
are on higher knobs and are commonly surrounded by
Storden soils.

Typical pedon of Storden loam, 9 to 14 percent
slopes, moderately eroded, 100 feet north and 2,090 feet
west of the southeast corner of sec. 6, T. 84 N., R. 34
W.

Ap—oO0 to 8 inches; very dark grayish brown (10YR 3/2)
and dark grayish brown (10YR 4/2) loam, grayish
brown (10YR 5/2) dry; mixed with streaks and
patches of brown (10YR 5/3) silt loam substratum
material; weak medium granular structure; friable;
few stones and common lime concretions; 10 to 13
percent calcium carbonate equivalent; strong
effervescence; moderately alkaline; abrupt smooth
boundary.
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Cica—8 to 22 inches; yellowish brown (10YR 5/4) loam;
weak fine subangular blocky structure; friable;
common lime accumulations and concretions; 15 to
20 percent calcium carbonate equivalent; strong
effervescence; moderately alkaline; gradual smooth
boundary.

C2ca—22 to 40 inches; yellowish brown (10YR 5/4)
loam; few fine faint yellowish brown (10YR 5/6)
mottles; massive; friable; common lime
accumulations and concretions; about 18 percent
calcium carbonate equivalent; strong effervescence;
moderately alkaline; gradual smooth boundary.

C3—40 to 60 inches; light olive brown (2.5Y 5/4) loam;
few fine distinct light brownish gray (10YR 6/2) and
yellowish brown (10YR 5/6) motties; many medium
faint brown (10YR 5/3) mottles; massive; friable;
strong effervescence; moderately alkaline.

Thickness of the solum and thickness of the A horizon
range from 3 to 9 inches.

The A horizon typically is dark grayish brown (10YR
4/2) but ranges to very dark grayish brown (10YR 3/2)
and brown (10YR 4/3 or 10YR 5/3). The C horizon is
dark yellowish brown (10YR 4/4), yellowish brown (10YR
5/4), or light olive brown (2.5Y 5/4). The A and C
horizons are loam with clay content ranging from 18 to
25 percent. They are moderately alkaline and are
calcareous.

Talcot series

The Talcot series consists of poorly drained soils
formed in loamy outwash or lacustrine sediment
underlain by sand and gravel. Permeability is moderate in
the upper part of the profile and rapid in the lower part.
These soils are on plane or slightly concave positions on
outwash plains or in depressions on stream benches.
Native vegetation was prairie grasses. Slopes range from
0 to 2 percent.

Talcot soils are commonly adjacent to Biscay, Calco,
Cylinder, and Wadena soils on the landscape. Biscay
soils are not calcareous in the surface layer. Cylinder
and Wadena soils are not calcareous and are not
so poorly drained as Talcot soils. Calco soils are not
underlain by sand and gravel at a depth of less than 40
inches. All of these soils are in positions on the
landscape similar to those of Talcot soils.

Typical pedon of Talcot silty clay loam, 32 to 40
inches to sand and gravel, 0 to 2 percent slopes, 2,060
feet east and 2,240 feet south of the northwest corner of
sec. 15, T. 83 N,, R. 34 W.

Ap—0 to 8 inches; black (N 2/0) silty clay loam, dark
gray (10YR 4/1) dry; moderate fine granular
structure; friable; common fine snail shell fragments;
strong effervescence; moderately alkaline; clear
smooth boundary.
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A12—8 to 17 inches; black (N 2/0) clay loam, very dark
gray (10YR 3/1) dry; moderate fine granular
structure; friable; slight effervescence; moderately
alkaline; clear smooth boundary.

A3—17 to 22 inches; very dark gray (10YR 3/1) clay
loam, dark gray (10YR 4/1) dry; few fine distinct
dark yellowish brown (10YR 4/4) mottles; moderate
fine subangular blocky structure; friable; slight
effervescence; moderately alkaline; clear smooth
boundary.

B21—22 to 28 inches; mixed dark gray (5Y 4/1) and
gray (5Y 5/1) clay loam; moderate fine subangular
blocky structure; firm; slight effervescence;
moderately alkaline; clear smooth boundary.

B22—28 to 35 inches; mixed gray (5Y 5/1) and light
gray (5Y 6/1) clay loam; few medium prominent
yellowish brown (10YR 5/6) mottles; discontinuous
dark gray (5Y 4/1) coatings on peds; weak fine
subangular blocky structure; firm; few soft lime
accumulations; slight effervescence; moderately
alkaline; gradual smooth boundary.

IIC1—35 to 56 inches; olive gray (5Y 5/2) sand and
gravel; single grain; loose; lenses of loamy sand at a
depth of 43 to 45 inches; strong effervescence;
mildly alkaline; abrupt smooth boundary.

11IC2—56 to 60 inches; variegated olive gray (5Y 5/2),
strong brown (7.5YR 5/6), and yellowish brown
(10YR 5/6 and 5/8) sand and gravel; single grain;
loose; common fine dark accumulations (iron and
manganese oxides); strong effervescence;
moderately alkaline.

The A horizon ranges from 15 to 23 inches in
thickness. It is black (N 2/0 or 10YR 2/1) or very dark
gray (10YR 3/1). The B horizon is dark gray (5Y 4/1),
gray (5Y 5/1), light gray (5Y 6/1), or olive gray (5Y 4/2
or 5/2). The B2 horizon is clay loam or loam. A B3
horizon that is loam, sandy clay loam, or sandy loam is
present in some pedons. The IIC horizon has hue of 5Y,
2.5Y, 10YR, or 7.5YR; value of 4 or 6; and chroma of 1
through 8. Content of gravel ranges from 40 to 60
percent. The IIC horizon is mildly alkaline or moderately
alkaline and is calcareous.

Terril series

The Terril series consists of moderately well drained,
moderately permeable soils that formed in local alluvium
derived from glacial till. These soils are on foot slopes
and alluvial fans. Native vegetation was prairie grasses.
Slopes range from 2 to 9 percent.

Terril soils are similar to Spillville soils and are
commonly adjacent to Clarion and Storden soils upslope
and to Canisteo, Coland, and Webster soils downslope.
Clarion, Canisteo, Storden, and Webster soils have
thinner mollic epipedons than Terril soils, and Canisteo,
Coland, and Webster soils have grayer subsoils. Spillville
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soils have a thicker A horizon and do not have chroma
of 3 at a depth of 30 to 36 inches.

Typical pedon of Terril loam, 5 to 9 percent slopes,
570 feet north and 500 feet west of the southeast corner
of sec. 25, T. 83 N, R. 34 W.

A11—0 to 8 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine granular structure; friable;
slightly acid; clear smooth boundary.

A12—8 to 16 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak fine subangular blocky
structure parting to weak fine granular; friable;
slightly acid; gradual smooth boundary.

A13—16 to 22 inches; very dark grayish brown (10YR
3/2) loam, dark grayish brown (10YR 4/2) dry; thin
discontinuous very dark gray (10YR 3/1) coatings
on peds; weak fine subangular blocky structure;
friable; slightly acid; clear smooth boundary.

A3—22 to 32 inches; very dark grayish brown (10YR
3/2) loam, grayish brown (10YR 5/2) dry; thin
discontinuous very dark gray (10YR 3/1) coatings
on peds; weak fine subangular blocky structure;
friable; slightly acid; clear smooth boundary.

B21—32 to 38 inches; dark brown (10YR 3/3) loam,
brown (10YR 5/3) dry; thin discontinuous very dark
grayish brown (10YR 3/2) coatings on peds; weak
fine subangular blocky structure; friable; few gravel;
neutral; clear smooth boundary.

B22—38 to 47 inches; brown (10YR 4/3) loam; weak
medium and fine subangular blocky structure; friable;
neutral; gradual smooth boundary.

B23—47 to 57 inches; brown (10YR 4/3) loam; weak
medium and fine subangular blocky structure; friable;
few gravel; neutral; gradual smooth boundary.

B3—57 to 60 inches; brown (10YR 4/3) loam; weak fine
subangular blocky structure; friable; neutral.

Solum thickness ranges from 44 to 63 inches.

The A1 horizon is black (10YR 2/1) or very dark
brown (10YR 2/2) in the upper part and very dark brown
(10YR 2/2) or very dark grayish brown (10YR 3/2) in the
lower part. It ranges from 24 to 36 inches in thickness.
Some areas that have recent overwash have surface
horizons that are very dark gray (10YR 3/1) or very dark
grayish brown (10YR 3/2). Matrix colors in the B horizon
have value of 3 and chroma of 2 or 3 in the upper part;
however, within a depth of 40 inches or less, chroma is
3 or 4 and value is commonly 4. The B horizon is
commonly loam or light clay loam.

Wadena series

The Wadena series consists of well drained soils that
have moderate permeability in the upper part of the
profile and very rapid permeability in the lower part.
These soils are on plane to slightly convex positions on
outwash plains, valley trains, and stream benches.
Wadena soils formed in medium textured glacial
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sediment and in the underlying sand and gravel. Native
vegetation was prairie grasses. Slopes range from 0 to 9
percent.

Wadena soils are commonly adjacent to Cylinder and
Estherville soils on the landscape. Cylinder soils are
more poorly drained than Wadena soils, and Estherville
soils have less clay and more gravel in the solum. These
soils are in positions on the landscape similar to those of
Wadena soils.

Typical pedon of Wadena loam, 24 to 32 inches to
sand and gravel, O to 2 percent slopes, 141 feet east
and 820 feet north of the southwest corner of sec. 35, T.
85N, R. 33 W.

Ap—0 to 9 inches; black (10YR 2/1) loam, dark gray
(10YR 4/1) dry; weak medium and fine subangular
blocky structure parting to weak fine granular;
friable; slightly acid; clear smooth boundary.

A3-—9 to 17 inches; very dark grayish brown (10YR 3/2)
loam, grayish brown (10YR 5/2) dry; discontinuous
very dark gray (10YR 3/1) coatings on peds; weak
fine and medium subangular blocky structure; friable;
slightly acid; clear smooth boundary.

B21—17 to 23 inches; brown (10YR 4/3) loam; weak
medium and fine subangular blocky structure; friable;
slightly acid; clear smooth boundary.

B22—23 to 29 inches; dark yellowish brown (10YR 4/4)
loam; weak medium and fine subangular blocky
structure; friable; about 10 percent gravel; slightly
acid; clear smooth boundary.

1IB3—29 to 34 inches; brown (7.5YR 4/4) gravelly loamy
sand; weak fine and medium subangular blocky
structure; very friable; slightly acid; abrupt smooth
boundary.

1IC1—34 to 46 inches; dark grayish brown (10YR 4/2)
sand and gravel; single grain; loose; strong
effervescence; moderately alkaline; abrupt smooth
boundary.

IIC2—46 to 60 inches; mixed brown (10YR 5/3), pale
brown (10YR 6/3), and yellowish brown (10YR 5/4)
medium and coarse sand and gravel; single grain;
loose; strong effervescence; moderately alikaline.

The thickness of the solum and depth to the IIC
horizon range from 24 to 40 inches. The mollic epipedon
ranges from 12 to 18 inches in thickness.

The B horizon has hue of 10YR in the upper part and
hue of 10YR or 7.5YR in the lower part, value of 3
through 5, and chroma of 3 or 4. Some pedons do not
have a B3 horizon extending into leached sand and
gravel. The sand is typically medium or coarse in these
horizons. The IIC horizon is gravelly coarse sand,
stratified sand, or coarse sand and gravel of mixed
mineralogy. It typically has free carbonates above a
depth of 42 inches.
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Webster series

The Webster series consists of poorly drained,
moderately permeable soils. These soils formed in
calcareous glacial till or local alluvium derived from till.
They are in irregularly shaped swales, draws, and flats
on uplands. Native vegetation was prairie grasses.
Slopes range from 0 to 2 percent.

Webster soils are similar to Canisteo soils and are
commonly adjacent to Canisteo and Okoboji soils.
Canisteo and Harps soils are more calcareous and are in
positions on the landscape similar to those of Webster
soils. Clarion and Nicollet soils are better drained and
are on more sloping uplands. Okoboiji soils are in
depressional areas and are in a lower lying position than
Webster soils.

Typical pedon of Webster silty clay loam, 0 to 2
percent slopes, 920 feet south and 156 feet west of the
northeast corner of sec. 8, T. 84 N.,, R 33 W.

Ap—0 to 8 inches; black (N 2/0) silty clay loam that has
moderate sand content, very dark gray (10YR 3/1)
dry; weak fine granular structure; friable; slightly
acid; clear smooth boundary.

A12—8 to 12 inches; black (N 2/0) silty clay loam that
has moderate sand content, very dark gray (10YR
3/1) dry; moderate fine subangular blocky structure
parting to moderate fine granular; friable; neutral;
clear smooth boundary.

A3—12 to 21 inches; very dark gray (10YR 3/1) clay
loam, dark gray (10YR 4/1) dry; discontinuous black
(10YR 2/1) coatings on peds; weak fine and very
fine subangular blocky structure; friable; neutral;
clear smooth boundary.

B1g—21 to 24 inches; dark gray .(5Y 4/1) clay loam; few
fine distinct yellowish brown (10YR 5/4) mottles;
discontinuous black (10YR 2/1) coatings on peds;
moderate fine and medium subangular blocky
structure; friable; mildly alkaline; gradual smooth
boundary.

B2g—24 to 31 inches; olive gray (5Y 4/2) light clay
loam; few fine prominent yellowish brown (10YR
5/6) mottles; discontinuous dark gray (5Y 4/1)
coatings on peds; weak medium and fine subangular
blocky structure; friable; neutral; gradual smooth
boundary.

B3g—31 to 45 inches; olive gray (5Y 5/2) loam;
common medium prominent yellowish brown (10YR
5/8) and few fine faint dark grayish brown (2.5Y
4/2) mottles; weak medium subangular blocky
structure; friable; common fine dark accumulations
(iron and manganese oxides); mildly alkaline.

C1g—45 to 51 inches; olive gray (5Y 5/2) loam; few fine
distinct light yellowish brown (10YR 5/8) mottles;
massive; friable; few fine dark accumulations (iron
and manganese oxides); slight effervescence;
moderately alkaline; gradual smooth boundary.
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C2g—51 to 60 inches; olive gray (5Y 5/2) loam;
common medium prominent yellowish brown (10YR
5/8) and few fine faint pale olive (5Y 6/3) mottles;
massive; friable; few fine dark accumulations (iron
and manganese oxides); strong effervescence;
moderately alkaline.

The A horizon ranges from 12 to 24 inches in
thickness. It is silty clay loam or clay loam with clay
content ranging from 30 to 35 percent. The A1 horizon is
black (N 2/0 or 10YR 2/1), and the A3 horizon is very
dark gray (10YR 3/1 or 5Y 3/1). The B horizon is loam
or clay loam with clay content ranging from 25 to 30
percent. It is dark gray (5Y 4/1), gray (5Y 5/1), or olive
gray (5Y 4/2 or 5Y 5/2). The C horizon typically is loam
but ranges to clay loam with clay content of fess than 30
percent. It is olive gray (8Y 5/2), light olive gray (5Y
6/2), gray (5Y 5/1), or light gray (5Y 6/1). The C horizon
is mildly alkaline or moderately alkaline and is
calcareous.

Zook series

The Zook series consists of poorly drained, slowly
permeable soils that formed in clayey and silty alluvium.
These soils are on low, nearly level flood plains and in
drainageways. Native vegetation was prairie grasses.
Slopes range from 0 to 2 percent.

Zook soils are commonly adjacent to Ackmore, Calco,
Canisteo, Coland, and Colo soils on the landscape. All of
these soils have less clay at depths of less than 40
inches than Zook soils. Ackmore soils are stratified and
have a buried soil. Calco and Canisteo soils are
calcareous, and Canisteo soils have a thinner mollic
epipedon than Zook soils. Coland soils have a higher
content of sand. Ackmore, Calco, and Coland soils are in
positions on the landscape similar to those of Zook soils.
Cansisteo soils are at a slightly higher elevation.

Typical pedon of Zook silty clay loam, O to 2 percent
slopes, 595 feet east and 2,470 feet north of the
southwest corner of sec. 15, T. 83 N,, R. 36 W.

Ap—O0 to 7 inches; black (10YR 2/1) silty clay loam, dark
gray (10YR 4/1) dry; moderate fine granular
structure; friable; slightly acid; clear smooth
boundary. )

A12—7 to 18 inches; black (N 2/0) silty clay loam, very
dark gray (2.5Y 3/0) dry; moderate medium and fine
granular structure; firm; slightly acid; gradual smooth
boundary.

A3—18 to 31 inches; black (N 2/0) silty clay, dark gray
(2.5Y 4/0) dry; moderate medium granular structure;
firm; slightly acid; gradual smooth boundary.

B2g—31 to 44 inches; very dark gray (10YR 3/1) silty
clay, dark gray (10YR 4/1) dry; moderate medium
and fine subangular blocky structure; firm; slightly
acid; gradual smooth boundary.
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B3g—44 to 60 inches; dark gray (10YR 4/1) silty clay
loam; few fine distinct dark yellowish brown (10YR
4/4) mottles; moderate medium subangular blocky
structure; firm; slightly acid.

The thickness of the solum ranges from 44 to 60
inches or more.

The A horizon is silty clay loam or silty clay with clay
content ranging from 32 to 45 percent. It is 26 to 38
inches thick. The Bg horizon is black (10YR 2/1) or very
dark gray (10YR 3/1) at a depth of less than 40 inches
and very dark gray (10YR 3/1) or dark gray (10YR 4/1)
at a depth of more than 40 inches. It is about 38 to 45
percent content of clay. The Bg horizon is 10 to 40
inches thick and ranges from medium acid to neutral.
The Cg horizon is silty clay loam or silty clay with clay
content ranging from 36 to 42 percent. It is neutral or
mildly alkaline.

formation of the soils

This section lists the factors of soil formation and
relates them to the formation of the soils in Carroll
County. It also explains the formation of soil horizons
and the processes that influence their formation.

factors of soil formation

Soil is produced by the action of soil-forming
processes on materials deposited or accumulated by
geologic agencies. The characteristics of the soil at any
given point are determined by (1) the physical and
mineralogical composition of the parent material, (2) the
climate under which the soil material has accumulated
and existed since accumulation, (3) the plant and animal
life on and in the soil, (4) the relief, or lay of the land,
and (5) the length of time the forces of soil formation
have acted on the soil material. These characteristics
and man’s influence on the soils are discussed in this
section.

Climate and vegetation are active factors of soil
genesis. They act on the parent material that has
accumulated through the weathering of rocks and slowly
change it into a natural body with genetically related
horizons. The effects of climate and vegetation are
conditioned by relief. The parent material also affects the
kind of profile that can be formed and, in extreme cases,
determines it almost entirely. Finally, time is needed for
the changing of the parent material into a soil profile. It
may be a long or short time, but some time is always
required for horizon differentiation. Generally a long time
is required for the development of distinct horizons.

The factors of soil genesis are so closely interrelated
in their effects on the soil that few generalizations can
be made regarding the effect of any one factor unless
conditions are specified for the other four. Many of the
processes of soil development are unknown.
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parent material

The soils of Carroll County formed in loess, glacial till,
alluvium, and eolian sand. The relationship of some of
the major soils to their parent material is shown in
figures 2, 4, 5, 6, 7, 9, and 10.

Glacial till and loess are the most extensive soil parent
material in the county. Three glaciers have deposited
material in Carroll County—the Nebraskan, the Kansan,
and the Wisconsin. The Wisconsin glacial till is the most
recently deposited and most extensive soil parent
material in Carroll County.

The northeastern part of Carroll County, north and
east of the Middie Raccoon River, was covered by the
Des Moines lobe of the Wisconsin Glaciation. The till,
which is the parent material for most of the soils in this
part of the county, is friable loam or clay loam and was
deposited by the Cary substage of the Wisconsin
Glaciation (78, 79). Radiocarbon dating taken from the
base of the till in the southern part of the lobe indicates
that this glaciation took place about 14,000 years ago.
The poorly developed surface drainage system and
numerous closed depressions give evidence of the
geologic youth of the Cary substage. The major soils that
formed in Cary till are the Clarion, Storden, and Nicollet
series. The Webster, Canisteo, and Harps soils formed in
glacial till and in glacial sediment or reworked glacial til!
over glacial till (30, 37). The Okoboiji soils formed in
reworked glacial till and local alluvium.

The Nebraskan till was the first till to be deposited. It
is not identifiable on the landscape because it has been
buried by the Kansan till. The Kansan till is exposed on
some side slopes and ridges in the southwestern part of
Carroll County. The unweathered Kansan till is firm,
calcareous clay loam. It contains pebbles, boulders, and
sand as well as silt and clay. This till is a heterogeneous
mixture and shows little evidence of sorting or
stratification. The mineral composition of its components
is also heterogeneous (77) and is similar to that of
particles in unweathered loess.

Some soils formed on the Kansan till piain during the
Yarmouth and Sangamon interglacial period before the
loess was deposited (20). Soils formed during this period
are called Yarmouth-Sangamon paleosols.

Some soils formed in the Kansan till during Yarmouth
and Sangamon time. These soils were later covered by
loess. Geologic erosion has removed the loess from
many slopes and exposed these paleosols. In some
places, the paleosols have been beveled or truncated
and only the lower part of the strongly weathered
paleosols remains. This erosion took place prior to
deposition of the loess, or before about 25,000 years
ago. In other places, erosion has removed all of the
paleosol and exposed till that is only slightly weathered
at the surface. This erosion took place mostly in
postglacial times.

The Adair and Armstrong soils formed in areas where
the less strongly sloping, weathered, reddish paleosol



Carroll County, lowa

crops out. The Burchard and Gara soils formed in slightly
weathered glacial till that has had the overlying
paleosols removed by geologic erosion.

Loess is the most extensive parent material in the
southwestern part of Carroll County. It is yellowish-
brown, wind-deposited material that consists mostly of
silt particles but contains smaller amounts of clay and
sand. Loess was deposited during the Wisconsin glacial
period, which took place about 24,500 to 14,000 years
ago (74). It was probably blown mainly from the flood
plain of the Missouri River along the western boundary
of lowa (8). The thickness of the loess and the
differences among soils formed in loess are related to
the distance from the source of the loess. The loess is
thickest in the western part of Carroll County. It is about
12 to 18 feet thick on the most stable parts of the
uplands. Loess occurs mostly in the areas on uplands. It
is thinner on the side slopes and on the steeper slopes,
all or part of it has been removed by erosion. In these
places, glacial till is exposed on the surface. The loess in
the southwestern and southern parts of lowa gradually
thins and becomes finer textured from west to east.

The Marshall and Exira soils are the most extensive
soils in Carroll County that formed from loess. The Ida
and Knox soils also formed in loess but are less
extensive. This loess and the soils that formed in it in the
western and southwestern parts of lowa have been the
subject of much study and investigation (4, 5, 7, 16, 17,
21, 25, 26, 28).

Alluvium consists of sediment deposited along major
and minor streams, in drainageways, and on benches.
The texture of the alluvium varies widely because of
differences in the material from which it came and the
manner in which it was deposited. In Carroll County,
alluvium has been mainly derived from loess, glacial till,
and outwash deposited by melt water from glaciers.

Alluvial material that has been transported for only a
short distance is called local alluvium. Such alluvium
retains many of the characteristics of the soils from
which it has washed. Judson soils, for example,
generally are at the base of slopes below soils that
formed in loess. They are silty and have a texture similar
to the soils upslope. The Terril soifs also formed in local
alluvium but are generally downslope from till-derived
soils. They contain more sand than Judson soils
because the alluvium in which they formed came from
sandier soils.

When rivers and streams overflow their channels, the
coarse-textured, sandy material that is carried is
deposited first, adjacent to the stream. As the water
spreads outward toward the uplands, it moves more
slowly, and generally, the farther it spreads from the
stream channel, the finer the particles that are
deposited, and the finer textured the soils that occur
there.

This pattern of deposition is demonstrated on the
wider stream bottoms in the northeastern part of the
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county. Fluvaquents, nearly level, are nearest the
streams. The Spillville, Calco, and Coland soils are next,
and the Zook soils are generally farthest from the main
channel. The Zook soils are the finest textured and most
poorly drained of these soils, and they commonly are
somewhat lower in elevation than the other soils.

The Wadena and Cylinder soils are in the northeastern
part of Carroll County and are generally on benches
along streams. They formed in loamy alluvium overlying
sand and gravel. This material was deposited by melt
water from the receding Cary glacial ice. Other soils that
are less prevalent are the Biscay, Talcot, Estherville, and
Salida soils. These soils are generally in valleys on
benches, but they also occur in outwash areas in
uplands.

The soils that formed in silty alluvium are in the
southwestern part of the county. They include the
Ackmore, Colo, and Zook soils on bottom lands and the
Judson soils on foot slopes.

Eolian sand is a parent material that occurs in very
small amounts in Carroll County. This sand was
deposited by winds during the same period as the ioess.
Apparently there were sources, probably the nearby
stream bottoms, from which the sand was picked up and
redeposited. The Dickman soils are the only soils in the
county that formed in this material. These soils are
mainly in small areas and are surrounded by soils that
formed in loess. In Carroll County, the Dickman soils are
in the Marshall-Dickman complexes.
climate

According to recent evidence, the soils in Carroll
County formed under variable climatic conditions. In the
post-Cary glaciation period, which took place about
13,000 to 10,500 years ago, the climate was cool, and
the vegetation was dominantly conifers. From 10,500 to
8,000 years ago, a warming trend occurred, and the
vegetation changed to mixed forest that was dominantly
hardwoods. Beginning about 8,000 years ago, the
climate became still warmer and drier, and herbaceous
prairie vegetation became dominant. A late change in
postglacial climate from relatively dry prairie to moister
conditions took place about 3,000 years ago (72, 30).
The present climate is midcontinental subhumid.

Nearly uniform climate prevails throughout the county;
however, some variation occurs in amount of rainfall.
The influence of the general climate is modified by local
conditions in or near the developing soil. For example,
south-facing slopes have a microclimate that is warmer
and less humid than the average climate of nearby
areas. Because north- and east-facing slopes tend to be
cooler and moister than south-facing slopes in Carroll
County, natural stands of trees are more likely to grow
well. Low-lying or depressional, poorly drained or very
poorly drained soils are wetter and colder than most of
the soils around them.

Climate has had an important overall influence on the
characteristics of the soils in Carroll County, but it has
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not caused major differences among them. Local climate
differences have influenced the characteristics of the
soils, however, and account for some of the differences
in soils within the same climatic region.

Weathering of the parent material by water and air is
activated by changes in temperature. As a result of
weathering, both physical and chemical changes take
place in the soil. Rainfall influences the formation of the
soils through its effect on the amount of leaching in soils
and on the kinds of plants that grow.

Some variations in plant and animal life are the result
of variations in temperature, and some variations are
caused by changes in soils brought about by climatic
conditions. To the extent that such changes occur,
climate indirectly influences the soils in bringing about
variations in plant and animal life.
plant and animal life

Living organisms are important in soil development.
The activities of burrowing animals, worms, crayfish, and
micro-organisms, for example, are reflected in soil
properties. Differences in the kind of vegetation,
however, cause the most marked differences among
soils (29).

The soils of Carroll County have been influenced by
prairie grasses and trees. Tall prairie grasses were the
dominant vegetation at the time of settlement. Trees
were near most of the major streams and their larger
tributaries.

Because grasses have decayed in or on the soil, soils
that formed under prairie vegetation typically have a
thicker, darker surface layer than soils that formed under
trees. In soils that formed under trees, the organic
matter, derived principally from leaves, was deposited
mainly on the surface. These soils generally are more
acid and have more downward movement of bases and
clay minerals in the profile than soils that formed under
prairie grasses.

The Marshall and Exira soils are typical of soils that
formed in loess under prairie vegetation, and the Clarion,
Nicollet, and Burchard soils are typical of soils that
formed in glacial till. Very poorly drained soils, such as
the Okoboji soils, formed under native vegetation of
sedges, cattails, and other vegetation tolerant of
wetness.

The Knox and Gara soils are among the soils in
Carroll County that formed under mixed prairie and forest
vegetation. Knox soils formed in loess, and Gara soils
formed in glacial till. Where they have not been
cultivated, these soils have a thin A1 horizon, an A2
horizon that is distinctly lighter colored than the A1
horizon when dry, and a B horizon that has stronger
structure and more evidence of the accumulation of
silicate clay than soils that formed under prairie grasses.

Knox and Gara soils have properties intermediate
between soils that formed entirely under trees and soils
that formed under grass. These soils appear to have
formed under prairie grasses but changed their
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properties when trees later grew in the area. The
morphology of these soils reflects the influence of both
trees and grass.

relief

Relief, or topography, refers to the lay of the land. In
Carroll County, soils range from nearly level to very
steep. Relief is an important factor in soil formation
because it affects drainage, runoff, the height of the
water table, and erosion. A difference in topography is
the main cause of the difference in properties in some of
the soils in the county.

The thickness and color of the A horizon and the
thickness of the solum are related to slope because
slope affects erosion and the amount of water that runs
off and percolates through the soil. For example, the
differences in the thickness and color of the A horizon in
the Storden, Clarion, and Nicollet soils, all of which
formed in similar parent material, are related to their
topography. The thickness of the A horizon increases
and the color darkens on these soils as slope
decreases. Most areas of the Storden soils are strongly
sloping to steep, the Clarion soils are mainly gently
sloping or moderately sloping, and the Nicollet soils are
very gently sloping. The thickness of the solum
increases and depth to carbonates increases from the
thinner Storden soil to the thicker Clarion and Nicollet
soils. On soils similar to Burchard soils, which have a
wide range of slopes, the depth to carbonates and the
thickness of the solum become shallower as the
percentage of slope increases and the slope becomes
more convex. '

Relief affects the color of the B horizon through its
effect on drainage and soil aeration. The subsoil of a soil
that has good drainage generally is brown because iron
compounds are well distributed throughout the horizon
and are oxidized. On the other hand, the subsoil of soils
that have restricted drainage or poor aeration caused by
wetness and a high water table is generally grayish and
mottled. The Webster and Okoboji soils are poorly
drained and very poorly drained, nearly level and.
depressional soils which show evidence of wetness in
the soil profile. The Marshall soils are well drained,
sloping soils that have a brownish B horizon. Adair soils
are somewhat poorly drained and are grayish brown in
the subsoil. The profile characteristics of these soils
indicate that they are intermediate in drainage.

The water that percolates through the soils removes
clay from the A horizon, and much of this clay
accumulates in the B horizon. Generally, even if the soils
formed in similar parent material under similar
vegetation, differences occur in the amount of water that
percolates through the soil. Soils on nearly level areas or
in depressions have more water percolating through the
profile than soils on slopes where more runoff occurs.
time

The passage of time enables the factors of relief,
climate, and plant and animal life to bring about changes
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in parent material. Very similar kinds of soils are formed
in widely different kinds of parent material if other factors
continue to operate over long periods of time. Soil
development, however, is generally interrupted by
geologic events that expose new material. New parent
material has been added to the upland at least three
times in most of Carroll County and four times in the
northeastern part (22). In all parts of the county, the
bedrock was first covered by glacial drift from two
different glaciers and later covered by loess. In the
northeastern part of the county, a third glacier
subsequently deposited the present surface material.

The Lamoni soil has a subsoil that is among the most
weathered in the county. This soil formed in Kansan till
that began to weather during the Yarmouth and
Sangamon period. Later, it was covered by loess. More
recently, the upper part of the ancient subsoil material
has again been exposed to weathering because the
loess has been removed by erosion.

The radiocarbon technique for determining the age of
carbonaceous material found in loess and till has been
useful in dating late Pleistocene events (75). Wisconsin
loess deposition began about 25,000 years ago and
continued to about 14,000 years ago (6). Based on these
dates, the surface of the nearly level, loess-mantled
divides in lowa is about 14,000 years old. In Carroll
County, these stable areas include the nearly level soils
and most of the gently sloping soils in divides, mainly the
Marshall and Exira soils. Radiocarbon dates from the
base of the Cary glacial drift in the southern part of the
Des Moines lobe have indicated that the material from
this drift was deposited about 14,000 years ago. Thus, all
soils formed in this material are not more than 14,000
years old. In many areas in lowa, including Carroll
County, geologic erosion has beveled and, in places,
removed material on side slopes and deposited new
sediment downslope. The surface layer of nearly level
soils on upland divides is older than that on the siopes
that bevel and ascend to the divides. Thus, the soils on
side slopes are less than 14,000 years old. In Carroll
County, the most common soils on side slopes are the
Burchard soils in the southwestern part of the county
and the Clarion and Storden soils in the northeastern
part.

The sediment stripped from side slopes has
accumulated to form local alluvium. The age of soils on
side slopes is determined by dating the alluvial fill at the
base of slopes. In some stream valleys in western lowa
this material is less than 1,800 years old. Some of the
soils that formed in alluvium in Carroil County are the
Colo, Coland, Calco, Spillville, and Zook series. The
Ackmore soils also formed in alluvium, some of which
has been deposited since settlement by man.
man’s influence on the solls

Important soil changes have taken place in the soils
since Carroll County was settled. Breaking of the prairie
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sod and clearing of the timber have removed and
changed the protective vegetative cover.

The most apparent changes are caused by erosion. As
the soil was cultivated, surface runoff increased and the
rate at which water moved into the soil decreased. This
resulted in accelerated erosion that removed part or all
of the surface layer from many of the cultivated, sloping
soils. In some places, shallow to deep gullies formed.

Erosion has changed not only the thickness of the
surface layer, but the structure and consistence of the
soil as well. In severely eroded areas, the plow layer
often consists partly of the upper part of the subsail,
which is less friable and finer textured than the original
surface layer.

Erosion and cultivation also affect the soil by reducing
the organic matter content and lowering the fertility of
the soil. Even in areas not subject to erosion,
compaction by heavy machinery reduces the thickness
of the surface layer and changes its structure. The
granular structure, so apparent in virgin grassland,
breaks down under intensive cultivation.

On the other hand, man has done much to increase
productivity, decrease soil loss, and reclaim areas not
suitable for crops or pasture. For example, terraces,
erosion control structures, and other erosion control
practices have slowed and in some places controlled
runoff and erosion. The establishment of diversion
terraces at the base of slopes, the construction of
drainage ditches, and the use of other conservation
practices have aided in the prevention of flooding and
deposition and have made large areas of bottom land
suitable for cultivation.

Through the use of commercial fertilizers and lime,
deficiencies in plant nutrients are corrected and as a
result many soils are more productive than before they
were cultivated.

Erosion is one of the main causes of the reduction of
organic matter in soils. However, figures indicate (24)
that as much as one-third of the organic matter can be
lost by causes other than erosion. Management
practices have shown that it is not economically feasible
to maintain as high a reserve of organic matter as was
originally present under native grasses. It is necessary,
however, to maintain a safe and economical level for
crop production. In the soils lowest in organic matter,
control of erosion is the most economical means of
increasing and maintaining productivity.
processes of soil horizon differentiation

Horizon differentiation is caused by additions,
removals, transfers, and transformations in the soil
system (23). Each of these changes affects many
substances that make up the soils. For example,
additions, removals, transfers, or transformations affect
the content of organic matter and the soluble salts,
carbonates, sesquioxides, or silicate clay minerals in the
soils.
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In general, these processes tend to promote horizon
differentiation, but some changes tend to offset or retard
it. These processes, and the changes brought about by
them, proceed simultaneously in the soils, and the
ultimate nature of the profile is governed by the balance
of changes within the profile.

Additions of organic matter are an early step in the
process of horizon differentiation in most soils. Soils in
Carroll County range from high to very low in the content
of organic matter that has accumulated in the A1
horizon. The Knox and Gara soils, for example, have a
thin A1 horizon and are low in organic matter content.
The Webster and Colo soils have a thick A1 horizon and
are high in organic matter content. Some soils that were
formerly high in content of organic matter are now low
because of erosion.

The removal of substances from parts of the profile is
important in the differentiation of soil horizons in Carroll
County. Most of the soils have been leached free of
calcium carbonates in the upper part of the profile, and
some soils have been so strongly leached that they are
strongly acid in the surface layer and subsoil. The Caico,
Canisteo, Harps, Storden, and Talcot soils are
exceptions. These soils are calcareous throughout.

Transfers of substances from one horizon to another
are evident in the soils of Carroll County. Phosphorus is
removed from the subsoil by plant roots, transferred to
parts of the plant growing above the ground, and,

subsequently, is added to the surface layer as plant
residue. ‘

The translocation of clay is another important transfer
process in horizon differentiation. Clay, composed mostly
of silicate clay minerals in this area, is carried downward
in suspension in percolating water from the A horizon. It
accumulates in the B horizon in pores and root channels
and as clay films on ped faces.

Transfer of another kind occurs to some extent in
clayey soils. It is brought about by shrinking and swelling,
which causes the formation of cracks and the
incorporation of some materials from the surface layer
into the lower part of the profile. The Lamoni and Adair
soils have potential for this kind of physical transfer.

Transformations are both physical and chemical. For
example, soil particles are weathered to smaller sizes.
The reduction of iron is also an example of
transformation. This process is called gleying and
involves the saturation of soil with water for long periods
in areas where there is organic matter. It is characterized
by the occurrence of ferrous iron and soils of grayish
hue. Reductive, extractable iron, or free iron, is generally
at a greater depth in poorly drained soils, such as the
Canisteo and Webster soils. Still another kind of
transformation is the weathering of the primary apatite
mineral present in the parent material to secondary
phosphorus compounds.
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ABC soil. A soil having an A, a B, and a C horizon.

AC soll. A soil having only an A and a C horizon.
Commonly such soil formed in recent alluvium or on
steep rocky slopes.

Aeration, soil. The exchange of air in soil with air from
the atmosphere. The air in a well aerated soil is
similar to that in the atmosphere; the air in a poorly
aerated soil is considerably higher in carbon dioxide
and lower in oxygen.

Aggregate, soil. Many fine particles held in a single
mass or cluster. Natural soil aggregates, such as
granules, blocks, or prisms, are called peds. Clods
are aggregates produced by tillage or logging.

Altuvium. Material, such as sand, silt, or clay, deposited
on land by streams.

Association, soil. A group of soils geographically
associated in a characteristic repeating pattern and
defined and delineated as a single map unit.

Avalilable water capacity (available moisture
capacity). The capacity of soils to hold water
available for use by most plants. It is commonly
defined as the difference between the amount of
soil water at field moisture capacity and the amount
at wilting.point. It is commonly expressed as inches
of water per inch of soil. The capacity, in inches, in
a 60-inch profile or to a limiting layer is expressed
as—

Inches

Bedrock. The solid rock that underlies the soil and other
unconsolidated material or that is exposed at the
surface.

Bench terrace. A raised, level or nearly level strip of
earth constructed on or nearly on a contour,
supported by a barrier of rocks or similar material,
and designed to make the soil suitable for tillage
and to prevent accelerated erosion.

Bottom land. The normal flood plain of a stream,
subject to flooding.

Boulders. Rock fragments larger than 2 feet (60
centimeters) in diameter.

Calcareous soll. A soil containing enough calcium
carbonate (commonly combined with magnesium
carbonate) to effervesce visibly when treated with
cold, dilute hydrochloric acid.

Cation-exchange capacity. The total amount of
exchangeable cations that can be held by the soil,
expressed in terms of milliequivalents per 100 grams
of soil at neutrality (pH 7.0) or at some other stated
pH value. The term, as applied to soils, is
synonymous with base-exchange capacity, but is
more precise in meaning.

Clay. As a soil separate, the mineral soil particles less
than 0.002 millimeter in diameter. As a soil textural
class, soil material that is 40 percent or more clay,
less than 45 percent sand, and less than 40 percent
silt.

Clay film. A thin coating of oriented clay on the surface
of a soil aggregate or lining pores or root channels.
Synonyms: clay coating, clay skin.

Coarse fragments. If round, mineral or rock particles 2
millimeters to 25 centimeters (10 inches) in
diameter; if flat, mineral or rock particles (flagstone)
15.2 to 38.1 centimeters (6 to 15 inches) long.

Coarse textured soil. Sand or loamy sand.

Complex, soil. A map unit of two or more kinds of soil in
such an intricate pattern or so small in area that it is
not practical to map them separately at the selected
scale of mapping. The pattern and proportion of the
soils are somewhat similar in all areas.

Concretions. Grains, pellets, or nodules of various
sizes, shapes, and colors consisting of concentrated
compounds or cemented soil grains. The
composition of most concretions is unlike that of the
surrounding soil. Calcium carbonate and iron oxide
are common compounds in concretions.

Conservation tillage. A tillage system that does not
invert the soil and that leaves all or part of the crop
residue on the surface throughout the year.

Consistence, soll. The feel of the soil and the ease with
which a lump can be crushed by the fingers. Terms
commonly used to describe consistence are—
Loose.—Noncoherent when dry or moist; does not
hold together in a mass.

Friable.—When moist, crushes easily under gentle
pressure between thumb and forefinger and can be
pressed together into a lump.
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Firm.—When moist, crushes under moderate
pressure between thumb and forefinger, but
resistance is distinctly noticeable.

Plastic.—When wet, readily deformed by moderate
pressure but can be pressed into a lump; will form a
“wire” when rolled between thumb and forefinger.
Sticky.—When wet, adheres to other material and
tends to stretch somewhat and pull apart rather than
to pull free from other material.

Hard.—When dry, moderately resistant to pressure;
can be broken with difficulty between thumb and
forefinger.

Soft.—When dry, breaks into powder or individual
grains under very slight pressure.
Cemented,—Hard; little affected by moistening.

Contour stripcropping. Growing crops in strips that
follow the contour. Strips of grass or close-growing
crops are alternated with strips of clean-tilled crops
or summer fallow.

Control section. The part of the soil on which
classification is based. The thickness varies among
different kinds of soil, but for many it is that part of
the soil profile between depths of 10 inches and 40
or 80 inches.

Corrosive. High risk of corrosion to uncoated steel or
deterioration of concrete.

Cover crop. A close-growing crop grown primarily to
improve and protect the soil between periods of
regular crop production, or a crop grown between
trees and vines in orchards and vineyards.

Depth to rock (in tables). Bedrock is too near the
surface for the specified use.

Diversion (or diverslon terrace). A ridge of earth,
generally a terrace, built to protect downslope areas
by diverting runoff from its natural course.

Drainage class (natural). Refers to the frequency and
duration of periods of saturation or partial saturation
during soil formation, as opposed to altered
drainage, which is commonly the result of artificial
drainage or irrigation but may be caused by the
sudden deepening of channels or the blocking of
drainage outlets. Seven classes of natural soil
drainage are recognized:

Excessively drained. —Water is removed from the
soil very rapidly. Excessively drained soils are
commonly very coarse textured, rocky, or shallow.
Some are steep. All are free of the mottling related
to wetness.

Somewhat excessively drained.—Water is removed
from the soil rapidly. Many somewhat excessively
drained soils are sandy and rapidly pervious. Some
are shallow. Some are so steep that much of the
water they receive is lost as runoff. All are free of
the mottling related to wetness.

Well drained.—Water is removed from the soil
readily, but not rapidly. It is available to plants
throughout most of the growing season, and
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wetness does not inhibit growth of roots for
significant periods during most growing seasons.
Well drained soils are commonly medium textured.
They are mainly free of mottling.

Moderately well drained.—Water is removed from
the soil somewhat slowly during some periods.
Moderately well drained soils are wet for only a
short time during the growing season, but
periodically they are wet long enough that most
mesophytic crops are affected. They commonly
have a slowly pervious layer within or directly below
the solum, or periodically receive high rainfall, or
both.

Somewhat poorly drained.—Water is removed slowly
enough that the soil is wet for significant periods
during the growing season. Wetness markedly
restricts the growth of mesophytic crops unless
artificial drainage is provided. Somewhat poorly
drained soils commonly have a slowly pervious
layer, a high water table, additional water from
seepage, nearly continuous rainfall, or a combination
of these.

Poorly drained.—Water is removed so slowly that
the soil is saturated periodically during the growing
season or remains wet for long periods. Free water
is commonly at or near the surface for long enough
during the growing season that most mesophytic
crops cannot be grown unless the soil is artificially
drained. The soil is not continuously saturated in
layers directly below plow depth. Poor drainage
results from a high water table, a slowly pervious
layer within the profile, seepage, nearly continuous
rainfall, or a combination of these.

Very poorly drained.—Water is removed from the
soil so slowly that free water remains at or on the
surface during most of the growing season. Unless
the soil is artificially drained, most mesophytic crops
cannot be grown. Very poorly drained soils are
commonly level or depressed and are frequently
ponded. Yet, where rainfall is high and nearly
continuous, they can have moderate or high slope
gradients.

Drainage, surface. Runoff, or surface flow of water,
from an area.

Drumlin. A low, smooth, elongated oval hill, mound, or
ridge of compact glacial till. The longer axis is
parallel to the path of the glacier and commonly has
a blunt nose pointing in the direction from which the
ice approached.

Eolian soll material. Earthy parent material accumulated
through wind action; commonly refers to sandy
material in dunes or to loess in blankets on the
surface.

Erosion. The wearing away of the land surface by water,
wind, ice, or other geologic agents and by such
processes as gravitational creep.
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Erosion (geologic). Erosion caused by geologic
processes acting over long geologic periods and
resulting in the wearing away of mountains and the
building up of such landscape features as flood
plains and coastal plains. Synonym: natural erosion.
Erosion (accelerated). Erosion much more rapid
than geologic erosion, mainly as a result of the
activities of man or other animals or of a
catastrophe in nature, for example, fire, that
exposes the surface.

Excess lime (in tables). Excess carbonates in the soil
that restrict the growth of some plants.

Fertility, soil. The quality that enables a soil to provide
plant nutrients, in adequate amounts and in proper
balance, for the growth of specified plants when
light, moisture, temperature, tilth, and other growth
factors are favorable.

Fine textured soll. Sandy clay, silty clay, and clay.

First bottom. The normal flood plain of a stream,
subject to frequent or occasional flooding.

Flood plain. A nearly level alluvial plain that borders a
stream and is subject to flooding unless protected
artificially.

Foot slope. The inclined surface at the base of a hill.

Frost action (in tables). Freezing and thawing of soil
moisture. Frost action can damage roads, buildings
and other structures, and plant roots.

Genesis, soil. The mode of origin of the soil. Refers
especially to the processes or soil-forming factors
responsible for the formation of the solum, or true
soil, from the unconsolidated parent material.

Glacial drift (geology). Pulverized and other rock
material transported by glacial ice and then
deposited. Also the sorted and unsorted material
deposited by streams flowing from glaciers.

Glacial outwash (geology). Gravel, sand, and silt,

commonly stratified, deposited by glacial melt water.

Glacial till (geology). Unsorted, nonstratified glacial drift
consisting of clay, silt, sand, and boulders
transported and deposited by glacial ice.

Glaciofluvial deposits (geology). Material moved by
glaciers and subsequently sorted and deposited by
streams flowing from the melting ice. The deposits
are stratified and occur as kames, eskers, deltas,
and outwash plains.

Gleyed soil. Soil that formed under poor drainage,
resulting in the reduction of iron and other elements
in the profile and in gray colors and mottles.

Grassed waterway. A natural or constructed waterway,
typically broad and shallow, seeded to grass as
protection against erosion. Conducts surface water
away from cropland.
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Gravel. Rounded or angular fragments of rock up to 3
inches (2 millimeters to 7.5 centimeters) in diameter.
An individual piece is a pebble.

Ground water (geology). Water filling all the unblocked
pores of underlying material below the water table.

Gully. A miniature valley with steep sides cut by running
water and through which water ordinarily runs only
after rainfall. The distinction between a gully and a
rill is one of depth. A gully generally is an obstacle
to farm machinery and is too deep to be obliterated
by ordinary tillage; a rill is of lesser depth and can
be smoothed over by ordinary tillage.

Horizon, soil. A layer of soil, approximately paraliel to
the surface, having distinct characteristics produced
by soil-forming processes. In the identification of soil
horizons, an upper case letter represents the major
horizons. Numbers or lower case letters that follow
represent subdivisions of the major horizons. An
explanation of the subdivisions is given in the Soi/
Survey Manual. The major horizons of mineral soil
are as follows:

O horizon.—An organic layer of fresh and decaying
plant residue at the surface of a mineral soil.

A horizon.—The mineral horizon at or near the
surface in which an accumulation of humified
organic matter is mixed with the mineral material.
Also, a plowed surface horizon, most of which was
originally part of a B horizon.

B horizon.—The mineral horizon below an A horizon.
The B horizon is in part a layer of transition from the
overlying A to the underlying C horizon. The B
horizon also has distinctive characteristics such as
(1) accumulation of clay, sesquioxides, humus, or a
combination of these; (2) prismatic or blocky
structure; (3) redder or browner colors than those in
the A horizon; or (4) a combination of these. The
combined A and B horizons are generally called the
solum, or true soil. If a soil does not have a B
horizon, the A horizon alone is the solum.

C horizon.—The mineral horizon or layer, excluding
indurated bedrock, that is little affected by soil-
forming processes and does not have the properties
typical of the A or B horizon. The material of a C
horizon may be either like or unlike that in which the
solum formed. If the material is known to differ from
that in the solum, the Roman numeral Il precedes
the letter C.

R layer.—Consolidated rock beneath the soil. The
rock commonly underlies a C horizon, but can be
directly below an A or a B horizon.

Humus. The well decomposed, more or less stable part
of the organic matter in mineral soils.
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Hydrologic soil groups. Refers to soils grouped
according to their runoff-producing characteristics.
The chief consideration is the inherent capacity of
soil bare of vegetation to permit infiltration. The
slope and the kind of plant cover are not considered
but are separate factors in predicting runoff. Soils
are assigned to four groups. In group A are soils
having a high infiltration rate when thoroughly wet
and having a low runoff potential. They are mainly
deep, well drained, and sandy or gravelly. In group
D, at the other extreme, are soils having a very slow
infiltration rate and thus a high runoff potential. They
have a claypan or clay layer at or near the surface,
have a permanent high water table, or are shallow
over nearly impervious bedrock or other material. A
soil is assigned to two hydrologic groups if part of
the acreage is artificially drained and part is
undrained.

Lacustrine deposit (geology). Material deposited in lake
water and exposed when the water level is lowered
or the elevation of the land is raised.

Liquid limit. The moisture content at which the soil
passes from a plastic to a liquid state.

Loam. Soil material that is 7 to 27 percent clay particles,
28 to 50 percent silt particles, and less than 52
percent sand particles.

Loess. Fine grained material, dominantly of silt-sized
particles, deposited by wind.

Mineral soil. Soil that is mainly mineral material and low
in organic material. Its bulk density is more than that
of organic soil.

Moraine (geology). An accumulation of earth, stones,
and other debris deposited by a glacier. Some types
are terminal, lateral, medial, and ground.

Morphology, soil. The physical makeup of the soil,
including the texture, structure, porosity,
consistence, color, and other physical, mineral, and
biological properties of the various horizons, and the
thickness and arrangement of those horizons in the
soil profile.

Mottling, soil. Irregular spots of different colors that vary
in number and size. Mottling generally indicates poor
aeration and impeded drainage. Descriptive terms
are as follows: abundance—few, common, and
many, size—fine, medjum, and coarse; and
contrast—/faint, distinct, and prominent. The size
measurements are of the diameter along the
greatest dimension. Fine indicates less than 5
millimeters (about 0.2 inch); medium, from 5 to 15
millimeters (about 0.2 to 0.6 inch), and coarse, more
than 15 millimeters (about 0.6 inch).

Muck. Dark colored, finely divided, well decomposed
organic soil material. (See Sapric soil material.)

Soil survey

Munsell notation. A designation of color by degrees of
the three simple variables—hue, value, and chroma.
For example, a notation of 10YR 6/4 is a color of
10YR hue, value of 6, and chroma of 4.

Neutral soil. A soil having a pH value between 6.6 and
7.3. (See Reaction, soil.)

Outwash, glacial. Stratified sand and gravel produced
by glaciers and carried, sorted, and deposited by
glacial melt water.

Outwash plain. A landform of mainly sandy or coarse
textured material of glaciofluvial origin. An outwash
plain is commonly smooth; where pitted, it is
generally low in relief.

Parent material. The unconsolidated organic and
mineral material in which soil forms.

Peat. Unconsolidated material, largely undecomposed
organic matter, that has accumulated under excess
moisture. (See Fibric soil material.)

Pedon. The smallest volume that can be called *a soil.”
A pedon is three dimensional and large enough to
permit study of all horizons. Its area ranges from
about 10 to 100 square feet (1 square meter to 10
square meters), depending on the variability of the
soil.

Permeability. The quality of the soil that enables water
to move downward through the profile. Permeability
is measured as the number of inches per hour that
water moves downward through the saturated soil.
Terms describing permeability are:

Very SIOW.....ccvecencncvincncinsiinne less than 0.06 inch
SIOW..coiereeeirerenrirer oo enses 0.06 to 0.20 inch
Moderately SIOw........ccccvveeivvcnncnicinicnen 0.2t0 0.6 inch
Moderate..........ccoenninnninecnn. 0.6 inch to 2.0 inches
Moderately rapid..........ccccevvrreeeairennenne 2.0 to 6.0 inches
RaAPid......correerrenereenn 6.0 to 20 inches

Very rapid......c.oonnin. more than 20 inches

Phase, soil. A subdivision of a soil series based on
features that affect its use and management. For
example, slope, stoniness, and thickness.

Plasticity index. The numerical difference between the
liquid limit and the plastic limit; the range of moisture
content within which the soil remains plastic.

Plastic limit. The moisture content at which a soil
changes from semisolid to plastic.

Poorly graded. Refers to a coarse grained soil or soil
material consisting mainly of particles of nearly the
same size. Because there is little difference in size
of the particles, density can be increased only
slightly by compaction.

Productivity, soll. The capability of a soil for producing
a specified plant or sequence of plants under
specific management.

Profile, soil. A vertical section of the soil extending
through all its horizons and into the parent material.
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Reaction, soil. A measure of acidity or alkalinity of a
soil, expressed in pH values. A soil that tests to pH
7.0 is described as precisely neutral in reaction
because it is neither acid nor alkaline. The degree of
acidity or alkalinity is expressed as—

pH
Extremely acid..........ccevevererenenrennnnnns Below 4.5
Very strongly acid..........cccceerrvnerrveerecvrverenens 45105.0
Strongly aCId.......ccvvrrerrrirnrrrennecsessessennns 5.1t0 5.5
Medium acid.......cc.ccrcrmrmnenrnnnncenerereiresnrernnnnns 5.6 t0 6.0
Slightly acid 6.1t0 6.5
NBULFAL.......oeeecererenrirrieirirres e reanes 6.6107.3
Mildly alkaling.........c.ccveeerererrmieineeercrecnnnerrennnenns 741078
Moderately alkaline.............cccovcreeerrenirinrecrenenns 79t084
Strongly alkaline.........c.ccoeererreceererenrerervnreisens 8.5t0 9.0

Very strongly alkaline............cc.cc.coveneunee 9.1 and higher

Relief. The elevations or inequalities of a land surface,
considered collectively.

Rock fragments. Rock or mineral fragments having a
diameter of 2 millimeters or more; for example,
pebbles, cobbles, stones, and boulders.

Root zone. The part of the soil that can be penetrated
by plant roots.

Runoff. The precipitation discharged into stream
channels from an area. The water that flows off the
surface of the land without sinking into the soil is
called surface runoff. Water that enters the soil
before reaching surface streams is called ground-
water runoff or seepage flow from ground water.

Seepage (in tables). The movement of water through the
soil. Seepage adversely affects the specified use.

Series, soll. A group of soils that have profiles that are
almost alike, except for differences in texture of the
surface layer or of the underlying material. All the
soils of a series have horizons that are similar in
composition, thickness, and arrangement.

Shrink-swell. The shrinking of soil when dry and the
swelling when wet. Shrinking and swelling can
damage roads, dams, building foundations, and
other structures. It can also damage plant roots.

Sliit. As a soil separate, individual mineral particles that
range in diameter from the upper limit of clay (0.002
millimeter) to the lower limit of very fine sand (0.05
millimeter). As a soil textural class, soil that is 80
percent or more silt and less than 12 percent clay.

Slope. The inclination of the land surface from the
horizontal. Percentage of slope is the vertical
distance divided by horizontal distance, then
multiplied by 100. Thus, a slope of 20 percent is a
drop of 20 feet in 100 feet of horizontal distance.

Small stones (in tables). Rock fragments less than 3
inches (7.5 centimeters) in diameter. Small stones
adversely affect the specified use of the soil.

Soil. A natural, three-dimensional body at the earth’s
surface. It is capable of supporting plants and has
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properties resulting from the integrated effect of
climate and living matter acting on earthy parent
material, as conditioned by relief over periods of
time.

Solum. The upper part of a soil profile, above the C
horizon, in which the processes of soil formation are
active. The solum in soil consists of the A and B
horizons. Generally, the characteristics of the
material in these horizons are unlike those of the
underlying material. The living roots and plant and
animal activities are largely confined to the solum.

Stone line. A concentration of coarse fragments in a
soil. Generally it is indicative of an old weathered
surface. In a cross section, the line may be one
fragment or more thick. It generally overlies material
that weathered in place and is overlain by recent
sediment of variable thickness.

Structure, soil. The arrangement of primary soil
particles into compound particles or aggregates. The
principal forms of soil structure are—platy
(laminated), prismatic (vertical axis of aggregates
longer than horizontal), columnar (prisms with
rounded tops), blocky (angular or subangular), and
granular. Structureless soils are either single grained
(each grain by itself, as in dune sand) or massive
(the particles adhering without any regular cleavage,
as in many hardpans).

Subsoil. Technically, the B horizon; roughly, the part of
the solum below plow depth.

Substratum. The part of the soil below the solum.

Subsurface layer. Any surface soil horizon (A1, A2, or
A3) below the surface.

Surface layer. The soil ordinarily moved in tillage, or its
equivalent in uncultivated soil, ranging in depth from
4 to 10 inches (10 to 25 centimeters). Frequently
designated at the *‘plow layer,” or the “Ap horizon.”

Surface soil. The A horizon. Includes all subdivisions of
this horizon. (A1, A2, and A3 horizons)

Taxadjuncts. Soils that cannot be classified in a series
recognized in the classification system. Such soils
are named for a series they strongly resemble and
are designated as taxadjuncts to that series
because they differ in ways too small to be of
consequence in interpreting their use and behavior.

Terrace. An embankment, or ridge, constructed across
sloping soils on the contour or at a slight angle to
the contour. The terrace intercepts surface runoff so
that water soaks into the soil or flows slowly to a
prepared outlet. A terrace in a field is generally built
so that the field can be farmed. A terrace intended
mainly for drainage has a deep channel that is
maintained in permanent sod.

Terrace (geologic). An old alluvial plain, ordinarily flat or
undulating, bordering a river, a lake, or the sea.
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Texture, soil. The relative proportions of sand, silt, and
clay particles in a mass of soil. The basic textural
classes, in order of increasing proportion of fine
particles, are sand, loamy sand, sandy loam, loam,
silt loam, silt, sandy clay loam, clay loam, silty clay
loam, sandy clay, sifty clay, and clay. The sand,
loamy sand, and sandy loam classes may be further
divided by specifying “‘coarse,” “‘fine,” or “‘very
fine.”

Soil survey

Till plain. An extensive fiat to undulating area underlain
by glacial till.

Tilth, soll. The physical condition of the soil as related
to tillage, seedbed preparation, seedling emergence,
and root penetration.

Topsoll. The upper part of the soil, which is the most
favorable material for plant growth. It is ordinarily
rich in organic matter and is used to topdress
roadbanks, lawns, and land.
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TABLE 1.--TEMPERATURE AND PRECIPITATION
[Recorded in the period 1951-77 at Carroll, Iowa)
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It can be calculated by adding the

growth.
and subtracting the temperature below which

14 growing degree day is a unit of heat available for plant

maximum and minimum daily temperatures, dividing the sum by 2,

growth is minimal for the principal crops in the area (500 F).
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TABLE 2.--FREEZE DATES IN SPRING AND FALL

[Recorded in the period 1951-77 at Carroll, Iowal

i
| Temperature
]
1
Probability H 200 F H 280 F 1 320 F
i or lower i or lower | or lower
T T T
1 1 1
Last freezing ! | |
temperature ! | i
in spring: i ! i
[] ] []
] ] ]
1 year in 10 ! 1 '
later than-- ! May 2 1 May 12 | May 22
) 1 1
L] 1 1
2 years in 10 ! { H
later than-- ! April 27 | May 71 May 16
1 ] 1
1 I t
5 years in 10 | i !
later than-- i April 18 | April 27 | May 5
] t 1
! i i
First freezing H i i
temperature i i 1
in fall: i 1 i
1 1 []
] ] ]
1 year in 10 | | |
earlier than-- | October 2 |September 17 |September 13
] 1 1
t 1 1
2 years in 10 ! i i
earlier than-- | October 6 |September 23 |September 19
1 t (]
] I ]
5 years in 10 i ! i
earlier than-- | October 15 | October 5 |September 28
1 [] []
| ] [

TABLE 3.--GROWING SEASON

[Recorded in the period 1951-77 at Carroll, Iowal

Length of growing season if
daily minimum temperature is--

1
]
]
!
Probability | HIgher i Higher 7 Higher

| than ) than i than
) 240 F i 28° F } 320 F
i Days H Days 1 Days
1 -_— [ —_ 1 ma—
1 ¥ ]

9 years in 10 | 158 ! 139 i 125
] 1 ]
1 ) t

8 years in 10 |} 165 | 146 ! 132
1 1 ]
1 ] ]

5 years in 10 | 179 | 160 ] 145
[ 1 ]
1 1 1

2 years in 10 | 193 i 173 ) 159
1 1 +
1 1 1

1 year in 10 |} 201 1 180 ! 166
H ] 1
| 1 1
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TABLE 4.-~-ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS
| i i
Map | Soil name [ Acres iPercent
symbol | | 1
] 1 1
i | i
1C3 1Ida silt loam, 5 to 9 percent slopes, severely eroded--w=wcereccccccncccccccnccncanaa | 1,470 | 0.4
103 1Ida silt loam, 9 to 14 percent slopes, severely eroded---remem—cceccccccrccaaacaaax ! 1,220 | 0.3
5B | Ackmore-Judson complex, 1 to 5 percent SlopeS---ccccmccccmctcccncccccncncmncccnceax ! 1,095 | 0.3
6 {0koboji silty clay loam, 0 to 1 percent SlopeS-—-—cececcmccccccccccccmcccmcccccceaeo i 1,915 | 0.5
8B tJudson s8ilty clay loam, 2 to 5 percent slopeSe----cceccccaccnnnccncrcrcccrccaccccan | 835 | 0.2
8C tJudson silty clay loam, 5 to 9 percent slopes-------- 725 | 0.2
9 iMarshall silty clay loam, 0 to 2 percent slopes 1,255 | 0.3
9B iMarshall silty clay loam, 2 to 5 percent slopes 10,775 | 2.9
9B2 'Marshall silty clay loam, 2 to 5 percent slopes, moderately eroded 20,555 | 5.6
9C {Marshall silty clay loam, 5 to 9 percent slopeS-cecccccmccccccccnacrnencncccncaccns 1,755 | 0.5
9c2 iMarshall silty clay loam, 5 to 9 percent slopes, moderately eroded 32,825 | 8.9
9D2 {Marshall silty clay loam, 9 to 14 percent slopes, moderately eroded--e-wcececcccaaa 1 24,325 | 6.6
9E2 {Marshall silty clay loam, 14 to 20 percent slopes, moderately eroded-----c-c-ccaa-- | 1,050 | 0.3
1B iColo~Judson silty clay loams, 2 to 5 percent 8lopeS------ccccmmcccmccmcmmccmccna- ! 35,975 | 9.8
278 iTerril loam, 2 to 5 percent slopeS-emccccccmccccccccccmcmcm e ccc e i 1,245 | 0.3
27¢C 1Terril loam, 5 to 9 percent SlopeSec—eem—cccccccccccmccccccmcccccccmccmcmccc oo | 505 | 0.1
28B {Dickman sandy loam, 2 to 5 percent SlopeS---=er-c-ecccccmcnccncccnccccecrnrecneronaan | 715 | 0.2
28B2 |Dickman sandy loam, 2 to 5 percent slopes, moderately eroded----cecemccccmmccccncn=-x i 255 | 0.1
28C2 |Dickman sandy loam, 5 to 9 percent slopes, moderately eroded-----c--ccccccccccaaa-o ! 990 | 0.3
28D2 |Dickman sandy loam, 9 to 14 percent slopes, moderately erodede-w--ceececcccacrmrcea- | 735 | 0.2
34B {Estherville sandy loam, 2 to 5 percent sSlopeS-c--c-—cccccccccccccmcccmmcmccccccccea- i 610 | 0.2
34C2 |Estherville sandy loam, 5 to 9 percent slopes, moderately eroded-----ccccmccccccaa- H 345 | 0.1
48 iKnoke mucky silt loam, O to 1 percent slopeS----cccccccccccccccccrcccncccnccccanaea 1 770 | 0.2
54 1Zook silty clay loam, O to 2 percent 8lopeS----c--ccmcccmmcccmcmcccrc e ' 2,985 | 0.8
55 tNicollet loam, 1 to 3 percent sSlopeS----ccc-ccmcncmcnmmranmmccc e m e e H 31,970 | 8.7
59C2 {Burchard clay loam, 5 to 9 percent slopes, moderately erodede~~~-cccecmcccmnccncenna- | 270 | 0.1
59D2 |Burchard clay loam, 9 to 14 percent slopes, moderately eroded--------ccccccemcea--- ! 3,325 | 0.9
59E2 |Burchard clay loam, 14 to 18 percent slopes, moderately eroded-ecec-cccrccnccccnans | 1,360 | 0.4
59F2 |Burchard clay loam, 18 to 25 percent slopes, moderately eroded---cececececccvcccnacno H 1,185 | 0.3
62C2 |Storden loam, 5 to 9 percent slopes, moderately eroded-------ccccccccccmccccccana-- | 1,165 | 0.3
62D2 |Storden loam, 9 to 14 percent slopes, moderately eroded-----c--cccemcccccmcncnca- H 1,520 | 0.4
62E2 |Storden loam, 14 to 18 percent slopes, moderately erodede-e-ececcmccemmmccaccccacna- ! 890 | 0.2
62F IStorden loam, 18 to 25 percent 8l0peS--—-—==c-emcmcccmcecccenec e mmee o] 860 | 0.2
62G IStorden loam, 25 to U0 percent SlopeScewcccsccmcrccmmremmrcc e m e e e i 1,195 | 0.3
71D2 |Marshall-Dickman complex, 9 to 14 percent slopes, moderately eroded-----cecmcceao-- H 550 |. 0.2
90 {Okoboji mucky silt loam, O to 1 percent SlopeS----c-cccmmcccmmcmcmccccmcccmc e | 520 | 0.1
95 {Harps loam, 0 to 2 percent SlopeS-=----ceccccmccccccnccccccccumccrennmnccnccccncna i 1,525 | 0.4
99C2 |Exira silty clay loam, 5 to 9 percent slopes, moderately eroded--~-c~-mmecmceccnanan= | 14,230 | 3.9
99D2 |Exira silty clay loam, 9 to 14 percent slopes, moderately eroded---ewc-ccomocacnono | 15,260 | 4,2
99E2 |Exira silty clay loam, 14 to 20 percent slopes, moderately eroded----ececcecccccaca-- ! 1,175 | 0.3
107 !Webster silty clay loam, O to 2 percent SlopeSe---cccwmmmrmcccacccccccccccmccna- 1 17,070 | 4.6
108 iWadena loam, 24 to 32 inches to sand and gravel, 0 to 2 percent slopeS«e-ccececenea- H 1,475 | 0.4
108B |Wadena loam, 24 to 32 inches to sand and gravel, 2 to 5 percent slopeS-----c-cec---- | 1,350 | 0.4
108C2 !Wadena loam, 24 to 32 inches to sand and gravel, 5 to 9 percent slopes, moderately | |
ST FoLs R e ettt L L L L L E L L L P P L L P PP PP P { 545 | 0.2
133 1Colo silty clay loam, 0 to 2 percent sSlopeSe-=eccmccccecccccccccccccccccmcccomcano- i 4,390 | 1.2
133+ |Colo silty clay loam, overwash, 0 to 2 percent SlopeSem-ceccccccccmmccnacccccccann- H 7,755 1 2.1
135 {Coland clay loam, 0 to 2 percent SlopeS---c-ccecwccccrmmemmcccccmccccmmcccccccccccea | 5,930 | 1.6
138B |Clarion loam, 2 to 5 percent sSlopeS—-----—-—-c-eccmccmmmmmmrmcec e cmc e e ' 23,535 | 6.4
138B2 |Clarion loam, 2 to 5 percent slopes, moderately eroded-==wececemccccccmmannccccccanax | 6,275 | 1.7
138C |Clarion loam, 5 to 9 percent SlopeS---cccccccccrmccanrrccrcmcccccmc e e | 1,325 | 0.4
138C2 |Clarion loam, 5 to 9 percent slopes, moderately eroded-c-c-ccccccacecmncacnccccnaa- i 18,310 | 5.0
138D2 |Clarion loam, 9 to 14 percent slopes, moderately eroded--------ccccccccccmmcacc- | 3,870 | 1.1
179E2 {Gara loam, 14 to 18 percent slopes, moderately eroded------c-cccccccmccmccncnaca- | 295 | 0.1
179F |Gara loam, 18 to 25 percent SlOpeSe-se——cemcmcmcmcccccccccccrr e e | 380 | 0.1
179F2 |Gara loam, 18 to 25 percent slopes, moderately eroded-=c-ecvccmccmcmcmmcccccccncaca- H 750 | 0.2
179G !Gara loam, 25 to 40 percent SlOpeS--e-s-cceccmccccmccccmcccucccncmm e e e e e i 335 | 0.1
192D2 |Adair clay loam, 9 to 14 percent slopes, moderately eroded----cccccccccccccnccncoan i 405 | 0.1
201B |{Coland-Spillville complex, 2 to 5 percent slopeS-------cecmcecccrecmcnmormmccncenna" | 3,515 | 1.0
203 ICylinder loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopeS------=---= H 2,495 | 0.7
236C !Lester loam, 4 to 10 percent 8lopeS----cccccccccccccccccccommmcccmcm e e i 455 | 0.1
259 {Biscay loam, 32 to 40 inches to sand and gravel, O to 2 percent slopesS--------c---- ! 665 | 0.2
268C |Knox silt loam, 4 to 9 percent SlopeS-=-meeercccccccccccmcccm e i 870 | 0.2
268D2 |Knox silt loam, 9 to 14 percent slopes, moderately eroded------ccccccccccccccnnaaa- | 720 | 0.2
268E2 |Knox silt loam, 14 to 18 percent slopes, moderately eroded------c-cecccccmcccmcacnao i 355 | 0.1
308 tWadena loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopeS----cc-ceeea- ! 1,380 | 0.4
308B |Wadena loam, 32 to 40 inches to sand and gravel, 2 to 5 percent slopesS-------wec-e-- | 925 | 0.3
430 |Ackmore silt loam, O to 2 percent 8lOpES-—=cemcccccccccccccc e cccccdc e i 6,265 | 1.7
485 1Spillville loam, 0 to 2 percent SlopeS---ccccmccccccccccccccccccccrccocccccanconas | 2,215 | 0.6
485B |Spillville loam, 2 to 5 percent SlopeS—cccmceceococmmccmmccm e e e eeeen ) 570 | 0.2
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TABLE 4,--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS~--Continued
i | !
Map | Soil name ! Acres | Percent

symbol | i J

1 | ]

| | ]
507 |Canisteo silty clay loam, O to 2 percent SlopeS--eeeemcececmmmccccccccccccccccceaan ] 12,605 | 3.4
509B |Marshall silty clay loam, benches, 2 to 7 percent SlopeSemmeeme—ccccccmcccccccccaao 1 640 | 0.2
559 !Talcot silty clay loam, 32 to 40 inches to sand and gravel, 0 to 2 percent slopes | 445 | 0.1
638C2 {Clarion-Storden loams, 5 to 9 percent slopes, moderately eroded-----—------ccceec—u- 1 785 | 0.2
638D2 |Clarion-Storden loams, 9 to 14 percent slopes, moderately eroded 990 | 0.3
639C |Salida-Storden complex, 5 to 9 percent SlopeSe-—-cce—cccccccoccccecreccomcocncoooao 270 | 0.1
639D |Salida-Storden complex, 9 to 16 percent SlopeS--—em=coc—c—cmceccccmcm e cceccmeme 675 | 0.2
733 {Caleco silty clay loam, 0 to 2 percent SlopeS--me—eemceccmccceceacaccccccccccccccnean 1 5,160 | 1.4
822D3 |Lamoni silty clay loam, 9 to 14 percent slopes, severely eroded----c-cecccacoccaanx | 440 | 0.1
823 |Ridgeport sandy loam, 1 to 3 percent SlopeS--cecmccacicccacccemoc e ccccceemees 275 | 0.1
924D2 |Burchard-Adair clay loams, 9 to 14 percent slopes, moderately eroded-em--ce--—=- 1,600 | 0.4
924E2- |Burchard-Adair clay loams, 14 to 18 percent slopes, moderately eroded 1,520 | 0.4
993D2 |Gara-Armstrong loams, 9 to 14 percent slopes, moderately eroded-----ceccccconcaco—- 215 | 0.1
993E2 |Gara-Armstrong loams, 14 to 18 percent slopes, moderately eroded-e----cacecaccccco- 765 | 0.2
2315 |Fluvaquents, nearly level i 3,030 0.8
5010 |Pits, gravele--ccemmccmccccmcccmccccccacrcccr e e e e —a—e i 530 | 0.1
5040 ]Orthents, loamyecececcccccoommmmmcmmccceccccccccccecccccac———aa i 980 | 0.3

- A= T B O LR R R ' 116 | b

' e foomenaae

' 1 - L T i 367,296 E 100.0

i i i

"

Less than 0.1 percent.
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TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE

[Yields are those that can be expected under a high level of management. Absence of a yield indicates that the
soll is not suited to the crop or the crop generally is not grown on the soil]
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See footnotes at end of table.
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Carroll County, lowa

TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE--Continued

{Bromegrass-

T
1
Kentucky Smooth

bluegrass

Grass-
legume hay

Soil name and

alfalfa

bromegrass;|
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TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE--Continued
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See footnotes at end of table.
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Carroll County, lowa

TABLE 5.--YIELDS PER ACRE OF CROPS AND PASTURE--Continued

{Bromegrass-

Smooth
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Soil name and
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{legume hay
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The amount of forage or feed required to feed one animal unit (one cow, one horse,

one mule, five sheep, or five goats) for 30 days.

*# Animal-unit-month

#% See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 6.--CAPABILITY CLASSES AND SUBCLASSES

[Miscellaneous areas are excluded.

entry indicates no acreagel

Absence of an

Major management concer
T

ns (Subclass)

VIII

i i
Class i Total | 1 SoiT
{ acreage | Erosion | Wetness | problem
i | (e) ! (w) ' (3)
H H Acres H Acres H Acres
] (] R— [] —_— (] —_—
i i i |
I E 33.2255 -—- E -—- E -—-
1 t t ]
I1 j 155,3075 78,473 i 71,484 5,350
[]
III i 127,431i 123,861 E 2,685 ; 885
. ' : ] 1
v 1 12,282 11,784 | —_— 498
1 1 1
) i
vl 24,340 | 24,380 | ---
1 ) []
I ] ]
VI E 7,345 6,961 E - 384
]
VII i 2,280 2,280 ; -—- E -———
[] ] ]
| | |
! i i

Soil survey
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[Only the soills suitable for production of commercial trees are listed.

TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY

information was not available]

117

Absence of an entry indicates that

T

]
{Ordi-

i Management concerns
1

White ocakeevcecncncaa
Northern red oak----

55

red pine,
maple.

sugar

] 1
Soil name and i T Equipe | 1 H 1 1
map 8symbol inationiErosion | ment |Seedling| Plant | Common trees 1Site | Trees to plant
}symbolihazard | limita-imortal- |competi-| {index|
i ] ! tion | ity ! tion | ! 1
1 1 i T T 1 1 1
) i i ! | | | |
5B¥: ' i i | ) ! | !
Ackmore-eee-ceee-- i 2w |8Slight |Severe |[Moderate|Moderate|White oak~meeenecee-- | 65 |Eastern white pine,
{ { H | H H H | red pine, black
| ' ) | | ) ! ! walnut, sugar maple,
{ d | | d { | | poplar.
] 1 1 ] 1 1 1 1
1 1 ] ] H 1 1 ]
Judson. t i { i i i i !
i ! 1 ' | H ! ]
28B, 28B2, 28C2, i i ] ' ' ' | !
28D2--cmmm e ! 35 {Moderate|Slight |Moderate|{Slight | { 50 {Red pine, eastern
Dickman | i i ] i i 50 | white pine.
! ! | i i ] 40 ¢}
1 1 1 ] ] [] ] t
[} 1 ] 1 ] ] t 1
T71D2%: ] ! i ! H ] | |
Marshall. i i i i i ! i !
i | ! | | | i 1
Dickman----cc-e--o | 3s |Moderate|Slight |Moderate|{Slight |Jack pine---ceceeecee-- { 50 |Red pine, eastern
| ! | ! | {Red pine---ceccceaao ! 50 | white pine.
! | | H | {Bur cakeemmeecccaccaa i 40 |
i ' ! ' ! ! | '
179E2, 179F, 179F2,| i ! i i ! ' i
179G wccc e | 3r |Moderate|Moderate|{Slight |Slight |White ocake--c-ccecececu- i 55 jEastern white pine,
Gara ] ] ' ' ! {Northern red oak----] 55 | red pine.
| ] | ! ! | i |
236C-mmmecccecceeem ! 20 |Slight ([Slight |[Slight |Slight |Northern red oak----} 69 |Black walnut, northern
Lester ! i ! ! ! |American basswood-~-| 69 | red oak, American
] ! 1 ! ! !Black walnuteeeeeeo- ! 62 | basswood, silver
) | ! | ! |Eastern cottonwood--! 92 | maple, white oak.
! ! } i ! |Eastern white pine--{ 64 |
H 1 H ! ! IWhite cake=ccavomanan 162
i i ! i i ' | !
268C, 268D2===mma=- | 20 {Slight Slight |Slight !Slight |White ocake--eccceeea- ! 65 |Green ash, black
Knox ! ! ! ! H 1 ' \ walnut, yellow=-
i | i H i ! | i poplar.
| ' ] ! ' ! i ]
268E2-wmccmemncee— i 2r |Moderate!Moderate|Moderate|Slight |White ocakeewecuceceox | 65 iGreen ash, black
Knox 1 ! | ! H | ' | walnut, yellow-
i i : i i | | ! poplar.
| ' i ] ! i | |
430ecmcccccrceccene i 2w |Slight |Severe |Moderate|Moderate|White cake--eecec-c-- | 65 |Eastern white pine,
Ackmore 1 | i ' ] i ! i red pine, black
| i ! | | i : i walnut, sugar
i ' ' i ] i ! | maple.
] 1 [] 1 ] 1 1 []
1 I ] i t ] 1 ]
993D2%: i ! i i | ] | '
Gara-e--emccecmaaaa ! 30 1ISlight |}Slight |Slight |[Slight |White ocakemweccccea= ! 55 |Eastern white pine,
! ! i ] i |Northern red oak----{ 65 | red pine.
] 1 [] ] ] 1 '
i i | 1 | 1 i
Armstrongece-ecce== ! Yc |8light |[Slight |Severe |Slight | 55 {Eastern white pine,
[] 1 [] (] 1 1 '
! { | H | | |
1 | ] 1 ] ] I
! ! ! ! ! ! !

See footnote at end of table.
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY--Continued

i Management concerns
[]

] Potential productivity
Soil name and iOrdi- |} Equip- | T T

! maple, white oak.

T []
} L]
T T ]
i ] | .
map Symbol ination|Erosion | ment |Seedling|{ Plant | Common trees 1Site | Trees to plant
isymboljhazard | limita-|mortal- jcompeti-| {index|
| ' i tion | ity i tion | : i
1 T i i i ] 1 1
| i | ! i ] i ]
993E2*: ! ! ) i | | i '
Gara-eee—c——cccaoo- | 3r |Moderate!Moderate{Slight {Slight |{White oake~cemcenea- ! 55 |Eastern white pine,
H ! ! ! ! {Northern red oak----{ 55 | red pine.
! ! | | ! i ' '
Armstrongececcas-a | 4e }Slight [Slight |Severe |Slight |White oak-=-ceeec--- i 55 {Eastern white pine,
1 H ! H | {Northern red oak----{ 55 | red pine, sugar
] ] ! ] ] ] 1
L | | | | |

# See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS

[The symbol < means less than; > means more than. Absence of an entry indicates that trees generally do not grow
to the given height on that soil)

Trees having predicted 20-year average heights, In feet, of--

T T

Soil name and i

9, 9B, 9B2, 9C,

9C2, 9D2, 9E2----{Silky dogwood, Lilac, Tatarian Eastern redcedar, jRed pine, Norway Eastern white

1
i
map symbol ' <8 8-15 16-25 26-35 | >35
] ]
| 1
: :
| |
1C3, 1D3wwwceceea=- i -— Tatarian honey- Eastern redcedar, !Honeylocust------- ' -—-
Ida i suckle, Siberian green ash, common H
i peashrub, hackberry. !
] Russian-olive.
t [}
1 t
5B%: | !
Ackmore----ccececaa 1Silky dogwood, Redosier dogwood, |Amur maple, Eastern white |Eastern
\ gray dogwood. Tatarian eastern redcedar.| pine, Norway { cottonwood,
| honeysuckle, spruce, common i silver maple.
| lilac. hackberry. i
] ]
] ]
Judsone-ccccccaas 1Silky dogwood, Tatarian Amur maple, Common hackberry, |Eastern
| gray dogwood. honeysuckle, eastern redcedar.| red pine, Norway | cottonwood,
! redosier dogwood, spruce. { silver maple.
| Siberian H
] peashrub. !
1 [}
I ]
R ettt i -—— Tatarian White spruce, blue|{Green ash, golden {Eastern
Okobo ji H honeysuckle, spruce, Russian- willow, black i cottonwood,
| nannyberry olive, northern willow. | Siberian elm.
1 viburnum. white-cedar, i
i eastern redcedar. !
] 1
] ]
8B, 8C--rcccmcmuna {Silky dogwood, Tatarian Amur maple, Common hackberry, |Eastern
Judson gray dogwood. honeysuckle, eastern redcedar.} red pine, Norway | cottonwood,
redosier dogwood, spruce. ! silver maple.
Siberian 1
]
E
i
i
)
1
1
|
i
)

Marshall gray dogwood. honeysuckle, Amur maple. spruce, common pine, silver
redosier dogwood. hackberry. maple.
11B%*:
Colo~wmmcoccnaauo Gray dogwood, Tatarian Laurel willow, Green ash---—=c---- iSilver maple,
i silky dogwood. honeysuckle, white spruce, | eastern
i redosier dogwood,| Amur maple, | cottonwood.
! Zabel northern white- i
H honeysuckle. cedar. i
1 1
I I
Judson-=me-mmonea- 1Silky dogwood, Tatarian Amur maple, Common hackberry, |Eastern
| gray dogwood. honeysuckle, eastern redcedar.] red pine, Norway | cottonwood,
H redosier dogwood, spruce. i silver maple.
! Siberian H
H peashrub. |
1 1
I I
27B, 27Cececcceca—- iGray dogwood, Tatarian honey- Amur maple, Common hackberry, |Eastern white
Terril silky dogwood. suckle, redosier eastern redcedar.| Norway spruce, | pine, silver
dogwood, lilac. red pine. E maple.
]
28B, 28B2, 28C2,
28D2mmcmmmcce e -—- Siberian peashrub,|Eastern redcedar, |[Green ash~e-ec-e--- i -—-
Dickman Tatarian honey- Austrian pine,

suckle, lilac,
Russian-olive.

common hackberry,
red pine, bur
oak, ponderosa
pine, jack pine.

]

] ]
] [
1 1]
J |
T T
I t
t 1
1 1
) 1
] 1
] t
] ]
[] []
] ]
1] 1
t I
1 t
1 1
1 []
] [
] ]
] 1
t ]
] 1
[] ]
] 1
] ]
t ]
[] )
] I
1 1
1 ]
1 1
1 1
1 1
[} I
1 1
I I
] []
I i
1 []
1 i
1 []
] [
[] 1
] 1
1 1
] ]
] []
1 1]
1 1
I ]
[] 1
I 1
[] 1
] 1
1 1
1 ]
1 ]
1 1
1 ]
1 I
| peashrub. H
1 :
) t
] i
1 1
1 1
1 1
] 1
1 ]
I t
] []
] 1
1 1
I I
] 1
I 1
[] )
1 ]
t 1
1 ]
1 ]
I I
1] ]
1 1
1 1
I I
L] 1
] 1
] )
1 i
] ]
] 1
1 []
1 i
] 1
1 1
] ]
[} [}
[] []
H [
1 ]
1 ]
1 1
I I
[] 1
] I
t 1
1 1
[] 1
] 1
t t
t 1
] 1
] 1
] ]
] ]
] ]
I ]
] ]
i 1
1 ]
I I

See footnote at end of table.



Tatarian honey-
suckle, lilac,
Russian-olive.

Austrian pine,
common hackberry,
red pine, jack
pine, bur oak,
ponderosa pine.

120 Soil survey
TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
| Trees having predicted 20-year average heights, in feet, of--
Soil name and | 1 ] i i
map symbol ! <8 | 8-15 E 16-25 E 26-35 ) >35
] ] ]
) | [] | |
i i i i 1
: : : | :
34B, 34C2------== i —— {Eastern redcedar, |Red pine, jack i -— | .-
Estherville i ! Russian-olive, i. pine, ponderosa | H
! ! silver buffalo- | pine, Austrian | 1
! { berry, Tatarian | pine, common ' !
| | honeysuckle, { hackberry, bur H !
' { Siberian ! oak. | !
i | peashrub. i i H
! ! { i i
fBecmmmcc e | -— iLilac, Tatarian {Eastern redcedar, |Green ash, golden }|Eastern
Knoke } | honeysuckle, | northern white- | willow, black | cottonwood,
[ | nannyberry | cedar, blue i willow. { Siberian elm.
i | viburnum. | spruce, white i i
' i | spruce. ] i
] ] ' | i
5lecccncernnrnnne= 1Silky dogwood-===- {Gray dogwood, {Northern white- iGreen ash-=-=—e--- 1Silver maple,
Zook 1 | Tatarian | cedar, laurel | { eastern
! ! honeysuckle, { willow, Amur | | cottonwood.
H { Zabel ! maple. ! i
! { honeysuckle, 1 !
H | American plum, H 1 |
! | redosier dogwood.| | !
] 1 t 1 ]
] ] I 1 ]
1 T H ——- iRedosier dogwood, |Northern white- |Ponderosa pine, iSilver maple.
Nicollet H { Tatarian | cedar, white | eastern white !
i { honeysuckle, ! spruce, Siberian | pine, green ash, |
i | lilac. | crabapple, Amur | common hackberry.|
' ' i maple. i |
i | | i 1
59C2, 59D2--==-co { Peking { Amur honeysuckle, |Eastern redcedar, {Austrian pine, ! -——
Burchard | cotoneaster, { skunkbush sumac. | Russian mulberry,! Scotch pine, |
! 1lilac. i | green ash, common| honeylocust. H
! i | hackberry, bur ! !
1 ] | oak. | 1
i ) | i )
59E2, 59F2-wecwaa- i Peking {Amur honeysuckle, jEastern redcedar, |Austrian pine, H ——
Burchard \ cotoneaster, { skunkbush sumac. | Russianﬂnulberry.l Scotch pine, H
t lilaec. | | green ash, common| honeylocust. !
! | | hackberry, bur 1 !
| i | oak. ] |
] ! i i !
62C2, 62D2-=----- 1 -—- iEastern redcedar, |Common hackberry, |Siberian elm------ { -—
Storden | | Tatarian honey- | green ash, honey-| 1
| | suckle, Siberian | locust. ! !
! ! peashrub, ! ! !
! { Russian-olive. ! H !
1 1 [] 1 1
] ] ] 1 |
62E2, 62F, 62G=-=-=| ! ) |
Storden 1 — {Eastern redcedar, |Common hackberry, {Siberian elmeeee-- ! ———
H | Tatarian honey- | green ash, honey-| i
| | suckle, Siberian | locust. | !
H | peashrub, ! H i
i E Russian-olive. E | i
[] ] 1]
[] ] ] ] ]
T1D2%: ! ) | i |
Marshalle==ec==== 1Silky dogwood, {Lilac, Tatarian {Eastern redcedar, }Red pine, Norway |Eastern
| gray dogwood. | honeysuckle, | Amur maple. | spruce, common | white pine,
! | redosier dogwood.| | hackberry. i silver maple.
] 1 [] 1 []
1 1 [] 1 t
Dickmanececececc=- ! -— iSiberian peashrub, |Eastern redcedar, {Green ash------wao- H -—
1 t 1 1
| a | |
i | i ]
' ' ! i
1 i i |
! ] ' i

See footnote at

end of table.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

121

Soil name and

Trees having predicted 20-year average

T

heights, in feet, of--

honeysuckle,
silky dogwood,
Zabel
honeysuckle.

cedar, Amur
maple, white fir,
Norway spruce.

silver maple.

i
: ] ]
map symbol E <8 ! 8-15 ! 16-25 ! 26-35 H >35
i i ! i i
i 1 i 1 i
i : | | i
90-vemmccccccccnan ! -— | Tatarian INorthern white- !Green ash, golden !Eastern
Okobo Jji i { honeysuckle, { cedar, Russian- | willow, black { cottonwood,
i | nannyberry { olive, eastern \ willow. { Siberian elm.
1 ! viburnum. | redcedar, white | i
H ! | spruce, blue | i
i ' | spruce. ' !
! | | ] ]
R et ! ——— iTatarian {Northern white- !Golden willow, |Eastern
Harps 1 ! honeysuckle, | cedar, green ash,| black willow. | cottonwood,
i { Siberian | eastern redcedar,| \ Siberian elm.
i ! peashrub. | white spruce, | !
i E { Russian-olive. ! i
i i i i i
99C2, 99D2, 99E2--1Silky dogwood, | Redosier dogwood, |Amur maple, {Norway spruce, {Eastern
Exira | gray dogwood. | lilac, Tatarian | eastern redcedar.| common hackberry,]| white pine,
i { honeysuckle. 1 | red pine. \ silver maple.
1 (] 1 ] 1
I [} ] ] 1
107emecmcccnccccaa {Redosier dogwood, |Amur privet, {Austrian pine, |Eastern white pine|Eastern
Webster | silky dogwood. | Tatarian | northern white- | { cottonwood.
| ! honeysuckle, \ cedar, blue ! 1
| \ American plum. !\ spruce, white ' |
i ! | spruce, Norway | !
| 1 | spruce. | H
' 1 | i i
108, 108B, 108C2--] ——— {Amur privet, {Eastern redcedar, [Eastern white i -
Wadena 1 { Siberian ! northern white- | pine, Norway 1
i | peashrub, \ cedar. ! spruce, red pine.|
! ! Siberian ! i
! | crabapple, lilac,| ' |
i { Tatarian H | 1
H { honeysuckle, | 1
! | American plum. ! ] i
1 ] [] 1
I 1 ] 1 I
133, 133+~=-wcme== iGray dogwood, {Tatarian tAustrian pine, |Green asheewe-——--w=- {Silver maple,
Colo | silky dogwood. ! honeysuckle, i laurel willow, H | eastern
1 { redosier dogwood,| white spruce, i { cottonwood.
! i Zabel ! Amur maple, ! i
i { honeysuckle. | northern white- | |
i ! | cedar. i |
i i | ' i
135--ccccccccccaaa ! ——- |Redosier dogwood, {White spruce, iGreen ash---ececw-- iEastern
Coland i { Tatarian { northern white- | | cottonwood,
| | honeysuckle, | cedar, Amur ! i silver maple.
i i silky dogwood, | maple, white fir,| i
! | Zabel | Norway spruce. ! i
! ! honeysuckle. ! ]
1 1 [] 1
| 1 ] 1 t
1388, 138B2, 138C,| i | ! i
138C2, 138D2----- iGray dogwood, |Redosier dogwood, {Amur maple, |Red pine, Norway {Silver maple,
Clarion \ silky dogwood. i Tatarian | eastern redcedar.| spruce, common | eastern white
H ! honeysuckle, i | hackberry. | pine.
! { lilac. 1 H i
| i i f |
179E2, 179F, | ' | | i
179F2, 179G------ {Gray dogwood, !Redosier dogwood, |Eastern redcedar, {Red pine, Norway |Eastern white
Gara | silky dogwood. | American plum, | Amur maple. | spruce, common i pine, silver
! | Tatarian ! ! hackberry. | maple.
! ! honeysuckle. H |
1 ] ] 1 1
1 ] ] 1 1
192D2-ccmmcmcmecem 1Silky dogwood, {Lilac, Tatarian !Eastern redcedar, |Red pine, Norway |Eastern white
Adair | gray dogwood. | honeysuckle, { Amur maple. | spruce, common | pine, silver
i ! redosier dogwood.i E hackberry. i maple.
: : t L] 1
201B*; 1 | | 1 !
Coland=-===cc-==- ! —— |Redosier dogwood, |White spruce, IGreen ash-----ev-- iEastern
i Tatarian ! northern white- | cottonwood,
1 (] )
1 ] ]
] | |
] ! !
i ' '
! ] ]

See footnote at

end of table.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
Trees having predicted 20-year average heights, In feet, of--
Soil name and ] ] 1 i i
map sSymbol <8 8-15 16-25 26-35 >35

201B*:

Spillville--==--

308, 308B-=-=e---

Wadena

§30mmmmmmmmmmmeme

Ackmore

485, 485B-mmmmn==

Spilliville

Canisteo

Marshall

550 e mmmmm e

Talcot

See footnote at

Gray dogwood,
silky dogwood.

Gray dogwood,
silky dogwood.

Silky dogwood,
gray dogwood.

Gray dogwood,
silky dogwood.

Silky dogwood,
gray dogwood.

end of table.

Lilae,

Redosier dogwood,

Tatarian
honeysuckle,
lilac.

Redosier dogwood,

Tatarian
honeysuckle,

Redosier dogwood,

Tatarian
honeysuckle,
lilac.

Northern white-~

cedar, redosier
dogwood, American
plum, purpleosier
willow, Tatarian
honeysuckle.

Tatarian

honeysuckle, Amur
honeysuckle,
redosier dogwood,
Amur privet,
American
cranberrybush,
silky dogwood.

Siberian peashrub,

Siberian
crabapple,
Tatarian
honeysuckle,
Amur privet,
American plum.

lilac,

Redosier dogwood,

Tatarian
honeysuckle,
lilac.

Redosier dogwood,

Tatarian
honeysuckle,
lilac.

Siberian peashrub,

redosier dogwood,
Tatarian
honeysuckle.

Tatarian
honeysuckle,
redosier dogwood.

Siberian peashrub,

Tatarian honey-
suckle.

1
I
1
I
]
[l
1
I
1
I
]
t
1
I
1
I
1
I
1
I
]
I
1
1
1
I
)
I
1
1
i
L]
L
]
(]
'
]
L]
[
1
1
]
]
]
]
]
t
1
]
]
1
1
]
I
1
I
|
1
[}
1
1
|
1
}
1
|
1
I
(]
L]
1
[}
1
|
t
I
!
]
]
[}
1
1
'
1
]
1
t
1
1
|
L]
}
I
I
L]
i
]
I
t
I
(]
t

Amur maple,

eastern redcedar.

Amur maple,

eastern redcedar.

Northern white-

cedar, Siberian
crabapple, Amur
maple, white
spruce.

Amur maple, white

spruce.

Eastern redcedar,

northern white-
cedar, blue
spruce.

Eastern redcedar,

northern white-
cedar, Austrian
pine.

Amur maple,

eastern redcedar.

Amur maple,

eastern redcedar.

Russian-olive,

blue spruce,
ponderosa pine,
Siberian
crabapple,
eastern redcedar.

Eastern redcedar,

Amur maple.

Ponderosa pine,

Russian-olive,
northern white-
cedar, eastern
redcedar, green
ash, white
spruce, Russian-
olive.

Red pine,

Red pine,

Common hackberry,

red pine, Norway

spruce.

Norway
spruce, common
hackberry.

Eastern white

pine, green ash,
common hackberry,
Scotch pine.

Common hackberry,

green ash, golden
willow.

Eastern

cottonwood,
silver maple,
Scotch pine.

Eastern white

pine, Norway
spruce, red pine.

Eastern white

pine, Norway
spruce, common
hackberry.

Common hackberry,

red pine, Norway

spruce.

Golden willow,

green ash.

Norway
spruce, common
hackberry.

Golden willow,

black willow.

]
'
(]
1]
[
]
]
[}
]
'
]
]
(]
t
]
[}
i
1
1
{
|
1
[}
]
t
L]
|
(]
i
]
]
t
|
1
|
b
I
]
]
t
t
1
i
i
1
I
1
I
1
I
t
I
1
I
1
I
1
|
1
I
(]
1
1
i
]
]
1
I
1
I
1
I
1
|
]
]
]
|
1
I
1
)
1
I
1
1
1
1
t
t
]
I
1
]
]
I
1
]
]
t
1
1
L]
i
]
]
]
]
1
|
]
]
]
1
]
'
1
]
L]
|
1
I
I
1
i
I
|
I
]
i
]
i
]
i
1
]
1
|
1
|
1
I
)
[}
1
|
]
L

Eastern
cottonwood,
silver maple.

Eastern
cottonwood,
silver maple.

Silver maple.

Eastern
cottonwood,
silver maple.

Eastern
cottonwood,
silver maple.

Eastern
cottonwood,
silver maple.

Eastern
cottonwood,
Siberian elm.

i1Eastern

white pine,
silver maple.

Siberian elm,
eastern white
pine.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued
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Trees having predicte

d 20~-year average

heights, in feet, o

Soil name and

8-15

16-25

26-35

>35

i
|
map symbol H <8
1
|
]
1
1

638C2%, 638D2%:
Clarion------=e-- iGray dogwood,
silky dogwood.

StordeNeeeeecaaaa —_—
1
;
:
:
:
639C#*: i
Salida--~====aceu | -—-
]
‘I
]
:
:
:
Storden--=emcaa-a | ---
]
i
'
'
i
639D*: |
Salida-==ccccaaa-a i -—-
1
;
:
)
]
:
:
Storden--e--eee-- ! -——-
1
:I
i
|
]
733-~m~ommemcccaee | -—-
Calco |
]
]
]
;
:
822D3--ceemmmmemam iGray dogwood,
Lamoni | silky dogwood.
]
]
[]
;
823---ccmecee e iGray dogwood,
Ridgeport } silky dogwood.
1
!
:
924D2%: !
Burchard--eaccea- {Peking
| cotoneaster,
i lilac.
]
1
1
!
Adaire-c——ccaceaaaao 1Silky dogwood,

gray dogwood.

See footnote at end of table.

Redosier dogwood,
Tatarian
honeysuckle,
lilac.

Tatarian honey-
suckle, Siberian
peashrub,
eastern redcedar,
Russian-olive.

Eastern redcedar,
Russian-olive,
Tatarian honey-
suckle, Siberian
peashrub.

Eastern redcedar,
Tatarian honey-
suckle, Siberian
peashrub,
Russian-olive.

Eastern redcedar,
Russian~olive,
Tatarian
honeysuckle,
Siberian
peashrub.

Eastern redcedar,
Tatarian honey~
suckle, Siberian
peashrub,
Russian-olive.

Tatarian honey-
suckle, Siberian
peashrub.

Redosier dogwood,
American plum,
Tatarian
honeysuckle.

Redosier dogwood,
Tatarian
honeysuckle,
American plum.

Amur honeysuckle,
skunkbush sumac.

Lilac, Tatarian
honeysuckle,
redosier dogwood.

]
(
1
[}
T
i
)
}
!
[l
1
[l
]
t
]
'
1
I
I
1
1
I
1
]
]
|
]
1
]
1
1
I
]
I
1
1
1
I
|
[}
'
|
1
1
1
I
]
1
1
I
'
]
(]
1
]
1
1
1
]
L]
1
I
1
I
1
1
L]
1l
t
1
b
1
1
1
(]
]
1
1
1
I
]
t
1
[}
]
1
)
[}
]
1
]
1
1
1
1
1
1
1
1
I
1
1
1
1
1
I
|
[l
1
|
t
1
]
I
1
1
1
I
i
I
1
I
(]
i
(]
]
i
1
1
]
]
1
]
t
t
I
1
1

Amur maple,
eastern redcedar.

Honeylocust, green
ash, hackberry.

Common hackberry,
honeylocust,
green ash.

Common hackberry,
green ash,
honeylocust.

Common hackberry,
honeylocust,
green ash,

Common hackberry,
green ash,
honeylocust.

Northern white-
cedar, green ash,
eastern redcedar,
white spruce,
Russian-olive.

Eastern redcedar,
Amur maple.

Eastern redcedar,
Amur maple.

Eastern redcedar,
Russian mulberry,
green ash, common
hackberry, bur
oak.

Eastern redcedar,
Amur maple.

Red pine, Norway
spruce, common
hackberry.

Green ash,
Siberian elm.

Siberian elm------

Siberian elm-=-w--

Siberian elm------

Siberian elm-==---

Golden willow,
black willow.

Red pine, Norway
spruce, common
hackberry.

Red pine, common
hackberry, Norway
spruce.

Austrian pine,
Scotch pine,
honeylocust.

Red pine, Norway
spruce, common
hackberry.

Silver maple,
eastern white
pine.

Eastern
cottonwood,
Siberian elm.

Eastern
white pine,
silver maple.

Eastern
white pine,
silver maple.

Eastern
white pine,
silver maple.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

Trees having predicted 20-year average heights, in feet, of--
Soil name and i ] 1

| .
I ] I '
map symbol | <8 ] 8-15 ! 16-25 i 26-35 i >35
] [] (] ] ]
i i i i !
| i ' i ]
Q24E2%: | | ] | '
Burcharde-e-c—eca- {Peking |Amur honeysuckle, |Eastern redcedar, |Austrian pine, i —_—
| cotoneaster, { redosier dogwood.| Russian mulberry,|{ Scotch pine, H
| lilac. H | green ash, common| honeylocust. !
! | \ hackberry, bur | !
i ! | oak. ] ]
i ] ! i |
Adair-e-—ceecaaaa-- 1Silky dogwood, tLilac, Tatarian {Eastern redcedar, |Red pine, Norway |{Eastern
| gray dogwood. ! honeysuckle, \ Amur maple. { spruce, common i white pine,
| \ redosier dogwood. | \ hackberry. | silver maple.
] t 1 1 1
) ] I ] I
993D2%, 993E2*: ! ] i ! i
Gargeecereccccanea iGray dogwood, |Redosier dogwood, |Eastern redcedar, |Red pine, Norway |Eastern
\ silky dogwood. | American plum, { Amur maple. | spruce, common | white pine,
! | Tatarian | { hackberry. } silver maple.
! | honeysuckle. ! | |
! i i ! |
Armstrongeecec=aa iGray dogwood, |Redosier dogwood, |Eastern redcedar, |Red pine, Norway |Silver maple,
! silky dogwood. | Tatarian | Amur maple. | spruce, common | eastern
! ! honeysuckle, | i\ hackberry. | white pine.
! ! American plum. H i !
1 [] ] t 1
I i 1 ] I
2315%, | i i ! i
Fluvaquents ! { i ' i
L] 1 ] ] 1
[} I ) I ]
50.10%, | ! ! ! ]
Pits ! | i i '
] ) t 1 t
] I 1 ] I
5040%, | ] i | ]
Orthents ! | ! ' i
| i i | !

# See description of the map unit for composition and behavior characteristics of phe map unit.
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TABLE 9.--RECREATIONAL DEVELOPMENT

[Some terms that describe restrictive soil features are

"slight," "moderate," and "severe."

Absence of an

defined in the Glossary.
entry indicates that the soil was not

125

See text for definitions of

rated]

¥ T T T 1
] ] 1 [ ]
Soil name and ! Camp areas { Picnic areas | Playgrounds | Paths and trails | Golf fairways
map symbol | ! ' | !
i : i i i
i i 1 i i
i i ! ! '
1C3-ccmmccmccccceeee 1Slightewecenaaax 1Slight-vceemceenan {Severe: |Severe: 1Slight.
Ida | ! ! slope. ! erodes easily. !
i ] [] 1 1
1 ] ] I I
1D3ecccmcmccccacaaa {Moderate: iModerate: |Severe: |Severe: {Moderate:
Ida \ slope. i slope. i slope. | erodes easily. | slope.
] ] 1 ] 1
1 1 1 ] I
5B*: ! i ' | !
Ackmore---cecccmca-o {Severe: iModerate: |Severe: {Moderate: {Moderate:
{ floods, | wetness. | wetness. \ wetness. { wetness,
| wetness. H ! i \ floods.
1 1 ] 1 1
1 I t } I
JudSON=mmmac e iSlightemecemeaan {Slighteeeeacnaus iModerate: 1Slightmmmmmmmemmen iSlight.
| ! | slope. | !
i ! ! ' |
R T {Severe: |Severe |Severe: |Severe: {Severe:
Okobo ji ! ponding. { ponding. | ponding. | ponding, | ponding.
| | 1 ! erodes easily. !
] [] t 1 1
] 1 ] 1 1
L) et 18lightececacaaaa 1Slight-==ccecmcan iModerate: 1Slighteccccccnaaao 1Slight.
Judson ! ! ! slope. H ]
1 ] [] t ]
] 1 ] 1 t
o et T T 18lightececccaauax 1Slight-=cemeaca= |Severe: 18light=cmceccaccaua 1Slight.
Judson ! ! | slope. ! !
1 [] [] 1 1
I ] 1 ] 1
------------------- !Slight=me-momaee!Slight==mm=mmee-{Slight==mmm-mee=u{8lightm—==m-m=—m=={Slight.
Marshall ! | ] | '
i i ' | !
9B, 9B2ec—cu—- 18lightecceaaaa- 1Slighteemmmmeen |Moderate: 1Slightccmccccacaan 1Slight.
Marshall | 1 | slope. | i
| | ' ! !
9C, 9C2--commaacaa—o 1Slight—emeemacax 1Slightemcmeeeaun |Severe: |Slighteeeccnceanaa 1Slight.
Marshall ! ! ! slope. | |
] 1 [] [] 1
1 1 ] 1 [
B {Moderate: {Moderate: |Severe: 1Slight--cccccca-ue {Moderate:
Marshall | slope. | slope. i\ slope. ! | slope.
| i ' ] i
9E2eccccc e iSevere: |Severe: |Severe: {Moderate: |Severe:
Marshall i slope. \ slope. i slope. | slope. ! slope.
t 1 ) t 1
I I } I ]
11B#%: i : i | |
Colo--wcoccccnncauao 1Severe: iModerate: |Severe: iModerate: {Moderate:
\ floods, | wetness. | wetness. ! wetness. | wetness,
| wetness. ! 1 ! { floods.
] [] [] ] 1
I 1 ] ] 1
JudsonN-cececcccaaaa- 1Slightecceaceaax 1Slighte=ccccmaa- iModerate: 1Slight——ccccmmaaae 1Slight.
| ! i slope. i |
i | i ' ]
27Beccccccac e 1Slighteceeccaaax 1Slightemcccecna= {Moderate: 1Slighteemececcaaaaa 1Slight.
Terril H ! | slope. ! i
1 [] ] ] 1
1 ] ] ] I
27Cemcmcr e maa e caa iSlighteeecccaaw- iSlightecececaaaaa iSevere: iSlight=cecccacccaa- 1Slight.
Terril H ! | slope. 1 E
(] i [] 1
] i I | ]
28B, 28B2e-cccccccaa- 1Slightremcccacan 1Slightemeccccaaa {Moderate: 18light —ccccccacaaa {Moderate:
Dickman ! 1 | slope. | { droughty.
i 1 : ! i
28C2~ecmcec e nccaaa 1Slightecccecaaaa 1Slighteeccmcaaaa |Severe: 1Slightesccccccncnaa iModerate:
Dickman | H | slope. | { droughty.
[] [] ] ] (]
] i ] 1 ]
28D2=cmccccccccecee tModerate: {Moderate: |Severe: 18light ——mcccccca—- {Moderate:
Dickman i slope. ! slope. | slope. | { droughty,
! i i i E slope.
i ] H 1 i

See footnote at end of table.
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TABLE 9.--RECREATIONAL DEVELOPMENT-~Continued
i ] H i |
Soil name and H Camp areas { Picnic areas | Playgrounds | Paths and trails | Golf fairways
map symbol | | i i i
: i ] ' i
1 1 1 T i
i ] ! ' i
JBecmccccaccn e 18light—=—cceca-e- iSlightec-eeccaa= {Moderate: 1Slightee=ccmmaeaao iModerate:
Estherville i | i slope, 1 ! droughty.
' | | small stones. | !
) ] ] ) 1
] ] ] ] ]
34C2mmmmm e 1Slighte-meccee-- 18lightec-ccecmo-- |Severe: 18light-—ecccncaca- {Moderate:
Estherville ] i | slope. ' | droughty.
) ] 1 ] ]
1 1 1 ] ]
fBecmcmmm - ——— !Severe: !Severe: |Severe: i Severe: iSevere:
Knoke ! ponding. | ponding. | ponding. | ponding. | ponding.
(] 1 1 1 1
1 ] 1 I I
BYecemmm e !Severe: {Moderate: |Severe: {Moderate: iSevere
Zook | wetness, t floods, | wetness, i wetness, | floods
| floods. | wetness. i floods. | floods. i
] ] [ 1 1]
[ ] 1 ] ]
1 TR Slighte-meaccnas {Slightwee==aaaaa iModerate: {Slighto—=o=comcen- !Slight.
Nicollet ' i | slope. i |
1 1 1 [] 1
1 ] 1 ] 1
59C2mmmmmmmamm———— = 'Moderate: {Moderate: {Severe: 1Slightececccmnecaa 1Slight.
Burchard ! percs slowly. | percs slowly. | slope. | |
] [l ' 1 ]

t ] ] ] ]
59D2-cmmcmmccc e e {Moderate: {Moderate: iSevere: 1Slight=—emccceeeao iModerate:
Burchard { slope, \ slope, \ slope. 1 | slope.

! percs slowly. | percs slowly. | ! i
1 1 1 t 1
] ] 1 1 ]
59E2, 59F2---ccecee- |Severe: {Severe: | Severe: {Moderate: |Severe:
Burchard | slope. \ slope. | slope. | slope. i slope.
[] t ) ] 1
] 1 ] ] 1
62C2mmmmm e m e e —a 1Slight-=cceceen= 18light-—=cceccaa- |Severe: 18lighteeecemacaaaa- 1Slight.
Storden ! H { slope. 1 |
] 1 1 [] []
1 1 ] 1 ]
62D2wm e ——— !Moderate: {Moderate: |Severe: 1Slight-—mmcccooo—- |Moderate:
Storden \ slope. { slope. i slope. ! | slope.
1 1 1 1 1
1 ] ] 1 1
62E2, 62F-mc-mwea-m- {Severe: {Severe |Severe: |Moderate: | Severe:
Storden \ slope. | slope. | slope. | slope. | slope.
1 1] 1 (] 1
1 ] ] 1 ]
620 wwmmmmmm———— e~ |Severe: |Severe: |Severe: |Severe: {Severe:
Storden | slope. | slope. | slope. | slope. i slope.
] ] ] ] )
] ] ] 1 ]
T1D2%: i . i | '
Marshalle-wececacaa- {Moderate: {Moderate: i Severe: 18light ———=ecweena- {Moderate:
| slope. | slope. | slope | { slope.
[] ] 1 1 )
] 1 1 1
Dickmane-cemcecaea- tModerate: iModerate: iSevere: 1Slighte--eeecacaax |Moderate:
i slope. ! slope. | slope. ! | droughty,
' i ] | | slope.
H | ! ' !
90ecmrmcem——ccon———— |Severe: |Severe: |Severe: iSevere: i Severe:
Okoboji ! ponding, | ponding, ! excess humus, | ponding, | ponding.
! excess humus. | excess humus. | ponding. | excess humus, |
' ! ! | erodes easily. !
[] ] 1 [] ]
] ] 1 ] ]
[ L e L |Severe: {Moderate: |Severe: {Moderate: iModerate:
Harps | wetness. | wetness. | wetness. | wetness. | wetness.
1 1 1 1 1
1 1 1 1 1
99C2mmmmmmmccmmemmen 18light—mcmmccenmn {S1ight——mcooooee iSevere: 1S1ight-cmococcemen iSlight.
Exira ! H | slope. i H
[] 1 (] ] ]

] 1 ] ] I
99D2wwmmmm e e meae iModerate: {Moderate: {Severe: 18lighteemcmmccceae iModerate:
Exira ! slope. { slope. | slope. | | slope.

[] ] [] 1 1
[] ] ] 1 1
99E2emmmc e e iSevere: iSevere: |Severe: iModerate: |Severe:
Exira | slope. | slope. { slope. | slope. | slope.
1 ] [] 1 1
| ] ] 1 ]
107 mmmmmmemmom———— e |Severe: |Moderate: |Severe: |Moderate: {Moderate:
Webster | wetness. { wetness. ! wetness. | wetness. | wetness.
1 ) ] 1
1 ] ] ]

See footnote at end of table.
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] [] 1 [] T
I ] ] ] [}
Soil name and ! Camp areas | Picnic areas | Playgrounds | Paths and trails | Golf fairways
map symbol ! | ] ' ]
| i | i i
T -1 T T T
] 1 I ] ]
1 ! i ! |
Lo T {8light=ememmmm- ISlight-mmmmmmen- {Moderate: ISlight=mmmemm—a—u- iSlight.
Wadena i i i\ small stones. | '
1 1 1 t ]
] 1 1 ] ]
108B=mcmcmmmmc e 18light——=ecceem 18lightmcemnemamm |Moderate: 1Slight---ceecmenaa- i1Slight.
Wadena ! 1 \ slope, | i
| ] | small stones. | !
] ] [ 1 1
1 ] t t 1
108C2ecccccccccccccaae 1Slightememccaa- 1Slightem=mmcewa- |Severe: 18light-—=ccmcwawa- 1Slight.
Wadena 1 ! i slope. t 1
1 [] 1 1 []
] ] I 1 ]
133, 1334c---cccmaca—- |Severe: |Moderate: |Severe: |Moderate: |Severe:
Colo \ floods, { floods, | wetness, { floods, | floods.
| wetness. | wetness. { floods. ! wetness. i
1 (] ] 1 ]
] ] ] | ]
135-ccmccc e iSevere: {Moderate: iSevere: tModerate: {Severe:
Coland i floods, { floods, | wetness, | wetness, { floods.
| wetness. { wetness. \ floods. { floods. !
1 1 1 t )
[} I I ] 1
138B, 138B2-~e~ccwcu=-- 1Slightee-eeeuaa 18lightemeeeweeeaa |Moderate: 1Slight-cccccccacaa 1Slight.
Clarion 1 ! | slope. | i
1 1 ] 1 ]
1 I ] 1 [
138C, 138C2ec-cecccaaaa 1Slight=-=emeuaa 1S8lightmemmceeaue |Severe: 1Slight-=-cmmcweee- iSlight.
Clarion ! ! | slope. ' !

i | i ] i
138D2-ccccmcccmmcceeee {Moderate: {Moderate: {Severe: 1Slight-=eeweccecaea- {Moderate:
Clarion i slope. i slope. i slope. | | slope.

] ] ] 1 ]
] 1 t ] ]
179E2, 179F, 179F2---~|Severe: {Severe {Severe: iModerate: {Severe:
Gara | slope. \ slope. | slope. i slope. ! slope.
1 (] 1 1 1
1 ] ] t ]
179G ~cmcmmmmccc e eee e |Severe: iSevere: |Severe: iSevere: |Severe:
Gara | slope. { slope. | slope. | slope. { slope.

! i | | !
192D2~-mcmccc e ccc e iSevere: iModerate: iSevere: {Moderate: iModerate:
Adair | wetness. ! wetness, | slope, | wetness. i slope,

! | slope, ! wetness. ! ! wetness.
! ! percs slowly. | i 1
] (] ] 1 )
1 1 1 1 ]
201B#* ! ! ! : :
Colandee-cmccacacacaa iSevere: {Moderate: iSevere: iModerate: {Moderate:
i floods, { wetness. | wetness. { wetness. | wetness,
| wetness. ! | | i floods.
1 ] ] ] 1
I ] ' ] 1
Spillville-eccarac--- iSevere: 18light———mmwmenm- {Moderate: 1Slight-==mece—-aoo- |Moderate:
{ floods. H | slope, 1e { floods.
1 | | floods. H |
i | | ) !
203-cccmmcmcmmc e tModerate: tModerate: {Moderate: 1Slight eewcccccccea 1Slight.
Cylinder | wetness. | wetness. | wetness. | |
1 ] 1] 1 ]
] 1 ] ]
236C—mmmmmmmmeememe e {Slight-=c-ocen- 1Slight-mccccoman ISevere {Slight-momeeemmam- iSlight.
Lester ! ! | slope. ! H
1 ] ] ] 1
1 ] 1 ] 1
Y e |Severe: iModerate |Severe {Moderate: {Moderate:
Biscay ! wetness, | wetness. ! wetness. | wetness. | wetness.
] 1 1 1 1
] 1 ] 1 1
268Cm=rommmrc e 18lighteeaceaaa- 18light~we-aceceaaee iSevere 18lightmeccmcccaoaa 1Slight.
Knox | | | slope. H |
] ] ] ] ]

1 [} ] ] ]
268D2=meencec e {Moderate: |Moderate: |Severe: 1Slight=mwecccmacan {Moderate:
Knox { slope. i\ slope. ! slope. H ! slope.

] ] ] ] 1
] 1 ] ] 1
268E2wwnvmmccenannaaa |Severe: |Severe: |Severe: IModerate: |Severe:
Knox i slope. i slope. i slope. | slope. | slope.
[] 1 ] 1 []
i 1 ] I ]
308m-mecec e 1Slighteeceeanaa 1Slight—eeeecaaao {Moderate: 1Slightceeccccaaaax 18light.
Wadena | i \ small stones. |
]
1

See footnote at end of table.
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Soil survey

T | r | T
] 1 ] ) i
Soil name and ! Camp areas ! Picnic areas | Playgrounds | Paths and trails | Golf fairways
map Symbol ] ! ! ! |
1 | } ! ]
1 T i J i
: | | : |
308B=~=m= ceeemecemcen— 18lightemeccccaa- 18lighteeecaaaaa {Moderate: 18lighteemcc~a- 1Slight.
Wadena ! i i slope, | '
| ) ! small stones. | !
| 1 i i i
430mmcea B iSevere: IModerate: |Severe: {Moderate: |Severe:
Ackmore { floods, | wetness, { wetness, | wetness, | floods.
| wetness. ! floods. ! floods. i floods. H
' i ! | {
485 -cmmem B R iSevere: 1Slight=eceecccecaa {Moderate: 1Slighteeceaaaxaa |Moderate:
Spillvill i floods. ! ! floods. | i floods.
] 1 [l 1
] I i ] []
------------------ !Severe: !Slight====——--<-|Moderate: 1Slighte-mcaeea {Moderate:
Spiliville { floods. ' | slope, | | floods.
| | ! floods. | |
i ' ] ] |
507 cmcmacm e |Severe: iModerate: iSevere: {Moderate: {Moderate:
Canisteo | wetness, ! wetness. | wetness. | wetness. | wetness.
' ] i ! i
0]} P 181ight —=cmecmua- 1Slighteeaecacaxs {Moderate: {Slight-=-=-cc-- 1Slight.
Marshall 1 ! | slope. i H
] (] ] ] ]
] ] ] ] ]
11 P—— ceemememae ~---{Severe: {Moderate: |Severe: {Moderate: iModerate:
Talcot | wetness. | wetness. | wetness. ! wetness. | wetness.
] ] ] ' 1
1 ] I ] 1
638C2%: | | | ! |
Clarioneceececemana—aao 1Slightewceecaaaa 1Slight eeccvcanaa {Severe: 1Slighteeccea-—- 1Slight.
! ! | slope. i |
| ! i ]
Stordenecececcaca—acax 1Slight—-crmeccas 1Slighteececaneea iSevere: 1Slight=eawa ——————— 1Slight.
1 1 (] ]
| i | slope. i |
| i | i i
638D2%: ] | | | i
Clarion-—ecececcacrceaa {Moderate: {Moderate: iSevere: 1Slight-=-=- e ——— iModerate:
! slope. | slope. \ slope. i | slope.
] ! i d i
Stordenecececeaecacax {Moderate: {Moderate: |Severe: 1Slighte~mcaa--- {Moderate:
{ slope. { slope. i slope. | | slope.
t 1 ] [] []
] 1 ] ] 1
639C*: ' i i i '
Salida-wemmccmcceeeeo tModerate: tModerate: |Severe: iSlighteecau——- iSevere:
| small stones. | small stones. | slope, 1 | droughty.
| | | small stones. | !
] ] ' ] |
Storden-eece=na= meeeeiSlighteeceaccaa- 18lighteweceac-- |Severe: 18lightemecae-—-- 1Slight.
| | i slope. | |
1 1 1 ] )
I I ] ] ]
639D%: H ] i ! i
Salida-mweecenceccaaa {Moderate: {Moderate: {Severe: iSlighteeeeam-- |Severe:
{ slope, { slope, i slope, | | droughty.
! small sStones. | small stones. | small stones. | 1
1 ] (] 1 t
i 1 ] 1 1
StordeNec-cemacae—aa- {Moderate: tModerate: iSevere: 1Slight~eaaa ——————— {Moderate:
! slope. ! slope. | slope. 1 i slope.
1 1 [ t []
i i ' 1 i
733-ccmcmcmmmecmcemee- |Severe: {Moderate: iSevere: {Moderate: {Severe:
Calco { floods, \ floods, | wetness, | wetness, { floods.
{ wetness. ! wetness. | floods. | floods. !
[] [] 1 [} 1
] ] ] i [
822D3~——m~=mmeccccmccan |Severe: |Severe: |Severe: {Moderate: {Moderate:
Lamoni { wetness, { percs slowly. | slope, | wetness, | wetness,
! percs slowly. | ! wetness. ! | slope.
1 1 L ] ]
1 ) ] 1 ]
823cmercncnnnnnn" ~===e|Severe: 1Slight=ecmcceea 1Slight——c=mee=- {Slighteee—cmum 1Slight.
Ridgeport floods. ! |
]
I

See footnote at end of table.
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[] 1 ] 1 []
] ] ] 1 i
Soil name and i Camp areas \ Pienic areas | Playgrounds | Paths and trails | Golf fairways
map symbol | ' ' | i
| i i ! i
i i 1 ! T
92uD2%: i ' ' ] '
Burchard--cececeeca- {Moderate: |Moderate: |Severe: 18light-=cemccaama- {Moderate:
| slope, | slope, \ slope. H | slope.
{ percs slowly. | percs slowly. | |
[] ] 1 t
[} ] 1 t I
Adaire-cceccecccea-o |Severe: tModerate: iSevere: iModerate: iModerate:
{ wetness. | wetness, i slope, ! wetness. | slope,
i i slope, { wetness. i | wetness.
! | percs slowly. | | '
] [] ] (] []
] [ ] i ]
924E2%: i i i i i
Burchard-e-eccceaae |Severe: {Severe: |Severe: |Moderate: |Severe
| slope. | slope. i slope. i slope. E slope.
[] 1 [] []
] 1 ] 1 [}
Adalr-----ececcea-- |Severe: {Severe: |Severe: {Moderate: |Severe:
{ slope, | slope. | slope, | wetness, { slope.
E wetness. ! | wetness. ! slope. {
1 ] ] 1
] 1 t ] ]
993D2%: | i | i
Garaee-—c—c—ceccana—-o {Moderate: {Moderate: |Severe: 1Slightececcaccaaa- {Moderate:
| percs slowly, | slope, ! slope. H i slope.
{ slope. E percs slowly. | |
] ) 1
] i ] ) I
Armstronge-=-ececaa-= |Severe: {Moderate: {Severe: iModerate: tModerate:
| wetness. i slope, \ slope, | wetness. | slope,
| | wetness, | wetness. i | wetness.
! ! percs slowly. | ! i
1 [} ] [] 1
I 1 ] I 1
993E2%: | i ) i i
Gara--=—-eemecmmaaao {Severe: |Severe: |Severe: {Moderate: |Severe:
i slope. | slope. i slope. | slope. i slope.
] 1 ] 1] 1
] 1 ] | 1
Armstrong----=ce~=~ iSevere: iModerate: |Severe: {Moderate: {Moderate:
| wetness. i slope, | slope, | wetness. | slope,
1 | wetness, | wetness. ! \ wetness.
H ! percs slowly. | | i
(] 1 (] ] 1
] 1 i I ]
2315%, 1 ] 1 i i
Fluvaquents ! ! ! ! |
1 ] 1 1 ]
¢ | ] ] 1
5010%, 1 | 1 | 1
Pits ' ! ! g i
] H ] | i
5040%, i 1 | i |
Orthents ! ' ! | i
i | i i i

# See description

of the map unit for composition and

behavior characteristics of the map unit.
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TPotential as habitat for--

Absence of an entry indicates that the

TABLE 10.--WILDLIFE HABITAT POTENTIALS

Potential for habitat elements

soil was not ratedl

[See text for definitions of "good," "fair," "poor," and "very poor."
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iPotential as habitat for--

Potential for habitat elements

Soil name and
map symbol
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% See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 11.--BUILDING SITE DEVELOPMENT

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of

"glight," "moderate," and "severe." Absence of an entry indicates that the soil was not rated]
i i i i ] i
Soil name and | Shallow i Dwellings ! Dwellings | Small { Local roads | Lawns and
map symbol \ excavations | without | with i commerclal ! and streets | landscaping
| ] basements | basements | buildings | |
! E ! ! E i
1C3emmccccccccna—— 1Slightesmemacu= 1Slighteceaceaz= 1Slight--ececcecceas {Moderate: {Severe: 1Slight.
Ida | ' ' | slope. ! frost action. !
1 ] ] [] (] ]

I ] ] ] 1 1
1D3wcccncccccecaaa |Moderate: {Moderate: {Moderate: {Severe: |Severe: iModerate:
Ida | slope. ! slope. | slope. i slope. { frost action. | slope.

] ] t 1 ] 1
] ] ] I ] I
5B#%: | | ' i ! '
Ackmore=ee-me-c--- |Severe: |Severe: |Severe: iSevere: iSevere: {Moderate:
\ wetness. { floods, | floods, \ floods, \ low strength, | wetness,
! { wetness. | wetness, { wetness. { floods, \ floods.
! ! ! shrink-swell. | | frost action. |
] 1 [] 1 1 ]
i I ] I I ]
JudsOoN=--==-c-aaa 18light=---ew---- iModerate: iModerate: |Moderate: iSevere: 1Slight.
| ! shrink-swell. | shrink-swell. | shrink-swell. | low strength, |
' i i ! ! frost action. |
1 ] 1 1 1 ]
I ] } I I ]
frmmmmemm————————— !Severe: |Severe: |Severe: |Severe: {Severe: |Severe:
Okobo ji { ponding. | ponding, | ponding, | ponding, { low strength, | ponding.
H ! shrink-swell. | shrink-swell. | shrink-swell. | ponding, 1
i ! d i | frost action. |
i i i | | i
BBrcccccrmmmm————— 1Slight—ceeeaman {Moderate: |Moderate: {Moderate: {Severe: 18light.
Judson | ! shrink-swell. |} shrink-swell. | shrink-swell. | low strength, |
i ! ' ' | frost action. |
] 1 ] 1 1 1
I ] ] I 1 |
[ [ 1Slight eewecmaaa {Moderate: {Moderate: {Moderate: |Severe: 1Slight.
Judson ! ! shrink-swell. | shrink-swell. | shrink-swell, | low strength, |
i | ] | slope. | frost action. |
1 (] [] ] ] ]
I 1 ] ] ] ]
9, 9B, 9B2---ec-=-- iSlight-----v-=- {Moderate: {Moderate: |Moderate: | Severe: 1Slight.
Marshall | ! shrink-swell. | shrink-swell. | shrink-swell. | low strength, |
! i ! i | frost action. |
i ' 1 | i |
9C, 9C2cmmmeccceun 1Slighteeracaca- iModerate: {Moderate: {Moderate: |Severe: 1Slight.
Marshall H | shrink-swell. | shrink-swell. | shrink-swell, | low strength, |
} ! H | slope. | frost action. |
] [] ] 1 1 1
] ] 1 ] ] I
9JD2wemmmmmmm e m e {Moderate: iModerate: {Moderate: | Severe: |Severe: {Moderate:
Marshall ! slope. ! shrink-swell, | shrink-swell, | slope. { low strength, | slope.
1 ! slope. | slope. H | frost action. |
] 1 ] ] . ]
] 1 t I 1 ]
9E2--memm e |Severe: |Severe: |Severe {Severe: {Severe: {Severe:
Marshall { slope. ! slope. \ slope. i slope. \ low strength, | slope.
' ! ! ' ! frost action, |
| d d { i slope. |
] | | i i !
11B%*: ] | ' ' ] '
C0l0mmmmmmcarm e |Severe: |Severe: |Severe |Severe: |Severe: iModerate:
| wetness. \ floods, { floods, \ floods, { floods, | wetness,
H ! shrink-swell, | shrink-swell, | shrink-swell, | low strength, | floods.
! ! wetness. | wetness. | wetness. \ frost action. |
[] ] 1 1 [] 1
] ] I ] ] I |
Judsofemmremcaama 1Slighte--cc---- {Moderate: iModerate: iModerate: {Severe: 1Slight.
i ! shrink-swell. | shrink-swell. | shrink-swell, | low strength, |
! i ' i | frost action. |
: 1 i | | !
27Becmcmm e m e e 1Slighteccceena- 1Slightececeeree= 18light=eceeewn= 1Slight=c=cena=- |Severe: 1Slight.
Terril ! ' | | | low strength. |
1 ) [] 1 ] )
1 I ] ] 1 ]
o T 1Slight=e-aaae-= tSlight-—ccec-e- 1Slight-—ccc-na= {Moderate: iSevere: iSlight.
Terril H | 1 \ slope. ! low strength. |
(] ] ] t 1 ]
1 1 ] 1 I I
28B, 28B2---ew---- |Severe: 18light=ceccnan= 1Slight meeecama- 1Slight-weecaaax 1Slightececcacaa iModerate:

Dickman { cutbanks cave.] { droughty.
1 ]
I I

See footnote at end of table.
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TABLE 11.--BUILDING SITE DEVELOPMENT--Continued
i i i ] i H
Soil name and | Shallow 1 Dwellings 1 Dwellings H Small ! Local roads | Lawns and
map symbol i excavations | without ! with | commercial i and streets | landscaping
! ! basements 1 basements | buildings i |
1) T T T T T
| E i i | |
28C2------ccmcmn |Severe: 18light—eecacaa- 18light —==ceaee iModerate: 1Slight--=-=acec-- {Moderate:
Dickman { cutbanks cave.| ] { slope. i { droughty.
1 L] ] ] ] ]
] 1 1 1 t [
28D2---=mcmcmaaaa |Severe: iModerate iModerate: i Severe: |Moderate: |Moderate:
Dickman } cutbanks cave.| slope. \ slope. \ slope. { slope. { droughty,
[] 1 1 1 1 1
1 i i i i i slope.
| ] ] ' i i
KL e |Severe: 1Slight mccmmcmaa 18lightecmecccuaa 1Slightemecceaax 1Slighteeeeceaax iModerate:
Estherville { cutbanks ‘cave.| | i i | droughty.
i ! i 1 i |
34C2-cccmmcccncaa |Severe: 18lighte=eeecaaaa 18light==m=mcceaa iModerate: 18lightemececea-" iModerate:
Estherville { cutbanks cave.| H ! slope. H \ droughty.
1 1 1 1 1 1
1 ] ] ] ] 1
YBoccc e |Severe: |Severe: iSevere: |Severe: {Severe: {Severe:
Knoke | ponding. | ponding, { ponding, \ ponding, { ponding, | ponding.
i { shrink-swell. | shrink-swell. | shrink-swell. | low strength, |
1 ] ] ] ] 1
i 1 i | { shrink-swell. |
] ! i i ] |
L R e iSevere: iSevere: {Severe: iSevere: |Severe: {Severe:
Zook | wetness. | floods, { floods, \ floods, { floods, i floods.
| | wetness, | wetness, ! wetness, i low strength, |
| { shrink-swell. | shrink-swell. | shrink-swell. } frost action. |
i ' | | i |
55cccrmccccccnaa |Moderate: iModerate: |Moderate: {Moderate: |Severe: 1Slight.
Nicollet { wetness. \ shrink-swell. | wetness. | shrink-swell. | low strength, |
! ] ! ' | frost action. |
1 ] 1 1 1 1
1 | 1 1 i ]
59C2=cccccccrna=n- 18light—==acena- {Moderate: iModerate: iModerate: iSevere: {Slight.
Burchard | | shrink-swell. | shrink-swell. | shrink-swell, | low strength. |
i ! ' | slope. ! |
| i i ! : ]
59D2eccccmcccaca {Moderate: {Moderate: {Moderate: |Severe: |Severe: {Moderate:
Burchard i slope. | shrink-swell, | slope, { slope. ! low strength. | slope.
r | slope. \ shrink-swell. | i i
] 1 ] () [] ]
1 ] ] ] ] ]
59E2, 59F2----wa- |Severe: iSevere: {Severe: {Severe: |Severe: iSevere:
Burchard | slope. | slope. \ slope. | slope. | low strength, | slope.
' t [] 1 1 1
1 i t i | slope. i
! i ' | | i
62C2-memmenceanaa 1Slighteececceaaa 1Slight=mcccnaa- 18light==vececa- |Moderate: iModerate: 1Slight.
Storden ! ! ! | slope. i frost action. |
i ' ! | i i
62D2-cecccmnccnae iModerate: |Moderate iModerate: iSevere: {Moderate: iModerate:
Storden i slope. | slope. | slope. i slope. | slope, i slope.
i ] ' ' | frost action. |
! | i i ! |
62E2, 62F, 62G----|Severe: iSevere: |Severe: |Severe: iSevere: |Severe:
Storden | slope. | slope. { slope. i slope. | slope. | slope.
] [] t ] t '
] ] ] ] ] '
71D2%: ! 1 : ' ] i
Marshall---e-cea- tModerate: {Moderate: {Moderate: |Severe: |Severe: |Moderate:
i slope. | shrink-swell, | shrink-swell, | slope. { low strength, | slope.
H | slope. ! slope. H { frost action. |
' | | | i i
DickmanNeeeeceecaa= {Severe: {Moderate: iModerate: iSevere: iModerate: {Moderate:
! cutbanks cave.| slope. ! slope. i slope. | slope. \ droughty,
i ' ! ! ‘ ] i slope.
| i | i i !
90--ccmrrcmcaee |Severe: |Severe: |Severe: {Severe: iSevere: {Severe:
Okoboji { ponding. ! ponding, | ponding, ! ponding, ! low strength, | ponding.
. { shrink-swell. | shrink-swell. | shrink-swell. | ponding, !
| 1 ! ! | frost action. |
' ' | ' ] ]
R T |Severe: iSevere: !Severe: {Severe: |Severe: iModerate:
Harps | wetness. | wetness. | wetness. | wetness. ! low strength, | wetness.
H ! ! ! | frost action. |
1 ] ] 1 ] 1
| l i i ‘ 1 i
99C2-mmcmmcr e 18light=emmecea- {Moderate: {Moderate: IModerate: | Severe: iSlight.
Exira i shrink-swell. | shrink-swell. | shrink-swell, | low strength, |
t ] t r ]
i E E E i

See footnote at end of table.
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TABLE 11.--BUILDING SITE DEVELOPMENT=--Continued
1 i i i ] i
Soil name and | Shallow ! Dwellings ! Dwellings 1 Small { Local roads | Lawns and
map symbol ' | excavations |} without H with | commercial | and streets | 1landscaping

! | basements | basements | buildings | !

] i i ] ! i

! ' ] i ] i
99D2=rmmmniccanan -{Moderate: |Moderate: |Moderate: |Severe: |Severe: |Moderate:
Exira ! slope. ! shrink-swell, | shrink-swell, | slope. ! low strength, | slope.

i i slope. | slope. H | frost action. |

i i ] i ! {
99E2wmr—cmcccccaa-a |Severe: |Severe: |Severe: | Severe: |Severe: |Severe:
Exira | slope. | slope. i slope. | slope. { low strength, | slope.

! | ! ! | frost action, |

| | i ' i slope. !

! ! i ! ' i
107~cmcccccccaccas |Severe: {Severe: |Severe: |Severe: |Severe: : {Moderate:
Webster | wetness. | wetness. | wetness. | wetness, ! low strength, | wetness.

i | ! ! | frost action. |

| ! | i : '

108, 108B-===ccm-- |Severe: 151ight e ——ececa- 18lighte-eeeaeen 18lighteccceuaa- 1Slight—meecaaax 1Slight.
Wadena | cutbanks cave.| ! i H H

(] 1 ] L] 1 1

] 1 ] [ 1 I
108C2------ —————ee |Severe: 18lighteceeaaa-- 18light--------- |Moderate: 18light——ccceea- 1Slight.
Wadena | cutbanks cave.| | | slope. i 1

' ' ' ' ! | :
133, 1334---<<-=w-|Severe: |Severe: |Severe: iSevere: |Severe: |Severe:
Colo | wetness, - { floods, { floods, { floods, i floods, { floods.

i ! shrink-swell, | shrink-swell, | shrink-swell, | low strength, |

! | wetness. | wetness. | wetness. { frost action. |

] ! ! ! i |
135emmmem e iSevere: |Severe: {Severe: |Severe: |Severe: |Severe:
Coland | wetness. i floods, | floods, | floods, | floods, | floods.

| ! wetness, | wetness, | wetness, | low strength, |

! ! shrink-swell. | shrink-swell. | shrink-swell. | frost action. |

| | ! | ! '
138B, 138B2==cec-- 18lighteecamr—e-- 18lighteecmcacae 18light-=cccauaa 1Slighte=meecaan {Moderate: 1Slight.
Clarion ! | | | { frost action. |

] t 1 1 ] ]

] ] 1 1 [} ]
138C, 138C2------- 18light-=-cccaa- 1Slightececcncas 1Slighteececececas {Moderate: iModerate: 18light.
Clarion ! H ! | slope. ! frost action. |

] d ] i i ]
138D2~-mccmccccn=- iModerate: |Moderate: {Moderate: |Severe: {Moderate: {Moderate:
Clarion | slope. \ slope. { slope. \ slope. ! slope, { slope.

i i ! 1 { frost action. |

' ] ' ' i |
179E2, 179F, ] | ] ! ] ]
179F2, 179G-=wce- iSevere: |Severe: |Severe: iSevere: iSevere: iSevere:

Gara { slope. | slope. | slope. | slope. ! low strength, | slope.

' i i { | slope. !

' ! | ] ' ]
192D2-ccmmcccmm—an |Severe: |Severe: iSevere: {Severe: |Severe: {Moderate:
Adair | wetness. \ shrink-swell, | wetness. | shrink-swell, | low strength, | slope,

! | wetness. ! | wetness, \ frost action. | wetness.

] i 1 { slope. i i

' i | | ' ]
201B*%: ] ! | i i !
Colandeemmcnmmaa= |Severe: |Severe: {Severe: |Severe: |Severe: iModerate: .

{ wetness. { floods, i floods, \ floods, i floods, | wetness,

! { wetness, | wetness, | wetness, | low strength, | floods.

! ! shrink-swell. | shrink-swell. | shrink-swell. | frost action. |

! i ! ] | !
Spillville--=--=- |Moderate: |Severe: |Severe: |Severe: {Severe: iModerate:

i floods, { floods. | floods. | floods. | low strength, | floods.

! wetness. | | ' | floods. !

| ! i ! ! i
203mcmccr e —cm——e |Severe: |Moderate: |Severe: {Moderate: |Severe: {Slight.
Cylinder ! cutbanks cave, | shrink-swell, | wetnéss. | shrink-swell, | frost action. |

| wetness. | wetness. ! | wetness. i !

i i ! | ' '
236Cmmmee== —mmeen—— 1Slighte—accav=- |Moderate: |Moderate: iModerate: |Severe: 1Slight.
Lester ! ! shrink-swell. | shrink-swell. | shrink-swell, | low strength. |

] 1 ] ] 1 1

H i i i slope. i i

] i 1 | ] i
259 a e |Severe: |Severe: |Severe: {Severe: |Severe: {Moderate:
Biscay ! cutbanks cave,|{ wetness. | wetness. ! wetness. ! low strength, | wetness.

| wetness, ! i | | frost action. |

1 ] L] (] 1 L]

1 ] ] ] I ]

See footnote at end of table.
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frost action.

1 r T T T T
. 1 t 1 ' ] I
Soil name and | Shallow | Dwellings 1 Dwellings ! Small t Local roads | Lawns and
map symbol ‘I excavations | without H with | commercial i and streets | 1landscaping

1 | basements ! basements ! buildings | |

T T T T N T T

| | | | | ;

268Cewmcmm e cemae 1Slighteeecccaaa= |Moderate: 1Slightecmcccaes {Moderate: . iSevere: 1Slight.

Knox H | shrink-swell. | | shrink-swell, | low strength, |
1 | ! { slope. \ frost action. |

1 t (] ) (] ]

] ] ] 1 ] 1
268D2--ceammaaaa {Moderate: |Moderate: |Moderate: |Severe: |Severe: |Moderate:
Knox | slope. | shrink-swell, | slope. | slope. i low strength, | slope.

! | slope. | | { frost action. |
! i | | i |
268E2eecmmcccnncan | Severe: |Severe: |Severe |Severe: |Severe: |Severe:
Knox | slope. { slope. | slope. | slope. } low strength, | slope.
[] [] [] [] (] ]
i i i | { slope, |
i | i i | frost action. |
[] ] ] 1 ] 1
] ] i 1 ] ]
308, 308B-—c=v-o-- {Severe: !Slightecmcemoee- !Slighte—-aoamna 1Slight-mcemcem- I ET 1 LS m—— iSlight.
Wadena ! cutbanks cave.! ! ' ' i
' | i ' ' |
B30--cccmmmmeaeeo |Severe: |Severe: |Severe: |Severe: |Severe: |Severe:
Ackmore | wetness. | floods, \ floods, { floods, | low strength, | floods.
| ! wetness. | wetness, ! wetness. i floods, !
E ! { shrink-swell. i i frost action. E
1 : = ] ] i
485, U485Becmccmca- |Moderate: |Severe iSevere: {Severe: iSevere: tModerate:
Spillville | floods, | floods. { floods. i floods. | low strength, | floods.
| wetness. i ! ! | floods. H
1 1 ] ] 1 1
| 1 ] [ ] 1
507 e=mccccccccanaa |Severe: |Severe: |Severe: {Severe: ‘I Severe: {Moderate:
Canisteo | wetness. { wetness. | wetness. | wetness. i low strength, | wetness.
| ] | ! | frost action. |
! ' i i | !
509Becccmccc e eaa 15light remceacaa {Moderate: iModerate: {Moderate: |Severe: 1Slight.
Marshall i { shrink-swell. | shrink-swell. | shrink-swell. | low strength, |
| | i ' ! frost action. |
i ] H i i i
550eccccmcrcrcnnaa |Severe: {Severe: |Severe: |Severe: iSevere: iModerate:
Talcot { cutbanks cave,| wetness. | wetness. | wetness. | low strength, | wetness.
! wetness. | ! ! { frost action. |
[) 1 1 ] ] ]
] ] i 1 1 1
638C2%: | 1 | i i
Clarionesccc—o——- 1Slighte—cecaaaa iSlighteecaaeaaa 1Slight-=ceamcun {Moderate: iModerate: iSlight.
! ! ) ! slope. ! frost action. |
| i ) i ' i
Storden-eeeeecaaaa 18lightewecoeaa- 18lightecerccwaa 1Slighte-emcaaax iModerate: 'Moderate: 1Slight.
! ! 1 ! slope. ! frost action. |
[] 1 1 1 1 []
] 1 1 | 1 ]
638D2%: i | | ! i i
Clarion-ee—eeceeax iModerate: iModerate: {Moderate: | Severe: {Moderate: {Moderate:
| slope. i slope. | slope. | slope. { slope, ! slope.
' ] ! ! | frost action. |
1 ] [] 1 1 []
1 I ] ] 1 ]
Storden-----ceeae {Moderate: {Moderate: |Moderate: {Severe: iModerate: {Moderate:
{ slope. i slope. | slope. | slope. { slope, ! slope.
! | ! i ! frost action. |
! ' 1 i | i
639C*: i i | i i i
Salidaes--=-ccc-- {Severe: 18light-=—cceea- 18light-=ceeccu- {Moderate: 1Slightmececceaa iSevere:
{ cutbanks cave.| ' | slope. i { droughty.
1 ] [] [] 1 ]
I 1 ] t ] I
Storden---ececueaca 18lighte—cecreu- 18light—=—mwccea 18light=eceeaaan {Moderate: {Moderate: 1Slight.
i ! H | slope. | frost action. |
| i | i ! {
639D%: ) i H i ! i '
Salidace-ccccccex | Severe: iModerate: {Moderate: | Severe: {Moderate: i Severe:
! cutbanks cave.| slope. | slope. { slope. ! slope. { droughty.
] [] 1 ] 1 b
t | i 1 | I
Storden---—--cea-- {Moderate: iModerate: iModerate: iSevere: {Moderate: {Moderate:
slope. | slope. { slope. | slope. { slope, | slope.
1 ] 1 ] 1
i E i | E

See footnote at end of table.
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Soil survey

T ] [] [] ] []
] t 1 ] ] ]
Soil name and | Shallow H Dwellings | Dwellings H Small i Local roads | Lawns and
map symbol | excavations | without | with i commercial \ and streets | landscaping
! 1 basements | basements | buildings | |
T T T T T T
| | | | | |
733-cmmmmmm e |Severe: iSevere: |Severe: {Severe: tSevere: |Severe:
Calco | wetness. | floods, \ floods, { floods, i low strength, | floods.
| ! wetness. | wetness. { wetness. { floods. |
| ) [] [] 1 1
1 I ] L] ] ]
822D3 == {Severe: iSevere: |Severe: |Severe: iSevere: iModerate:
Lamoni | wetness. | shrink-swell, ! shrink-swell, | shrink-swell, | shrink-swell, | wetness,
! | wetness. | wetness. | wetness, i low strength. | slope.
' | ! i slope. ; !
i | ! ! i '
823---cemcnnnaaa- {Severe: iSevere: iSevere: {Severe: |Moderate: 1Slight.
Ridgeport | cutbanks cave.| floods. { floods. E floods. | floods. !
1 [] t [] 1
I i ] ] 1 1
924D2%: H i ] | ! !
Burchard--=---=- {Moderate: |Moderate: {Moderate: {Severe: {Severe: |Moderate:
{ slope. { shrink-swell., | slope, i slope. i low strength. | slope.
H t slope. | shrink-swell. | i i
1 ] [] ] ] 1
] 1 ] 1 1 1
Adair--e-ceea---- iSevere: |Severe: |Severe: iSevere: {Severe: {Moderate:
| wetness. ! shrink-swell, | wetness. | shrink-swell, | low strength, | slope,
| | wetness. | | wetness, \ frost action. | wetness.
| i i | slope. ! i
| i | i i i
Q24E2%: 1 ! | i i i
Burchard---=--«< |Severe: iSevere: 1Severe: |Severe: {Severe: |Severe:
! slope. | slope. { slope. ! slope. | low strength, | slope.
i ' ' 1 { slope. '
' 1 ! ! ' i
Adaireeceamaaaaa | Severe: {Severe: |Severe: |Severe: |Severe: |Severe:
| wetness, | shrink-swell, | wetness, ! shrink-swell, | low strength, | slope.
! slope. | wetness, { slope. | wetness, | slope, H
H \ slope. H \ slope. | frost action. |
1 ] 1 1 1 1
I I 1 I ] ]
993D2%: 1 | ' ] ' !
Garaemee——m———ee= IModerate: {Moderate; {Moderate: |Severe: {Severe: {Moderate:
| slope. ! slope, | slope, i slope. i low strength. | slope.
! ! shrink-swell. | shrink-swell. | | |
[] ] 1 i t ]
i ] I I ] 1
Armstrong------- iSevere: |Severe: {Severe: iSevere: |Severe: tModerate:
\ wetness. ! shrink-swell, | wetness. ! shrink-swell, | low strength, | slope,
H | wetness. | | wetness, | frost action. | wetness.
i i i ! slope. ! !
i i i | i i
993E2%: i . i ] i 1 i
Gara--=----—===-=- |Severe: {Severe: iSevere: iSevere: |Severe: |Severe:
| slope. | slope. | slope. | slope. | low strength, | slope.
! ; ! ! ! slope. )
i i i H i i
Armstrong----«-- iSevere: |Severe: iSevere: |Severe: iSevere: |Moderate:
| wetness. ! shrink-swell, | wetness. ! shrink-swell, | low strength, | .slope,
| | wetness. | | wetness, { frost action. | wetness.
! ! ! | slope. ! i
| ' | ! i ]
2315%, i ] | i ! |
Fluvaquents 1 ' i i ' '
' i | ! | !
5010%, | | ] ; | i
Pits ! i ' i ] '
| | ! | ! i
5040%, | ! | | | |
Orthents ' | ] | | '
i i : i ! i

% See description of the map unit for composition and behavior characteristics of the map unit.
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[Some terms that describe restrictive soil features are defined in the Glossary.

TABLE 12.--SANITARY FACILITIES
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See text for definitions of

"slight," "moderate,” "good," "fair," and other terms. Absence of an entry indicates that the soil was
not rated]
i i i | i
Soil name and | Septic tank | Sewage lagoon | Trench H Area | Daily cover
map symbol i absorption H areas | sanitary ! sanitary { for landfill
| fields | i landfill ! landfill i
| | ; a ;
103mecerccncccccana0x 1Slight-eccccena- |Severe: 1Slight-—=meauouo 1Slight--ccccceeaa {Good.
Ida i | slope. H ! i
' | i | '
1D3=wcccmcccmcnnnc e {Moderate: |Severe: {Moderate: {Moderate: {Fair:
Ida ! slope. ! slope. { slope. { slope. | slope.
] 1 1 [] 1
I 1 1 ] 1
5B#: ! ! ' ' i
Ackmore----cceac--- | Severe: |Severe: iSevere: iSevere: {Poor:
{ floods, { floods, { floods, { floods, { wetness,
{ wetness. | wetness. | wetness. | wetness. | hard to pack.
t ] 1 1 1
I ] 1 I 1
JudsSONeees—mreaaaaa- 1Slightececcrcanaa |Moderate: 1Slightecenaeuaa 1Slight==mccmceeae {Good .
] | seepage, i i
| i slope. i : !
| | i ! |
------------------- | Severe: |Severe: |Severe: |Severe: | Poor:
Okoboji i ponding, | ponding. | ponding. ! ponding. | hard to pack,
! percs slowly. 1 | 1 ! ponding.
' | ] ! H
1) B et 181ight ==mceemaaa {Moderate: 18lighteccecena- 18lighte-eeccmeana- iGood.
Judson ! ! seepage, i i '
] ! slope. | i '
' i | ] |
8C-emmcmccccccmeee 1Slight—memmmmae- |Severe: !Slightecececeean 1Slight emmeccceaw" 1Good.
Judson ! ! slope. ! | i
1 [] 1 1 ]
I ] ' I ]
------------------- 1Slight-------=---{Moderate: 18lightes=meemeceee-|Slighte-ecce--cx=-|{Good.
Marshall ! | seepage. ! i i
1 [] [] 1 1
1 ] I I I
9B, 9B2e-cccccacnaaa 18light ===cemeeam {Moderate: 1Slighteceecraa= 18light—mcccmccewea 1Good.
Marshall | | seepage, ! | H
i ! slope. i i :
i ! ' i i
9C, 9C2-ccccccacaaax" 18lightemmmeeaaen |Severe: 1Slight-vececcaa- 1Slighteewccacauu- 1Good.
Marshall ! | slope. i H
: 1 t ] [] 1
1 t b . i 1
9D2wmmmccccccccccan {Moderate: iSevere: {Moderate: iModerate: |Fair:
Marshall | slope. { slope. | slope. | slope. | slope.
1 ] k] 1 ]
1 ] 1 1 ]
o ettt i Severe: |Severe: |Severe: {Severe: { Poor:
Marshall | slope. | slope. i slope. | slope. i slope.
1 i H | i
11B%: ] | i ] ]
Colo-------w--c----|Severe iSevere: {Severe: iSevere: | Poor:
{ wetness, ! wetness, | wetness, ! wetness, | wetness,
{ floods. | floods. \ floods. ! floods. { hard to pack.
' i 1 | i
Judsone=eccccnacnanx 18light——cec-uee- {Moderate: 1Slighte~weeaaaa- 15light==cecwreae- {Good.
! | seepage, ! ! !
! | slope. ! !
! 1 ] i !
27Beccmcccccc e neeae 18light-—cccacaas {Moderate: 1Slight-=ccece--- 1Slightecccwacaca- jGood.
Terril ! | seepage, ! i
i | slope. 1 [ |
! ' | i i
o 18lightemeecacaaa |Severe 18lightececeeaeaa 1Slighteee~ccccaax {Good.
Terril ! ! slope. ! H i
1 1 ] 1 1
] 1 ] ] 1
28B, 28B2ecececca—aa |Severe: |Severe: |Severe: |Severe: {Poor:
Dickman | poor filter. | seepage. | seepage, | seepage. | seepage,
' 1 ! too sandy. ! | too sandy.
i b | ' i
See footnote at end of table.
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TABLE 12.-~SANITARY FACILITIES-<Continued

Soil survey

T 1] 1 1 T
1 ] 1 ] ]
Soil name and | Septic tank i Sewage lagoon | Trench ! Area | Daily cover
map symbol ! absorption ! areas ! sanitary ! sanitary I for landfill
! fields : | landfill : landfill |
] ] i i H
i ! | | '
28C2, 28D2---—-wcea- iSevere: |Severe: iSevere: |Severe: { Poor:
Dickman { poor filter. | seepage, | seepage, | seepage. | seepage,
H | slope. { too sandy. 1 ! too sandy.
i ! ! ! !
3YBrecmce e |Severe: iSevere: |Severe: |Severe: | Poor:
Estherville | poor filter. ! seepage. | seepage, | seepage. | seepage,
! | ! too sandy. ! | too sandy,
i ! i ! | small stones.
1 ] 1 ] []
I I I ) . t
34CRmmrrmm e cann iSevere: |Severe: {Severe: |Severe: {Poor:
Estherville | poor filter. | seepage, | seepage, | seepage. | seepage,
i | slope. { too sandy. i | too sandy,
! 1 ! i { small stones.
[l 1 ] 1 ]
[} ] ] 1 ]
L L e |Severe: {Severe: |Severe: |Severe: | Poor:
Knoke { percs slowly, | ponding. | ponding. ! ponding. | ponding.
| ponding. ' i | '
| | 1 ! i
Slecmccccccca e |Severe: {Severe: |Severe: |Severe: | Poor:
Zook | percs slowly, | wetness, | wetness, | wetness, { too clayey,
| wetness, | floods. | too clayey, { floods. i wetness,
\ floods. ! i floods. 1 | hard to pack,
1 t 1 1 1
1 [} ] 1 )
L R et |Severe: |Severe: |Severe: iSevere: {Fair:
Nicollet ! wetness. | wetness. | wetness.: ! wetness. | wetness,
] ] 1 ] I
I 1 ] ] ]
59C2==remcccmmcaan {Severe: |Severe: {Moderate: 18lighte-aacmcea {Fair:
Burchard | percs slowly. | 8lope. i too clayey. | | too clayey.
] ] ] ) r
] ] ] ] I
59D2-meccccncraaax |Severe: iSevere: {Moderate: {Moderate: {Fair:
Burchard | percs slowly. | slope. { slope, { slope. { too clayey,
! E i too clayey. ] E slope.
N ] )
1 ] I ] ]
59E2, 59F2«ccce--- iSevere: |Severe: |Severe: }Severe: \Poor:
Burchard ! percs slowly, | slope. ! slope. | slope. { slope.
| slope. ! ] | !
' ! ! ! '
62C2rmmmmcccacaaaa 1Slight mmccemccaaa {Severe: 1Slightecccceccana 1Slightewmeccnaa {Good.
Storden ! | slope. ] | |
t [ ] 1 1
] | ] I 1
62D2==mmmmmmm e {Moderate: iSevere: {Moderate: {Moderate: \Fair:
Storden { slope. { slope. | slope. \ slope. | slope.
! ] ! | '
62E2, 62F, 62G-~-~--!Severe: |Severe: |Severe: |Severe: i Poor:
Storden ! slope. | slope. | slope. ! slope. i slope.
1 1 i ] 1
] ] ] ] 1
71D2%: ' ' | i i
Marshall--c--w-e- {Moderate: |Severe: iModerate: iModerate: tFair:
\ slope. t slope. | slope. | slope. ! 8lope.
! | ] ! {
Dickman--=cecreca- {Severe: {Severe: |Severe: |Severe: { Poor:
{ poor filter. | seepage, | seepage, | seepage. | seepage,
! | slope. | too sandy. | | too sandy.
1 [) [] ] 1
I ] ] [} 1]
90cccmmc e |Severe: {Severe: iSevere: {Severe: { Poor:
Okobo ji { ponding, ! ponding. { ponding. { ponding. \ hard to pack,
! percs slowly. ! ] ! | ponding.
' ] i i 1
95ecmecmccccnaaaaa |Severe: |Severe: {Severe: iSevere: { Poor:
Harps | wetness. | wetness. | wetness. ! wetness. { hard to pack,
! ! | i | wetness.
! i i i H
99C2ecccncccanaaaa 18lightemcecccnaa- |Severe: {Slightececcnncccae 1Slighteerecacea {Good.
Exira ! | slope. ! H i
' ' ' |
B {Moderate: |Severe: {Moderate: {Moderate: {Fair:
Exira slope. | slope. ! slope. slope. | slope.
! ! !

See footnote at

end of table.
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See footnote at
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TABLE 12.--SANITARY FACILITIES--Continued
‘ ] i J | i
Soil name and ! Septic tank | Sewage lagoon | Trench i Area 1 Dally cover
map symbol H absorption | areas H sanitary | sanitary | for landfill
: fields : ! landfill : landfill |
H i i 1 i
{ i | | \
99E2-wewconcnnocnacan |Severe: |Severe: |Severe: {Severe: { Poor:
Exira | slope. | slope. | slope. | slope. i\ slope.
] [] ] 1 t
t ] | ] 1
107 emocmrencrcncan—- |Severe: iSevere: iSevere: i Severe: {Poor:
Webster | wetness. | wetness. { wetness., | wetness. | wetness.
] 1 1 1 1
] 1 1 I I
108, 108B--e-cmeec-= iSevere: i Severe: {Severe: }Severe: { Poor:
Wadena \ poor filter. | seepage. | seepage, | seepage. | seepage,
{ H | too sandy. i i too sandy,
| H i | | small stones.
1 1 ] 1 1
] 1 ] ] ]
108C2-=cmmmmmmmceem iSevere: |Severe: |Severe: iSevere: i Poor:
Wadena \ poor filter. | seepage, | seepage, | seepage. | seepage,
| | slope. | too sandy. ! { too sandy,
1 H ! ! \ small stones.
1 ] ] ] []
1 ] ] 1 ]
133, 133+=-c-=c—ccw- iSevere: |Severe: |Severe: iSevere: | Poor:
Colo i wetness, | wetness, | wetness, ! wetness, | wetness,
i floods. { floods. t floods. | floods. { hard to pack.
] [] 1 [] 1
] ] 1 ] 1
135-cccmcncacncana—— |Severe: iSevere: {Severe: |Severe: | Poor:
Coland \ floods, ! floods, i floods, | floods, | wetness,
| wetness, | wetness, { wetness, | wetness. { hard to pack.
) | seepage. | seepage. ! |
1 ] (] ] 1
] ] ) ] 1
138B, 138B2--------- {Slightesescaceaa- |Moderate: 18light=eeec—ceeao 1Slight-ccemomeanan 1Good.
Clarion ! ! slope, | i |
! | seepage. ! | i
i ! | i i
138C, 138C2-wce~c~w- 18light—=——ceceeee- |Severe: 1Slight—mcecccaca- 1Slight--—c-covce- iGood.
Clarion H i slope. i H !
1 [] 1 [] ]
1 ] ] ] 1
138D2--c-cecccmceeae {Moderate: |Severe: {Moderate: iModerate: {Fair:
Clarion { slope. i slope. \ slope. i slope. { slope.
1 1 ] ] 1
I 1 ] 1 1
179E2, 179F, 179F2, | | | i i
179G == emcmccccea |Severe: {Severe: iSevere |Severe: | Poor:
Gara i percs slowly, ! slope. | slope. | slope. { slope.
i slope. i i ' ]
1 i i | |
192D2-cc-mcmcmccncen |Severe: {Severe: |Severe {Severe: { Poor:
Adair | percs slowly, | slope, | wetness. | wetness. | wetness.
! wetness. ! wetness. ' ! )
] ] 1 1 1
I [} ] ] I
201B*%: ] i i '
Coland-~-ccecucccax |Severe: iSevere: |Severe |Severe: i Poor:
| floods, i floods, { floods, i floods, ! wetness,
| wetness. | wetness, | wetness, | wetness. | hard to pack.
i | seepage. | seepage. | i
[] [] [] 1 []
1 ] ] | ]
Spillville---=wccna |Severe: |Severe: |Severe: |Severe: {Fair:
| wetness, | wetness, | wetness, | wetness, | wetness.
{ floods. { seepage, | seepage, ! floods. i
H { floods. | floods. ; i
1 ) 1 1 1
] ] 1 1 1
203-c-mcecmcceeneaae |Severe: |Severe: |Severe: |Severe: | Poor:
Cylinder { wetness, | seepage, | seepage, | seepage, | too sandy,
| poor filter. | wetness. | wetness, | wetness. | seepage.
i i | too sandy. i i
i ; ' i ]
236Cacccmccccccaccna iModerate: |Severe: {Moderate: 1Slightemecm—ccana- {Fair:
Lester | percs slowly. \ slope. { too clayey. | E too clayey.
' | ] 1 i
259ecccccccccnnmonax iSevere: |Severe: |Severe:, |Severe: | Poor:
Biscay | wetness, | seepage, | seepage, | seepage, | seepage,
| poor filter. | wetness. | wetness, | wetness. | too sandy,
' ' ! too sandy. ) | small stones.
1 1 t ] L]
I I ] 1 1
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Soil survey

small stones.

T T T ] T
1 ] 1 ] ]
Soil name and | Septic tank | Sewage lagoon | Trench ! Area H Daily cover
map symbol i absorption ! areas ! sanitary ! sanitary i for landfill
! fields | ! landfill | landfill !
T T ¥ T T
| | | | |
268Camwmmcccccaaae iModerate: |Moderate: 18light=cccecaca-o iSlight-cerecaaaa- 1Good.
Knox | percs slowly. | seepage, | | !
' i slope. i ' I
] | i i |
268D2=mwcm e {Moderate: |Severe: |Moderate: {Moderate: {Fair:
Knox | percs slowly, ! slope. i slope. { slope. { slope.
i Slope. i | ) '
| ! 1 ! )
26BE2-—--—wmmcmema {Severe: |Severe: {Severe: |Severe: | Poor:
Knox i slope. | slope. \ slope. | slope. | slope.
] ' | ! '
308, 308Beccc—caa- |Severe: iSevere: |Severe: |Severe: i Poor:
Wadena | poor filter. | seepage. | seepage, | seepage. | seepage,
H | \ too sandy. 1 | too sandy,
! ' | ! } small stones.
! | | ' i
430ccccccccanc e |Severe: |Severe: iSevere: |Severe: { Poor:
Ackmore { floods, i floods, { floods, \ floods, | wetness,
| wetness. | wetness., { wetness, ! wetness. | hard to pack.
1 i ! ! |
485, 485B-------m- |Severe: |Severe: |Severe: |Severe: {Fair:
Spillville | wetness, | wetness, | wetness, { wetness, { wetness.
{ floods. | seepage, | seepage, { floods. i
! { floods, i floods. | 1
' i i ! ]
507 —mcmcmrmmcccea= |Severe: {Severe: {Severe: {Severe: | Poor:
Canisteo { wetness. | seepage, ! wetness. | seepage, | wetness,
! | wetness. i | wetness. |
] [l 1 ] 1
] ] ] 1 I
509Baccmc e 18light ——cemcceeee {Moderate: 18lightecccccaaaa- 1Slighte=ceccccaaa {Good.,
Marshall | | seepage, { ' |
! { slope. i i ]
i ! ! | !
550cccccccacnca—aa iSevere: {Severe: {Severe: iSevere: | Poor:
Talcot | wetness, | seepage, | seepage, | seepage, | seepage,
| poor filter. | wetness. | wetness, { wetness. { too sandy,
! | | too sandy. | | wetness.
| i | ! |
638C2%: ! ! ' ! ]
ClarioNeeccccecaaaa 18lighteemcmcacaaaa |Severe: 18lighte-enccccaa- 1Slightecccanecaan 1Good.
! | slope. | i !
i ] ! | !
Storden-ececcaeax 18light ==—cceceea- | Severe: 18light-————oo--- 1Slighteeccccccaa- {Good.
I i slope. i ' |
1 | i ! i
638D2%: ] | i | |
Clarion-eececccccas {Moderate: {Severe: {Moderate: |Moderate: {Fair:
| slope. { slope. { slope. | slope. { slope.
| | i ! i
Storden~ecccccaaa {Moderate: {Severe: {Moderate: |Moderate: {Fair:
| slope. | slope. | slope. | slope. | slope.
] ] 1 ] ]
] i I ] '
639CH*: i ! 1 | |
Salidaeeecacceaaa tSevere: {Severe: {Severe: | Severe: | Poor:
{ poor filter, | seepage, | seepage, | seepage. | seepage,
| i slope. | too sandy. | { too sandy,
i ] i i ! small stones.
] [] ] ] ]
] 1 ] ] ]
Storden-~e=cecccaa 1Slight——ccceccaaa |Severe 18light---ccccee-- 1Slightecacccaaaa- 1Good .
! i slope. ] i !
' i ' i ]
639D%: ! ! 1 ' i
Salidgecccccccaaa |Severe: |Severe: |Severe: {Severe: | Poor:
| poor filter. | seepage, | seepage, | seepage. | seepage,
! | slope. | too sandy. ! ! too sandy,
] 1 ] ] 1
| | | | |

See footnote at end of table.
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TABLE 12.--SANITARY FACILITIES--Continued
i ' i i i
Soil name and | Septic tank \ Sewage lagoon | Trench ! Area 1 Daily cover
map Symbol H absorption ! areas ! sanitary H sanitary i for landfill
\ fields | ' landfill | landfill }
i 1 | i ]
i i ! ! '
639D%: ! ! ' ! i
Storden---cccewa- -=-{Moderate: |Severe: {Moderate: |Moderate: \Fair:
{ slope. | slope. | slope. i slope. { slope.
[] 1 i) [] 1
] ] I ] [
733-ccmcomecnnacanao iSevere: |Severe: |Severe: {Severe: i Poor:
Calco ! wetness, | wetness, | wetness, | wetness, | wetness.
| floods., ! i floods. | floods. i
] (] 1 ] ]
] ] I ] I
822D3--=~mccncem—emn {Severe: iSevere: |Severe: |Severe: | Poor:
Lamoni | percs slowly, | slope. | wetness, | wetness. { too clayey,
| wetness. ] | too clayey. f | hard to pack.
] 1 ] 1 )
] | ] 1 [}
L e |Severe: iSevere: |Severe: {Severe: }Poor:
Ridgeport 5 poor filter. i seepage. E seepage. 5 seepage. 5 thin layer.
I ] ] ] I
924D2%: ] ! 1 ! !
Burchard--ecacama-- |Severe: iSevere: tModerate: |Moderate: {Fair:
{ percs slowly. | slope. } slope, | slope. { too clayey,
' | { too clayey. ! E slope.
[] ] ) (]
] ] ] } ]
Adalreccceccncncaaa {Severe |Severe: {Severe: {Severe: {Poor:
| percs slowly, | slope, | wetness. | wetness. | wetness.
| wetness. | wetness. 1 ! |
] ] 1 1 1
t ] 1 } 1
Q2UE2%: { 1 i ! ]
Burchard--c-ececacaea- |Severe: |Severe: |Severe: | Severe: | Poor:
| percs slowly, i slope. | slope. { slope. | slope.
i slope. ! ! i |
] ' ! ! |
Adailr-----cccmcaaaa {Severe: |Severe: |Severe: |Severe: | Poor:
| percs slowly, | slope, ! wetness, | wetness, | slope,
{ slope, | wetness, i slope. | slope. | wetness.
| wetness. H | H !
i i i ' |
993D2%: ' i i i i
Garaeeececmmccccnan=- {Severe: |Severe: |Moderate: iModerate: {Fair:
\ percs slowly. ! slope. { too clayey, | slope. | too clayey,
| | | slope. E E slope.
] i i i i
Armstronge-e--ee--- |Severe: |Severe: | Severe: {Severe: | Poor:
| percs slowly, i slope. | wetness. | wetness. | wetness.
| wetness. ! i 1 i
i ! | i i
993E2%: ! 1 i i ]
Garaeece-ccrcmccaca- {Severe: |Severe: |Severe: |Severe: { Poor:
! percs slowly, | slope. | slope. ! slope. i slope.
! slope. ! ' | |
| i | | i
Armstrong-cececceea- iSevere: iSevere: {Severe: |Severe: {Poor:
\ percs slowly, i slope. | wetness. | wetness. { wetness.
| wetness. ] 1 | !
i ! ' ' ]
2315%, ! i ) ! i
Fluvaquents | i 1 | 1
i i | ' i
5010%, | i ! ! !
Pits ' ! i ' i
i i ' | !
5040%, i i i ] !
Orthents ! | ! ! H
] 1 1 ] ]
] 1 1 1 ]

# See description of the map unit f

or composition and behavior characteristics of the map unit.
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TABLE 13.-~CONSTRUCTION MATERIALS

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of
"good," "fair,” "poor," "probable," and "improbable." Absence of an entry indicates that the soil was
not rated]

small stones.

i V ' i
Soil name and H Roadfill H Sand 1 Gravel | Topsoil
map symbol | i i H :
| ) ! |
1 ] i 1
] | | !
1C3~mmemcmcccccncmr e 1600d==mcmccmaccnacaa- | Improbable: {Improbable: 1Good.
Ida | | excess fines. i excess fines. 1
1 1 1 t
I I ] [l
1D3mmmmmcmm e wmee=|GOOGmmmmm e | Improbable: {Improbable: {Fair:
Ida ] | excess fines. | excess fines. { slope.
1 ' ] 1
I ] ] I
5B#*: { i '
Ackmore——-=-c-c-a {Poor: {Improbable: i Improbable: iGood.
{ low strength, | excess fines, | excess fines. |
{ shrink-swell. } | i
] 1 1 1
] ] I I
Judson--=--ccecaa- i Poor: i Improbable: {Improbable: {Good.
{ low strength. | excess fines. { excess fines. |
1 (] ] 1
1 [} ] I
fuwmmmmmmmmc———aa- | Poor: | Improbable: i Improbable: | Poor:
Okobo ji ! low strength, | excess fines. | excess fines, ! wetness.
| wetness, ! i 1
| ] i !
8B, 8Cemmmmmrc—naa | Poor: tImprobable: i Improbable: 1Good.
Judson ! low strength. { excess fines. | excess fines. !
] t ] L]
[} I ] ]
9, 9B, 9B2, 9C, 9C2---|Poor: i Improbable: { Improbable: {Good.
Marshall i low strength. ! excess fines. { excess fines. 1
t 1 ] []
t I ] ]
9D2wcccermnmem { Poor: tImprobable: {Improbable: {Fair:
Marshall { low strength. | excess fines. | excess fines. | slope.
[] 1 ] 1
] 1 ] 1
D o |Poor: {Improbable: i Improbable: |Poor:
Marshall t low strength. | excess fines. \ excess fines., | slope.
[] ) 1 ]
] ] ] ]
11B%: ] i ] '
Colommmmmmmccaaaa | Poor: !Improbable: | Improbable: 1 Good..
} shrink-swell, { exceéess fines. | excess fines. |
! low strength. ] ] |
] 1 1 1
1 1 | ]
JudsONeeeremcaaaa {Poor: | Improbable: i Improbable: |Good .
! low strength. | excess fines. | excess fines. !
1 ] 1 []
I ] ] [}
27B, 27C-cececcca- { Poor: {Improbable: i Improbable: {Fair:
Terril | low strength. | excess fines. { excess fines. | small stones.
1 1 1 1
I I I ]
28B, 28B2, 28C2, 28D2-{Go0d--=scecccnccccan {Probable-=---cc--- i Improbable: | Poor:
Dickman i | { too sandy. { thin layer.
] 1 (] t
t I ] t
34B, 34C2-c-mse--- 1G00dememmcmccaccaa |Probableececcreccea= iProbableeeccecccaaa {Poor:
Estherville | ] ' | small stones,
' i ' | area reclaim.
] 1 1 ]
t ] | 1
L et {Poor: i Improbable: i Improbable: | Poor:
Knoke | wetness, ! excess fines. { excess fines. | wetness.
i low strength, | | i
! shrink-swell. ! !
1 [} 1 ]
I 1 | I
Slecemamecccccccaa | Poor: {Improbable: i Improbable: {Fair:
Zook ! shrink-swell, | excess fines. | excess fines. ! too clayey.
! low strength. H | i
i | i i
5] F |Fair: | Improbable: {Improbable: 1Good:
Nicollet | wetness. i excess fines. | excess fines. i
| ! ! i
59C2acccanam —————— | Poor: {Improbable: {Improbable: |Fair:
Burchard low strength. { excess fines. { excess fines. | too clayey,
] ] 1
| E i

See footnote at end of table.
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TABLE 13.--CONSTRUCTION MATERIALS~-Continued
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i i 1 1
Soil name and ! Roadfill ; Sand ! Gravel ! Topsoil
map symbol ' ! ' |
| ! i |
i i ) )
' | i !
59D2-ccccmcccnncaaa- | Poor: i Improbable: {Improbable: |Fair:
Burchard | low strength. { excess fines, | excess fines. | too clayey,
| i ] | small stones,
| ] i ! slope.
i ! i !
59E2, S59F2rmccccanca. {Poor: {Improbable: ! Improbable: i Poor:
Burchard | low strength, | excess fines. | excess fines. | slope.
: ! ! ‘
62C2ecccmemcccnccna- 1G00Gdmmmcmnccncnaua {Improbable: |Improbable: |Fair:
Storden H | excess fines. | excess fines. { small stones.
i i | ;
62D2=mmmc e e ~=1G00dmmmmm e i Improbable: {Improbable: iFair:
Storden | | excess fines.: { excess fines. | small stones,
| | ! ! slope.
| i ! |
62E2, 62F--cecmwacan- \Fair: ! Improbable: | Improbable: i Poor:
Storden t slope. | excess fines. | excess fines. | slope.
' ! ! |
62Cmmrmme—a —————— |Poor: {Improbable: | Improbable: | Poor:
Storden | slope. | excess fines. i excess fines. { slope.
| ] ] i
T1D2%; | i | !
Marshall-wee-cceen- {Poor: i Improbable: i Improbable: iFair:
{ low strength. { excess fines. | excess fines. | slope.
! i | )
Dickman-~cecccccca-o 1Good-rmmmmmmceee e |Probable-———-ccccaca- i Improbable: | Poor:
| H { too sandy. { thin layer.
i | i ]
L e e L T { Poor: {Improbable: {Improbable: {Poor:
Okobo ji | low strength, \ excess fines. | excess fines. | wetness.
| wetness, | ! E
i i i i
95 e n e naacaa {Fair: {Improbable: ! Improbable: {Fair:
Harps { low strength, { excess fines. | excess fines. | large stones.
! wetness, ! ! |
| shrink-swell. ! ! 1
1 ] ] )
1 ] [} 1
99C2-—-crmmmcccccaaa |Poor: {Improbable: | Improbable: 1Good .
Exira \ low strength. | excess fines. | excess fines. i
' ' | |
99D2eccaccccacnncna-" { Poor: { Improbable: |Improbable: {Fair:
Exira i low strength. | excess fines. | excess fines. | slope.
] i i ]
99E2mmmcmmmm e mmcean i Poor: i Improbable: 1Improbable: i Poor:
Exira | low strength. | excess fines. | excess fines. i slope.
i ' 1 i
107=mmemmcm e {Fair: {Improbable: | Improbable: {Good.
Webster { low strength, i excess fines. | excess fines. |
| wetness, ! i !
! shrink-swell. ! ! !
! i i '
108, 108B, 108C2------]G00d=mcccmcccaaaax |Probable-eeccccaacdaa |Probable~=cemaeaax {Poor:
Wadena | t | { small stones,
| 1 | | area reclaim.
! i i i
133, 1334=mccccccan- |Poor: |Improbable: {Improbable: 1Good.
Colo \ shrink-swell, | excess fines. | excess fines. i
| low strength. ! | E
1 ] ]
I ] I ]
135cccccccccrrcccnaa {Fair: {Improbable: iImprobable: {Good.
Coland ! wetness. { excess fines. | excess fines. |
' ' | !
138B, 138B2, 138C, | ] ' i
138C2-c-rrmrmcccnaa- 1G00demceccccccacna |Improbable: i Improbable: 1Good.
Clarion | | excess fines. | excess fines. i
! ' ' !
138D2-c--cermcncnnaa 1Go0demcncacucancaa {Improbable: {Improbable: tFair:
Clarion 1 excess fines. | excess fines. | slope.
1 ]

See footnote at end of table.
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TABLE 13,--CONSTRUCTION MATERIALS--Continued
| i i i
Soil name 1 Roadfill H Sand | Gravel | Topsoil
map symbol ! i ! }
! | ! !
i i i 1
! ! | i
179E2, 179F, | Poor: {Improbable: {Improbable: | Poor:
Gara ! low strength. | excess fines. | excess fines. | slope.
: ! ] ! !
179G rmcm e ————== {Poor: {Improbable: {Improbable: {Poor:
Gara | low strength, | excess fines. | excess fines. { slope.
! slope. ! i
i | ! |
192D2mmmcmmmccacaa {Poor: i Improbable: {Improbable: | Poor:
Adair | low strength. | excess fines. | excess fines, ! thin layer.
) [] 1 []
t ] I ]
201B*%: ! ] ' !
Coland=eee—e—ee== ——e———- |Fair: i Improbable: {Improbable: {Good.
| wetness, ! excess fines. | excess fines, |
t ] 1 []
] ] I ]
Spillvillewc=me=- 1Go0demmmaccmcccaa {Improbable: i Improbable: {Good .
! | excess fines. | excess fines. !
1 1 ] []
I i ' i,
203eccmcccccan—na= {Fair: |Probable~-cmeemem- |Improbable: {Fair:
Cylinder { wetness. | | too sandy. | area reclaim,
| ' i { small stones,
! ! | ! thin layer.
1 1 ] (]
I 1 . ] i
236Cmcmccncccccnaa {Go0demmmmenecaeaa {Improbable: {Improbable: {Fair:
Lester | i excess fines, ! excess fines. { small stones.
| ! i |
250 memem - |Fair: |Probable=cccccacax {Probable-—=w—-v--- -==={Poor:
Biscay ! wetness. ! ! | area reclaim.
] ] ] L]
} i t ]
268Cmmmcemcceneaea | Poor: !Improbable: | Improbable: 1Good.
Knox i low strength. { excess fines, { excess fines. |
' i ] 1
268D2e=wmmmmmm S |Poor: {Improbable: i Improbable: tFair:
Knox ! low strength. | excess fines. | excess fines, { slope.
| i 1 '
268E2-=-===cececaa- | Poor: {Improbable: {Improbable: \Poor:
Knox i low strength, | excess fines. | excess fines. ! slope.
I [ []
i i i !
308, 308B---=c---- 1600d-m-mmecccccaa- {Probable-e--eccaca- |Probable-=eececcaaa- {Poor:
Wadena ! ! i ! small stones,
| | ] | area reclaim,
] ' 1 1
I t ] 1
§30-ccccmcmcm e | Poor: !Improbable: | Improbable: 1Good.
Ackmore { low strength, | excess fines. \ excess fines. !
| shrink-swell. ! ] 1
1 ] 1 1
I ] ] 1
485, 485Bcccccacam 1G00dmmrmmccccccaaa i Improbable: i Improbable: {Good.
Spillville ! | excess fines. | excess fines. i
1 ] ] ]
I ] ] I
507 -=—mmmemrma————e | Poor: {Improbable: {Improbable: {Fair:
Canisteo i low strength. | excess fines. | excess fines. { small stones.
1 ] [] 1
' ] i ]
509B-me—ccccnmana= |Poor: | Improbable: i Improbable: {Good.
Marshall ! low strength. | excess fines. { excess fines. |
! ' ! !
550 cccccccccen = ‘Fair: |Probablecmcecccwaa {Probablerrerecencaa ‘Fair:
Talcot ! wetness. ! i ! small stones,
! ! | | area reclaim,
: ' ! ! thin layer.
] ] (] 1
I ] ] 1
638C2%: ! | ' !
Clarion---e------ 1Go0d-==ccccncccaaa {Improbable: {Improbable: 1Good.
! | excess fines. | excess fines. i
] (] ] 1
] ] ] 1
StordeNeeemmen—u= 1Good-~=mmmccccae | Improbable: | Improbable: {Fair:
] 1
] ]
] i
] I

See footnote at end of table.
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small stones.
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] T T 1
] ] ] 1
Soil name and ! Roadfill ! Sand ! Gravel H Topsolil
map symbol 1 | i !
) | i i
i ] ] i
i H ! i
638D2%: i i ! |
Clarion=--—-cecaaaa- 1600d=mmmmmmc e ccaan i Improbable: i Improbable: {Fair:
H | excess fines. | excess fines. \ slope.
] 1 [] )
] I ] )
Storden-----cecacea 1G00dwwmecn e e e iImprobable: | Improbable: |Fair:
H { excess fines. \ excess fines. ! small stones,
i H ! { slope.
| ; | ]
639C*: i ! ] !
Salidaececccaccuaaa 1Go0d-=-=m=ccecmcacea-!Probable-e=wcemcuaca- {Probable-mececcccccaua {Poor:
| H | { small stones,
i ' ' | area reclaim,
E H | E too sandy.
[] 1
] ] ] I
Storden---cececcacaaa- 16000 -wmemecmcccaccaaa {Improbable: {Improbable: {Fair:
5 E excess fines. E excess fines. E small stones.
] [ ] I
639D*%: i i i !
Salida=e-c-ccccaaaa Htl T B |Probableeemeececccaaa- jProbable-ceeceaccanae i Poor:
| i | ! small stones,
i ] ] | area reclaim,
| | i | too sandy.
i ! | i
Storden-c-eeccacae-- 1G00d~mmmccccccc e e {Improbable: i Improbable: {Fair:
1 | excess fines. | excess fines. | small stones,
' i i | slope.
i i ! :
733-cceccccacanaca— 1 Poor: i Improbable: { Improbable: 1Good.
Calco \ shrink-swell, | excess fines. i excess fines. 1
i low strength. ! i E
1 1 1
I I | [}
822D3=wem e {Poor: {Improbable: i Improbable: {Fair:
Lamoni { low strength, | excess fines. ! excess fines. \ too clayey.
! shrink-swell. | ] E
1 t ]
1 ] ] ]
823-mmmmrmmccmemeaaa 1G00d=mmmmmcccccccncan |Probablecccccccccnaas |Improbable: {Fair:
Ridgeport ! ! | too sandy. | small stones,
i ) ] | area reclaim,
' | ! | thin layer.
i H | ]
924D2%: | | | |
Burchardeweeecececaaa {Poor: {Improbable: | Improbable: {Fair:
{ low strength. | excess fines. | excess fines. i too clayey,
| ! i { small stones,
| | | { slope.
i i | i
Adair--ccccccccccnaa i Poor: {Improbable: | Improbable: i Poor::
i low strength. i excess fines. i excess fines. { thin layer.
[] [] [] L]
] 1 1 ]
9UE2%: i i ! |
Burchard-=-ceeceeaea | Poor: {Improbable: | Improbable: {Poor:
5 low strength. | excess fines. { excess fines., E slope.
) 1
] ] | 1
Adaireececacmcaaa-- { Poor: !Improbable: {Improbable: {Poor:
\ low strength. | excess fines. | excess fines, \ thin layer,
: | 1 ! slope.
] | ] i
993D2%: | ] ] |
Gara-=---—cec-cmccne- i Poor: ! Improbable: ! Improbable: \Fair:
| low strength, | excess fines, { excess fines. ! slope,
! H ! E small stones.
1 ) 1
] ] ] 1
Armstrong---------- | Poor: !Improbable: i Improbable: { Poor:
{ low strength. | excess fines. ! excess fines. i thin layer.
i i i i
993E2%: H | ! ]
Garaec-—ccccccecaax | Poor: {Improbable: i Improbable: | Poor:
| low strength. | excess fines. \ excess fines. ! slope.
[] 13 1 1
] I I I

See footnote at end of table.
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TABLE 13.--CONSTRUCTION MATERIALS-~Continued

Soil name and Roadfill Sand Gravel Topsoil
map Symbol . .

]
I
i
|
|
I
i
|
t

993E2%:
Armstrongee-—--- -====|Poor:
low strength.

Poor:
thin layer.

Improbable:
excess fines.

Improbable:
excess fines.

23154,
Fluvaquents
Pits

5040%,
Orthents

;
:
:
|
:
5010%, !
':
:
:
]
]

* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 14.--WATER MANAGEMENT

[Some terms that describe restrictive soil features are defined in the Glossary.

149

See text for definitions of

"slight," "moderate," and "severe." Absence of an entry indicates that the soil was not evaluated]
i Limitations for-- ] Features affecting--
Soil name and | Pond i Embankments, | i 1 Terraces T
map sSymbol i reservoir }  dikes, and H Drainage ! Irrigation H and H Grassed
1 areas : levees i i i diversions i waterways
T T T 1) T T
i ! E ¥ | i
1C3-=mrmcrccccaaaa {Moderate: {Severe: iDeep to water |Slope, {Erodes easily |(Erodes easily.
Ida | seepage, { piping. HE. | erodes easily.| i
| slope. ! ! ! | i
| ! i | i i
1D3--wemecccen—aaa iSevere: iSevere: iDeep to water |{Slope, iSlope, 1Slope,
Ida | slope. \ piping. i | erodes easily.| erodes easily.! erodes easily.
i i ! 1 ' !
5B#; | | | : ! i
Ackmore--—=-mecme~a {Moderate: {Severe: iFloods, iWetness, iWetness, {Wetness,
| seepage, | hard to pack, | slope, | erodes easily,| erodes easily.| erodes easily.
! slope. | wetness. { frost action. | slope. i |
1 1 [] 1 ] ]
I . 1 ] I ] ]
Judson-cececaaaax {Moderate: |Severe: {Deep to water |Slope~=-cec—ea- {Erodes easily |[Erodes easily.
| seepage, i piping. ! 1 ' !
! slope. ! ! ! i 1
' | | i i i
R tModerate: |Severe: {Ponding, | Ponding, {Erodes easily, |[Wetness,
Okobo ji | seepage. i ponding. { frost action. | erodes easily.! ponding. | erodes easlily.
! | ' o ' ]
8B, 8Cecececacaaaa |Moderate: {Severe: !Deep to water |Slopeeemec—=ea- {Erodes easily |Erodes easily.
Judson | seepage, ! piping. ! ! | ]
| slope. ! 1 ! | :
! i ] ! ! i
----------------- {Moderate: iSlight=~~eee~--{Deep to water |Favorable------|Erodes easily |Erodes easily.
Marshall . | seepage. | ! ! ! E .
i i ! i ! i )
9B, 9B2, 9C, 9C2--)Moderate: 18light—ecce-aaao {Deep to water |[Slope---------- jErodes easily |Erodes easily.
Marshall | seepage, i | ! i i
| slope. ' i i | i
i | ' i i i
9D2, 9E2=ccceacccac iSevere: 1Slightesrecaeex iDeep to water |Slopeeeeecceccea |Erodes easily, {Slope,
Marshall | slope. ! ' 1 i slope. | erodes easily.
] | | | ! i
11B%; | | | ! ' |
Colo~=m-mcccuauax |Moderate: |Severe iFloods, iWetness, jWetnesg-=-wveeo |Wetness.
| seepage, { wetness. { frost action, | slope, i 1
| slope. ] ! slope. ! floods. | E
i ! i ) ! .
Judson-=-ceccanaa {Moderate: |Severe {Deep to water |Slope-ee-———c-- {Erodes easily |Erodes easily.
| seepage, | piping. ' ' | i
! slope. | i | ' |
| ] i ] ! |
27B, 27C-cmcccmea= {Moderate: iModerate: iDeep to water |Slope--w--ccw-o {Favorable-==---- {Favorable.
Terril | seepage, i piping. | i i i
i slope. ] i i i i
i i i i | !
28B, 28B2, 28C2---{Severe: |Severe: {Deep to water |Droughty, {Too sandy, iDroughty.
Dickman | seepage. ! seepage. ! { soil blowing, | soil blowing. |
! ! ! | slope. ' |
| ! Ve i i i
28D2-cmcmrrmmenana |Severe: |Severe: iDeep to water |Droughty, {Slope, {Slope,
Dickman | seepage, | seepage. i i soil blowing, | too sandy, | droughty.
| slope. | ! | slope. | soil blowing. |
] 1 i ' ! . i .
34B, 3U4C2--mvrme-= iSevere: | Severe: iDeep to water |Droughty, i Too sandy, i Droughty.
Estherville | seepage. | seepage. ! { soil blowing, | soil blowing. |
! ' ] ! slope. ' !
i ) 1 | ] i
YBoccmccmccmccccae 1Slighteccaccace |Severe: |Ponding, |Ponding-==c-ua- -|Ponding, iWetness,
Knoke | | hard to pack, | frost action. | | erodes easily.| erodes easily.
| ! ponding. ! { | i
i ' | | i i
Slecccccmccacceaan 1Slight~=cccema- |Severe: |Floods, |Wetness, iWetness, iWetness,
Zook 1 \ hard to pack, | percs slowly, | percs slowly. | percs slowly. | percs slowly.
| ! wetness.. { frost action. | H |
i ! i ! i

See footnote at end of table.
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TABLE 14.--WATER MANAGEMENT--Continued
1 Limitations for-- ] Features affecting--
Soil name and | Pond | Embankments, | 1 H Terraces 1
map symbol i reservolir i dikes, and 1 Drainage t Irrigation H and | Grassed
| areas | levees i | { diversions 1 waterways
1) T 1 T T 1
| | a a | |
--------------- 'Moderate: |Severe: |Frost action---|{Wetness--------|Wetness~--------|Favorable.
Nicollet | seepage. \ piping. ! H H
i | i ' i i
59C2mmmmccccccnaa {Moderate: 1Slighte=—ccaa-o iDeep to water |Slope--==c=c--- iFavorableeeeweex {Favorable.
Burchard | slope. - ! ! i 1
1 ) 1 ] ] []
I I I 1 ] )
59D2, 59E2, 59F2--|Severe: 1Slighteeceecaaa- iDeep to water |Slopeececec-a-- 1Slopem=cmnan—m- 1Slope.
Burchard | slope. ! | ] i '
] ] ] [] ] []
I ] ] ] ] 1
62CRemerccimcmcaa iModerate: {Moderate: iDeep to water |Slopee=-== =e-==|Erodes easily |Erodes easily.
Storden | seepage, | piping. H H i |
| slope. ! ' ' | '
] i ' | ] ]
6202, 62E2, 62F, | ! ] ) | i
62Cmmmmmmrcnan—— |Severe: iModerate: iDeep to water |Slope-ewcececca- iSlope, Slope,
Storden ! slope. { piping. | | { erodes easily.| erodes easily.
| ] ] i i i
71D2%: | | ! i | !
Marshall-eee—cea- |Severe: 1Slighte~emeaaax iDeep to water |Slope~—=wec-c-= iErodes easily, |Slope,
| slope. H | i | slope. | erodes easily.
] 1 1 ] t []
I I 1 ] t ]
Dickmaneeewececeae |Severe: |Severe: iDeep to water |Droughty, iSlope, iSlope,
| seepage, | seepage. H { soil blowing, | too sandy, | droughty.
\ slope. | H | slope. { soil blowing. |
i i | i ! !
[+ PR, {Moderate: |Severe: !Ponding, |Ponding, 1Erodes easily, |Wetness,
Okobo ji | seepage. ! ponding. \ frost action., | erodes easily.| ponding. ! erodes easily.
] ] 1 1 1 1
i I I I 1 |
95 -mccccccccccna- {Moderate: |Severe: {Frost action---{Wetness---c~---- {Wetnessee-ccea- {Wetness.
Harps | seepage. | wetness. E i i i
] [] (] 1
] ] ] ] ] 1
09C2ememmrm e {Moderate: {Moderate: iDeep to water |Slope---—--w-aaa tErodes easily |Erodes easily.
Exira | seepage, ! hard to pack. | | i '
! slope. ! ' | ! |
: ' i | ' |
99D2, 99E2-cmee-- |Severe: {Moderate: iDeep to water |Slope--=—=-cca-a iSlope, {Slope,
Exira | slope. ! hard to pack. | ! | erodes easily.| erodes easily.
1 ] ] ] 1 1
] 1 t I I ]
107 ccmmmmccnccaan {Moderate: |Severe: {Frost action---|Wetness-------- iWetness-==caaa- iWetness.,
Webster | seepage. | wetness. 1 | | i
1] (] ] [] 1 ]
] ] ] ] ] 1
108cccaccenmmeann !Severe: !Severe: {Deep to water |Favorable-w--e- 1Too sandy-=-=== {Favorable.
Wadena | seepage. | seepage, ! ! | i
| ! piping. ' i ' 1
] ! ' ! | |
108B, 108C2-~==-- |Severe: iSevere: iDeep to water |Slope--=-c----- {Too sandy-~~=-- {Favorable.
Wadena ! seepage. | seepage, H i | :
! ! piping. H | i i
! i i i i !
133, 1334==r---=- {Moderate: |Severe: iFloods, \Floods, iWetness---co--- {Wetness.
Colo | seepage. i wetness. | frost action. | wetness. | i
1 1 ] 1 1 1
] 1 ] 1 I 1
135-ccucrcccmana= |Moderate: |Severe: {Floods, |Wetness, |Wetnesgececece=- iWetness.
Coland | seepage. { wetness. i frost action. | floods. i i
] 1 ] [] ] 1
] ] 1 1 ] 1
138B, 138B2, 138C,| i i ' i i
138C2-wcnccccn=-x {Moderate: |Severe: iDeep to water |Slope---=—-ec--- {Erodes easily |Erodes easily.
Clarion | seepage, ! piping. ! ! i i
i 8lope. | i ! | '
: : | | ] |
138D2=ccmmccccaa~" |Severe: {Severe: iDeep to water |Slopeemeece———--- iSlope, |Slope,
Clarion \ slope. | piping. i ! | erodes easily.| erodes easily.
[] [] ] [] []
] ] ] ] ' ]
179E2, 179F, i ! i ' i '
179F2, 179G-===- iSevere: 1Slighteecccauaa {Deep to water [Slope-=-ece----- 1Slope-e=eccaem- |Slope.
Gara ! slope. ' i ! ! ]
1 ] ' ! | !
192D2ccamnmmeccna iSevere: iModerate: |Percs slowly, |Wetness, {Slope, {Wetness,
Adair slope. E wetness. slope, ! percs slowly, E wetness. E slope.
[ ] ] 1
1 (] [] 1
1 I i ]

See footnote at end of

table.
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TABLE 14,-~WATER MANAGEMENT--Continued
i Limitations for-- H Features affecting--
Soil name and | Pond | Embankments, | 1 1 Terraces 1
map Symbol H reservolir i dikes, and 1 Drainage i Irrigation ! and 1 Grassed
| areas 1 levees ! ! | diversions | waterways
i i ] 1 i 1
! ! ! i ! i
201B*: | | ! ] | i
Colandecccccaaa {Moderate: iSevere: {Floods, {Wetness, iWetnessSeeca—u-x |Wetness.
| seepage. | wetness. | frost action. | floods. ! |
] 1 + ] ] ]
! I I ] ] ]
Spillville----- {Moderate: {Moderate: iDeep to water |Slope, |Favorable--=-—-== |Favorable.
| seepage, \ piping, H { floods. i 1
| slope. | wetness. H i i
t ] t 1 (] t
I I ] 1 ] ]
203=meccccacans --~|Severe: |Severe: {Frost action, |Wetness-------- {Wetness, {Favorable.
Cylinder | seepage. { seepage, | cutbanks cave. | } too sandy. i
] ! piping. 1 | ] !
| : | | % '
236C-cmccacua ~----|Moderate: |Severe: iDeep to water |Slope~==---c--- {Erodes easily |Erodes easily.
Lester | seepage, | thin layer. ' ! i ]
i slope. g ' ! ' !
| | | ] ' ]
259ccccacancan ---=|Severe: |Severe: |Frost action, |Wetness~---wc--- |Wetness, {Wetness.
Biscay | seepage. | seepage, i cutbanks cave.| | too sandy. |
] | wetness. 1 ! ! 1
| ! ! | | ]
268Cecccccccaaaa iModerate: |Severe: |Deep to water |Slope----eeccca- {Erodes easily |Erodes easily.
Knox | seepage, | piping. ! 1 ! 1
| slope. H ! ! ! |
i | i | i d
268D2, 268E2------|Severe: |Severe: |Deep to water |Slope~-=ecc---- 1Slope, 1Slope,
Knox ! slope. | piping. | i | erodes easily.| erodes easily.
[] ] ] (] ] (]
] 1 ] ] 1 ]
308--cccccmcaaaa |Severe: |Severe: |Deep to water |Favorable------ {Too sandy------ |Favorable.
Wadena | seepage. | seepage, i | i
] ! piping. ! ! |
! ] i | | i
308Ba-mccmm e |Severe: {Severe: iDeep to water |Slopee-mee-——--a {Too sandy-=---- {Favorable.
Wadena | seepage. | seepage, d i | '
| | piping. i ! ! '
! | i i ' |
430-crmcmmemaa iModerate: iSevere: |Floods, |Wetness, |Wetness, {Wetness,
Ackmore | seepage. ! hard to pack, ! frost action. | erodes easily.| erodes easily.i{ erodes easily.
! ! wetness. { ] i
| i i | i '
485 ccccccncncana iModerate: iModerate: iDeep to water |[FloodS--==ec==-- {Favorable------~ iFavorable.
Spillville | seepage. ! piping, ' ' i i
! ! wetness. ' ] ! i
! ! ' ! i i
485Brececcancna" {Moderate: iModerate: {Deep to water |Slope, iFavorable-«=--- {Favorable.
Spillville ! seepage, ! piping, ! ! floods. i '
E slope. | wetness. ] | i !
1 1 ] ] 1
] ] ] [} ] ]
507~~~ ———————- |Severe: |Severe: |Frost action---|Wetness-------- iWetnesgeeememum |Wetness.
Canisteo | seepage. { wetness. 1 ! H i
i i i i | i
509Be-emccccccaa {Moderate: 18light———ceee-a iDeep to water |Slope--==wce--- {Erodes easily |{Erodes easily.
Marshall | seepage, ! | ! i i
i slope. ] i ! ' i
i | ' i i i
550eccccncacacan {Severe: |Severe: {Frost action, |[Wetness-------- |Wetness, iWetness.
Talcot | seepage. \ seepage, i cutbanks cave.| | too sandy. ]
H | wetness. 1 1 i i
| ! i ' i i
638C2*: i i i H ! |
Clarionec—cea-- {Moderate: |Severe: iDeep to water |Slope--------~- {Erodes easily |Erodes easily.
| seepage, \ piping. i ' | !
| slope. | ' ! | !
| ] i | ) |
Storden=eececce-a iModerate: iModerate: iDeep to water |Slope---c-cwc--- |Erodes easily |[Erodes easily.
! seepage, ! piping. ! i i 1
| slope. ! i ] i '
i i ] | ) '
638D2%: ] i 1 ] i i
ClarioNececaeca iSevere: |Severe: {Deep to water |Slope---------- {Slope, iSlope,
slope. ! piping. i H erodes easily.!| erodes easily.
1 1 1 1
I i ] '

See footnote at end of

table.
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TABLE 14,--WATER MANAGEMENT--~Continued
i Limitations for-- | Features affecting--
Soil name and | Fond i Embankments, 7 i | Terraces 1
map symbol | reservoir { dikes, and H Drainage { Irrigation ! and ! Grassed
! areas ! levees | ] } diversions | waterways
T 1 T
| | | | | |
638D2%: | ! ! | ! !
Stordeneccceecaa {Severe: {Moderate: {Deep to water |Slopeececcecce=- iSlope, iSlope,
! slope. ! piping. | 1 { erodes easily.] erodes easily.
i ' i ! ! i
639C*: ] | ! | | 1
Salidae——=ccucaa |Severe: |Severe: jDeep to water |Droughty, iToo sandy=----- iDroughty.
| seepage. | seepage. H | fast intake, | |
| ! i | slope. ' |
i i ] ' ] |
Storden-=—=—----= {Moderate: iModerate: iDeep to water |Slope--=-cc-c--- {Erodes easily |Erodes easily.
| seepage, ! piping. ' ! | |
i slope. ' | ! ' '
! ! | | ' i
639D : : | : : |
Salidawecmm=a=a=a |Severe: {Severe: |Deep to water |Droughty, {Slope, iSlope,
\ seepage, | seepage. | { fast intake, | too sandy. \ droughty.
| slope. ! ! | slope. ! !
1 [] [] t (] 1
I ] i t ] 1
Storden---cececa |Severe: {Moderate: {Deep to water |Slope--=-----=u- iSlope, iSlope,
\ slope. | piping. | ! | erodes easily.| erodes easily.
! i i | | !
733ecmccccccccnca {Moderate: {Severe: {Floods, {Floods, iWetness-=-=-=-=- {Wetness.
Calco { seepage. | wetness. | frost action. | wetness. H H
[] ] ] 1 1 ]
t t t I I ]
822D3-=ccmmccaam |Severe: {Moderate: {Percs slowly, |[Wetness, {Slope, 1Slope,
Lamoni | slope. | wetness, i slope. | percs slowly, | wetness, | wetness,
! | hard to pack. | { slope. | percs slowly. | percs slowly.
! ) | i ] ]
L |Severe: iSevere: |Deep to water {Soil blowing, |Soil blowing---{Rooting depth.
Ridgeport | seepage. { piping. ! | rooting depth.| i
! i | ' i '
g24D2%, Q24E2%: | | i 1 | i
Burchard---=---- |Severe: 18light——-ccu-wa iDeep to water |Slope---------- |Slopemmemmemaa- iSlope.
| slope. ] i | i |
' 1 ! ' | ]
Adair-e-cecceca- |Severe: {Moderate: {Percs slowly, |Wetness, iSlope, iWetness,
| slope. | wetness. | slope, | percs slowly, | wetness. { slope.
' i | frost action. | slope. ! !
i | ] i i )
993D2%, 993E2# i ! ] | ' H
‘Garae—m-m—cm—c——- iSevere: 1Slighteceeaaca= iDeep to water |Slopeeececccca- {Slope-=mcranaaa {Slope.
! slope. ! 1 i i i
i ] ' i ! |
Armstrong------- iSevere: {Moderate: {Percs slowly, |Wetness, | Slope, {Percs slowly,
| slope. | wetness. | frost action, | percs slowly, | percs slowly, | slope,
! H | slope. ! slope. { wetness. | wetness.
i i ' i | |
2315%, 1 ! ! ! ] !
Fluvaquents ' i i ! ) |
1 ] ] 1 ] (]
I ] 1 ] ] ]
5010%. i i : | ) i
Pits ! ! ] ' | ]
] ] 1 1 [] []
1 ] ] ] ] 1
5040%, i ! ] | i |
Orthents | ] i i ! !
i i i i i i

# See description of the map unit for composition and behavior characteristics of the map unit.
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Absence of an entry indicates that data were not estimated]

TABLE 15.--ENGINEERING INDEX PROPERTIES

> means more than.

[The symbol < means less than;
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Carroll County, lowa 155
TABLE 15.-=-ENGINEERING INDEX PROPERTIES--Continued
i 1 1 Classification iFrag- | Percentage passing i 1
Soil name and |Depthi USDA texture H i 1 iments | sieve number-- tLiquid | Plas-
map symbol { | ! Unified | AASHTO | > 3 | 1 H 1 ! limit | ticity
i i I 1 iinches| U i 10 |} 40 | 200 | | index
T In ] T T TPt T T T ] T Pct |
| ] i | | | ! | | ] |
1388, 138B2, i | | i ! i i | i ! i
138C, 138C2, ] i | i | i i | ! | ]
138D2~wremccaan | 0=14|LoaMremecrcccuaan ICL, CL-ML }A-Y4, A-6 | 0-5 }95-100/95-100{75-90 {50-75 | 25-40 | 5-15
Clarion !14-33!Loam, clay loam {CL, CL-ML }A-4, A-6 | 0-5 [90-100}85-100}75-90 |50-75 | 25-40 | 5-15
133-60)Loam, sandy loam |CL, CL-ML,|A-4, A-6 | 0-5 I90-100185-100{75-90 145=-70 | 25-40 | 5-15
' ! | SC, SM-SC| ' ' ! | ! | 5
i | i | i ] ] ! ' i
179E2mmmmmmeenn TR I R — {CL, CL-ML {A-U, A6 | O 195-100!85-95 [75-85 {55-70 | 20-30 | 5-15
Gara | 6=40iClay loame-=====- iCL 1A-6 i 0-5 190-95 [85-95 {70-85 [55-75 | 30-40 | 15-25
140-60iLoam, clay loam |CL {A-6, A-7 | 0-5 190-95 85 95 {70-85 155-75 | 35-45 | 15-25
| | i ' i ! i ' i ]
179F emcccccccaea ! 0=-11|Loame~ceccrccnacaa {CL, CL-ML }A-4, A-6 | O 195- 100'85 95 |75-85 {55-70 | 20-30 | 5-15
Gara 111-43]Clay loam iC |A-6 i 0-5 190-95 }85-95 |70-85 {55-75 | 30-40 | 15-=25
143-60{Loam, clay loam }CL 1A-6, A-T7 | 0-5 190-95 '85 95 {70-85 }55-75 | 35-45 | 15-25
| i | | 1 ] i i i '
179F2, 179G-===- | 0-11{Loam-eecccceaaaee {CL, CL-ML [A-4, A-6 | O 195- 100'85 95 |75-85 155-70 | 20-30 | 5-15
Gara 111=43|Clay loam-mecececeaa 1CL 1A=6 ! 0-5 190-95 }85-95 {70-85 [55-75 | 30-40 | 15-25
|43-60{Loam, clay loam |CL |A-6, A-7 | 0-5 1{90-95 '85 95 170-85 [55-75 | 35-45 i 15-25
i i ! | | ] | o ] i
CE) I —— | 0-9 {Clay loam---~-=o- iCL 1A-6 i 0 195- 100‘80 95 175-90 160-80 | 30-40 } 10-20
Adair | 9-30!Silty clay, clay,iCL, CH  }A-7 i 0 195-100{80-95 170-90 155-80 | 40-55 | 20-30
' ! eclay loam. ] ' | ) ! i ] ]
130-60iClay loam=-~====-- +CL A6, A=-T7 | O E95 100'80 -95 370-90 555 -80 i 35-50 E 15-25
: : = ; : I ] 1 ] ] ]
201B#%: ! | 1 ] | ! : ! i ' ]
Coland=wmeem=== | 0-48{Clay loameemmw~e= iCL, CH 1A=T7 10 ! 100 } 100 195-100!65-80 | 45-55 | 20-30
{48-60|Clay loam, silty |CL, CH LA-T ! 0 | 100 ! 100 !95-100/65-80 ! 45-55 | 20-30
' | clay loam, sandy) i ' ' | | i ! }
! ! elay loam. i i 1 | i | E | E
i | i i | i i ' ! i )
Spillville----- | 0-46iLoaMe~—mceeccmea {CL {A=6 i 0 ! 100 195-100}85-95 }60-80 | 25-40 | 10-20
146-60}Sandy clay loam, |CL, CL-ML,}A-6, A=4 | O i 100 195-100{80-90 }35-75 | 20-40 | 5-15
i | loam, sandy i SM-SC, SCi| | ' ! | i ] 1
' ! loam. ! | ] ) ' i ! i '
i i | | 1 ] i ' i | i
203 mmee | 0-13|LoaM~ecc~ccccccana iCL 1A-6, A-T7 | O i 100 190-100/80-100{50-75 | 30-50 | 10-25
Cylinder {13-28{Loam, clay loam |CL, SC 1A-6 HE 195-100}80-100/80-95 |{u45-70 | 30-40 | 10-20
128-60{Gravelly coarse |SP-SM, SM |A-1, A-2,! 0-10 }75-95 175-95 120-55 | 6-25 | === | NP
! ! sand, loamy ! | A=3 | ] ] 1 | 1 i
! | sand, gravelly | ] ! ) ' ' i | '
] ! loam. ! ! i i i | ] ] i
! i ! ! ' ] i | i ] i
236C-mrecmmmacan | 0-10!Loame—m-ococcaac- {ML, CL {A=6, A-4 | O 195-100{90-100!{80-95 {50-70 | 30-40 | 5-15
Lester 110-43!Clay loam, loam |CL 'A-T7, A-6 | 0-5 195-100{90-100!80-95 {55=-75 | 35-50 | 15-25
{43-60{Loam, clay loam |CL, CL-ML }A-6, A-4 | 0-5 |95- 100}90-100575-90 ESO -70 E 20-40 E 5-20
i ! | ! | | i | i i
-1} P ! 0-10|Loamecmencnmccaea icL, ML 1A-7, A-6 | O 195-100195-100}70-90 {50-75 | 35-50 { 10-25
Biscay 110-35!Sandy clay loam, |CL, ML 1A-6, A-7 | O 195- 100'90 100170-90 {50-75 | 30-50 | 10-20
! ! elay loam. ! i i ] i i i i
135-60)Stratified loamy |SP, SP-SM,|A-1 i 0-5 {45-95 |35-95 120-45 | 2-10 | --~- | NP
! | sand to gravelly| GP GP-GM| | i i i i i |
! ! coarse sand. ' | ! | | i ] i '
| ' ' i ' i ! ' ! ] ]
268C, 268D2, i ' | ! ] ' ! ! ] i i
268E2ccuacaaaaa 1 0=14{81i1t loam=e=ece=-- 1CL-ML, CL }A-4 H ] {100 } 100 }95-100{90-100{ 20-30 } 5-10
Knox 114-44181i1ty clay loam, |CL 1A=6 ) } 100 | 100 }95-100] 95 100} 30-40 |} 10-20
! ! silt loam. ' | ' i i i ] i
144-601Silt loameweceuae- {CL-ML, CL }A-4, A-6 | O i 100 | 100 I95-100}90-100! 25-35 i 5-15
| i ' ! i i ' ! ] i ]
308, 308Ber~ce=- | 0=17|LoaMeccccccacacax I ML tA=-4 . 195-100{80-100{75-95 |50-65 | 25-40 | 2-10
Wadena 117-29!Loam, sandy loam,}SM, ML, 1A-4, A-6 | O 195~ 100'80 100}75-95 |40-60 | 25-40 | 5-12
! | sandy clay loam.} CL, SC ' ' ! ! { ] |
129-601Sand and gravel, !SP, SP-SM,1A-1, A-3,] 0-5 |45-100140-95 110-80 | 2-10 | --= | NP
' ! gravelly loamy | GP, GP-GM| A-2 | ' ! | | | i
' ! sand. ] ' ! | ' i ] 1 i
i i i ' i i i i ' i ]
430mmccmcmmmnnn | 0-30{Silt loam, silty i{CL, ML {A-4, A-6,{ O | 100 } 100 195-100185-100{ 25-60 | 8-30
Ackmore ! ! e¢lay loam. ! MH, CH I AT H H ! ! | H H
130-60] Silty clay loam, |CH CL, 1A-7, A-6 | O { 100 | 100 }95-100{85-100} 35-60 | 15-30
! silt loam. ! Mﬁ | H i i i | i E
! ! ! ! ' ; !
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Entries under "Erosion factors--T" apply to the entire
d erodibility group™ and "Organic matter™ apply only to the surface layer.
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TABLE 16.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued
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TABLE .16.-~PHYSICAL AND CHEMICAL PROPERTIES OF SOILS--Continued
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TABLE 17.--S0IL AND WATER FEATURES

Absence of an entry indicates that the

and "water table" in the Glossary explain terms such as "rare," "brief,"
The symbol > means more than.

"apparent," and "perched."
feature is not a concern]
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TABLE 17.--SOIL AND WATER FEATURES--Continued
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* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 18.--CLASSIFICATION OF THE SOILS

[An asterisk in the first column indicates that the soil is a taxadjunct to the series. See text for a
description of those characteristics of the soil that are outside the range of the series]

T
'
Soil name i Family or higher taxonomic class

1
i
|

Ackmore--—ceccccccmccccaaao | Fine-silty, mixed, nonacid, mesic Aeric Fluvaquents

L B A R | Fine, montmorillonitic, mesic Aquic Argiudolls

Armstrongeec-cccceaccccmaa. ! Fine, montmorillonitic, mesic Aquollic Hapludalfs

Biscay--=eccmcccmcccnaccaa i Fine-loamy over sandy or sandy-skeletal, mixed, mesic Typic Haplaquolls

Burcharde-cccececccccnacaa- | Fine-loamy, mixed, mesic Typic Argiudolls

CaleO0mmemc e { Fine-silty, mixed (calcareous), mesic Cumulic Haplaquolls

Canisteo-w-cmmacccccecaua- | Fine-loamy, mixed (calcareous), mesic Typic Haplaquolls

Clarion-eeeccccccaccccnaaa. | Fine-loamy, mixed, mesic Typic Hapludolls

Coland==--=ccemcccrccaaa-- { Fine-loamy, mixed, mesic Cumulic Haplaquolls

Colo=memcmcmecccccre e caa- | Fine-silty, mixed, mesic Cumulic Haplaquolls

Cylindereeccecreccccccmaaaa | Fine-loamy over sandy or sandy-skeletal, mixed, mesic Aquilc Hapludolls

DickmanNeeecereccemccacnacaa ! Sandy, mixed, mesic Typic Hapludolls

Estherville--ececcomeeaccaaaa ! Sandy, mixed, mesic Typic Hapludolls

#EXira----cecccccccmccccnna | Fine-silty, mixed, mesic Typic Hapludolls

FluvaquentS-=e-eecccccaaaa ! Sandy and loamy, mixed, mesic Fluvaquents

Garg----eececcnccececcaae= | Fine-loamy, mixed, mesic Mollic Hapludalfs

Fine-loamy, mesic Typic Caleciaquolls

Fine-silty, mixed (calcareous), mesic Typic Udorthents
Fine-silty, mixed, mesiec Cumulic Hapludolls

Fine, montmorillonitic (calcareous), mesic Cumulic Haplaquolls
Fine-silty, mixed, mesic Mollic Hapludalfs

Fine, montmorillonitic, mesic Aquiec Argiudolls

Fine-loamy, mixed, mesic Mollic Hapludalfs

Fine-silty, mixed, mesic Typic Hapludolls

Fine-loamy, mixed, mesic Aquic Hapludolls

Okobojleeccmmemacacccacnaaa | Fine, montmorillonitic, mesic Cumulic Haplaquolls

Orthents--ceeccccccoccccaaao Loamy, mixed, mesic Udorthents

Ridgeportemcececcccccacaaa Coarse-loamy, mixed, mesic Typic Hapludolls

Salida-eee== Sandy-skeletal, mixed, mesic Entic Hapludolls

Spillville Fine-loamy, mixed, mesic Cumulic Hapludolls

Storden--eceeccacccnccacaax { Fine-loamy, mixed (calcareous), mesic Typic Udorthents

Talcot-mecccmcc—recccaaaa- | Fine-loamy over sandy or sandy-skeletal, mixed (calcareous), mesic Typic
i Haplaquolls

Terril--ceccccamcccacccnax | Fine-loamy, mixed, mesic Cumulic Hapludolls

Wadena---eeccccocccccccaa- | Fine-loamy over sandy or sandy-skeletal, mixed, mesic Typic Hapludolls

Webster-eceececccmccnaaacaaaa { Fine=loamy, mixed, mesic Typic Haplaquolls

200K==ecmmmccmcc e | Fine, montmorillonitic, mesic Cumulic Haplaquolls
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