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Consult '‘Contents’’ for parts of the publication that will meet your specific needs.
This survey contains useful information for farmers or ranchers, foresters or
7 - agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or students;
for specialists in wildlife management, waste disposal, or pollution control.
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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, regardless of
race, color, national origin, sex, religion, marital status, or age.

Maijor fieldwork for this soil survey was completed in the period 1978-83. Soil
names and descriptions were approved in 1984. Unless otherwise indicated,
statements in this publication refer to conditions in the survey area in 1984,
This survey was made cooperatively by the Soil Conservation Service; the lowa
Agriculture and Home Economics Experiment Station; the Cooperative
Extension Service, lowa State University; and the Department of Soil
Conservation, State of lowa. It is part of the technical assistance furnished to
the Winnebago County Soil Conservation District. Funds appropriated by
Winnebago County were used to defray part of the cost of the survey.

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: Corn and soybeans on Nicollet loam, 1 to 3 percent slopes.
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Preface

This soil survey contains information that can be used in land-planning
programs in Winnebago 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 ensure proper performance. Conservationists, teachers,
students, and specialists in recreation, wildlife management, waste disposal,
and pollution control can use the survey to help them understand, protect, and
enhance the environment.

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

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

vii






Soil Survey of

Winnebago County, lowa

By Robert G. Jones, Soil Conservation Service

Fieldwork by Patrick L. Abel, Ronald J. Kuehl, Robert G. Jones,
Richard A. Lensch, Daniel Selky, Robert Vobora, Robert W. Wilson,

and Allan Younk, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service,

in cooperation with

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

WINNEBAGO COUNTY is in the north-central part of
lowa (fig. 1). It has a total of 256,704 acres, or 401
square miles. Forest City, the county seat, is in the
south-central part of the county.

The county is chiefly agricultural. The principal crops
are corn and soybeans, but oats and hay are also grown.
Beef cattle and hogs are other important sources of
income.

The landscape varies greatly throughout the county. It
consists of wide plains; precipitous hills, some of which
enclose lakes; alternating marshes and knobby hills; and
valleys that have gently flowing streams bordered by
rounded, sloping hillsides (74). Elevation ranges from
about 1,120 to 1,380 feet above sea level.

This survey updates the soil survey of Winnebago
County published in 1921 (28). It provides additional
information and larger maps, which show the soils in
greater detail.

General Nature of the County

The paragraphs that follow provide general information
about Winnebago County. They describe history and
development, transportation facilities, business and
industry, relief and drainage, natural resources, farming,
and climate.

History and Development

Before being designated a county in lowa, what is now
Winnebago County was part of an area declared by the
U.S. Government as neutral ground between warring
Indian tribes. Many Indian artifacts have been found in
the county, chiefly in areas that were formerly wooded,
east of the Winnebago River. Prior to 1850, the survey
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Figure 1.—Location of Winnebago County in lowa.




area was part of a very large county known as Fayette
County. In 1850, the lowa Legislature established 50
new counties, including Winnebago County. In October
of 1857, the first election of county officers was held and
the county became a civil unit on its own. One of the
first acts of the supervisors was that of dividing the
county into two townships. The northern half of the
county was called Pleasant Township and the southern
half Forest Township. In 1889, the present 12 townships
were established. In 1858, Forest City was named as
county seat (77).

Early settlement was centered in the wooded areas,
primarily east of Lime Creek, now called the Winnebago
River. Trees in this part of the county provided the
material necessary for shelter and fuel. Originally, about
one-third to two-thirds of the acreage was timbered, but
much of the timber was cut by 1915. The early stands
were chiefly oak and walnut (77). Only about 1,500 acres
currently is wooded, mostly with oak. The woodland is
primarily scattered small tracts on steep slopes
bordering large depressions and around farmsteads.

The first permanent settlement was on the east side of
the Winnebago River, near Forest City. In the late
1800's, railroads were extended into the county, and by
the early 1900’s, the present towns were established
(77). Several of the early railroad stations and some
early post offices have vanished. in 1860, the population
was 168. It was 13,564 in 1915; 13,972 in 1940; 12,990
in 1970; and 13,010 in 1980.

Transportation Facilities

Transportation facilities generally are adequate for the
aconomic enterprises in the county. Every farm is served
by a graded and surfaced road. Most of the roads are
surfaced with gravel. The main farm-to-market roads are
surfaced with bituminous material. Federal and state
highways are concrete or concrete surfaced with
bituminous material.

U.S. Highway 69 runs generally north and south
across the eastern part of the county. U.S. Highway 9
runs generally east and west. It intersects with U.S.
Highway 169 in the east-central part of the county. State
Highway 254 connects the towns of Buffalo Center and
Rake, and state Highway 105 runs east from Lake Mills.
State Highway 332, a short spur, connects Highway 9
with Pilot Knob State Park, which is adjacent to the
county.

Only two railroads serve the county. One crosses the
northwest corner and serves the town of Rake. The
other crosses the northeast corner and serves the towns
of Lake Mills and Scarville. Buffalo Center, Leland,
Thompson, and Forest City are without railroad service.

Bus transportation is available to towns along the U.S.
highways. A regional bus system serves the county.
Every trading center is served by motor freight lines. A
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small airport is located in Hancock County, near Forest

City.

Business and Industry

Industry provides markets for farm products in the
county. Every town has a grain elevator, a feed mill, and
a fertilizer plant. Packing plants provide hog-buying
stations in most of the towns. An organized livestock
auction is in Forest City. Several towns have frozen food
locker plants.

Businesses that sell and service farm machinery and
supplies operate at several towns in the county.
Veterinarian services are readily available. Industry
provides several hundred jobs at Forest City. It also
provides many jobs at Lake Mills and, to a lesser extent,
at Buffalo Center.

Relief and Drainage

The western two-thirds of the county is dominated by
a ground moraine characterized by numerous small
depressions and potholes. The moraine generally is
nearly level to moderately sloping but is steeper in
scattered areas. Two large marshes, Myre Slough and
Lake Harmon, are in this area. Relief is low to moderate,
generally less than about 30 feet.

Except for outwash areas and the flood plains along
the Winnebago River and Lime Creek, the eastern third
of the county is dominated by a moraine front and a
moraine complex. Along the Algona Moraine front is a
broad belt of high-relief hummocks and in places a
relatively broad series of ridges or hills, which also have
high relief. To the east of the Winnebago River and Lime
Creek is a moraine complex area that has high relief.
Organic soils in large depressions are common in this
area. In areas of both the moraine front and the moraine
complex, relief approaches 75 feet or more. In the
moraine complex, such landscape features as kames,
eskers, and kettles are common. Hogsback Ridge, an
eskerlike landform, is in this area. Rice Lake, the largest
lake in the county, also is in this area.

Generally, the eastern half of the county is drained by
Lime Creek and the Winnebago River and its tributaries.
The tributaries are Pike Run, Twister Branch, Bear
Creek, and several drainage ditches. The southeast
corner of the county is drained by Beaver Creek.

The western half of the county is drained by South
Buffalo Creek, North Buffalo Creek, the Blue Earth River,
and their tributaries, which are drainage ditches. Except
for the water in the northwest corner, drainage waters in
this part of the county generally flow southwest or west.
The Blue Earth River and two of its tributaries generally
flow west in this county. In the extreme northwest corner
are two drainage ditches that flow north into Minnesota.

The channels of the smaller streams generally have
been straightened and deepened. Together with various
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drainage ditches, they provide outlets for tile drains as
well as surface drains. Except for soils in depressions,
most of the upland soils are drained adequately for
dependable crop production.

Natural Resources

Agricultural land is the primary natural resource in
Winnebago County. Other natural resources include
water, trees, peat, sand and gravel, and wildlife.

Winnebago County has a good supply of underground
water. Wells that are properly drilled rarely fail because
of a seasonal lack of water or during periods of drought.
Some wells are less than 100 feet deep, but many are
as much as 300 feet or more. Shallow wells and sand
points are dependable sources of water in a few areas
where the substratum is gravelly. Water quality generally
is good, but a few wells have higher nitrate levels than is
desirable.

A few thousand acres have potential for irrigation. A
few shallow wells in an outwash area currently provide
water for irrigation on a limited basis. The best potential
for irrigation is in small areas adjacent to the Winnebago
River, in a glacial outwash area west of Forest City, and
in an outwash area in the northern part of the county,
near the town of Scarville. These areas have soils that
are seasonally droughty.

Myre Slough, Lake Harmon, and marshy areas along
the Winnebago River and adjacent to Rice Lake have
been developed as wildlife areas. Smaller marshy areas
are throughout the county. The marshy areas provide
many opportunities for hunting and trapping. A few
manmade farm ponds, several gravel pits, the
Winnebago River, and Rice Lake provide opportunities
for fishing.

State parks are located at Rice Lake and Hogsback
Ridge. Other parks have been developed at points along
the Winnebago River and at some gravel pits. Thorpe
Park, in the south-central part of the county, is
developed around a small natural lake and a small
manmade lake. The parks generally provide facilities for
camping, fishing, and picnicking.

Native oak and other trees are harvested on a limited
basis in the county. Peat is mined and processed for
potting soil and horticultural uses in marshy areas near
Lake Mills. A few sand and gravel pits are mined in
areas adjacent to the Winnebago River and in glacial
outwash areas. The sand and gravel are used
extensively as road-surfacing material and as concrete
aggregate.

Opportunities for hunting, fishing, and trapping are
available throughout the county. Migratory waterfowl,
deer, rabbit, squirrel, pheasant, and partridge are
commonly hunted. Muskrat, raccoon, and mink are
among the species commonly trapped.

Farming

In 1983, Winnebago County had 246,000 acres of
farmland (8). Of this land, 221,130 acres was used for
row crops, small grain, or hay. The rest was used for
permanent pasture, woods, lots, buildings, or roads or
was idle land. Corn was planted on 121,000 acres. It
yielded an average of 125.6 bushels per acre. Soybeans
were planted on 93,500 acres. They yielded an average
of 36.4 bushels per acre. Oats was grown on 4,700
acres. It yielded an average of 61.7 bushels per acre.
About 4,400 acres was used for hay of all types.

Beef cattle and hogs are the most extensively raised
livestock in the county. In 1982, about 5,000 grain-fed
cattle and 160,000 hogs were sold. In the same year,
16,100 sows were farrowed. Beef cows totaled 3,700
and milk cows 1,500. The county had a few sheep and
lambs and 27,000 laying hens.

In recent years the number of peopie living on farms
and the number of farms have declined: Farm size has
increased. In 1982, the county had 870 farms, which
averaged 283 acres in size. In 1980, about 8,740 people
lived on the farms (9).

Most farms are cash-grain enterprises. Farmers derive
most of their income from the sale of corn and
soybeans. Many, however, derive a large part of their
income from the sale of livestock, especially hogs and
beef cattle.

Dairying is a major enterprise on a few farms. The
number of dairy farms has been decreasing in recent
years, but the size of the herds has increased. Some
poultry is raised in the county. A recent trend has been
toward fewer but larger poultry enterprises, mainly those
that raise laying hens. Commercial broiler and turkey
production is minimal. Sheep are raised on a few farms,
but the numbers have declined in recent years. In 1982,
the number was 3,000 head.

Climate

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

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Forest City in the
period 1951 to 1979. Table 2 shows probable dates of
the first freeze in fall and the last freeze in spring. Table
3 provides data on length of the growing season.

In winter the average temperature is 17 degrees F,
and the average daily minimum temperature is 8
degrees. The lowest temperature on record, which
occurred at Forest City on January 21, 1970, is -30
degrees. In summer the average temperature is 71
degrees, and the average daily maximum temperature is
82 degrees. The highest recorded temperature, which
occurred at Forest City on July 31, 1955, is 101 degrees.

Growing degree days are shown in table 1. They are
equivalent to “heat units.” During the month, growing
degree days accumulate by the amount that the average



temperature each day exceeds a base temperature (50
degrees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop
between the last freeze in spring and the first freeze in
fall.

The total annual precipitation is about 31.4 inches. Of
this, 23 inches, or about 75 percent, usually falls in April
through September. The growing season for most crops
falls within this period. In 2 years out of 10, the rainfall in
April through September is less than 19 inches. The
heaviest 1-day rainfall during the period of record was
7.51 inches at Forest City on August 31, 1962.
Thunderstorms occur on about 40 days each year, and
most occur in spring. Tornadoes and severe
thunderstorms strike occasionally. These storms are
local in extent and of short duration. They result in
sparse damage in narrow belts. Hailstorms occur during
the warmer part of the year in scattered small areas.

The average seasonal-snowfall is 42.9 inches. The
greatest snow depth at any one time during the period of
record was 25 inches. On the average, 35 days of the
year have at least 1 inch of snow on the ground. The
number of such days varies greatly from year to year.

The average relative humidity in midafternoon is about
60 percent. Humidity is higher at night. and the average
at dawn is about 85 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.

How This Survey Was Made

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

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

Commonly, individual soils on the landscape merge
into one another as their characteristics gradually
change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the
soils. They can observe only a limited number of soil
profiles. Nevertheless, these observations, supplemented
by an understanding of the soil-landscape relationship,
are sufficient to verify predictions of the kinds of soil in
an area and to determine the boundaries.

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

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

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

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

Map Unit Composition

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

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

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






General Soil Map Units

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

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

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

Soil Descriptions

1. Clarlon-Canisteo-Nicollet Agsoclation

Nearly level to moderately sloping, well drained, poorly
drained, and somewhat poorly drained soils formed in
glacial till or glacial till sediments; on uplands

This association consists of soils in nearly level to
gently rolling areas on ground moraines characterized by
swales and rises. Differences in elevation between the
swales and rises are about 5 to 20 feet. A few steeper
areas are around some of the many scattered potholes
or are along some small streams and drainageways. A
branch of the Blue Earth River and several small creeks
originate in this association. In most places the channels
of these streams have been straightened and deepened
and are good outlets for tile drains. Most of the flood
plains along the streams are narrow and indistinct and
are no longer subject to flooding. Slopes range from 0 to
9 percent.

This association makes up about 53 percent of the
county. It is about 25 percent Clarion soils, 25 percent
Canisteo soils, 20 percent Nicollet soils, and 30 percent
soils of minor extent (fig. 2).

The well drained, gently sloping and moderately
sloping Clarion soils are on the higher convex slopes
and on low, irregularly shaped ridges above the Canisteo
and Nicollet soils. The ridges have short slopes. The
somewhat poorly drained, very gently sloping Nicollet

soils are on low, slightly convex rises on broad flats.
They also are at intermediate levels between the well
drained Clarion soils and the poorly drained Canisteo
soils. The poorly drained, nearly level Canisteo soils are
on low, broad flats and in swales. They commonly
surround depressional areas. The natural drainage
pattern is not well defined, and runoff is slow.

Typically, the surface layer of the Clarion soils is black
loam about 10 inches thick. The subsurface layer is
black and very dark grayish brown, friable loam about 7
inches thick. The subsoil is friable loam about 13 inches
thick. The upper part is dark brown and dark yellowish
brown, and the lower part is dark yellowish brown and
brown. The substratum to a depth of about 60 inches is
dark yellowish brown and yellowish brown, friable,
mottled, calcareous loam.

Typically, the surface layer of the Canisteo soils is
black clay loam about 8 inches thick. The subsurface
layer is black and very dark gray clay loam about 13
inches thick. The subsoil is olive gray, mottled clay loam
about 25 inches thick. The substratum to a depth of
about 60 inches is olive gray, mottled loam. The soils are
calcareous throughout.

Typically, the surface layer of the Nicollet soils is black
loam about 7 inches thick. The subsurface layer is black,
very dark brown, and very dark grayish brown loam
about 12 inches thick. The subsoil is dark grayish brown,
friable loam about 28 inches thick. It is mottled and
calcareous in the lower part. The substratum to a depth
of about 60 inches is light olive brown, mottled,
calcareous loam.

The minor soils in this association are the Harps,
Okobaoiji, Palms, Storden, and Webster soils in the
uplands and the Coland soils along stream bottoms. The
nearly level, highly calcareous, poorly drained Harps
soils are mainly on the rims around depressions. When
dry, their surface soil is distinctly lighter in color than that
of the major soils. The very poorly drained Okoboji and
Palms soils are in depressions. They are often ponded in
spring or after heavy rains. The gently sloping to strongly
sloping, well drained, calcareous Storden soils are on
convex slopes and ridge crests. They border
drainageways and are adjacent to the Clarion soils. The
poorly drained Coland soils are in areas along streams.

Most of this association is cultivated and is well suited
to cultivated crops. The moderately sloping and strongly
sloping areas, however, are only moderately suited or
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are poorly suited. Corn and soybeans are the main
crops. Some areas are used for oats or for rotation hay
and pasture, including alfalfa and alfalfa-grass mixtures.
A few areas, mostly along streams and around
farmsteads, are used as permanent pasture. The content
of organic matter generally is moderate or hlgh in the
surface layer, and available water capacity is high. Crops
respond well to applications of fertilizer, and yields are
high.

Measures that control water erosion are needed on
the more sloping soils. Because of the irregular pattern
of slopes, farming on the contour-and terracing are
somewhat difficult in places. Soil blowing is a hazard in
large areas where the surface is bare after fall plowing.
The nearly level, poorly drained soils and the very poorly
drained soils in depressions are generally tile drained.
Measures that improve drainage are needed in some
areas. Maintaining fertility and tilth also is an important
management concern. Herbicide carry-over is a concern
on the Canisteo soils. Herbicide carry-over and low
fertility are concerns on the minor Harps and Storden
soils.

2. Canisteo-Nicollet Association

Nearly level and very gently sloping, poorly drained and
somewhat poorly drained soils formed in glacial till or
glacial till sediments; on uplands

This association consists of soils in nearly level and
gently undulating areas on ground moraines
characterized by swales and rises. Differences in
elevation between the swales and rises are about 5 to
10 feet. A few steeper areas are around the many
scattered potholes or are along drainageways.
Tributaries of creeks flow through areas of this
association. They are good outlets for tile drains. Most
have been straightened and deepened. Areas along the
tributaries are former flood plains, which are narrow and
indistinct. They are subject to rare flooding. Slopes
generally are short. They range from O to 3 percent.

This association makes up about 6 percent of the
county. It is about 36 percent Canisteo and similar soils,
24 percent Nicollet and similar soils, and 40 percent
soils of minor extent.

The poorly drained, nearly level Canisteo soils are on
broad flats and in swales. They commonly surround



Winnebago County, lowa

depressional areas. The natural drainage pattern is not
well defined, and runoff is slow. The somewhat poorly
drained, very gently sloping Nicollet soils are on slight
rises on the broad flats.

Typically, the surface layer of the Canisteo soils is
black clay loam about 8 inches thick. The subsurface
layer is black and very dark gray clay loam about 13
inches thick. The subsoil is olive gray and dark gray,
mottled clay loam about 25 inches thick. The substratum
to a depth of about 60 inches is olive gray, mottled loam.
The soils are calcareous throughout.

Typically, the surface layer of the Nicollet soils is black
loam about 7 inches thick. The subsurface layer is black,
very dark brown, and very dark grayish brown loam
about 12 inches thick. The subsoil is dark grayish brown,
friable loam about 28 inches thick. It is mottled and
calcareous in the lower part. The substratum to a depth
of about 60 inches is light olive brown, mottled,
calcareous loam.

The minor soils in this association are the Clarion,
Harps, Okoboji, Palms, and Storden soils. Clarion soils
are well drained and are on knobs, hills, and side slopes.
Harps soils are highly calcareous and poorly drained and
border areas of Okoboji and Palms soils. When dry, their
surface layer is distinctly lighter in color than that of the
major soils. Okoboji and Palms soils are very poorly
drained and are in depressions. Palms soils have a thick
surface soil that is very high in content of organic matter.
Storden soils are well drained and calcareous. They are
generally adjacent to the Clarion soils.

Most of this association is cultivated and is well suited
to cultivated crops. Corn and soybeans are the main
crops. Some areas are used for oats or for rotation hay
and pasture, including alfalfa and alfalfa-grass mixtures.
The content of organic matter in the surface layer
generally is high, but it is moderate in the surface layer
of the Clarion soils. Available water capacity is high.
Crops respond well to applications of fertilizer, and yields
are among the highest in the county.

The main concerns of management are improving
drainage and maintaining tilth and fertility. Herbicide
carry-over is a concern on the Canisteo soils. Most areas
of the poorly drained soils are tile drained, but additional
tile is needed in places. Soil blowing is a hazard in large
areas where the surface is bare after fall plowing.

3. Clarion-Storden Association

Gently sloping to moderately steep, well drained soils
formed in glacial till; on uplands

This association consists of soils that are gently
sloping and moderately sloping on ridgetops and strongly
sloping and moderately steep on side slopes. It is
generally on the northward extension of the Algona
Moraine. It is dissected by upland drainageways. Several
small tributaries of the Winnebago River also flow across
this association. Slopes range from 2 to 20 percent.

This association makes up about 13 percent of the
county. It is about 40 percent Clarion soils, 20 percent
Storden soils, and 40 percent soils of minor extent.

Clarion soils are on the high parts of the uplands,
mostly in gently sloping and moderately sloping areas at
or near the borders of the association. A few steeper
areas are adjacent to drainageways that cut back into
the uplands. Storden soils are mainly in strongly sloping
and moderately steep areas on side slopes adjacent to
bottom land. They also are in steep areas on side slopes
adjacent to drainageways that cut back into the uplands.

Typically, the surface layer of the Clarion soils is very
dark brown, friable loam about 8 inches thick. Plowing
has mixed streaks and pockets of brown subsoil material
into the surface layer. The subsoil is friable loam about
16 inches thick. The upper part is dark brown and dark
yellowish brown, and the lower part is brown and
yellowish brown. The substratum to a depth of about 60
inches is yellowish brown, calcareous loam.

Typically, the surface layer of the Storden soils is
brown and very dark grayish brown loam about 8 inches
thick. Plowing has mixed some streaks and pockets of
light olive brown and yellowish brown substratum
material into the surface layer. The substratum to a
depth of about 60 inches is light olive brown, mottled
loam. The soils are calcareous throughout.

The minor soils in this association are the Coland,
Nicollet, Spillville, and Webster soils. Coland and
Spillville soils are in narrow stream channels and
drainageways. Coland soils are poorly drained and
border the stream channels. Spillville soils are somewhat
poorly drained and moderately well drained and are on
foot slopes bordering the Coland soils. Nicollet soils are
somewhat poorly drained and nearly level and commonly
are adjacent to the Clarion soils. Webster soils are
poorly drained and nearly level. In this association they
are commonly in swales between areas of the Clarion or
Storden soils. In many areas, however, they are
bordered by Nicollet soils.

This association is used for general farming. The
suitability for cultivated crops ranges from good to poor.
Corn and soybeans are the main crops. The steeper
areas commonly are used for oats or for rotation hay
and pasture. The content of organic matter is moderate
in the Clarion soils and low in the Storden soils. Both
soils have a high available water capacity. In some of
the steeper areas of Storden soils, however, the amount
of available water is reduced because of rapid runoff.
Many of these areas are better suited to hay and pasture
than to row crops. The minor soils have a high content
of organic matter and a high available water capacity.

The main management need is controlling erosion on
the more sloping soils. Measures that improve drainage
are needed in some areas of the minor soils. Intensively
row cropping the steeper soils results in serious erosion.
Much of the soil that is washed off the slopes is
deposited on the concave foot slopes, but some is
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carried into the depressions. Large quantities are carried
into the drainageways and small streams that empty into
the Winnebago River. As a result, much filling or siltation
has occurred in and along the channels. Soil blowing
also is a serious hazard, especially on the higher crests
and nose slopes that are plowed in the fall or at other
times when the surface is bare. Terraces, contour
farming, grassed waterways, and reduced tillage
methods are needed to control erosion. Terracing and
farming on the contour are difficult in some areas,
however, because of the irregular pattern of slopes.

The potential for upland wildlife habitat is good on
these soils. The habitat can be improved by measures
that control erosion, such as grassed-backslope
terraces, grassed waterways, a system of reduced tillage
that leaves crop residue on the surface, and a cropping
sequence that includes more grass and hay crops.

4. Kilkenny-Lester-Waldorf Association

Nearly level to very steep, well drained and poorly
drained soils formed in glacial till and glacial lacustrine
sediments; on uplands

This association consists of soils on hummocks or
ridges and in swales. The parent material of these soils
occurs as a complex pattern of glacial lacustrine
sediments intermingled with glacial till or till-like material.
The fine grained glacial lacustrine sediments are in many
of the nearly level areas on rounded or circular knobs or
in the lower areas between the knobs. Large
depressions are common. Differences in elevation range
from about 20 to 50 feet. Scattered small areas of native
oak trees grow on some of the steeper slopes and
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around many farmsteads. Slopes range from 0 to 35
percent.

This association makes up about 11 percent of the
county. It is about 30 percent Kilkenny soils, 20 percent
Lester soils, 10 percent Waldorf soils, and 40 percent
soils of minor extent (fig. 3).

The well drained Kilkenny soils are moderately sloping
on ridges or knobs and some side slopes and strongly
sloping to very steep on other side slopes. Most of the
very steep areas are wooded. Hogsback State Park, a
landmark in this association, is on a long, convex,
eskerlike ridge in an area of these soils. The well drained
Lester soils are gently sloping on knobs and ridges and
moderately sloping to steep on side slopes. The poorly
drained, nearly level Waldorf soils are mainly in swales
between the knobs and ridges.

Typically, the surface layer of the Kilkenny soils is very
dark grayish brown clay loam about 8 inches thick.
Plowing has mixed some streaks and pockets of brown
subsoil material into the surface layer. The subsoil is clay
loam about 49 inches thick. The upper part is brown, the
next part is olive brown, and the lower part is olive
brown and light olive brown. The substratum to a depth
of about 60 inches is light olive brown, mottled clay
loam.

Typically, the surface layer of the Lester soils is very
dark grayish brown, friable loam about 7 inches thick.
The subsoil is about 27 inches thick. It is mottled and
friable. The upper part is dark yellowish brown clay loam,
and the lower part is dark yellowish brown and yellowish
brown loam. The substratum to a depth of about 60
inches is light olive brown, mottled, calcareous loam.

Figure 3.—Pattern of solls and parent material.in the Kllkenny-Lester-Waldorf assoclation.
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Typically, the surface layer of the Waldorf soils is
black silty clay loam about 7 inches thick. The
subsurface layer is black silty clay about 12 inches thick.
The subsoil is dark gray and olive gray, mottled silty clay
about 25 inches thick. The substratum to a depth of
about 60 inches is olive gray, mottled, calcareous silty
clay loam.

The minor soils in this association are the Canisteo,
Collinwood, Houghton, Le Sueur, Minnetonka, Okoboji,
Shorewood, Storden, and Vinje soils. The poorly drained,
calcareous Canisteo soils formed in glacial till or glacial
till sediments. In places they are adjacent to the Waldort
soils and are lower on the landscape. The somewhat
poorly drained, nearly level Collinwood soils formed in
fine textured lacustrine sediments. The very poorly
drained Houghton soils formed in thick deposits of
organic material in large depressions and on former lake
bottoms. The somewhat poorly drained, nearly level Le
Sueur soils formed in glacial till on slightly concave to
slightly convex slopes. The poorly drained, nearly level
Minnetonka soils formed in fine textured glaciolacustrine
sediments. The very poorly drained Okoboiji soils are in
depressions. The somewhat poorly drained Shorewood
soils formed in fine textured lacustrine sediments. The
well drained, calcareous Storden soils are in strongly
sloping to moderately steep areas. The well drained
Vinje soils formed in glaciolacustrine sediments over
loamy glacial till.

This association is used mainly for general farming. Its
suitability for cultivated crops is mainly dependent on the
slope. The nearly level soils, except for Houghton and
Okoboiji soils, and the gently sloping soils are well suited
to cultivated crops. The Houghton and Okoboji soils are
only moderately suited. Most of the remaining soils are
moderately suited or poorly suited. The steepest soils,
however, are generally unsuited. They support grass or
mixed grass and trees. Corn and soybeans are the main
crops, but oats and hay and pasture are grown in many
areas. Trees, chiefly oak, grow in most of the steeper
areas of the Lester and Kilkenny soils and in some less
sloping areas. The content of organic matter is moderate
in the Kilkenny and Lester sails, is high in the Waldorf
soils, and ranges from low to very high in the minor soils.
Most of the major and minor soils have a high available
water capacity.

The main management needs are controlling erosion,
improving drainage, and maintaining tilth. Erosion is a
serious hazard. Because of the slope and a restricted
infiltration rate in the finer textured soils, the rate of
runoff increases the susceptibility to erosion.

Terraces, contour farming, grassed waterways, and a
system of conservation tillage that leaves crop residue
on the surface can slow runoff and increase the
infiltration rate. In places, however, terracing and farming
on the contour are difficult because many slopes are
short and complex or are too steep. Maintaining tilth is a
problem, especially if the finer textured soils are tilled
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when wet. Although most naturally wet areas have been
drained, internal drainage generally is slow. Measures
that improve drainage are needed in some areas.
Suitable outlets for tile drains are available in most
areas, except for a few depressions. In some years
when rainfall is abnormally high, crops are not grown in
some depressions where drainage is inadequate.

Some upland and wetland wildlife species are plentiful
in this association. The potential for improving the
habitat for both species is good.

5. Lester-Hayden-Cordova Assoclation

Nearly level to very steep, well drained and poorly
drained soils formed in glacial till: on uplands

This association consists of soils on ridges and knobs
and in interspersed drainageways and depressions.
These soils are nearly level to moderately sloping on the
crests of the ridges and knobs and strongly sloping to
steep on the side slopes. In a few places they are very
steep. The native vegetation was trees or mixed trees
and grasses. Scattered native oaks grow on some of the
knobs and on the steeper slopes around depressions or
along drainageways. Slopes range from 0 to 30 percent.

This association makes up about 6 percent of the
county. It is about 25 percent Lester soils, 16 percent
Hayden soils, 12 percent Cordova soils, and 47 percent
soils of minor extent (fig. 4).

The well drained Lester and Hayden soils are in gently
sloping and moderately sloping areas on ridgetops and
in strongly sloping to very steep areas on side slopes.
The poorly drained, nearly level Cordova soils are in
swales or upland drainageways and on broad flats on
ridgetops.

Typically, the surface layer of the Lester soils is very
dark grayish brown loam about 7 inches thick. The
subsoil is about 27 inches thick. It is mottled and friable.
The upper part is dark yellowish brown clay loam, and
the lower part is dark yellowish brown and yellowish
brown loam. The substratum to a depth of about 60
inches is light olive brown, mottled, calcareous loam.

Typically, the surface layer of the Hayden soils is dark
grayish brown and grayish brown, friable loam about 8
inches thick. The subsoil is clay loam about 29 inches
thick. The upper part is brown and dark yellowish brown
and is friable and firm. The lower part is yellowish brown
and dark yellowish brown and is firm. The substratum to
a depth of about 60 inches is yellowish brown and light
olive brown, mottled, calcareous loam.

Typically, the surface layer of the Cordova soils is
black loam about 6 inches thick. The subsurface layer is
black and very dark gray clay ioam about 15 inches
thick. The subsoil is mottled clay loam about 27 inches
thick. The upper part is dark grayish brown, and the
lower part is olive gray. The substratum to a depth of
about 60 inches is olive gray loam.
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Figure 4.—Pattern of solls and parent material in the Lester-Hayden-Cordova association.

The minor soils in this association are the Houghton,
Kilkenny, Le Sueur, Minnetonka, Muskego, Paims, and
Storden soils. The very poorly drained Houghton,
Muskego, and Palms soils formed in organic deposits in
depressions and on former lake bottoms. The well
drained Kilkenny soils formed in glaciolacustrine
sediments over loamy glacial till. The somewhat poorly
drained, very gently sloping Le Sueur soils formed in
glacial till on slightly concave to slightly convex slopes.
The poorly drained, nearly level Minnetonka soils formed
in fine textured glaciolacustrine sediments. The
calcareous, well drained Storden soils formed in glacial
till. They are mainly in strongly sloping to steep areas.

This association is used for general farming. The
suitability for cultivated crops ranges from good to poor.
Corn and soybeans are the main crops. The strongly
sloping and moderately steep areas are used for oats or
for rotation hay and pasture. The content of organic
matter is moderate in the Lester soils, low in the Hayden
soils, and high in the Cordova soils. All of these soils
have a high available water capacity. In some of the
steeper areas of Hayden and Lester soils, however, the

amount of available water is reduced during some years
because of rapid runoff. The minor soils have a low to
very high content of organic matter and a high or very
high available water capacity.

The main management concerns are controlling
erosion on the Hayden and Lester soils and maintaining
tilth in the Hayden soils. Most areas of the Cordova soils
have been drained, but measures that improve drainage
are needed in a few areas. Some areas of the minor
soils are too wet for dependable crop production.
Generally, the soils in this association have a lower
content of organic matter than the soils in other
associations, have a more complex pattern of slopes,
and are more eroded. Timely erosion control is mcre
important on this association than on the other
associations. Shifting land use away from cultivated
crops helps to control further erosion. Terracing and
farming on the contour commonly are difficult because of
irregular or steep and very steep slopes. A system of
conservation tillage that leaves most of the crop residue
on the surface or incorporates it into the surface layer is
effective in controlling erosion. It also helps to maintain
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tilth in the Hayden soils. Grassed waterways are needed
and can be easily established in many places. More
nitrogen is needed in areas of this association,
particularly on the Hayden soils, than in the other
associations.

Some areas of the Hayden and Lester soils,
particularly the moderately steep to very steep ones,
support native vegetation. They provide good habitat for
wildlife. The potential for improving the habitat for both
upland and wetland species is good. Also, these areas
have potential for timber production.

6. Houghton-Muskego-Palms Association

Level, very poorly drained soils formed in organic
deposits; in large depressions on uplands

This association consists of organic soils in large
upland depressions and on former lake bottoms. The
organic deposits range from about 2 to several feet in
thickness. Natural drainage is very slow. Relief is low.
Most areas are subject to runoff from the strongly
sloping and moderately steep adjacent soils. Much of
this association is drained by a system of drainage
ditches and tile drains. In many places, however,
drainage is not adequate for dependable crop production
in years of above normal rainfall. Slopes are 0 to 1
percent.

This association makes up about 4 percent of the
county. It is about 34 percent Houghton soils, 24 percent
Muskego soils, 14 percent Palms soils, and 28 percent
soils of minor extent.

Houghton soils generally are on the slightly lower parts
of this association. Muskego and Palms soils commonly
are on the slightly higher parts.

Typically, the upper 58 inches of the Houghton soils is
black, friable muck. The substratum to a depth of about
60 inches is olive gray, calcareous silt loam.

Typically, the upper 26 inches of the Muskego soils is
black muck. The substratum to a depth cf 60 inches or
more is highly calcareous, black and very dark gray
mucky silt loam.

Typically, the upper 35 inches of the Palms soils is
black muck. The upper part of the substratum is black,
mottled mucky silt loam. The lower part to a depth of
about 60 inches is olive gray, mottled silt loam.

The minor soils in this association are the Boots, Blue
Earth, and Harps soils. Boots soils are very poorly
drained and commonly are adjacent to the Houghton
soils. They have layers of organic material that are
thicker and more fibrous than those of the major soils.
Blue Earth soils are very poorly drained, are highly
calcareous, and are commonly adjacent to the major
soils, generally in the slightly higher landscape positions.
Harps soils are highly calcareous and formed in glacial
till. They are poorly drained and are generally in the
slightly higher areas.

Most areas of this association are used for cultivated
crops. Some are used as pasture, some are idle, and a
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few are commercially mined for peat. Adequately drained
areas are moderately suited to cultivated crops. The
main management concern is maintaining or improving
the drainage system. If these soils are fall plowed, soil
blowing readily occurs where the surface is bare. The
runoff from the adjacent slopes is a problem in a few
areas.

Most areas of this association are drained by a
combination of drainage ditches and tile. Because of the
low relief and the slow removal of water, however, crops
are often damaged by excess water. In many areas they
are destroyed when rainfall is heavy. Because these
soils warm up and dry out slowly in the spring, planting is
delayed. The soils lose heat rapidly in the fall and are in
fow lying areas. As a result, early frost often damages
the crops. Short-season varieties of corn and soybeans
should be selected for planting. Small grain tends to
lodge badly and thus is of poor quality. Most legumes for

vhay grow poorly and are winterkilled.

These soils have a very high content of organic matter
and a very high available water capacity. They can be
easily tilled throughout a wide range in moisture content.
Controlling unwanted grass and weeds is difficult.
Because of the very high content of organic matter, most
herbicides are not as effective on these soils as on other
soils.

7. Vinje-Collinwood Association

Nearly level to strongly sloping, well drained and
somewhat poorly drained soils formed in glacial
lacustrine sediments and in the underlying glacial till; on
uplands

This association consists of soils on ridges and
hummocks and in swales and upland drainageways
between the ridges. These soils are nearly level to gently
sloping on the crests of the ridges and hummocks and
moderately sloping and strongly sloping on the side
slopes. Relief ranges from about 20 to 40 feet. The soils
on the ridge crests formed mostly in lacustrine
sediments. Those on the side slopes and in the swales
formed in lacustrine and till sediments. Slopes range
from about 0 to 14 percent.

This association makes up about 2 percent of the
county. it is about 40 percent Vinje soils, 20 percent
Collinwood soils, and 40 percent soils of minor extent
(fig. 5).

The well drained, gently sloping and moderately
sloping Vinje soils are on ridgetops and side slopes that
are relatively smooth and undissected. In some places
they are the highest soils on the landscape, but in other
places they are below the Collinwood soils. The
somewhat poorly drained, nearly level to gently sloping
Collinwood soils are on the ridgetops. They generally are
somewhat lower on the landscape than the Vinje soils.

Typically, the surface layer of the Vinje soils is very
dark brown silty clay loam about 7 inches thick. The
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Figure 5.—Pattern of soils and parent material in the Vinje-Collinwood assoclation.

subsurface layer is very dark brown silty clay loam about
6 inches thick. The subsoil is silty clay loam about 28
inches thick. The upper part is dark brown, the next part
is dark yellowish brown, and the lower part is grayish
brown and olive brown. The upper part of the substratum
is grayish brown, mottled silt loam. The lower part to a
depth of about 60 inches is grayish brown and yellowish
brown, mottled loam.

Typically, the surface layer of the Collinwood soils is
black silty clay loam about 8 inches thick. The
subsurface layer also is black silty clay loam. It is about
11 inches thick. The subsoil is firm silty clay about 21
inches thick. The upper part is dark grayish brown, and
the lower part is dark grayish brown and grayish brown
and is mottled. The substratum to a depth of about 60
inches is grayish brown, mottled silty clay loam.

The minor soils in this association are the Canisteo,
Houghton, Kilkenny, Okoboji, Palms, Storden, and
Waldorf soils. The poorly drained, calcareous Canisteo
soils are in swales. They formed in glacial till or till
sediments. The very poorly drained Houghton and Palms
soils formed in thick or moderately thick organic deposits
in depressions. The well drained Kilkenny soils are in
positions on the landscape similar to those of the Vinje
soils. Their surface layer typically is clay loam. It is lighter
colored than that of the major soils. Okoboji soils are in
slightly depressional areas within swales. The well
drained, calcareous Storden soils are on slopes below or
adjacent to Kilkenny and Vinje soils. The poorly drained
Waldorf soils are on plane or slightly concave hilltops
and in swales or areas between knobs.

This association is used mainly for general farming.
The nearly level to gently sloping soils generally are well
suited to cultivated crops. The steeper soils are

moderately suited or poorly suited. A few areas are too
steep for crops. Most of these areas are used for
pasture, and some support scattered trees. Corn and
soybeans are the main crops. A significant acreage is
used for oats or for hay and pasture. The content of
organic matter is high in the major soils and ranges from
fow to very high in the minor soils. Available water
capacity is high, but the amount of available water is
reduced in some years because of runoff.

The main management concerns are controlling
erosion and maintaining tilth. Measures that improve
drainage are needed in some areas of the minor soils.
Erosion is a serious hazard. Because of the slope and a
restricted rate of water infiltration in the fine textured
soils, the rate of runoff increases the susceptibility to
erosion. Terraces, contour farming, and a system of
conservation tillage that leaves crop residue on the
surface can slow runoff and increase the rate of
infiltration. Farming on the contour and terracing are
difficult in some areas, however, because of a complex
pattern of slopes.

Because of a higher content of clay, these soils are
slower to dry out and more difficult to till than other soils
in the county. They should be tilled only at the optimum
moisture content. If they are tilled when too wet, they are
sticky and become hard and cloddy when dry. If they are
tilled when too dry, they are hard and difficult to work.

8. Ridgeport-Mayer-Colo Association

Nearly level to gently sloping, somewhat excessively
drained and poorly drained soils formed in glacial
outwash and alluvium; on outwash plains, terraces, and
bottom land
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This association consists of soils on flood plains,
stream terraces, and outwash plains. Most areas on the
flood plains have a cover of grass. Many support a
marsh type of vegetation. A few scattered trees also
grow on the flood plains. Many areas are cut by
meandering channels and oxbows. Slopes range from 0
to 5 percent.

This association makes up about 5 percent of the
county. It is about 35 percent Ridgeport soils, 25 percent
Mayer and similar soils, 20 percent Colo soils, and 20
percent soils of minor extent.

The somewhat excessively drained, nearly level to
gently sloping Ridgeport soils are on outwash plains and
terraces adjacent to streams. The poorly drained, nearly
level Mayer soils are on outwash plains and low stream
terraces. The poorly drained, nearly level Colo soils
border the stream channels.

Typically, the surface layer of the Ridgeport soils is
very dark brown sandy loam about 9 inches thick. The
subsurface layer is very dark brown sandy loam about 4
inches thick. The subsoil is sandy loam about 25 inches
thick. The upper part is very dark grayish brown, dark
brown, and brown; the next part is dark brown and
brown; and the lower part is dark yellowish brown. The
substratum to a depth of about 60 inches is dark
yellowish brown, brown, and yellowish brown. It is loamy
sand in the upper part and gravelly loamy sand in the
lower part.

Typically, the surface layer of the Mayer soils is black,
friable loam about 9 inches thick. The subsurface layer is
black and very dark gray, friable loam about 13 inches
thick. The subsoil is friable loam about 11 inches thick.
The upper part is dark grayish brown, and the lower part
is dark grayish brown and olive. The substratum to a
depth of about 60 inches is olive gray and olive gravelly
sand. The soils are calcareous throughout.

Typically, the surface layer of the Colo soils is black
silty clay loam about 12 inches thick. The subsurface
layer is black and very dark gray silty clay loam about 35
inches thick. The substratum to a depth of about 60
inches is dark gray silty clay loam.
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The minor soils in this association are the Coland,
Darfur, Dickman, and Palms soils. Coland soils contain
more sand than the Colo soils. They are on the flood
plains along minor streams. On the flood plains along
the Winnebago River, they are commonly adjacent to
soils on foot slopes. Darfur soils are poorly drained. They
have a lower content of clay and coarse fragments in
the substratum than the Mayer soils. The well drained
Dickman soils are on uplands. Palms soils formed in
organic material and are on the flood plains along the
Winnebago River.

Some areas of this association are used for row crops,
hay, or pasture. Others are used as permanent pasture
or wildlife habitat or are left idle. Most of the soils on the
outwash plains are used for corn, soybeans, oats, hay,
or rotation pasture. Peas and sweetcorn for canning and
a few acres of sunflowers are also grown.

Most areas of the Colo soils are cut by meandering
channels. They generally cannot be used for crops
because they are flooded too frequently and remain
flooded too long. In many areas they are used for
pasture. A few small areas are used for cuitivated crops.
Some areas are so low and so wet that they are
managed as wildlife habitat. One old gravel pit has been
developed for recreational uses.

The Colo soils and other soils that formed in alluvium
on bottom land have a high content of organic matter
and a high available water capacity. The soils that
formed in outwash generally have a low to moderate
content of organic matter and a low or moderate
available water capacity. Crop growth and yields vary on
these soils, but in most years they are only moderate
because of the droughtiness.

The major management concerns are flooding on the
soils that formed in alluvium and droughtiness and soil
blowing on the soils that formed in outwash. A system of
reduced tillage that leaves crop residue on the surface
or incorporates it into the surface layer helps to control
soil blowing and conserves available moisture.
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The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and
potential of a soil for specific uses. They also can be
used to plan the management needed for those uses.
More information on each map unit, or soil, is given
under “Use and Management of the Soils.”

Each map unit on the detailed soil maps represents an
area on the landscape and consists of one or more soils
for which the unit is named.

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

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the substratum, 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 substratum. 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 soil 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, 2 to 5 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. A soif
complex consists of two or more soils, or one or more
soils and a miscellaneous area, in such an intricate
pattern or in such small areas that they cannot be shown
separately on the soil maps. The pattern and proportion
of the soils are somewhat similar in all areas. Clarion-
Storden loams, 9 to 14 percent slopes, moderately
eroded, 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, sand and gravel, is an example.
Miscellaneous areas are shown on the soil maps. Some
that are too small to be shown are identified by a special
symbol on the soil maps.

Table 4 gives the acreage and proportionate extent of
each map unit. Other tables (see ‘‘Summary of Tables”)
give properties of the soils and the limitations,
capabilities, and potentials for many uses. The Glossary
defines many of the terms used in describing the soils.

Soil Descriptions

6-—0koboji silty clay loam, 0 to 1 percent slopes.
This level, very poorly drained soil is in shallow upland
depressions or sloughs. It is subject to ponding (fig. 6).
Individual areas typically are circular and are about 2 to
6 acres in size, but some are elongated and some are as
much as about 12 acres.

Typically, the surface layer is black, friable silty clay
loam about 9 inches thick. The subsurface layer is black
silty clay loam about 17 inches thick. The subsoil is very
dark gray, friable silty clay loam about 22 inches thick.
The substratum to a depth of about 60 inches is gray
and olive gray, mottled silty clay loam. In places the
surface layer is slightly calcareous.

Included with this soil in mapping are a few areas of
soils on glacial outwash terraces. These soils have a
clay loam surface soil and subsoil and a sandy
substratum. They make up about 5 percent of the unit.

Permeability is moderately slow in the Okoboiji soil.
Runoff is very slow or ponded. A seasonal high water
table is about 12 inches below the surface to 12 inches
or more above. Available water capacity is high. The
content of organic matter in the surface layer is about 9
to 11 percent. The shrink-swell potential is high. The
surface layer and subsoil typically are mildly alkaline or
neutral. The subsoil generally has a very low supply of
available phosphorus and potassium.

Most areas are cultivated. Most are drained by tile,
and some have surface intakes. A few areas are drained
by shallow ditches. In places outlets deep enough for tile
drains to function adequately are not readily available. If
drained, this soil is moderately suited to cultivated crops.
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Figure 6.—Ponding in an area of Okoboll silty clay loam, 0 to 1 percent slopes.

Crop growth varies. In the wetter years water ponds long
enough to drown out crops. If the ponding occurs early
in the growing season, the crop can be replanted. Even
where artificial drainage is adequate for good crop
growth, tillage is delayed after heavy rains. The surface
layer puddles easily if the soil is worked when wet. In
many areas production can be increased by improving
the drainage system.

This soil is poorly suited to some legumes, especially
alfalfa. Ponding and soil heaving in winter frequently
drown out or kill crops. If the soil is used for hay and
improved pasture, such grasses as reed canarygrass and
legumes that can withstand excessive wetness should
be selected for planting. Grazing when the soil is wet
causes surface compaction and poor tilth.

Undrained areas generally are used for permanent
pasture. Production generally can be increased by

improving drainage and planting grasses that can
withstand the wetness and the periods of ponding. Some
areas are suited to the development of wetland wildlife
habitat. This soil generally is managed in conjunction
with the adjacent soils.

The land capability classification is lliw.

28B—Dickman sandy loam, 2 to 7 percent slopes.
This gently sloping and moderately sloping, well drained
soil is mainly in the uplands and on high terraces near
the larger streams. Individual areas are irregularly
shaped and range from 2 to 20 acres in size.

Typically, the surface layer is very dark brown and very
dark grayish brown sandy loam about 7 inches thick. The
subsurface layer is dark brown and very dark grayish
brown sandy loam about 5 inches thick. The subsoil is
loamy fine sand about 35 inches thick. The upper part is
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dark yellowish brown, and the lower part is yellowish
brown and dark yellowish brown. The substratum to a
depth of about 60 inches is yellowish brown and dark
yellowish brown fine sand. In places the soil is nearly
level. In some areas adjacent to small upland
drainageways, the slope is more than 7 percent.

Permeability is moderately rapid in the upper part of
the profile and rapid in the lower part. Runoff is slow.
Available water capacity is low. The content of organic
matter in the surface layer is about 1 to 2 percent.
Reaction typically is slightly acid in the upper part of the
profile and neutral in the lower part. The subsoil
generally has a low supply of available phosphorus and
a very low or low supply of available potassium.

Most areas are cultivated along with larger areas of
adjacent soils that are better suited to cultivation. This
soil is poorly suited to cultivated crops. It is better suited
to small grain than to row crops. Soil blowing is a hazard
because the surface dries quickly after tillage.
Windblown sand damages young plants in some years. A
system of conservation tillage that leaves crop residue
on the surface helps to prevent excessive soil loss.
Applying mechanical erosion-control measures, such as
terracing, is difficult because of the instability of the soil.
Also, obtaining adequate compaction of the terrace wall
is difficult. Returning crop residue to the soil or regularly
adding other organic material improves fertility, helps to
maintain tilth, and improves the available water capacity.

A cover of pasture plants or hay is effective in
controlling erosion. Proper stocking rates, pasture
rotation, timely deferment of grazing, and restricted use
during extremely dry periods help to keep the pasture in
good condition.

The land capability classification is llle.

55-—Nicollet loam, 1 to 3 percent slopes. This very
gently sloping, somewhat poorly drained soil is mainly on
convex slopes in the uplands. In a few places it is on
concave slopes between undulating areas of well
drained soils. Individual areas are irregularly shaped.
They generally range from 3 to 20 acres in size, but a
few are as much as about 100 acres.

Typically, the surface layer is black loam about 7
inches thick. The subsurface layer is black, very dark
brown, and very dark grayish brown loam about 12
inches thick. The subsoil is dark grayish brown, friable
loam about 28 inches thick. It is mottled and calcareous
in the lower part. The substratum to a depth of about 60
inches is olive and light olive brown, mottled, calcareous
loam. In places the surface layer and subsoil contain
more clay.

included with this soil in mapping are small areas of
the well drained Clarion and Storden soils. These soils
are on the highest, most convex part of the slopes. They
are not so dark as the Nicollet soil. Also included are
small areas of the poorly drained Webster and very
poorly drained Okoboiji soils on the level or slightly
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depressional parts of the landscape. Okoboji soils
generally are ponded after rains. Included soils make up
about 10 percent of the unit.

Permeability is moderate in the Nicollet soil. Runoff is
slow. A seasonal high water table is at a depth of about
30 to 60 inches. Available water capacity is high. The
content of organic matter in the surfa