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How To Use This Soil Survey

General Soil Map

The general soil map, which is the color map preceding the detailed soil maps, shows the survey area
divided into groups of associated soils called general soil map units. This map is useful in planning the
use and management of large areas.

To find information about your area of interest, locate that area on the map, identify the name of the
map unit in the area on the color-coded map legend, then refer to the section General Soil Map Units
for a general description of the soils in your area.

Detailed Soil Maps

The detailed soil maps foliow the general soil map. These maps can
be useful in planning the use and management of small areas.

To find information about
your area of interest,
locate that area on the
Index to Map Sheets,
which precedes the soil
maps. Note the number of
the map sheet, and turn to
that sheet.

Locate your area of
interest on the map
sheet. Note the map unit
symbols that are in that
area. Turn to the Index
to Map Units (see Con-
tents), which lists the map
units by symbol and
name and shows the
page where each map
unit is described.

MAP SHEET

NOTE: Map unit symbols in a soil
survey may consist only of numbers or
letters, or they may be a combination
of numbers and letters.

MAP SHEET

The Summary of Tables shows which table has data on a specific land use for each detailed soil map
unit. See Contents for sections of this publication that may address your specific needs.



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.

Major fieldwork for this soil survey was completed in 1986. Soil names and
descriptions were approved in March 1987. Unless otherwise indicated,
statements in this publication refer to conditions in the survey area in 1986. This
survey was made cooperatively by the Soil Conservation Service and the
Minnesota Agricultural Experiment Station. Other assistance was provided by the
Agricultural Extension Service and the Soil and Water Conservation Board. The
survey was partially funded by the Legislative Commission for Minnesota
Resources and Morrison County. It is part of the technical assistance furnished
to the Morrison Soil and Water Conservation District.

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

All programs and services of the Soil Conservation Service are offered on a
nondiscriminatory basis, without regard to race, color, national origin, religion,
sex, age, marital status, or handicap.

Cover: The harvest of small grain in an area of Flak sandy loam, east of Little Falls.
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Foreword

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

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

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

These and many other soil properties that affect land use are described in this
soil survey. Broad areas of soils are shown on the general soil map. The location
of each sail 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.

BoonR. Tl Qalem

Gary R. Nordstrom
State Conservationist
Soil Conservation Service
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General Nature of the County

MorrisoN CounTy is in central Minnesota (fig. 1). It
has a total land area of 721,280 acres, or 1,127 square
miles. The total water area is about 19,200 acres.

The county has 13 incorporated cities and villages:
Randall, Flensburg, Sobieski, Upsala, Elmdale, Bowlus,
Little Falls, Royalston, Buckman, Pierz, Lastrup,
Harding, and Hillman. Little Falls, the county seat and
the largest community in the county, is in the west-
central part of the county, adjacent to the Mississippi
River. In 1980, Little Falls had a population of 7,250
and the county had a population of 29,311. Little Falls
is less than 100 miles from the Minneapolis-St. Paul
metropolitan area. The county occupies a strategic
position along the major routes that connect the
metropolitan area and Minnesota’s lake region in the
northern and northeastern parts of the state. It is about
41 miles wide from east to west. The Mississippi River
flows through the middle of the county.

Dairy farming is the principal farming enterprise.
Corn, small grain, and poultry are the main farm
products.

Small manufacturing plants are located in Little Falls.

They include plants that manufacture boats and
plastics.

The soils in Morrison County formed during several
advances of the late Wisconsin Glacier. They formed in
glacial till on end moraines, ground moraines, and
drumlins; in glacial outwash on outwash

]
\ =

ST. PAUL

[ ]

[ [T [ T4

Figure 1.—Location of Morrison County in Minnesota.

plains; in lacustrine sediment on glacial lake beds, and
in alluvium along rivers and streams.




Quantity and Quality of Ground Water

The bedrock in the Little Falls area consists almost
entirely of metamorphic and igneous rocks. It contains
relatively small amounts of ground water. Generally, the
bedrock surface slopes southward and is 0 to 150 feet
below the land surface.

The more productive sources of ground water in the
county are in glacial drift. The glacial drift consists
partly of gray glacial till deposited by the Wadena Lobe.
It is overlain by red and brown glacial till deposited by
the Superior and Rainy Sublobes. Outwash deposits
that are buried within the glacial till may yield water
supplies adequate for irrigation in some areas. The
most readily available source of ground water in the
county is in the glacial outwash located in the Hubbard-
Duelm-isan association. The soils in this association
consist mostly of moderately sorted or well sorted sand
and gravel. Water in the aquifer is primarily unconfined.
Some of the thickest outwash is about 100 feet thick. It
is in a channel that was probably cut into the bedrock
by glacial meltwater as it drained southward, roughly
parallel to the present Mississippi River, on the east
side of the present channel. In this area and in a few
other small areas, wells yield more than 1,000 gallons
of water per minute. In more than two-thirds of the
county, wells in the surficial aquifer generally yield less
than 300 gallons per minute. Individual wells in this
area generally supply insufficient amounts of water for
irrigation (7).

An estimated average of 86,000 acre-feet of water
moves through the surficial aquifer system annually.
Most of the recharge to the system is through
precipitation. Discharge mostly occurs as
evapotranspiration, base flow to the Mississippi River,
and base flow to streams and lakes.

The aquifer system can safely support a sustained
withdrawal of 18,000 acre-feet of water per year.
Withdrawals of 36,000 to 72,000 acre-feet per year are
likely to cause declines in water-table levels that can be
excessive in some parts of the county. Extensive
ground-water development near lakes can cause
significant declines in lake levels. Most stream flow is
not seriously depleted; however, a few smaller streams
are affected by the largest programmed withdrawals.

The chemical quality of water in the aquifer is
considered satisfactory for irrigation. The water is
moderately hard to very hard.

The increased use of fertilizers that commonly
accompany irrigation could introduce nitrate into
the ground water. Because it is unconfined, the
surficial aquifer is subject to nitrate pollution over
large areas.

Soil Survey

History

Kitty Tepley, district administrator, Morrison County Soil and Water
Conservation District, helped prepare this section.

In the mid-1600’s, two Frenchmen, Groseilliers and
Raddison, were the first Europeans to visit the area. In
1750, an overwintering station, probably called Fort De
Quesene, was located adjacent to what is now Little
Falls, along the Mississippi River. As part of the
Mississippi River basin, the survey area was included in
the Louisiana Purchase of 1803. After the transaction,
Thomas Jefferson wanted a report on the purchased
land. He sent the Lewis and Clark Expedition up the
Missouri River to the west coast and Lt. Zebulon
Montgomery Pike north up the Mississippi River to its
source. On October 16, 1803, Pike encountered the
long series of rapids at the spot that is now known as
Little Falls.

Trade routes and trails developed along the
Mississippi River. A trading post was built at the site of
the Little Falls rapids in 1826, along the Red River
Oxcart Trail. Fort Ripley was constructed in 1849. It
was renamed Camp Ripley in 1929, when it became a
National Guard training area. It has been expanded to
more than 52,000 acres and presently provides summer
and winter training facilities.

Except for some areas of open prairie along the
major rivers, Morrison County was originally timberland.
Hardwoods and pine were plentiful. Logging white pine
was the chief enterprise in the settlement period. The
county is in the deciduous hardwood transition area
between the prairie to the southwest and the pine
forests to the northeast.

The river rapids that were an obstacle to Pike’s
expedition were viewed with enthusiasm by early
industrialists. The first of these industrialists was James

- Green, who arrived in 1848. He built a dam to power a

sawmill. A log dam higher on the river was built in 1887.
In 1920, this dam was replaced by the present concrete
dam.

Little Falls became the county seat in 1856. By 1868,
the county had three permanent ferries across the
Mississippi River, at Belle Prairie, Little Falls, and
Bellevue. The first train arrived in Little Falls on
November 1, 1877. The railroad served only the area
east of the river.

The 1890’s were years of growth and industrial
development. In 1890, the Hennepin Paper Company
became the first papermill in Minnesota. It produced
pulp for newsprint. By 1891, the county could support a
major lumbering operation. The Mississippi River and its
tributaries were used to transport the logs from a vast
area of virgin pine. The lumber was shipped by railroad



Morrison County, Minnesota

to unlimited markets. Richard D. Musser and Charles
Weyerhauser organized the Pine Tree Lumber
Company, which later became the Weyerhauser Paper
Company. The huge mill was in operation until it was
destroyed by fire in 1919.

Charles A. Lindberg, Sr., was a prominent Little Falls
attorney. He served in Congress from 1907 to 1917. His
son, Charles Lindberg, Jr., was the first pilot to make a
solo flight across the Atlantic Ocean, from New York to
France.

Climate

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Little Falls in the
period 1951 to 1981. 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 12 degrees F
and the average daily minimum temperature is 1
degree. The lowest temperature on record, which
occurred at Little Falls on January 9, 1977, is -41
degrees. In summer, the average temperature is 68
degrees and the average daily maximum temperature is
81 degrees. The highest recorded temperature, which
occurred at Little Falls on August 18, 1976, 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 26 inches. Of
this, nearly 20 inches, or about 77 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 16
inches. The heaviest 1-day rainfall during the period of
record was 4.70 inches at Little Falls on August 1,
1953. Thunderstorms occur on about 36 days each
year.

The average seasonal snowfall is about 41 inches.
The greatest snow depth at any one time during the
period of record was 57 inches. On the average, 56
days of the year have at least 1 inch of snow on the
ground. The number of such days varies greatly from
year to year.

The average relative humidity in midafternoon is
about 60 percent. Humidity is higher at night, and the
average at dawn is about 80 percent. The sun shines
65 percent of the time possible in summer and 50
percent in winter. The prevailing wind is from the

northwest. Average windspeed is highest, 12 miles per
hour, in spring.

How This Survey Was Made

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

The soils in the survey area occur in an orderly
pattern that is related to the geology, landforms, relief,
climate, and natural vegetation of the area. Each kind of
soil is associated with a particular kind of landscape or
with a segment of the landscape. By observing the soils
in the survey area and relating their position to specific
segments of the landscape, a soil scientist develops a
concept, or model, of how the soils were formed. Thus,
during mapping, this model enables the soil scientist to
predict with a considerable degree of 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, reaction, 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 couid
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 interpret the data from these analyses and
tests as well as the field-observed characteristics and
the soil properties to determine the expected behavior
of the soils under different uses. Interpretations for all of
the soils are field tested through observation of the soils
in different uses under different levels of management.
Some interpretations are modified to fit local conditions,
and some new interpretations are developed to meet
local needs. Data are 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 are
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
predict with a fairly high degree of accuracy that a given
soil will have a high water table within certain depths in
most years, but they cannot assure that a high water
table will always be at a specific level in the soil on a
specific date.

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

Map Unit Composition

A map unit delineation on a soil map represents an
area dominated by one major kind of soil or an area

dominated by two or three 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.

As a result of changes in soil series concepts,
different soil patterns, and variations in map unit design,
some soil boundaries and names do not match those in
the published soil surveys of adjacent counties.

Soil Descriptions
1. Hubbard-Duelm-Ilsan Association

Nearly level or gently sloping, excessively drained,

moderately well drained, somewhat poorly drained,
poorly drained, and very poorly drained, sandy and
loamy soils; on outwash plains and valley trains

Areas of this association are along the Mississippi
and Crow Wing Rivers. Slopes range from 0 to 6
percent. This association makes up about 13 percent of
the county. It is about 48 percent Hubbard soils, 20
percent Duelm soils, 12 percent Isan soils, and 20
percent minor soils.

The Hubbard soils are excessively drained. They are
on plane or slightly convex rises. Typically, the surface
layer is black loamy sand about 9 inches thick. The
subsurface layer is very dark brown loamy sand about 5
inches thick. The subsoil is sand about 23 inches thick.
It is dark brown in the upper part and dark yellowish
brown in the lower part. The underlying material to a

depth of about 60 inches is brown sand.

The Duelm soils are somewhat poorly drained or
moderately well drained. They are on side slopes and
on plane or slightly convex rises. Typically, the surface
layer is very dark gray loamy sand about 7 inches thick.
The subsurface layer is very dark brown loamy sand
about 4 inches thick. The subsoil is about 22 inches
thick. It is dark grayish brown and mottled. It is sand in
the upper part and coarse sand in the lower part. The
underlying material to a depth of about 60 inches is
light olive brown, mottled coarse sand.

The Isan soils are poorly drained or very poorly
drained. They are on broad flats and in shallow
depressions. Typically, the surface layer is black sandy
loam about 8 inches thick. The subsurface layer is very
dark gray, mottled loamy sand about 5 inches thick. The
subsoil is dark grayish brown, mottled sand about 12
inches thick. The underlying material to a depth of
about 60 inches is grayish brown, mottled coarse sand.

Of minor extent in this association are the
excessively drained Menahga soils on convex rises, the
very poorly drained Markey and Seelyeville soils in
deep depressions, and the somewhat poorly drained
Winterfield and poorly drained and very poorly drained
Fordum soils on flood plains.

Most areas of this association are used as cropland.
The major crops are corn, soybeans, and small grain.
The Hubbard and Isan soils are poorly suited to the
production of crops. The Hubbard soils are droughty,
and the Isan soils are wet. The Duelm soils are fairly
well suited to the production of crops, but droughtiness
is a management concern.

2. Mahtomedi-Menahga Association

Nearly level to very steep, excessively drained, sandy
soils; on outwash plains, moraines, and valley trains

Areas of this association are on broad plains, sloping
ridges, and side slopes. Slopes range from 0 to 45
percent. This association makes up about 9 percent of
the county. It is about 45 percent Mahtomedi soils, 40
percent Menahga soils, and 15 percent minor soils
(fig. 2).

The Mahtomedi soils are on convex rises or knolls
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Figure 2.—Pattern of soils and underlying material in the Mahtomedi-Menahga association.

and on side slopes. Typically, the surface layer is very
dark gray loamy sand about 5 inches thick. The
subsurface layer is brown sand about 5 inches thick.
The subsoil is about 25 inches thick. It is brown gravelly
sand in the upper part and dark yellowish brown coarse
sand in the lower part. The underlying material to a
depth of about 60 inches is yellowish brown gravelly
sand.

The Menahga soils are on plane or slightly convex
rises or knolls and on sloping moraines. Typically, the
surface layer is black loamy sand about 2 inches thick.
The subsurface layer is very dark grayish brown sand
about 3 inches thick. The subsoil is sand about 16
inches thick. In sequence downward it is brown, dark
yellowish brown, and yellowish brown. The underlying
material to a depth of about 60 inches is yellowish
brown coarse sand.

Of minor extent in this association are the somewhat
excessively drained Chetek soils on knolls, the
somewhat poorly drained Meehan soils on broad flats
and in swales, and the very poorly drained Markey soils
in deep depressions.

Most areas of this association are used as pasture or
woodland. Some crops are grown in the less sloping
areas, but the major soils are poorly suited to cropland.

Droughtiness is the main management concern. If the
soils in the more sloping areas are disturbed, water
erosion can be a hazard.

3. Pierz-Arvilla Association

Nearly level or gently sloping, well drained or somewhat
excessively drained, loamy soils; on outwash plains and
valley trains

Areas of this association are on broad plains that
have slight relief. Slopes range from 0 to 6 percent.
This association makes up about 4 percent of the
county. It is about 57 percent Pierz soils, 19 percent
Arvilla soils, and 24 percent minor soils.

The Pierz soils are well drained. They are on plane
or slightly convex rises or on gently sloping broad
plains. Typically, the surface layer is black sandy loam
about 10 inches thick. The subsurface layer is very dark
grayish brown sandy loam about 4 inches thick. The
subsoil is brown sandy loam about 14 inches thick. The
underlying material to a depth of about 60 inches is
brown very gravelly coarse sand.

The Arvilla soils are somewhat excessively drained.
They are on plane or slightly convex rises or on gently
sloping broad plains. Typically, the surface layer is
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black sandy loam about 10 inches thick. The subsoil is
dark brown sandy loam about 8 inches thick. The
underlying material to a depth of about 60 inches is
dark yellowish brown and dark grayish brown gravelly
coarse sand.

Of minor extent in this association are the somewhat
excessively drained Chetek soils on convex rises, the
excessively drained Mahtomedi soils on convex rises or
ridges, the somewhat poorly drained Oesterle soils on
broad flats and in swales, the poorly drained Forada
soils in swales and drainageways, and the somewhat
poorly drained and moderately well drained Growton
soils on rises.

Nearly all of this association is used as cropland. The
major crops are corn, soybeans, small grain, and
alfalfa. The Pierz soils are well suited to cropland.
Water erosion is a management concern in the more
sloping areas. The Arvilla soils are fairly well suited to
the production of crops. Droughtiness and water erosion
are management concerns in areas of the Arvilla soils.

4. Chetek-Mahtomedi-Oesterle Association

Nearly level to very steep, somewhat excessively
drained, excessively drained, and somewhat poorly
drained, loamy and sandy soils; on outwash plains,
stream terraces, and moraines

Areas of this association are on gently sloping plains,
sloping ridges, and side slopes. Slopes range from 0 to
45 percent. This association makes up about 5 percent
of the county. It is about 34 percent Chetek soils, 24
percent Mahtomedi soils, 10 percent Oesterle soils, and
32 percent minor soils.

The Chetek soils are somewhat excessively drained.
They are on knolls and convex side slopes. Typically,
the surface layer is dark grayish brown sandy loam
about 6 inches thick. The subsurface layer is brown
sandy loam about 4 inches thick. The subsoil is sandy
loam about 10 inches thick. It is dark yellowish brown in
the upper part and brown in the lower part. The
underlying material to a depth of about 60 inches is
brown gravelly sand.

The Mahtomedi soils are excessively drained. They
are on convex rises or knolls and on side slopes.
Typically, the surface layer is very dark gray loamy
sand about 5 inches thick. The subsurface layer is
brown sand about 5 inches thick. The subsaoil is about
25 inches thick. It is brown gravelly sand in the upper
part and dark yellowish brown coarse sand in the lower
part. The underlying material to a depth of about 60
inches is yellowish brown gravelly sand.

The Oesterle soils are somewhat poorly drained.
They are on slightly convex rises and broad flats.

Typically, the surface layer is very dark brown sandy
loam about 6 inches thick. The next 3 inches is grayish
brown sandy loam that has tongues of brown sandy
loam. The subsoil is brown, mottled sandy loam about
14 inches thick. The underlying material to a depth of
about 60 inches is reddish brown. It is very gravelly
coarse sand in the upper part and very gravelly sand in
the lower part.

Of minor extent in this association are the
excessively drained Emmert soils on side slopes, the
very poorly drained Warman soils in shallow
depressions and on flats, and the very poorly drained
Markey, Rifle, and Seelyeville soils in deep
depressions.

Most areas of this association are used as cropland.
The major crops are corn, small grain, and alfalfa. The
Oesterle soils are well suited, the Chetek soils are fairly
well suited, and the Mahtomedi soils are poorly suited
to the production of crops. The Chetek soils are easily
eroded. The Mahtomedi soils are droughty. They are
better suited to woodland than to the production of
crops. The Oesterle soils are seasonally wet.

5. Pomroy Association

Nearly level to sloping, well drained or moderately well
drained, sandy soils; on drumlins and ground moraines

Areas of this association are on gently rolling uplands
that border outwash plains. Slopes range from 1 to 12
percent. This association makes up about 5 percent of
the county. It is about 65 percent Pomroy soils and 35
percent minor soils (fig. 3).

The Pomroy soils are on crests and convex side
slopes. Typically, the surface layer is very dark grayish
brown loamy fine sand about 9 inches thick. The
subsurface layer is brown loamy fine sand about 11
inches thick. The subsoil is about 22 inches thick. It is
brown loamy fine sand in the upper part and firm, brown
sandy loam in the lower part. The underlying material to
a depth of about 60 inches is brown dense till that
crushes to sandy loam.

Of minor extent in this association are the
excessively drained Sartell and Menahga soils on
convex rises, the somewhat poorly drained Watab soils
on broad flats and in swales, and the very poorly
drained Nokasippi soils in depressions.

Most areas of this association are used as cropland.
The major crops are corn, soybeans, and small grain.
The major soils are poorly suited to agricultural crops.
The main management concern is droughtiness, but
water erosion and soil blowing also are hazards in
some areas.
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Figure 3.—Pattern of soils and underlying material in the Pomroy association.

6. Mora-Ronneby-Freer Association

Nearly level or gently sloping, moderately well drained or
somewhat poorly drained, loamy or silty soils; on
drumlins and moraines

Areas of this association are on drumlins and
moraines that have low or moderate relief and that rise
5 to 20 feet above the adjacent low areas. Slopes range
from O to 4 percent. This association makes up about 7
percent of the county. It is about 33 percent Mora soils,
28 percent Ronneby soils, 10 percent Freer soils, and
29 percent minor soils.

The Mora soils are moderately well drained. They are
on crests and side slopes. Typically, the surface layer is
black fine sandy loam about 5 inches thick. The
subsurface layer is brown fine sandy loam about 6
inches thick. The subsoil is mottled, fine sandy loam
about 33 inches thick. It is brown in the upper part and
yellowish red and firm in the lower part. The underlying
material to a depth of about 60 inches is dark reddish
brown, mottled dense till that crushes to fine sandy
loam. :

The Ronneby soils are somewhat poorly drained.
They are on side slopes, on broad flats, and in swales.
Typically, the surface layer is black loam about 5 inches
thick. The subsurface layer is dark grayish brown,
mottled fine sandy loam about 6 inches thick. The
subsoil is mottled sandy loam about 34 inches thick. In
sequence downward it is brown, reddish brown, and
dark reddish brown. The lower part of the subsoil is
firm. The underlying material to a depth of about 60
inches is dark reddish brown dense till that crushes to
sandy loam.

The Freer soils are somewhat poorly drained. They
are on broad flats and in swales. Typically, the surface
layer is black silt loam about 4 inches thick. The
subsurface layer is grayish brown, mottled silt loam
about 7 inches thick. The next 5 inches is grayish
brown, mottled silt ioam that has tongues of yellowish
brown loam. The subsoil is about 28 inches thick. In
sequence downward it is yellowish brown, mottled loam;
brown loam; and reddish brown, firm sandy loam. The
underlying material to a depth of about 60 inches is
reddish brown dense till that crushes to sandy loam.
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Of minor extent in this association are the well
drained Milaca soils on side slopes and ridges, the
moderately well drained Freeon soils on plane or
slightly convex rises, the very poorly drained Prebish
soils in shallow depressions or drainageways, and the
very poorly drained Cathro and Seelyeville soils in deep
depressions.

About half of this association is used as cropland,
and half is used as pasture or woodland. The major
soils are well suited to agricultural crops. The main
management concerns are wetness in the nearly level
areas and water erosion in the more sloping areas.

7. Brainerd-Nokay-Prebish Association

Nearly level or gently sloping, moderately well drained,
somewhat poorly drained, and very poorly drained, loamy
soils; on drumlins and moraines

Areas of this association are on drumlins and
moraines that have low or moderate relief and that rise
5 to 20 feet above the adjacent low areas. Slopes range
from O to 4 percent. This association makes up about
36 percent of the county. It is about 45 percent Brainerd
soils, 30 percent Nokay soils, 10 percent Prebish soils,
and 15 percent minor soils (fig. 4).

Drumlins

Figure 4.—Pattern of soils and underlying material in the Brainerd-Nokay-Prebish association.
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The Brainerd soils are moderately well drained. They
are on crests and side slopes. Typically, the surface
layer is very dark grayish brown sandy loam about 6
inches thick. The subsurface layer is brown, mottled
sandy loam about 5 inches thick. The subsoil also is
brown, mottled sandy loam. It is about 30 inches thick.
The lower part of the subsoil is firm. The underlying
material to a depth of about 60 inches is brown, mottled
dense tili that crushes to sandy loam.

The Nokay soils are somewhat poorly drained. They
are on side slopes, on broad flats, and in swales.
Typically, the surface layer is very dark gray loam about
6 inches thick. The subsurface layer is grayish brown,
mottled fine sandy loam about 8 inches thick. The
subsoil is brown, mottled sandy loam about 27 inches
thick. It is firm in the lower part. The underlying material
to a depth of about 60 inches is brown, mottled dense
till that crushes to sandy loam.

The Prebish soils are very poorly drained. They are
on flats and in drainageways and shallow depressions
on uplands. Typically, the surface layer is black loam
about 7 inches thick. The subsurface layer is black,
mottled loam about 6 inches thick. The subsoil is
grayish brown, mottled fine sandy loam about 29 inches
thick. The underlying material to a depth of about 60
inches is brown, mottled sandy loam.

Of minor extent in this association are the well
drained Flak soils on side slopes and ridges, the poorly
drained Parent soils in drainageways and swales, and
the very poorly drained Cathro, Seelyeville, and Rifle
soils in deep depressions and on broad flats.

Most areas of this association are used as cropland.
The major crops are corn, soybeans, small grain, and
alfalfa. The Brainerd and Nokay soils are well suited to
agricultural crops. Water erosion is the main
management concern in areas of the Brainerd soils.
Seasonal wetness is a management concern in areas of
the Nokay soils. The Prebish soils are poorly suited to
crop production because of wetness.

8. Cushing-Mahtomedi-DeMontreville Association

Nearly level to steep, excessively drained and well
drained, loamy and sandy soils; on moraines and
outwash plains

Areas of this association are on knolls and ridges on
glacial moraines. Slopes range from 2 to 45 percent.
This association makes up about 8 percent of the
county. It is about 40 percent Cushing soils, 25 percent
Mahtomedi soils, 20 percent DeMontreville soils, and 15
percent minor soils (fig. 5).

The Cushing soils are well drained. They are on
slightly convex rises or ridges and on convex side
slopes. Typically, the surface layer is black fine sandy
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loam about 5 inches thick. The subsurface layer is
about 14 inches thick. It is brown fine sandy loam in the
upper part and brown sandy loam in the lower part. The
next 10 inches is brown sandy clay loam that has
tongues of brown sandy loam. The subsoil is brown
sandy clay loam about 13 inches thick. The underlying
material to a depth of about 60 inches is brown sandy
loam.

The Mahtomedi soils are excessively drained. They
are on knolls, ridges, and side slopes. Typically, the
surface layer is black loamy sand about 5 inches thick.
The subsurface layer is brown coarse sand about 5
inches thick. The subsoil is yellowish brown gravelly
coarse sand about 28 inches thick. The underlying
material to a depth of about 60 inches is brown gravelly
coarse sand.

The DeMontreville soils are well drained. They are on
knolls or ridges and on side slopes of moraines.
Typically, the surface layer is very dark brown loamy
fine sand about 6 inches thick. The subsurface layer is
brewn loamy sand about 21 inches thick. The subsaoil is
about 19 inches thick. it is brown loamy sand in the
upper part and brown sandy clay loam in the lower part.
The underlying material to a depth of about 60 inches is
brown sandy loam.

Of minor extent in this association are the somewhat
poorly drained Alstad soils on side slopes and in
swales, the excessively drained Emmert soils on crests
and ridges, the poorly drained Parent and very poorly
drained Prebish soils in shallow depressions, and the
very poorly drained Rifle soils in the deeper
depressions.

Most areas of this association are used as woodland.
The major soils are fairly well suited or poorly suited to
the production of crops. Water erosion is a
management concern in areas of the Cushing soils.
Droughtiness is a management concern in areas of the
DeMontreville and Mahtomedi soils.

9. Growton-Holdingford-Parent Association

Nearly level to moderately steep, well drained to poorly
drained, loamy soils; on drumlins and moraines

Areas of this association are on drumlins and
moraines that have low or moderate relief and that rise
5 to 30 feet above the adjacent low areas. Slopes range
from 0 to 15 percent. This association makes up about
7 percent of the county. It is about 41 percent Growton
soils, 17 percent Holdingford soils, 12 percent Parent
soils, and 30 percent minor soils.

The Growton soils are somewhat poorly drained or
moderately well drained. They are on broad flats or on
crests and side slopes. Typically, the surface layer is
very dark grayish brown sandy loam about 9 inches
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Figure 5.—Pattern of soils and underlying material in the Cushing-Mahtomedi-DeMontreville association.

thick. The subsurface layer is brown, mottled sandy
loam about 10 inches thick. The subsoil also is brown,
mottled sandy loam. It is about 25 inches thick. The
underlying material to a depth of about 60 inches is
dark yellowish brown, mottled sandy loam.

The Holdingford soils are well drained. They are on
crests, ridges, and convex side slopes. Typically, the
surface layer is very dark brown sandy loam about 8
inches thick. The subsurface layer is brown sandy loam
about 9 inches thick. The subsoil also is brown sandy
loam. It is about 32 inches thick. The underlying
material to a depth of about 60 inches is brown sandy
loam. -

The Parent soils are poorly drained. They are on
broad flats, in swales, and in drainageways. Typically,
the surface layer is black loam about 10 inches thick.
The subsurface layer is very dark gray, mottled loam
about 5 inches thick. The subsaoil is about 25 inches

thick. In sequence downward it is dark grayish brown,
mottled loam; grayish brown, mottled sandy loam; and
brown, mottled, firm sandy loam. The underlying
material to a depth of about 60 inches is brown, mottled
dense till that crushes to sandy loam.

Of minor extent in this association are the very poorly
drained Prebish soils on flats and in shallow
depressions and the very poorly drained Cathro, Rifle,
and Seelyeville soils in deep depressions and on broad
flats.

Most areas of this association are used as cropland.
The major crops are corn, soybeans, small grain, and
alfalfa. The Growton and Holdingford soils are well
suited to agricultural crops, and the Parent soils are
fairly well suited to agricultural crops if the soils are
adequately drained. Water erosion is the main

management concern. Wetness is also a concern in the
lower areas.
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10. Seelyeville-Greenwood-Brainerd Association

Nearly level or gently sloping, very poorly drained and
moderately well drained soils; on outwash plains,
moraines, and drumlins

Areas of this association are on broad plains. Slopes
range from O to 4 percent. This association makes up
about 6 percent of the county. It is about 39 percent
Seelyeville soils, 23 percent Greenwood soils, 28
percent Brainerd soils, and 10 percent minor soils.

The Seelyeville soils are very poorly drained. They
are in deep depressions and on broad flats. Typically,
they are highly decomposed, black muck about 60
inches thick.

The Greenwood soils are very poorly drained. They
are in deep depressions. Typically, the upper layer is
dark yellowish brown peat about 6 inches thick. The
next layer is very dark brown peat about 6 inches thick.
Below this is very dark brown mucky peat about 18
inches thick. The underlying material to a depth of

about 60 inches is very dark grayish brown mucky peat.

The Brainerd soils are moderately well drained. They

are on crests and side slopes. Typically, the surface
layer is very dark grayish brown sandy loam about 6
inches thick. The subsurface iayer is brown, mottled
sandy loam about 5 inches thick. The subsoil also is
brown, mottled sandy loam. It is about 30 inches thick.
It is firm in the lower part. The underlying material to a
depth of about 60 inches is brown, mottled dense till
that crushes to sandy loam.

Of minor extent in this association are the very poorly
drained Cathro and Rifle soils in landscape positions
similar to those of the Seelyeville soils; the somewhat
poorly drained Nokay soils on side slopes, on broad
flats, and in swales; and the very poorly drained
Prebish soils on flats, in drainageways, and in shallow
depressions.

Most of the acreage in this association is idle land.
The Brainerd soils are used as woodland. The
Seelyeville and Greenwood soils are generally unsuited
to cropland because of extreme wetness. The Brainerd
soils are well suited to cropland. They are inaccessible,
however, and are generally not used for growing crops.
The major management concern is wetness.
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The map units on the detailed soil maps at the back
of this survey represent the soils in the survey area.
The map unit descriptions in this section, along with the
soil maps, can be used to determine the suitability and
potential of a soil for specific uses. They also can be
used to plan the management needed for those uses.
More information on each map unit, or soil, is given
under “Use and Management of the Soils.”

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

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

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

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ
in slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into
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, Brainerd sandy loam, 1 to 4
percent slopes, extremely stony, is a phase of the
Brainerd series.

Some map units are made up of two or more major
soils. These map units are called soil complexes. A soil
complex consists of two or more soils, or one or more
soils and a miscellaneous area, in such an intricate
pattern or in such small areas that they cannot be
shown separately on the soil maps. The pattern and
proportion of the soils are somewhat similar in all areas.
Fordum-Winterfield complex is an example.

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

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. The gravel pits in the Pits, gravel-
Udorthents complex are 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.

As a result of changes in soil series concepts,
different soil patterns, and variations in map unit design,
some soil boundaries and names do not match those in
the published soil surveys of adjacent counties.

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.

This publication includes suggested management
practices that are intended to increase crop protection,
conserve soil resources, and protect the quality of the
environment. Over a period of time, some or all of these
conservation practices may or may not be in
accordance with federal, state, and local laws.

Soil Descriptions

7A—Hubbard loamy sand, 0 to 2 percent slopes.
This nearly level, excessively drained soil is on plane or
slightly convex rises on outwash plains and valley
trains. Individual areas are irregular in shape and range
from 5 to more than 200 acres in size. i

Typically, the surface layer is very dark brown loamy
sand about 10 inches thick. The subsurface layer is
dark brown loamy sand about 6 inches thick. The
subsoil is sand about 26 inches thick. It is dark brown in
the upper part and dark yellowish brown in the lower
part. The underlying material to a depth of about 60
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inches is yellowish brown sand. In some areas the soil
has more fine sand.

Included with this soil in mapping are small areas of
Duelm, Isan, and Menahga soils. Duelm soils are
moderately well drained and somewhat poorly drained
and are in slightly concave areas. Isan soils are poorly
drained and very poorly drained and are in shallow
depressions and drainageways. Menahga soils have a
dark surface layer that is thinner than that of the
Hubbard soil. They are excessively drained and are in
more convex areas. Included soils make up about 3 to
10 percent of the unit.

Permeability is rapid in the Hubbard soil. The
available water capacity is low. Surface runoff is slow.
The content of organic matter is moderate or high.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is poorly suited to cultivated crops and small
grain. Drought and soil blowing are hazards. Planting
short-season varieties or irrigating helps to overcome
the droughtiness. Cover crops, windbreaks,
conservation tillage systems that leave protective
amounts of crop residue on the surface, green manure
crops, and stripcropping help to conserve soil moisture,
control soil blowing, and increase the content of organic
matter.

This soil is fairly well suited to grasses and legumes
for hay or pasture. Drought and soil blowing are
hazards. Suitable species include alfalfa, smooth
bromegrass, big bluestem, and indiangrass.
Overgrazing can result in water erosion and soil
blowing. Proper stocking rates, timely deferment of
grazing, applications of fertilizer, weed control, and
rotation grazing during the summer help to keep the
pasture in good condition.

This soil is well suited to red pine, white pine, jack
pine, bur oak, and quaking aspen. Little site preparation
is needed in areas of this soil. The control of competing
vegetation by mechanical removal or spraying is
necessary for the survival and early growth of planted
seedlings. Droughtiness can cause seedling mortality. It
can be overcome by selecting good-quality planting
stock and by planting early in the spring, when the
amount of soil moisture is highest. In areas where the
protective cover has been disturbed, soil blowing can
occur. The hazard of water erosion is generally slight.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Leaving some
vegetation on the surface during the early years of
seedling establishment helps to control soil blowing.
Cultivation or applications of herbicide help to remove
competing vegetation.

Soil Survey

The land capability classification is IVs, and the
woodland ordination symbol is 2A.

7B—Hubbard loamy sand, 2 to 6 percent slopes.
This gently sloping, excessively drained soil is on crests
and side slopes on outwash plains and valley trains.
Individual areas are irregular in shape and range from 5
to more than 200 acres in size.

Typically, the surface layer is black loamy sand about
9 inches thick. The subsurface layer is very dark brown
loamy sand about 5 inches thick. The subsoil is sand
about 23 inches thick. It is dark brown in the upper part
and dark yellowish brown in the lower part. The
underlying material to a depth of about 60 inches is
brown sand. In some areas the soil has more fine sand.
In other areas the surface soil is thinner and has a
lower content of organic matter because of erosion.

Included with this soil in mapping are small areas of
Duelm, Isan, and Menahga soils. Duelm soils are
moderately well drained and somewhat poorly drained
and are in slightly concave areas. Isan soils are poorly
drained and very poorly drained and are in shallow
depressions and drainageways. Menahga soils have a
dark surface layer that is thinner than that of the
Hubbard soil. They are excessively drained and are in
convex areas. Included soils make up about 5 to 10
percent of the unit.

Permeability is rapid in the Hubbard soil. The
available water capacity is low. Surface runoff is slow or
medium. The content of organic matter is moderate or
high.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is poorly suited to cultivated crops and small
grain. Drought and soil blowing are hazards. Planting
short-season varieties or irrigating helps to overcome
the droughtiness. Cover crops, windbreaks,
conservation tillage systems that leave protective
amounts of crop residue on the surface, green manure
crops, and stripcropping help to conserve soil moisture,
control soil blowing, and increase the content of organic
matter.

This soil is fairly well suited to grasses and legumes
for hay or pasture. Drought and soil blowing are
hazards. Suitable species inciude alfalfa, smooth
bromegrass, big bluestem, and indiangrass.
Overgrazing can result in water erosion and soil
blowing. Proper stocking rates, timely deferment of
grazing, applications of fertilizer, weed control, and
rotation grazing during the summer help to keep the
pasture in good condition.

This soil is well suited to red pine, white pine, jack
pine, bur oak, and quaking aspen. Little site preparation
is needed in areas of this soil. The control of competing
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vegetation by mechanical removal or spraying is
necessary for the survival and early growth of planted
seedlings. Droughtiness can cause seedling mortality. It
can be overcome by selecting good-quality planting
stock and by planting early in the spring, when the
amount of soil moisture is highest. Where the protective
cover has been disturbed, the more sloping areas are
easily eroded during periods of heavy rainfall. The
hazard of erosion is generally slight.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Leaving some
vegetation on the surface during the early years of
seedling establishment helps to control soil blowing.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is IVs, and the
woodland ordination symbol is 2A.

12C—Emmert gravelly loamy sand, 6 to 12 percent
slopes. This sloping, excessively drained soil is on
crests, ridges, and convex side slopes on outwash
plains, eskers, terraces, and moraines. Individual areas
are long and narrow and range from 5 to 40 acres in
size.

Typically, the surface layer is black gravelly loamy
sand about 4 inches thick. The subsoil is about 22
inches thick. It is very dark grayish brown gravelly
loamy coarse sand in the upper part and dark yellowish
brown very gravelly coarse sand in the lower part. The
underlying material to a depth of about 60 inches is
brown very gravelly coarse sand. In some areas the
surface soil is thicker.

Included with this soil in mapping are small areas of
Chetek, Mahtomedi, and Menahga soils. These soils
are in landscape positions similar to those of the
Emmert soil. Chetek soils formed in loamy material over
sand and gravel. The content of gravel in the subsoil
and underlying material of the Mahtomedi and Menahga
soils is lower than that of the Emmert soil. Included
soils make up about 5 to 10 percent of the unit.

Permeability is very rapid in the Emmert soil. The
available water capacity is very low. Surface runoff is
medium or rapid. The content of organic matter is low
or moderately low.

Most areas are used as pasture or woodland. Some
areas are used as cropland.

This soil is poorly suited to cultivated crops and small
grain. Drought is the main hazard. Cover crops,
conservation tillage systems that leave protective
amounts of crop residue on the surface, green manure
crops, and stripcropping help to conserve soil moisture,

15

control water erosion, and increase the content of
organic matter.

This soil is fairly well suited to pasture or hay.
Drought is the main hazard. Suitable species include
alfalfa, crownvetch, smooth bromegrass, big bluestem,
flittle bluestem, and sideoats grama. Pasture rotation,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and applications of
fertilizer help to keep the pasture in good condition.

This soil is well suited to red pine, white pine, jack
pine, bur oak, and quaking aspen. Little site preparation
is needed in areas of this soil. The control of competing
vegetation by mechanical removal or spraying is
necessary for the survival and early growth of planted
seedlings. Droughtiness can cause seedling mortality. It
can be overcome by selecting good-quality planting
stock and by planting early in the spring, when the
amount of soil moisture is highest. Where the protective
cover has been disturbed, the more sloping areas are
easily eroded during periods of heavy rainfall.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Cultivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is Vs, and the
woodland ordination symbol is 6S.

12D—Emmert gravelly loamy sand, 12 to 40
percent slopes. This rolling to very steep, excessively
drained soil is on convex summits and side slopes on
outwash plains, eskers, terraces, and moraines.
Individual areas are long and narrow and range from 5
to 50 acres in size.

Typically, the surface layer is very dark grayish
brown gravelly loamy sand about 4 inches thick. The
subsoil is dark yellowish brown gravelly coarse sand
about 10 inches thick. The underlying material to a
depth of about 60 inches is brown very gravelly coarse
sand. In some areas the surface layer is thicker.

Included with this soil in mapping are small areas of
Chetek, Mahtomedi, and Menahga soils. Chetek soils
formed in loamy material over sand and gravel. They
are in the less rolling positions on the landscape. The
content of gravel in the subsoil and underlying material
of the Mahtomedi and Menahga soils is lower than that
of the Emmert soil. The Mahtomedi and Menahga soils
are in landscape positions similar to those of the
Emmert soil. Included soils make up about 2 to 8
percent of the unit.

Permeability is very rapid in the Emmert soil. The
available water capacity is very low. Surface runoff is
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rapid. The content of organic matter is low or
moderately low.

Most areas are used as woodiand. This soil is
generally unsuited to cropland, hay, and pasture
because of the slope.

This soil is well suited to red pine, white pine, jack
pine, bur oak, and quaking aspen. Little site preparation
is needed in areas of this soil. The control of competing
vegetation by mechanical removal or spraying is
necessary for the survival and early growth of planted
seedlings. Droughtiness can cause seedling mortality. It
can be overcome by selecting good-quality planting
stock and by planting early in the spring, when the
amount of soil moisture is highest. Where the protective
cover has been disturbed, the more sloping areas are
easily eroded during periods of heavy rainfall. The
hazard of erosion is generally slight or moderate.
Operating heavy machinery on the contour rather than
up and down the slope minimizes the formation of
channels that concentrate runoff and thus helps to
control erosion. Equipment should be used with caution
on the steep slopes.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. The slope limits the
effectiveness of the windbreaks. Seedling mortality is
moderate because of the droughtiness. Water erosion is
a severe hazard unless most of the site is kept
vegetated. Site preparation should be limited to an area
of no more than 2 feet from where the tree or shrub is
to be planted. Cultivation or applications of herbicide
help to remove competing vegetation.

The land capability classification is Vlls, and the
woodland ordination symbol is 6R.

25—Becker fine sandy loam. This nearly level, well
drained soil is on plains or convex rises on flood plains.
It is subject to rare flooding. Individual areas are
irregular in shape and range from 5 to 100 acres in
size.

Typically, the surface soil is fine sandy loam about
32 inches thick. It is black in the upper part and very
dark brown in the lower part. The subsaoil is very dark
grayish brown loamy fine sand about 4 inches thick.
The underlying material to a depth of about 60 inches is
yellowish brown fine sand.

. Included with this soil in mapping are small areas of
Bowstring, Fordum, and Winterfield soils. These soils
are in positions on the flood plains that are lower than
those of the Becker soil. Bowstring soils are organic
and are very poorly drained. Fordum soils are poorly
drained and very poorly drained. Winterfield soils are
somewhat poorly drained. Included soils make up about
2 to 7 percent of the unit.

Soil Survey

Permeability is moderately rapid in the Becker soil.
The available water capacity is low. Surface runoff is
slow. The content of organic matter is moderate or high.
The seasonal high water table is at a depth of 4 to 6
feet.

Most areas are used as cropland. Some areas are
used for hay or pasture.

This soil is well suited to cultivated crops and small
grain. Drought is a slight hazard. Soil blowing and rare
flooding are additional hazards. Irrigation can help to
overcome the droughtiness. Stripcropping, green
manure crops, manure, conservation tillage systems
that leave protective amounts of crop residue on the
surface, and cover crops help to conserve soil moisture,
control soil blowing, and maintain the content of organic
matter.

This soil is well suited to grasses and legumes for
hay or pasture. Drought and rare flooding are hazards.
Suitable species include alfalfa, crownvetch, smooth
bromegrass, big bluestem, little bluestem, indiangrass,
and switchgrass. Overgrazing can result in soil blowing.
Proper stocking rates, deferment of grazing during dry
periods, applications of fertilizer, weed control, and
rotation grazing during the summer help to keep the
pasture in good condition.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is lls. No woodland
ordination symbol is assigned.

119B—Pomroy loamy fine sand, 1 to 6 percent
slopes. This nearly level or gently sloping, well drained
and moderately well drained soil is on crests and side
slopes on drumlins and ground moraines. Individual
areas are irregular in shape and range from 10 to more
than 200 acres in size.

Typically, the surface layer is very dark grayish
brown loamy fine sand about 9 inches thick. The
subsurface layer is brown loamy fine sand about 11
inches thick. The subsoil is about 22 inches thick. It is
brown loamy fine sand in the upper part and brown
sandy loam in the lower part. The underlying material to
a depth of about 60 inches is brown sandy loam. The
lower part of the subsoil and the underlying material are
firm. In some areas the depth to glacial till is more than
40 inches. In other areas the surface layer is thicker
and darker. In places depth to the water table is 1.5 to
2.5 feet.

Included with this soil in mapping are small areas of
Brainerd, Flak, and Watab soils. Brainerd and Flak soils
do not have a sandy surface layer. They are in
landscape positions similar to those of the Pomroy soil
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or are in more convex areas. Watab soils are somewhat
poorly drained and are in swales. Included soils make
up about 4 to 10 percent of the unit.

Permeability is rapid in the upper part of the Pomroy
soil and moderately slow or very slow in the lower part.
The available water capacity is low. Surface runoff is
slow or medium. The content of organic matter is low or
moderately low.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Drought and soil blowing are hazards.
Irrigation can help to overcome the droughtiness.
Stripcropping, green manure crops, manure,
conservation tillage systems that leave protective
amounts of crop residue on the surface, and cover
crops help to conserve soil moisture, control soil
blowing, and maintain the content of organic matter.

This soil is well suited to grasses and legumes for
hay or pasture. Drought is a hazard. Water erosion in
the steeper areas and soil blowing are also hazards.
Suitable species include alfalfa, crownvetch, smooth
bromegrass, big bluestem, and indiangrass.
Overgrazing can result in water erosion and soil
blowing. Proper stocking rates, deferment of grazing
during dry periods, applications of fertilizer, weed
control, and rotation grazing during the summer help to
keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Seedling mortality is high because of the
droughtiness. Poor seedling survival rates during dry
years can be improved by careful planting of vigorous
nursery stock. Harvesting or planting when the soil is
not saturated by heavy spring rains minimizes
compaction and helps to maintain the potential for
seedling regeneration. The firm subsoil restricts the
rooting depth of some plants.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Leaving some
vegetation on the surface during the early years of
seedling establishment helps to control soil blowing.
Seedling mortality is moderate because of the
droughtiness. Cultivation or applications of herbicide
help to remove competing vegetation.

The land capability classification is llls, and the
woodland ordination symbol is 4S.
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119C—Pomroy loamy fine sand, 6 to 12 percent
slopes. This sloping, well drained and moderately well
drained soil is on crests, ridges, and convex side slopes
on drumlins and ground moraines. Individual areas are
irregular in shape and range from 10 to 40 acres in
size.

Typically, the surface layer is dark brown loamy fine
sand about 7 inches thick. The subsurface layer is
brown loamy fine sand about 21 inches thick. The
subsoil is brown, firm sandy loam about 11 inches thick.
The underlying material to a depth of about 60 inches is
brown sandy loam. In some areas the depth to glacial
till is more than 40 inches. In other areas the upper part
of the soil is coarse sand. In places depth to the water
table is 1.5 to 2.5 feet.

Included with this soil in mapping are small areas of
Flak soils. These soils do not have a sandy surface
layer. They are in landscape positions similar to those
of the Pomroy soil. They make up about 5 to 10 percent
of the unit.

Permeability is rapid in the upper part of the Pomroy
soil and moderately slow or very slow in the lower part.
The available water capacity is low. Surface runoff is
medium or rapid. The content of organic matter is low
or moderately low.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is poorly suited to cultivated crops and small
grain. Drought and soil blowing are hazards. Cover
crops, windbreaks, conservation tillage systems that
leave protective amounts of crop residue on the
surface, green manure crops, and stripcropping help to
conserve soil moisture, control soil blowing, and
increase the content of organic matter.

This soil is fairly well suited to grasses and legumes
for hay or pasture. Drought and soil blowing are
hazards. Suitable species include alfalfa, smooth
bromegrass, big bluestem, and indiangrass.
Overgrazing can result in water erosion and soil
blowing. Proper stocking rates, timely deferment of
grazing, applications of fertilizer, weed control, and
rotation grazing during the summer help to keep the
pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Seedling mortality is high because of the
droughtiness. Poor seedling survival rates during dry
years can be improved by careful planting of vigorous
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nursery stock. Harvesting or planting when the soil is
not saturated by heavy spring rains minimizes
compaction and helps to maintain the potential for
seedling regeneration. The firm subsoil restricts the
rooting depth of some plants.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Leaving some
vegetation on the surface during the early years of
seedling establishment helps to control soil blowing.
Seedling mortality is moderate because of the
droughtiness. Cultivation or applications of herbicide
help to remove competing vegetation.

The land capability classification is IVs, and the
woodland ordination symbol is 4S.

142—Nokay loam. This nearly level, somewhat
poorly drained soil is on side slopes, on broad flats, and
in swales on drumlins and ground moraines. Individual
areas are irregular in shape and range from 20 to 80
acres in size.

Typically, the surface layer is very dark gray loam
about 6 inches thick. The subsurface layer is grayish
brown, mottled fine sandy loam about 8 inches thick.
The subsoil is brown, mottled sandy loam about 27
inches thick. The underlying material to a depth of
about 60 inches is brown, mottled sandy loam. The
lower part of the subsoil and the underlying material are
firm. In some areas the surface layer has more sand. In
other areas it is very stony.

Included with this soil in mapping are small areas of
Brainerd, Parent, and Prebish soils. Brainerd soils are
moderately well drained and are on convex rises.
Parent soils are poorly drained and are in swales and
drainageways. Prebish soils are very poorly drained and
are in shallow depressions. Included soils make up
about 2 to 10 percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Nokay soil and slow or very slow in
the lower part. The available water capacity is
moderate. Surface runoff is slow. The content of
organic matter is moderate or high. A perched water
table is at a depth of 1 to 3 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

If drained, this soil is well suited to cultivated crops
and small grain. Wetness is the main limitation. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Conservation tillage systems that
leave protective amounts of crop residue on the
surface, ridge tillage, and winter cover crops help to
maintain or increase the content of organic matter and
improve tilth.

This soil is well suited to alfalfa, birdsfoot trefoil,
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smooth bromegrass, and orchardgrass for hay or
pasture. Overgrazing or grazing when the soil is wet
causes surface compaction and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, and restricted grazing during wet periods
help to keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. This soil is wet in the spring and after heavy
rainfall because of the perched water table. The
wetness limits the ability of the soil to support heavy
machinery. Operating machinery only during dry periods
minimizes compaction and increases the seedling
survival rate. The firm subsoil restricts the rooting depth
of.some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is liw, and the
woodland ordination symbol is 5D.

144B—Flak sandy loam, 4 to 8 percent slopes. This
gently sloping or sloping, well drained soil is on crests
and side slopes on drumlins and ground moraines.
Individual areas are long and narrow and range from 5
to 70 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 7 inches thick. The subsurface
layer is brown fine sandy loam about 8 inches thick.
The subsoil is brown sandy loam about 28 inches thick.
The underlying material to a depth of about 60 inches is
brown sandy loam. The lower part of the subsoil and
the underlying material are firm. In some areas the
subsoil has more clay. In other areas the surface soil
has more sand. In a few areas the surface soit is
thinner and has a lower content of organic matter
because of erosion.

Included with this soil in mapping are small areas of
Brainerd and Nokay soils. Brainerd soils are moderately
well drained and are in the less sloping areas. Nokay
soils are somewhat poorly drained and are in swales
and drainageways. Included soils make up about 4 to
14 percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Flak soil and slow or very slow in the
lower part. The available water capacity is low. Surface
runoff is medium. The content of organic matter is low
or moderately low.
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Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and water erosion are needed. Conservation
tillage systems that leave protective amounts of crop
residue on the surface, cover crops, crop rotations that
include grasses and legumes, terraces and diversions,
grassed waterways, and grade stabilization structures
help to control water erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling water erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
grasses reach a minimum grazing height, and restricted
grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. The firm subsoil restricts the rooting depth of
some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is lile, and the
woodland ordination symbol is 3D.

144C—Flak sandy loam, 8 to 15 percent slopes.
This sloping or moderately steep, well drained soil is on
crests, ridges, and convex side slopes on drumlins and
ground moraines. Individual areas are long and narrow
and range from 5 to 50 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 7 inches thick. The subsurface
layer is brown sandy loam about 4 inches thick. The
subsoil is sandy loam about 35 inches thick. It is dark
yellowish brown in the upper part and brown in the
lower part. The underlying material to a depth of about
60 inches is brown sandy loam. The lower part of the
subsoil and the underlying material are firm. In some
areas the subsoil has more clay. In other areas the
surface soil has more sand. In a few places the surface

19

soil is thinner and has a lower content of organic matter
because of erosion.

Included with this soil in mapping are small areas of
Brainerd and Nokay soils. Brainerd soils are moderately
well drained and are lower on the landscape than the
Flak soil. Nokay soils are somewhat poorly drained and
are in swales and drainageways. Included soils make
up about 1 to 5 percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Flak soil and slow or very slow in the
lower part. The avaitable water capacity is low. Surface
runoff is medium or rapid. The content of organic matter
is low or moderately low.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
smali grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and water erosion are needed. Cover crops, crop
rotations that include grasses and legumes,
conservation tillage systems that leave protective
amounts of crop residue on the surface, terraces and
diversions, grassed waterways, and grade stabilization
structures help to prevent excessive erosion.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Water erosion is the main hazard. Overgrazing
or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and restricted grazing
during wet periods help to keep the pasture in good
condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. The firm subsoil restricts the rooting depth of
some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 3D.

144E—Flak sandy loam, 15 to 25 percent slopes.
This moderately steep or steep, well drained soil is on
side slopes on drumlins and ground moraines.



20

Individual areas are long and narrow and range from 5
to 50 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 6 inches thick. The subsoil is
sandy loam about 32 inches thick. It is dark yellowish
brown in the upper part and brown in the lower part.
The underlying material to a depth of about 60 inches is
brown sandy loam. The lower part of the subsoil and
the underlying material are firm. In some areas the
subsoil has more clay. In other areas the surface soil is
thinner and has a lower content of organic matter
because of erosion.

Included with this soil in mapping are small areas of
the moderately well drained Brainerd soils on side
slopes and in swales. These soils make up about 1 to 5
percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Flak soil and slow or very siow in the
lower part. The available water capacity is low. Surface
runoff is rapid. The content of organic matter is low or
moderately low.

Most areas are used as cropland. Some areas are
used for hay or pasture. This soil is generally unsuited
to cultivated crops because of the hazard of water
erosion.

This soil is fairly well suited to grasses and legumes
for hay or pasture. Suitable species include alfalfa,
crownvetch, smooth bromegrass, switchgrass, and big
bluestem. Overgrazing or grazing when the soil is wet
causes excessive runoff and poor tiith. Proper stocking
rates, pasture rotation, applications of fertilizer, weed
control, deferment of grazing until the grasses reach a
minimum grazing height, and restricted grazing during
wet periods help to keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Operating heavy machinery on the contour
rather than up and down the slope minimizes the
formation of channels that concentrate runoff and thus
helps to control erosion. Equipment should be used with
caution on the steep slopes. The firm subsoil restricts
the rooting depth of some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
The slope limits the effectiveness of the windbreaks.
Water erosion is a severe hazard unless most of the
site is kept vegetated. Site preparation should be limited
to an area of no more than 2 feet from where the tree
or shrub is to be planted. Cultivation or applications of
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herbicide help to remove competing vegetation.
The land capability classification is Vle, and the
woodland ordination symbol is 3R.

152B—Milaca fine sandy loam, 4 to 8 percent
slopes. This gently sloping or sloping, well drained soil
is on crests and side slopes on drumlins and moraines.
Individual areas are long and narrow or irregular in
shape and range from 5 to 60 acres in size.

Typically, the surface layer is very dark gray fine
sandy loam about 5 inches thick. The subsurface layer
is about 18 inches thick. It is brown fine sandy loam in
the upper part and brown gravelly fine sandy loam in
the lower part. The subsoil is gravelly sandy loam about
13 inches thick. It is reddish brown in the upper part
and dark reddish brown in the lower part. The
underlying material to a depth of about 60 inches is
reddish brown sandy loam. The lower part of the subsoil
and the underlying material are firm. In some areas the
surface soil has more sand. In other areas the subsoil
has more clay. In some places the surface soil is
thinner and has a lower content of organic matter
because of erosion. In other places it is very stony.

Included with this soil in mapping are small areas of
Mora and Ronneby soils. Mora soils are moderately well
drained and are in the less sloping areas. Ronneby
soils are somewhat poorly drained and are in swales
and drainageways. Included soils make up about 3 to
14 percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Milaca soil and slow or'very slow in
the lower part. The available water capacity is low.
Surface runoff is medium. The content of organic matter
is low or moderately low.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is well suited to cultivated crops and small
grain. Water erosion is the main hazard. Conservation
practices that help to control surface runoff and erosion
are needed. Conservation tillage systems that leave
protective amounts of crop residue on the surface,
cover crops, crop rotations that include grasses and
legumes, terraces and diversions, grassed waterways,
and grade stabilization structures help to control water
erosion.

This soil is fairly well suited to alfalfa, smooth
bromegrass, and orchardgrass for hay or pasture. A
cover of grasses and legumes is effective in controlling
water erosion. Overgrazing or grazing when the soil is
wet causes surface compaction, excessive runoff, and
poor tilth. Proper stocking rates, applications of
fertilizer, weed control, pasture rotation, deferment of
grazing until the grasses reach a minimum grazing
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height, and restricted grazing during wet periods help to
keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. The firm subsoil restricts the rooting depth of
some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation. :

The land capability classification is llle, and the
woodland ordination symbol is 5D.

152C—Milaca fine sandy loam, 8 to 15 percent
slopes. This sloping or moderately steep, well drained
soil is on crests, ridges, and convex side slopes on
drumiins and moraines. Individual areas are long and
narrow and range from 5 to 30 acres in size.

Typically, the surface layer is black fine sandy loam
about 4 inches thick. The subsurface layer is sandy
loam about 8 inches thick. It is dark grayish brown in
the upper part and brown in the lower part. The subsoil
is reddish brown sandy loam about 26 inches thick. The
underlying material to a depth of about 60 inches is
reddish brown sandy loam. The lower part of the subsoil
and the underlying material are firm. In some areas the
surface soil has more sand. In other areas the subsoil
has more clay. In a few areas the surface soil is thinner
and has a lower content of organic matter because of
erosion. In places it is very stony.

Included with this soil in mapping are small areas of
Mora and Ronneby soils. Mora soils are moderately well
drained and are in the less sloping areas. Ronneby
soils are somewhat poorly drained and are in swales
and drainageways. Included soils make up about 3 to 8
percent of the unit.

The permeability is moderate or moderately rapid in
the upper part of the Milaca soil and slow or very slow
in the lower part. The available water capacity is low.
Surface runoff is medium or rapid. The content of
organic matter is low or moderately low.

Most areas are used as woodland. Some areas are
used for cropland, hay, or pasture.

This soil is fairly well suited to cultivated crops and
small grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and erosion are needed. Cover crops, crop
rotations that include grasses and legumes,
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conservation tillage systems that leave protective
amounts of crop residue on the surface, terraces and
diversions, grassed waterways, and grade stabilization
structures help to prevent excessive erosion.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Water erosion is the main hazard. Overgrazing
or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and restricted grazing
during wet periods help to keep the pasture in good-
condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. The firm subsoil restricts the rooting depth of
some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llie, and the
woodland ordination symbol is 5D.

155B—Chetek sandy loam, 2 to 8 percent slopes.
This gently undulating or rolling, somewhat excessively
drained soil is on knolls and side slopes on outwash
plains, moraines, and stream terraces. Individual areas
are irregular in shape and range from 5 to more than 50
acres in size.

Typically, the surface layer is dark grayish brown
sandy loam about 6 inches thick. The subsurface layer
is brown sandy loam about 4 inches thick. The subsoil
is sandy loam about 10 inches thick. It is dark yellowish
brown in the upper part and brown in the lower part.
The underlying material to a depth of about 60 inches is
brown gravelly sand. In some areas the surface soil and
subsoil are thicker.

Included with this soil in mapping are small areas of
Emmert, Mahtomedi, Oesterle, and Pierz soils. Emmert,
Mahtomedi, and Pierz soils are in landscape positions
similar to those of the Chetek soil. Emmert and
Mahtomedi soils do not have a loamy surface layer.
Qesterle soils are somewhat poorly drained and are in
swales. Pierz soils are well drained. Included soils
make up about 3 to 8 percent of the unit.

Permeability is moderately rapid in the upper part of
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the Chetek soil and rapid or very rapid in the lower part.
The available water capacity is low. Surface runoff is
slow or medium. The content of organic matter is
moderately low or low.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and erosion are needed. Cover crops, crop
rotations that include grasses and legumes,
conservation tillage systems that leave protective
amounts of crop residue on the surface, terraces and
diversions, grassed waterways, and grade stabilization
structures help to prevent excessive erosion.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Water erosion is the main hazard. Overgrazing
or grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and restricted grazing
during wet periods help to keep the pasture in good
condition.

This soil is well suited to red pine, white pine, jack
pine, northern red oak, and quaking aspen. Little site
preparation is needed in areas of this soil. The control
of competing vegetation by mechanical removal or
spraying is necessary for the survival and early growth
of planted seedlings. Droughtiness can cause seedling
mortality. It can be overcome by selecting good-quality
planting stock and by planting early in the spring, when
the amount of soil moisture is highest. Where the
protective cover has been disturbed, the more sloping
areas are easily eroded during periods of heavy rainfall.
The hazard of erosion is generally slight in the nearly
level areas.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Cultivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 6A.

1565C—Chetek sandy loam, 8 to 15 percent slopes.
This rolling or hilly, somewhat excessively drained soil
is on knolls and convex side slopes on outwash plains,
moraines, and stream terraces. Individual areas are
irregular in shape and range from 5 to 15 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 6 inches thick. The subsurface
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layer is brown sandy loam about 4 inches thick. The
subsoil is about 8 inches thick. It is reddish brown
sandy loam in the upper part and reddish brown
gravelly sandy loam in the lower part. The underlying
material to a depth of about 60 inches is brown gravelly
sand. In some areas the surface soil is thinner and has
a lower content of organic matter because of erosion.

Included with this soil in mapping are Emmert and
Mahtomedi soils. These soils do not have a loamy
surface layer. They are in landscape positions similar to
those of the Chetek soil. Included soils make up about
3 to 8 percent of the unit.

Permeability is moderately rapid in the upper part of
the Chetek soil and rapid or very rapid in the lower part.
The available water capacity is low. Surface runoff is
medium or rapid. The content of organic matter is
moderately low or moderate.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodiand.

This soil is poorly suited to cultivated crops and small
grain. Conservation practices that help to control
surface runoff and water erosion are needed. Cover
crops, crop rotations that include grasses and legumes,
conservation tillage systems that leave protective
amounts of crop residue on the surface, terraces and
diversions, grassed waterways, and grade stabilization
structures help to control erosion.

This soil is well suited to many grasses and legumes
for hay or pasture. Suitable species include alfalfa,
smooth bromegrass, and orchardgrass. A cover of
grasses and legumes is effective in controlling water
erosion. Overgrazing or grazing when the soil is wet
causes surface compaction, excessive runoff, and poor
tilth. Proper stocking rates, pasture rotation,
applications of fertilizer, weed control, deferment of
grazing until the grasses reach a minimum grazing
height, and restricted grazing during wet periods help to
keep the pasture in good condition.

This soil is well suited to red pine, white pine, jack
pine, northern red oak, and quaking aspen. Little site
preparation is needed in areas of this soil. The control
of competing vegetation by mechanical removal or
spraying is necessary for the survival and early growth
of planted seedlings. Droughtiness can cause seedling
mortality. It can be overcome by selecting good-quality
planting stock and by planting early in the spring, when
the amount of soil moisture is highest. Where the
protective cover has been disturbed, the more sloping
areas are easily eroded during periods of heavy rainfall.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Cultivation or
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applications of herbicide help to remove competing
vegetation.

The land capability classification is Ve, and the
woodland ordination symbol is 6A.

158B—Zimmerman loamy fine sand, 1 to 4 percent
slopes. This nearly level or gently sloping, excessively
drained soil is on plane or slightly convex rises on
outwash plains and valley trains. Individual areas are
irregular in shape and range from 20 to more than
1,000 acres in size.

Typically, the surface layer is black loamy fine sand
about 6 inches thick. The subsurface layer is about 13
inches thick. It is dark brown loamy fine sand in the
upper part and brown fine sand in the lower part. The
subsoil to a depth of about 60 inches is dominantly dark
brown and yellowish brown fine sand that has layers of
dark yellowish brown loamy fine sand or fine sandy
loam.

Included with this soil in mapping are small areas of
Isanti and Soderville soils. Isanti soils are poorly
drained and very poorly drained and are in depressions.
Soderville soils are somewhat poorly drained and are
lower on the landscape than the Zimmerman soil.
Included soils make up about 5 to 10 percent of the
unit.

Permeability is rapid in the Zimmerman soil. The
available water capacity is low. Surface runoff is slow or
medium. The content of organic matter is low or
moderately low.

Most areas are used as cropland. Some areas are
used for hay or pasture.

This soil is poorly suited to cropland. The main
hazards are drought and soil blowing. Cover crops,
conservation tillage systems that leave protective
amounts of crop residue on the surface, green manure
crops, and stripcropping help to conserve soil moisture,
control soil blowing, and increase the content of organic
matter. Irrigation can help to overcome the droughtiness
and thus increase yields.

This soil is fairly well suited to pasture and hay.
Drought and soil blowing are hazards. Suitable species
include alfalfa, smooth bromegrass, big bluestem, and
indiangrass. Overgrazing can result in water erosion
and soil blowing. Proper stocking rates, timely
deferment of grazing, applications of fertilizer, weed
control, and rotation grazing during the summer help to
keep the pasture in good condition.

This soil is well suited to red pine, white pine, jack
pine, northern red oak, and quaking aspen. Little site
preparation is needed in areas of this soil. The control
of competing vegetation by mechanical removal or
spraying is necessary for the survival and early growth
of planted seedlings. Droughtiness can cause seedling
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mortality. It can be overcome by selecting good-quality
planting stock and by planting early in the spring, when
the amount of soil moisture is highest. Where the
protective cover has been disturbed, the more sloping
areas are easily eroded during periods of heavy rainfall.
The hazard of erosion is generally slight in the nearly
level areas.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of droughty conditions. Seedling mortality is
moderate because of the droughtiness. Leaving some
vegetation on the surface during the early years of
seedling establishment helps to control soil blowing.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is IVs, and the
woodland ordination symbol is 3S.

161—lsanti fine sandy loam. This nearly level,
poorly drained and very poorly drained soil is in shallow
depressions and drainageways on outwash plains and
valley trains. It is subject to ponding. Individual areas
are irregular in shape and range from 10 to 100 acres
in size.

Typically, the surface layer is black, mottled fine
sandy loam about 6 inches thick. The subsurface layer
also is black, mottled fine sandy loam. It is about 10
inches thick. The subsoil is dark grayish brown, mottled
fine sand about 18 inches thick. The underlying material
to a depth of about 60 inches is grayish brown, mottled
fine sand. In some areas the soil has more coarse
sand.

Included with this soil in mapping are small areas of
Markey and Soderville soils. Markey soils have an
organic surface layer that is 16 to 50 inches thick. They
are in landscape positions similar to those of the Isanti
soil. Soderville soils are somewhat poorly drained. They
are higher on the landscape than the Isanti soil.
Included soils make up about 5 to 14 percent of the
unit.

Permeability is rapid in the Isanti soil. The available
water capacity is low. Surface runoff is slow or ponded.
The content of organic matter is moderate to very high.
The seasonal high water table is within a depth of 2
feet.

Most of the acreage is idle land. Some areas are
used for hay or pasture.

This soil is generally unsuited to cultivated crops,
hay, and pasture because of the wetness. Some low
areas of this soil or some areas that lack suitable
outlets for drainage systems may be difficult to drain.

Qvergrazing when the soil is wet causes surface
compaction. Proper stocking rates, pasture rotation,
deferment of grazing until grasses reach a minimum
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grazing height, and restricted grazing during wet
periods help to keep the pasture in good condition.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of wetness. Seedling mortality is moderate
because of the poor drainage. Spring planting may be
delayed because of the wetness. Cultivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is Vw. No woodland
ordination symbol is assigned.

163B—Brainerd sandy loam, 1 to 4 percent slopes.
This nearly level or gently sloping, moderately well
drained soil is on crests and side slopes on drumlins
and ground moraines. Individual areas are irregular in
shape and range from 10 to 200 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 6 inches thick. The subsurface

layer is brown, mottled sandy loam about 5 inches thick.

The subsoil is brown, mottled sandy loam about 30
inches thick. The underlying material to a depth of
about 60 inches is brown, mottled sandy loam. The
lower part of the subsoil and the underlying material are
firm. In some areas the subsoil has more clay. In other
areas the surface soil has more sand. In some places
the surface soil is thinner and has a lower content of
organic matter because of erosion. In other places it is
very stony.

Included with this soil in mapping are small areas of
Flak, Nokay, and Parent soils. Flak soils are well
drained and are in landscape positions higher than
those of the Brainerd soil. Nokay soils are somewhat
poorly drained and are slightly lower on the landscape
than the Brainerd soil. Parent soils are poorly drained
and are lower on the landscape than the Brainerd soil.
Included soils make up about 5 to 14 percent of the
unit.

Permeability is moderately rapid or moderate in the
upper part of the Brainerd soil and slow or very slow in
the lower part. The available water capacity is low.
Surface runoff is slow or medium. The content of
organic matter is low to moderate. A perched water
table is at a depth of 1.5 to 2.5 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is well suited to cultivated crops and small
grain. Water erosion is the main hazard. Conservation
practices that help to control surface runoff and water
erosion are needed. Conservation tillage systems that
leave protective amounts of crop residue on the
surface, cover crops, crop rotations that include grasses
and legumes, terraces and diversions, grassed
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waterways, and grade stabilization structures help to
control water erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling water erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
grasses reach a minimum grazing height, and restricted
grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. This soil is wet in the spring and after heavy
rainfall because of the perched water table. The
wetness limits the ability of the soil to support heavy
machinery. Operating machinery only during dry periods
minimizes compaction and increases the seedling
survival rate. The firm subsoil restricts the rooting depth
of some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is Ile, and the
woodland ordination symbol is 4A.

164B—Mora fine sandy loam, 1 to 4 percent
slopes. This nearly level or gently sloping, moderately
well drained soil is on crests and side slopes on
moraines and drumlins. Individual areas are irregular in
shape and range from 5 to 300 acres in size.

Typically, the surface layer is black fine sandy loam
about 5 inches thick. The subsurface layer is brown fine
sandy loam about 6 inches thick. The subsoil is mottled
fine sandy loam about 33 inches thick. It is brown in the
upper part and yellowish red in the lower part. The
underlying material to a depth of about 60 inches is
dark reddish brown, mottled sandy loam. The lower part
of the subsoil and the underlying material are firm. In
some areas the subsoil and underlying material have
more clay. In other areas the surface soil is thinner and
has a lower content of organic matter because of
erosion. In a few places it is very stony.

Included with this soil in mapping are small areas of
Milaca, Parent, and Ronneby soils. Milaca soils are well
drained and are on more convex rises. Parent soils are
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poorly drained and are in concave areas and
drainageways. Ronneby soils are somewhat poorly
drained and are in slight swales and on side slopes.
Included soils make up about 2 to 14 percent of the
unit.

Permeability is moderate or moderately rapid in the
upper part of the Mora soil and slow or very slow in the
lower part. The available water capacity is low. Surface
runoff is slow or medium. The content of organic matter
is low to moderate. A perched water table is at a depth
of 2 to 3 feet.

Most areas are used as woodland. Some areas are
used for hay, pasture, or cropland.

This soil is well suited to cultivated crops and small
grain. Water erosion is the main hazard. Conservation
practices that help to control surface runoff and erosion
are needed. Conservation tillage systems that leave
protective amounts of crop residue on the surface,
cover crops, crop rotations that include grasses and
legumes, terraces and diversions, grassed waterways,
and grade stabilization structures help to control
erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
grasses reach a minimum grazing height, and restricted
grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. This soil is wet in the spring and after heavy
rainfall because of the perched water table. The
wetness limits the ability of the soil to support heavy
machinery. Operating machinery only during dry periods
minimizes compaction and increases the seedling
survival rate. The firm subsoil restricts the rooting depth
of some plants.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is lle, and the
woodland ordination symbol is 5D.
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165—Parent loam. This nearly level, poorly drained
soil is on broad flats and in swales or drainageways on
moraines. Individual areas are irregular in shape and
range from 10 to 50 acres in size.

Typically, the surface layer is black loam about 10
inches thick. The subsurface layer is very dark gray,
mottied loam about 5 inches thick. The subsoil is about
25 inches thick. In sequence downward it is dark
grayish brown, mottled loam; grayish brown, mottled
sandy loam; and brown, mottled sandy loam. The
underlying material to a depth of about 60 inches is
brown, mottled sandy loam. The lower part of the
subsoil and the underlying material are firm. In some
areas the surface soil and subsoil have more sand. In
other areas the surface soil is very stony.

Included with this soil in mapping are small areas of
Nokay and Prebish soils. Nokay soils are somewhat
poorly drained and are on slightly convex rises. Prebish
soils are very poorly drained and are in shallow
depressions. Included soils make up about 3 to 8
percent of the unit.

Permeability is moderate in the upper part of the
Parent soil and slow or very slow in the lower part. The
available water capacity is low. Surface runoff is slow.
The content of organic matter is high or very high. The
water table is at a depth of 0.5 foot to 2.5 feet.

Most areas are used for pasture or hay. Some areas
are used for cropland.

This soil is fairly well suited to cultivated crops and
small grain. Wetness is the main limitation. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Some low areas of this soil or
some areas that lack suitable outlets for drainage
systems may be difficult to drain.

This soil is well suited to birdsfoot trefoil, red clover,
reed canarygrass, or creeping foxtail for hay or pasture.
The species selected should be those that are tolerant
of wetness. If this soil is used for pasture, the major
concerns are overgrazing or grazing when the soil is
wet. Proper stocking rates, pasture rotation, applications
of fertilizer, weed control, and restricted grazing during
wet periods help to keep the pasture in good condition.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of wetness. Seedling mortality is moderate
because of the poor drainage. Spring planting may be
delayed because of the wetness. Cultivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is lllw. No woodland
ordination symbol is assigned.

166—Ronneby loam. This nearly level, somewhat
poorly drained soil is on side slopes, on broad flats, and
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in swales on ground moraines and drumlins. Individual
areas are irregular in shape and range from 20 to 80
acres in size.

Typically, the surface layer is black loam about 5
inches thick. The subsurface layer is dark grayish
brown, mottled fine sandy loam about 6 inches thick.
The subsoil is mottled sandy loam about 34 inches
thick. In sequence downward it is brown, reddish brown,
and dark reddish brown. The underlying material to a
depth of about 60 inches is dark reddish brown sandy
loam. The lower part of the subsoil and the underlying
material are firm. In some areas the surface soil is very
stony.

Included with this soil in mapping are small areas of
Mora and Parent soils. Mora soils are moderately well
drained and are in the more convex landscape
positions. Parent soils are poorly drained and are in
swales. Included soils make up about 4 to 12 percent of
the unit.

Permeability is moderate or moderately rapid in the
upper part of the Ronneby soil and slow or very slow in
the lower part. The available water capacity is
moderate. Surface runoff is slow. The content of
organic matter is moderate or high. A perched water
table is at a depth of 1.5 to 3.0 feet.

Most areas are used for pasture or hay. Some areas
are used as cropland or woodland.

If drained, this soil is well suited to cultivated crops
and small grain. Wetness is the main limitation. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Conservation tillage systems that
leave protective amounts of crop residue on the
surface, ridge tillage, and winter cover crops help to
maintain or increase the content of organic matter and
improve tilth.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Overgrazing or grazing when the soil is wet
causes surface compaction and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, and restricted grazing during wet periods
help to keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. This soil is wet in the spring and after heavy
rainfall because of the perched water table. The
wetness limits the ability of the soil to support heavy
machinery. Operating machinery only during dry periods
minimizes compaction and increases the seedling
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survival rate. The firm subsoil restricts the rooting depth
of some plants. Because of the restricted rooting depth,
windthrow is a hazard during storms. This hazard can
be overcome by harvest methods that do not isolate the
remaining trees or leave them widely spaced.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation. :

The land capability classification is llw, and the
woodland ordination symbol is 4W.

182A—Oesterle sandy loam, 0 to 1 percent slopes.
This nearly level, somewhat poorly drained soil is on
plane or slightly convex rises on outwash plains and
stream terraces. Individual areas are irregular in shape
and range from 5 to 40 acres in size.

Typically, the surface layer is very dark brown sandy
loam about 6 inches thick. The next 3 inches is grayish
brown sandy loam that has tongues of brown sandy
loam. The subsoil is brown, mottled sandy loam about
14 inches thick. The underlying material to a depth of
about 60 inches is reddish brown very gravelly coarse
sand in the upper part and very gravelly sand in the
lower part. In the southeast corner of the county, the
surface layer is dominantly silt loam.

Included with this soil in mapping are small areas of
Chetek, Rosholt, and Warman soils. Chetek soils are
somewhat excessively drained. Rosholt soils are well
drained. Chetek and Rosholt soils are in the more
convex areas of the landscape. Warman soils are very
poorly drained and are in swales or shallow
depressions. Areas that have a finer textured subsoil in
sections 11 and 12 of Richardson township are also
included. Included soils make up about 5 to 10 percent
of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Oesterle soil and rapid or very rapid in
the lower part. The avaitable water capacity is low.
Surface runoff is slow. The content of organic matter is
moderate or high. The seasonal high water table is at a
depth of 1 to 3 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

If drained, this soil is well suited to cultivated crops
and small grain. Wetness is the main limitation. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Conservation tillage systems that
leave protective amounts of crop residue on the surface
and winter cover crops help to maintain or increase the
content of organic matter and improve tilth.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Overgrazing or grazing when the soil is wet
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causes surface compaction and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, and restricted grazing during wet periods
help to keep the pasture in good condition.

This soil is well suited to trees that are tolerant of
moderate wetness. Red pine, white pine, white spruce,
quaking aspen, and northern red oak are the most
common species, but conifers are dominant in some
areas. Adequate site preparation and control of
competing vegetation are necessary before suitable
conifers can be established. The wetness limits the
ability of the soil to support heavy machinery.
Windthrow is a hazard during storms because trees in
areas of this soil have a shallow root system. This
hazard can be overcome by harvest methods that do
not isolate the remaining trees or leave them widely
spaced.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llw, and the
woodland ordination symbol is 3W.

182B—Oesterle sandy loam, 1 to 3 percent slopes.
This nearly level or gently sloping, somewhat poorly
drained soil is on slightly convex rises on outwash
plains and stream terraces. Individual areas are
irregular in shape and range from 5 to 40 acres in size.

Typically, the surface layer is very dark brown sandy
loam about 8 inches thick. The next 7 inches is brown
sandy loam that has tongues of dark brown, mottled
fine sandy loam. The subsoil is about 10 inches thick. It
is dark brown, mottled sandy loam in the upper part and
brown very gravelly coarse sandy loam in the lower
part. The underlying material to a depth of about 60
inches is brown gravelly coarse sand. in the southeast
corner of the county, the surface layer is dominantly silt
loam.

Included with this soil in mapping are small areas of
Chetek, Rosholt, and Warman soils. Chetek soils are
somewhat excessively drained. Rosholt soils are well
drained. Chetek and Rosholt soils are in the more
convex areas. Warman soils are very poorly drained
and are in swales or shallow depressions. Included
soils make up about 5 to 10 percent of the unit.

Permeability is moderate or moderately rapid in the
upper part of the Oesterle soil and rapid or very rapid in
the lower part. The available water capacity is low.
Surface runoff is slow or medium. The content of
organic matter is moderate or high. The seasonal high
water table is at a depth of 1 to 3 feet.

Most areas are used as cropland. Some areas are
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used for hay, pasture, or woodland.

This soil is well suited to cultivated crops and small
grain. Erosion is the main hazard. Wetness is a
limitation. Open ditches, subsurface drains, or surface
drains help to remove excess water. Conservation
tillage systems that leave protective amounts of crop
residue on the surface and winter cover crops help to
prevent excessive water erosion, maintain or increase
the content of organic matter, and improve tilth.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Overgrazing or grazing when the soil is wet
causes surface compaction, excessive runoff, and poor
tilth. Proper stocking rates, pasture rotation,
applications of fertilizer, weed control, timely deferment
of grazing, and restricted grazing during wet periods
help to keep the pasture in good condition.

This soil is well suited to trees that are tolerant of
moderate wetness. Red pine, white pine, white spruce,
quaking aspen, and northern red oak are the most
common species, but conifers are dominant in some
areas. Adequate site preparation and control of
competing vegetation are necessary before suitable
conifers can be established. The wetness limits the
ability of the soil to support heavy machinery.
Windthrow is a hazard during storms because trees in
areas of this soil have a shallow root system. This
hazard can be overcome by harvest methods that do
not isolate the remaining trees or leave them widely
spaced.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is lle, and the
woodland ordination symbol is 3W.

200B—Holdingford sandy loam, 4 to 8 percent
slopes. This gently sloping or sloping, well drained soil
is on crests and side slopes on ground moraines.
Individual areas are irregular in shape and range from 5
to 50 acres in size.

Typically, the surface layer is very dark brown sandy
loam about 8 inches thick. The subsurface layer is
brown sandy loam about 9 inches thick. The subsoil
also is brown sandy loam. It is about 32 inches thick.
The lower part is mottled. The underlying material to a
depth of about 60 inches is brown sandy loam. In some
areas the lower part has no free carbonates. In other
areas the surface soil is thinner and has a lower content
of organic matter because of erosion.

Included with this soil in mapping are small areas of
the moderately well drained and somewhat poorly
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drained Growton soils in swales and on side slopes.
Included soils make up about 9 to 13 percent of the
unit.

Permeability is moderate in the Holdingford soil. The
available water capacity also is moderate. Surface
runoff is medium. The content of organic matter is
moderately low or moderate.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and water erosion are needed. Conservation
tilage systems that leave protective amounts of crop
residue on the surface, cover crops, crop rotations that
include grasses and legumes, terraces and diversions,
grassed waterways, and grade stabilization structures
help to control erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling water erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
grasses reach a minimum grazing height, and restricted
grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 4A.

200C—Holdingford sandy loam, 8 to 15 percent
slopes. This sloping or moderately steep, well drained
soil is on crests, ridges, and convex side slopes on
ground moraines. Individual areas are irregular in shape
and range from 5 to 40 acres in size.

Typically, the surface layer is black sandy loam about
7 inches thick. The subsurface layer is dark yellowish
brown sandy loam about 7 inches thick. The subsoil is
sandy loam about 23 inches thick. It is yellowish brown
in the upper part and brown in the lower part. The
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underlying material to a depth of about 60 inches is
brown sandy loam. In some areas the surface soil is
thinner and has a lower content of organic matter
because of erosion. In other areas the underlying
material has no free carbonates. ]

Included with this soil in mapping are small areas of
the moderately well drained and somewhat poorly
drained Growton soils in swales and on side slopes.
Included soils make up about 2 to 5 percent of the unit.

Permeability is moderate in the Holdingford soil. The
available water capacity also is moderate. Surface
runoff is medium or rapid. The content of organic matter
is moderately low or moderate.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Erosion is the main hazard. Conservation
practices that help to control surface runoff and water
erosion are needed. Crop rotations, conservation tillage
systems that leave protective amounts of crop residue
on the surface, terraces and diversions, grassed
waterways, and grade stabilization structures help to
control erosion.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Erosion is the main hazard. Overgrazing or
grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and restricted grazing
during wet periods help to keep the pasture in good
condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 4A.

202—Meehan loamy sand. This nearly level,
somewhat poorly drained soil is on broad flats and in
swales on outwash plains and stream terraces.
Individual areas are irregular in shape and range from 5
to 200 acres in size.
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Typically, the surface layer is very dark grayish
brown loamy sand about 7 inches thick. The subsurface
layer is dark grayish brown, mottled sand about 6
inches thick. The subsoil is brown, mottled sand about
15 inches thick. The underlying material to a depth of
about 60 inches is grayish brown, mottled coarse sand.
In some areas the soil has more fine sand. In other
areas the surface layer is thicker.

Included with this soil in mapping are small areas of
Isan and Menahga soils. Isan soils are poorly and very
poorly drained and are in swales and shallow
depressions. Menahga soils are excessively drained
and are in the more convex areas. Included soils make
up about 3 to 14 percent of the unit.

Permeability is rapid in the Meehan soil. The
available water capacity is low. Surface runoff is slow.
The content of organic matter is low to moderate. The
seasonal high water table is at a depth of 1 to 3 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is poorly suited to cultivated crops and small
grain. Wetness and soil blowing are hazards. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Some low areas of this soil or
some areas that lack suitable outlets for drainage
systems may be difficult to drain. Windbreaks,
conservation tillage systems that leave protective
amounts of crop residue on the surface, and cover
crops help to control soil blowing.

This solil is fairly well suited to grasses and legumes
for hay or pasture. Wetness is a major limitation. The
grasses and legumes selected for hay or pasture should
be those that are tolerant of wetness. These plants
include birdsfoot trefoil, red clover, reed canarygrass,
and creeping foxtail. Overgrazing when the soil is wet
causes compaction. Proper stocking rates, pasture
rotation, applications of fertilizer, weed control, timely
deferment of grazing, and restricted use during wet
periods help to keep the pasture in good condition.

This soil is well suited to trees that are tolerant of
moderate wetness. Red pine, white pine, white spruce,
guaking aspen, and northern red oak are the most
common species, but conifers are dominant in some
areas. Adequate site preparation and control of
competing vegetation are necessary before suitable
conifers can be established. The wetness limits the
ability of the soil to support heavy machinery. Seedling
mortality is high because of the wetness. It can be
reduced by planting suitable trees. Windthrow is a
hazard during storms because trees in areas of this soil
have a shallow root system. This hazard can be
overcome by harvest methods that do not isolate the
remaining trees or leave them widely spaced.
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A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is IVw, and the
woodland ordination symbol is 6W.

204B—Cushing fine sandy loam, 4 to 8 percent
slopes. This undulating or rolling, well drained soil is on
knolls and side slopes on moraines. Individual areas
are irregular in shape and range from 5 to 300 acres in
size.

Typically, the surface layer is black fine sandy loam
about 6 inches thick. The subsurface layer is brown fine
sandy loam about 6 inches thick. The next 9 inches is
brown sandy loam that has tongues of brown fine sandy
loam. The subsoil is about 20 inches thick. It is brown
sandy clay loam in the upper part and brown, mottled
sandy loam in the lower part. The underlying material to
a depth of about 60 inches is brown sandy loam. In
some areas the subsoil has less clay. In other areas the
soil is moderately well drained. In places the surface
soil is thinner and has a lower content of organic matter
because of erosion.

Included with this soil in mapping are small areas of
Alstad and Parent soils. Alstad soils are somewhat
poorly drained and are in swales and drainageways.
Parent soils are poorly drained and are in drainageways
and shallow depressions. Included soils make up about
5 to 14 percent of the unit.

Permeability is moderate in the upper part of the
Cushing soil and moderately slow in the lower part. The
available water capacity is moderate. Surface runoff is
medium. The content of organic matter is moderately
low or moderate. ‘

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Water erosion is the main hazard.
Conservation practices that help to control surface
runoff and water erosion are needed. Conservation
tillage systems that leave protective amounts of crop
residue on the surface, cover crops, crop rotations that
include grasses and legumes, terraces and diversions,
grassed waterways, and grade stabilization structures
help to control erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
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grasses reach a minimum grazing height, and restricted
grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Harvesting or planting when the soil is not
saturated by heavy spring rains minimizes compaction
and helps to maintain the potential for seedling
regeneration.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 3L.

204C—Cushing fine sandy loam, 8 to 15 percent
slopes. This rolling or hilly, well drained soil is on knolls
and convex side slopes on moraines. Individual areas
are irregular in shape and range from 5 to 100 acres in
size.

Typically, the surface layer is black fine sandy loam
about 5 inches thick. The subsurface layer is about 14
inches thick. It is brown fine sandy loam in the upper
part and brown sandy loam in the lower part. The next
10 inches is brown sandy clay loam that has tongues of
brown sandy loam. The subsoil is brown sandy clay
loam about 13 inches thick. The underlying material to a
depth of about 60 inches is brown sandy loam. In some
areas the subsoil has less clay. In a few areas the
surface soil is thinner and has a lower content of
organic matter because of erosion.

Inclucded with this soil in mapping are small areas of
the somewhat poorly drained Alstad soils in swales and
drainageways. Included soils make up about 0 to 10
percent of the unit.

Permeability is moderate in the upper part of the
Cushing soil and moderately slow in the lower part. The
available water capacity is moderate. Surface runoff is
medium or rapid. The content of organic matter is
moderately low or moderate.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodiand.

This soil is fairly well suited to cultivated crops and
small grain. Erosion is the main hazard. Conservation
practices that help to control surface runoff and water
erosion are needed. Cover crops, crop rotations that
include grasses and legumes, conservation tillage
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systems that leave protective amounts of crop residue
on the surface, terraces and diversions, grassed
waterways, and grade stabilization structures help to
control erosion.

This soil is well suited to alfalfa, birdsfoot trefoil,
smooth bromegrass, and orchardgrass for hay or
pasture. Erosion is the main hazard. Overgrazing or
grazing when the soil is wet causes surface
compaction, excessive runoff, and poor tilth. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, deferment of grazing until the grasses
reach a minimum grazing height, and restricted grazing
during wet periods help to keep the pasture in good
condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Harvesting or planting when the soil is not
saturated by heavy spring rains minimizes compaction
and helps to maintain the potential for seedling
regeneration.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is llle, and the
woodland ordination symbol is 3L.

204E—Cushing fine sandy loam, 15 to 25 percent
slopes. This hilly or steep, well drained soil is on ridges
and convex side slopes on moraines. Individual areas
are irregular in shape and range from 5 to 100 acres in
size.

Typically, the surface layer is very dark gray fine
sandy loam about 3 inches thick. The subsurface layer
is brown fine sandy loam about 5 inches thick. The next
10 inches is brown fine sandy loam that has tongues of
brown loam. The subsoil is brown, firm loam about 26
inches thick. The underlying material to a depth of
about 60 inches is brown, firm sandy loam. In some
areas the subsoil has less clay. In other areas the
surface soil is thinner and has a lower content of
organic matter because of erosion.

Included with this soil in mapping are small areas of
the somewhat poorly drained Alstad soils in swales.
Included soils make up about 5 to 10 percent of the
unit.

Permeability is moderate in the upper part of the
Cushing soil and moderately slow in the lower part. The
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available water capacity is moderate. Surface runoff is
rapid. The content of organic matter is moderately low
or moderate.

Most areas are used for pasture or hay. Some areas
are used as cropland or are wooded.

This soil is generally unsuited to cultivated crops
because of the hazard of erosion.

This soil is fairly well suited to grasses and legumes
for hay or pasture. Suitable species include alfalfa,
crownvetch, smooth bromegrass, switchgrass, and big
bluestem. Overgrazing or grazing when the soil is wet
causes excessive runoff and poor tilth. Proper stocking
rates, pasture rotation, applications of fertilizer, weed
control, deferment of grazing until the grasses reach a
minimum grazing height, and restricted grazing during
wet periods help to keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Operating machinery only during dry periods
minimizes soil compaction and increases the seedling
survival rate. Operating heavy machinery on the contour
rather than up and down the slope minimizes the
formation of channels that concentrate runoff and thus
helps to control erosion. Equipment should be used with
caution on the steep slopes.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings. The slope
limits the effectiveness of the windbreaks. Water
erosion is a severe hazard unless most of the site is
kept vegetated. Adequate site preparation should be
limited to an area of no more than 2 feet from where
the tree or shrub is to be planted. Cultivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is Vle, and the
woodland ordination symbol is 3R.

217—Nokasippi mucky loamy fine sand. This
nearly level, very poorly drained soil is in shallow
depressions, on flats, and in drainageways on ground
moraines and drumlins. It is subject to ponding.
Individual areas are irregular in shape and range from 5
to 100 acres in size.

Typically, the surface layer is black, mottied mucky
loamy fine sand about 8 inches thick. The subsurface
layer is very dark gray, mottled loamy fine sand about 4
inches thick. The subsoil is about 36 inches thick. In
sequence downward it is grayish brown, mottled loamy
fine sand; grayish brown, mottled sandy loam; and
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brown, mottied sandy loam. The underlying material to
a depth of about 60 inches is brown, mottled sandy
loam. The lower part of the subsoil and the underlying
material are firm. In some areas the surface soil and
subsoil have more clay. ;

included with this soil in mapping are small areas of
Cathro and Watab soils. Cathro soils have an organic
surface layer 16 to 50 inches thick and are in landscape
positions similar to those of the Nokasippi soil. Watab
soils are somewhat poorly drained and are in the more
convex areas. Included soils make up about 5 to 14
percent of the unit.

Permeability is rapid in the upper part of the
Nokasippi soil and slow or very slow in the lower part.
The available water capacity is low. Surface runoff is
slow to ponded. The content of organic matter is
moderately low to very high. The seasonal high water
table is at a depth of 1 to 2 feet.

Most of the acreage is idle land. Some areas are
used for hay, pasture, or cropland.

This soil is generally unsuited to cultivated crops and
small grain. Wetness is the main limitation. Soil blowing
is a hazard.

This soil is poorly suited to grasses and legumes for
hay or pasture. Wetness is a major limitation. The
grasses and legumes selected for hay or pasture should
be those that are tolerant of wetness. These plants
include birdsfoot trefoil, red clover, reed canarygrass,
and creeping foxtail. Overgrazing when the soil is wet
causes compaction. Proper stocking rates, pasture
rotation, applications of fertilizer, weed control, timely
deferment of grazing, and restricted use during wet
periods help to keep the pasture in good condition.

The trees and shrubs selected for windbreaks and
environmental plantings should be those that are
tolerant of wetness. Seedling mortality is moderate
because of the poor drainage. Spring planting may be
delayed because of the wetness. Cuitivation or
applications of herbicide help to remove competing
vegetation.

The land capability classification is Viw. No woodland
ordination symbol is assigned.

218—Watab loamy fine sand. This nearly level,
somewhat poorly drained soil is on side slopes, on
broad flats, and in swales on drumlins and ground
moraines. Individual areas are irregular in shape and
range from 5 to 100 acres in size.

Typically, the surface layer is very dark grayish
brown loamy fine sand about 8 inches thick. The
subsurface layer is mottled loamy fine sand about 18
inches thick. It is dark grayish brown in the upper part
and dark brown in the lower part. The subsoil is about
25 inches thick. In sequence downward it is yellowish
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brown, mottled loamy fine sand; brown, mottled fine
sandy loam; and brown, mottled sandy loam. The
underlying material to a depth of about 60 inches is
brown sandy loam. In some areas the surface soil and
subsoil have more clay.

Included with this soil in mapping are small areas of
Nokasippi and Pomroy soils. Nokasippi soils are very
poorly drained and are in swales and drainageways.
Pomroy soils are well drained and moderately well
drained and are on the more convex rises. Included
soils make up about 5 to 10 percent of the unit.

The permeability is rapid in the upper part of the
Watab soil and slow or very slow in the lower part. The
available water capacity is low. Surface runoff is slow.
The content of organic matter is low or moderately low.
A perched water table is at a depth of 1.5 to 3.0 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is fairly well suited to cultivated crops and
small grain. Wetness is the main limitation. Soil blowing
is a hazard. Open ditches, subsurface drains, or surface
drains help to remove excess water. Some low areas of
this soil or some areas that lack suitable outlets for
drainage systems may be difficult to drain. Conservation
tillage systems that leave protective amounts of crop
residue on the surface and cover crops help to control
soil blowing.

This soil is fairly well suited to birdsfoot trefoil, red
clover, reed canarygrass, or creeping foxtail for hay or
pasture. The grasses and legumes selected for hay or
pasture should be those that are tolerant of wetness. If
this soil is used for pasture, the major concerns are
overgrazing and grazing when the soil is wet. Proper
stocking rates, pasture rotation, applications of fertilizer,
weed control, and restricted grazing during wet periods
help to keep the pasture in good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the most
common species. Other important tree species are
paper birch, ash, and American elm. Most stands are
mixed northern red oak and quaking aspen. Adequate
site preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. This soil is wet in the spring and after heavy
rainfall because of the perched water table. The
wetness limits the ability of the soil to support heavy
machinery. Operating machinery only during dry periods
minimizes compaction and increases the seedling
survival rate. The firm subsoil restricts the rooting depth
of some plants. Seedling mortality is high because of
the wetness. It can be reduced by planting suitable
trees.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
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Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is Illw, and the
woodland ordination symbol is 6S.

233A—Growton sandy loam, 0 to 2 percent slopes.
This nearly level, somewhat poorly drained soil is on
broad flats, on side slopes, and in swales on ground
moraines and drumlins. Individual areas are irregular in
shape and range from 5 to 150 acres in size.

Typically, the surface layer is black sandy loam about
7 inches thick. The subsurface layer is brown, mottled
sandy loam about 10 inches thick. The subsoil is also
brown, mottled sandy loam. It is about 19 inches thick.
The underlying material to a depth of about 60 inches is
dark yellowish brown, mottled sandy loam. In some
areas the subsoil has more clay. In other areas the soil
is moderately well drained.

Included with this soil in mapping are small areas of
Parent and Prebish soils. Parent soils are poorly
drained. Prebish soils are very poorly drained. Both
soils are in swales, drainageways, and shallow
depressions. They make up about 3 to 8 percent of the
unit.

Permeability is moderately rapid or moderate in the
Growton soil. The available water capacity is moderate.
Surface runoff is slow. The content of organic matter is
moderately low or moderate. The seasonal high water
table is at a depth of 1 to 3 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

If drained, this soil is well suited to cultivated crops
and small grain. Wetness is the main limitation. Open
ditches, subsurface drains, or surface drains help to
remove excess water. Conservation tillage systems that
leave protective amounts of crop residue on the surface
and cover crops help to maintain or increase the
content of organic matter and improve tilth.

This soil is well suited to grasses and legumes for
hay or pasture. Wetness is a limitation. Overgrazing or
grazing when the soil is wet causes surface compaction
and poor tilth. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted grazing
during wet periods help to keep the pasture in good
condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Harvesting or planting when the soil is not
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saturated by heavy spring rains minimizes compaction
and helps to maintain the potential for seedling
regeneration. :

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help to remove
competing vegetation.

The land capability classification is Ilw, and the
woodland ordination symbol is 6A.

233B—Growton sandy loam, 2 to 4 percent slopes.
This gently sloping, moderately well drained soil is on
crests and side slopes on ground moraines and
drumlins. Individual areas are irregular in shape and
range from 5 to 300 acres in size.

Typically, the surface layer is very dark grayish
brown sandy loam about 9 inches thick. The subsurface
layer is brown, mottled sandy loam about 10 inches
thick. The subsoil also is brown, mottled sandy loam. It
is about 25 inches thick. The underlying material to a
depth of about 60 inches is dark yellowish brown,
mottled sandy loam. In some areas the subsoil has
more clay. In other areas the soil is somewhat poorly
drained. .

Included with this soil in mapping are small areas of
Holdingford and Parent soils. Holdingford soils are well
drained and are on the more convex rises. Parent soils
are poorly drained and are in swales and drainageways.
Included soils make up about 3 to 10 percent of the
unit.

Permeability is moderately rapid or moderate in the
Growton soil. The available water capacity is moderate.
Surface runoff is slow or medium. The content of
organic matter is moderately low or moderate. The
seasonal high water table is at a depth of 3 to 5 feet.

Most areas are used as cropland. Some areas are
used for hay, pasture, or woodland.

This soil is well suited to cultivated crops and small
grain. Water erosion is the main hazard. Conservation
practices that help to control surface runoff and water
erosion are needed. Conservation tillage systems that
leave protective amounts of crop residue on the
surface, cover crops, crop rotations that include grasses
and legumes, terraces and diversions, grassed
waterways, and grade stabilization structures help to
control erosion.

This soil is well suited to alfalfa, smooth bromegrass,
and orchardgrass for hay or pasture. A cover of grasses
and legumes is effective in controlling erosion.
Overgrazing or grazing when the soil is wet causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking rates, applications of fertilizer, weed
control, pasture rotation, deferment of grazing until the
grasses reach a minimum grazing height, and restricted
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grazing during wet periods help to keep the pasture in
good condition.

This soil is well suited to many upland tree species.
Northern red oak and quaking aspen are the
predominant species, but some ash, elm, maple, paper
birch, and spruce are in most stands. Northern red oak
and quaking aspen typically have good potential for
natural regeneration of healthy trees. Adequate site
preparation and control of competing vegetation are
necessary for the survival and early growth of planted
seedlings. Harvesting or planting when the soil is not
saturated by heavy spring rains minimizes compaction
and helps to maintain the potential for seedling
regeneration.

A wide variety of trees and shrubs can be grown as
windbreaks and environmental plantings on this soil.
Cultivation or applications of herbicide help t