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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 follow 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 soll
maps. Note the number of
the map sheet, and turn to
that sheet.
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INDEX TO MAP SHEETS

MAP SHEET

Locate your area of
interest on the map
sheet. Note the map unit
symbols that are in that
area. Turn to the Index

F INTEREST

of numbers and letters.

to Map Units (see Con- NOTE: Map unit symbols in a soil

. . . y
ter?ts)’ which lists the map | survey may consist only of numbers or
units by symbol and ‘ letters, or they may be a combination

name and shows the
page where each map MAP SHEET
unit is described.

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. In line with Department of Agricul-
ture policies, benefits of this program are available to all, regardiess of race,
color, national origin, sex, religion, marital status, or age.

Major fieldwork for this soil survey was performed in the period 1972-1976.
Soil names and descriptions were approved in 1977. Unless otherwise indicat-
ed, statements in this publication refer to conditions in the survey area in 1977.
This survey was made cooperatively by the Soil Conservation Service and the
Missouri Agricultural Experiment Station. It is part of the technical assistance
furnished to the Johnson County Soil and Water Conservation District, which
provided personnel who assisted with fieldwork.

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

Cover: Typical landscape of mixed crops and pasture. Zook siity
clay loam is in the foreground, and Sampsel, Snead, and Poio solls
are in the background.
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Foreword

This soil survey contains information that can-be used in land-planning pro-
grams in Johnson County, Missouri. 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, ranchers,
foresters, and agronomists can use it to evaluate the potential of the soil and
the management needed for maximum food and fiber production. Pianners,
community officials, engineers, developers, builders, and home buyers can use
the survey to plan land use, select sites for construction, and identify special
practices needed to insure proper performance. Conservationists, teachers, stu-
dents, and specialists in recreation, wildlife management, waste disposal, and
pollution control can use the survey to help them understand, protect, and en-
hance the environment.

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

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

Kenneth G. McManus
State Conservationist
Soil Conservation Service

vii
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SOIL SURVEY OF JOHNSON COUNTY, MISSOURI

By George T. Simmons, Soil Conservation Service

Fieldwork by George T. Simmons, Frederick E. Horn, and Michael A. McGrew, Soil Conservation Service,
and Richard E. MeBee and John D. Preston, Johnson County Soil and Water Conservation District

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

JOHNSON COUNTY is in the west-central part of Mis-
souri. Warrensburg, the county seat, has a population of
13,125 and is located near the center of the county. The
county has a total area of 528,640 acres or 826 square
miles. Farming is the main enterprise of Johnson County.
The principal field crops are corn, soybeans, legumes,
and grasses. Beef cattle is the largest livestock enter-
prise, however, there are also hogs, dairy cattle, and
sheep.

The county is in the Cherokee Prairie Land Resource
Area of the Central Feed Grains and Livestock Region of
the United States (3). The Blackwater River is the largest
stream in the county. It has cut a valley that extends in
an east-west direction through the center of the county.
Most of the county consists of the Blackwater River
Valley and undulating to rolling uplands. Big Creek has
cut a valley across the southwest corner of the county. A
small part of the county drains into Big Creek. Elevation
ranges from about 650 feet in the northeast corner,
where the Blackwater River leaves the county, to about
1,080 feet in the northwest corner.

General nature of the county

This section discusses, in general, how the land is
used, and, in more detail, farming; physiography and
drainage; and climate.

Natural resources

Soil is the most important natural resource in the
county. Crops produced on farms and livestock that
graze the grassland are dependent on the soil.

In most of the county, water is adequate for domestic
use and for watering livestock. The underground geolog-
ic formation of Roubidoux Sandstone is an important
water bearing source for deep wells (76). Wells that are
700 to 1,000 feet deep supply water to towns south and

east of Warrensburg. Deep wells north and west of War-
rensburg are considered to be mineralized and are below
acceptable drinking water standards of the U.S. Public
Health Service. Some parts of the county are irrigated.
Shallow lakes are a source of this water.

Coal deposits are extensive throughout Johnson
County. Most mining took place in the southeastern part
of the county, where the coal veins are close enough to
the surface for strip mining operations. In the rest of the
county, however, the deep shaft method was used in the
early mines. Today very little coal is mined. Coal seams
lie from 45 to 120 feet below the surface and range from
18 to 40 inches in thickness. Limestone is quarried in
limited amounts, mainly for farming uses and for road
material.

Farming

The first settlers in Johnson County located along
small streams which were bordered on both sides by
forested areas that ranged from 1 mile to 3 miles in
width. The settlers cleared a few acres of land, using the
timber for fuel, fence posts, and the construction of log
cabins. Because they thought breaking the turf of the
prairie land was impossible, it was used for rangeland.
Few of the settlers attempted to cultivate more than a
few acres, which was used for growing corn and vegeta-
bles for food.

Corn soon became the principal crop; although wheat,
flax, oats, and rye received early attention, and some
tobacco and hemp were grown. The county developed
rapidly until the Civil War, which arrested agricultural
progress.

The extensive rangelands of the county made the rais-
ing of livestock profitable. In later years, corn growing
was expanded, but the crop was difficult to sell. Then,
the feeding of hogs and cattle for market was undertak-
en and developed rapidly into a profitable industry. The
combination of livestock industry and grain production is

1



the prevailing type of agriculture in the county at the
present time.

The enactment of the Soil Conservation District legis-
lation in 1937 stirred the interest of many landowners in
Johnson County. The Johnson County Soil and Water
Conservation District was organized on March 11, 1944,
and was the eleventh Soil Conservation district in Mis-
souri.

About 2,016 farms have an average of 223 acres.
Approximately 90 percent of the land is owner operated.
The farms fall into the following categories: Livestock—
45 percent, part-time residential—36 percent, cash
grain—11 percent, dairying—7 percent, and poultry—1
percent. Approximately 58 percent is cropland, 25 per-
cent is grassland, 15 percent is woodland, and 2 percent
is other land.

Settiement and population

Johnson County was originally a part of Lillard County,
which made up much of the west-central part of the
state. Johnson County was organized in 1834. The first
settlers arrived in 1828. They settled in Columbus, the
first county seat of Johnson County. Warrensburg was
settled in 1832 and became the county seat in 1836
(77).

Settlement progressed slowly at first. Lexington, on
the Missouri River, was the supply center. Conflicts with
Indians and Civil War strife slowed settlement until about
1870. Afterwards, the population and farming increased
rapidly. Coal mining became an important industry, and
some mines were worked until after 1940 (77).

According to the census, Johnson County had a popu-
lation of 24,899 in 1920, reached a low of 20,716 in
1950, and increased to 34,172 in 1970. Warrensburg, the
largest town, had a population of 4,811 in 1920, 6,857 in
1950, and 13,127 in 1970.

Population trends show an increase from 1828, when
the first settlers arrived, until about 1920. The rural
people started migrating to the cities, and the population
of Johnson County decreased until after 1950. At this
time, many of the people working in the Kansas City
area bought hobby farms in Johnson County, where they
lived and commuted to work in Kansas City. This caused
a general population increase in both rural areas and
towns.

Climate

The consistent pattern of climate in Johnson County is
one of cold winters and long, hot summers. Heavy rains
occur mainly in spring and early in summer, when moist
air from the Gulf of Mexico interacts with drier continen-
tal air. Even though the annual rainfall is normally ade-
quate for corn, soybeans, and all grain crops in most
years, yields are reduced because of the absence of rain
during July and August.

SOIL SURVEY

Table 1 gives data on temperature and precipitation
for the survey area, as recorded at Warrensburg, Missou-
ri, for the period 1951 to 1974. 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 34 degrees F,
and the average daily minimum temperature is 25 de-
grees. The lowest temperature on record, -13 degrees,
occourred at Warrensburg on January 7, 1968. In summer,
the average temperature is 78 degrees, and the average
daily maximum is 89 degrees. The highest temperature,
116 degrees, was recorded on July 14, 1954.

Growing degree days, shown in Table 1, are equiva-
lent to “heat units.” Beginning in spring, growing degree
days accumulate by the amount that the average tem-
perature each day exceeds a base temperature (50 de-
grees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop be-
tween the last freeze in spring and the first freeze in fall.

Of the total annual precipitation, 26 inches, or 67 per-
cent, usually falls during the period April through Sep-
tember, which includes the growing season for most
crops. Two years in ten, the April-September rainfall is
less than 19 inches. The heaviest 1-day rainfall during
the period of record was 5.92 inches at Warrensburg on
July 20, 1965. Thunderstorms number about 47 each
year, 20 of which occur in summer.

Average seasonal snowfall is 16 inches. The greatest
snow depth at any one time during the period of record
was 15 inches. On the average, 8 days have at least 1
inch of snow on the ground, but the number of days
varies greatly from year to year.

The average relative humidity in midafternoon is about
60 percent. Humidity is higher at night in all seasons,
and the average at dawn is about 80 percent. The per-
centage of possible sunshine is 75 percent in summer
and 65 percent in winter. The prevailing direction of the
wind is from the south-southwest. Average windspeed is
highest, 12 miles per hour, in February.

Tornadoes and severe thunderstorms occur occasion-
ally but are local and of short duration. Damage varies
and is spotty. Hailstorms occur at times during the
warmer part of the year but in an irregular pattern and in
only small areas.

How this survey was made

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

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

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

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

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

General soil map for broad land use
planning

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

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

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

slope, depth, drainage, and other characteristics that
affect management.

The soils in the survey area vary widely in their poten-
tial for major land uses. Table 4 shows the extent of the
map units shown on the general soil map. It lists the
potential of each, in relation to that of the other map
units, for major land uses and shows soil properties that
limit use. Soil potential ratings are based on the prac-
tices commonly used in the survey area to overcome soil
limitations. These ratings reflect the ease of overcoming
the limitations. They also reflect the problems that will
persist even if such practices are used.

Each map unit is rated for cultivated crops, specialty
crops, woodland, urban uses, and recreation areas. Culti-
vated crops are those grown extensively in the survey
area. Specialty crops are the vegetables and fruits that
generally require intensive management. Woodland
refers to areas of native or introduced trees. Urban uses
include residential, commercial, and industrial develop-
ments. Intensive recreation areas are campsites, picnic
areas, ballfields, and other areas that are subject to
heavy foot traffic. Extensive recreation areas are those
used for nature study and as wilderness.

1. Macksburg-Sampsel association

Deep, gently sloping and moderately sloping, somewhat
poorly drained soils that formed in loess and residuum
from shale; on uplands

These soils are on broad divides that separate the
major drainage systems of the county (fig. 1).

This association makes up about 8 percent of the
county. About 50 percent is Macksburg soils, 30 percent
is Sampsel soils, and 20 percent is soils of minor extent.

Macksburg soils are gently sloping, and Sampse! soils
are gently sloping and moderately sloping. Macksburg
soils formed in deep loess, and Sampsel soils formed in
mixed loess and shale residuum. Macksburg soils are
mainly on the higher, wider divides. Sampsel soils are on
side slopes.

Macksburg soils have a silt loam surface layer and a
mottled silty clay loam subsoil and substratum. Sampsel
soils have a silty clay loam surface layer, a mottled silty
clay loam and silty clay subsoil, and a mottled silty clay
substratum.

The soils of minor extent are Higginsville, Polo, Snead,
Winfield, and Nodaway soils. Higginsville soils are on
upper parts of side slopes. Polo soils are on narrow
ridgetops and the upper parts of side slopes. Snead soils
are on steeper side slopes. Winfield soils are on ridge
points and the upper parts of side slopes where trees
are the predominant vegetation. Nodaway soils are on
small stream bottom lands.

The main types of farming are cash-grain, livestock,
and dairy (fig. 2). Corn, soybeans, small grain, and grass
for hay and pasture are the principal crops. Because
these soils are nearly level to sloping on long slopes,
sheet erosion is a major hazard. Management that in-
cludes intensive erosion control practices is needed.
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Figure 1.—Relationship of soils in the Macksburg-Sampsel association.

Figure 2.—Soybeans on Macksburg silt loam.



JOHNSON COUNTY, MISSOURI

2. Sampsel-Snead-Polo association

Deep and moderately deep, gently sloping to steep, well
drained to somewhat poorly drained soils that formed in
loess and residuum from limestone and shale; on up-
lands

These soils are on gently sloping narrow ridgetops,
moderately sloping upper parts of side slopes, and
strongly sloping to steep lower parts of side slopes (fig.
3

This association makes up about 26 percent of the
county. About 30 percent is Sampsel soils, 26 percent is
Snead soils, 17 percent is Polo soils, and 27 percent is
soils of minor extent.

Sampsel soils are somewhat poorly drained, and they
are on side slopes at the head of drainageways. Snead
soils are moderately well drained, and they are on steep-
er side slopes where limestone and shale are near the
surface. Polo soils are well drained, and they are on
narrow ridgetops and the upper parts of side slopes.

Sampsel soils have a silty clay loam surface layer, a
mottled silty clay loam and silty clay subsoil, and a mot-
tled silty clay loam and silty clay substratum. Snead soils
have a silty clay loam substratum mixed with soft shale.
Polo soils have a silt loam surface layer and a silty clay
loam subsoil.

The soils of minor extent are Deepwater, Gorin,

Nodaway, and Winfield soils. These soils are in small
tracts on uplands and on narrow bottom lands. Deepwa-
ter soils are on ridgetops and the upper parts of side
slopes. Gorin soils are on side slopes. Nodaway soils are
on narrow bottom lands. Winfield soils are on ridgetops
and side slopes where trees are the dominant vegeta-
tion.

The main types of farming are livestock and field
crops. Some areas are in woodland. Corn, soybeans,
grain sorghum, small grain, and meadow and pasture
plants are the principal crops. Because these soils are
deep to moderately deep, silty and clayey, and gently
sloping to strongly sioping, sheet erosion and gully ero-
sion are major hazards. Management that includes
varied and intensive erosion control practices is essen-
tial.

3. Mandeville-Norris-Bolivar association

Shallow and moderately deep, gently sloping to steep,
well drained and moderately well drained soils that
formed in residuum from sandstone and shale; on up-
lands

These soils are on gently sloping, narrow ridgetops,
moderately sloping to strongly sloping upper parts of
side slopes, and moderately steep to steep lower parts
of side slopes (fig. 4).

Figure 3, —Relationship of soils in the Sampsel-Snead-Polo association.
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Figure 4.—Relationship of soils in the Mandeville-Norris-Bolivar association.

This asssociation makes up about 15 percent of the
county. About 40 percent is Mandeville soils, 24 percent
is Norris soils, 16 percent is Bolivar soils, and 20 percent
is soils of minor extent.

Mandeville and Norris soils formed in silty residuum
from shale. Mandeville soils are on narrow ridgetops and
the upper parts of side slopes. Norris soils are on the
steeper side slopes between Mandeville soils and stream
bottoms. Bolivar soils are on side slopes where sand-
stone is present.

Mandeville soils have a silt loam surface layer and
subsurface layer and a silty clay loam subsoil over shale.
Norris soils have a shaly silt loam surface layer and
subsoil over soft shale. Bolivar soils have a fine sandy
loam or loam surface layer and subsurface layer and a
loam or clay loam subsoil over weathered sandstone.

The soils of minor extent are Deepwater, Barco,
Nodaway, and Weller soils. Barco, Deepwater, and
Weller soils are on ridgetops and side slopes, and
Nodaway soils are on narrow bottom lands.

The main type of farming is livestock. Grasses and
legumes for hay and pasture are the principal crops.
Corn, soybeans, and grain sorghum are grown in some
areas. Some large areas where slopes are steep and
soils are shallow remain in unimproved timber (fig. 5).
Management that includes erosion control practices is
essential.

4. Sampsel-Deepwater-Haig association

Deep, nearly level to moderately sloping, moderately well
drained to poorly drained soils that formed mostly in
Joess and residuum from shale; on uplands

These soils are on old, stable ridgetops and the asso-
ciated ridge points and side slopes (fig. 6).

This association makes up about 40 percent of the
county. About 31 percent is Sampsel soils, 14 percent is
Deepwater soils, 13 percent is Haig soils, and 42 percent
is soils of minor extent.

Sampsel soils are on side slopes and narrow ridges,
and they formed in thin loess and residuum from shale.
Deepwater soils are on side slopes and ridge points, and
they formed in residuum from shale. Haig soils are on
the broad ridges, and they formed in loess.

Sampsel soils have a silty clay loam surface layer, a
mottled silty clay loam and silty clay subsoil, and a mot-
tled silty clay loam or silty clay substratum. Deepwater
soils have a silt loam surface layer and a silty clay loam
subsoil. Haig soils have a silt loam and silty clay loam
surface layer and a silty clay loam and silty clay subsoil
that is mottled in the lower part.

The soils of minor extent are Hartwell, Macksburg,
Weller, Barco, and Snead soils. Hartwell soils are on
broad ridgetops and upper parts of side slopes. Macks-
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Figure 5.—Road through unimproved woodland on Norris soils in the foreground and Mandeville soils in the background.
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Figure 6.—Relationship of soils in the Sampsel-Deepwater-Haig association.

burg soils are on ridgetops. Weller soils are on narrow
ridgetops where trees are the native vegetation. Barco
soils are on ridgetops and side slopes where the residu-
um is sandstone. Snead soils are on side slopes.

The main types of farming are cash-grain, livestock,
and dairy. Corn, soybeans, small grain, and grass for hay
and pasture are the principal crops (fig. 7). Because
these soils are nearly level to moderately sloping on long
slopes, sheet erosion is the major hazard. Management
that includes intensive erosion control is needed.

5. Zook-Dockery-Blackoar association

Deep, nearly level, somewhat poorly drained and poorly
drained soils that formed in alluvium; on bottom land

These soils are on bottom lands of larger streams in
the county (fig. 8).

This association makes up about 11 percent of the
county. About 32 percent is Zook soils, 20 percent is
Dockery soils, 17 percent is Blackoar soils, and 31 per-
cent is soils of minor extent.

Zook soils formed in silty and clayey alluvium, com-
monly adjacent to the upland. Dockery and Blackoar
soils formed in silty alluvium near present streams or
previous channels where the streams have been
straightened. Dockery soils are somewhat poorly
drained, and Blackoar and Zook soils are poorly drained.

Zook soils have a silty clay loam surface layer and a
silty clay subsoil. Dockery soils have a silty clay loam
surface layer and stratified silty clay loam and silt loam
underlying layers. Blackoar soils have a silt loam surface
layer and a mottled silt loam subsoil and substratum.

The soils of minor extent are Nodaway, Bremer,
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Figure 7.—Irrigated wheat and corn on Haig silt loam.

Wabash, Freeburg, and Lightning soils. Nodaway soils
are near streams. Bremer, Freeburg, and Lightning soils
are on second bottoms and terraces. Wabash soils are
in depressional areas.

The main type of farming is cash-grain. Corn, soy-
beans, and sorghums are the principal crops. Grass for
pasture and hay is grown in some areas. Wetness and
flooding are limitations for farming and most other pur-
poses. Flooding and ponding are common in winter and
spring.

The potential for cultivated crops is good if the soils
are adequately drained. Wetness is such a severe limita-
tion and so difficult to overcome that the potential for
residential and other urban uses is poor. The potential
for wetland wildlife is good.

Broad land use considerations

Deciding which land should be used for urban devel-
opment is an important issue in the survey area. Each
year a considerable amount of land is developed for
urban uses in Warrensburg and other cities in the
county. The general soil map is most helpful for planning
the general outline of urban areas; it cannot be used for
the selection of sites for specific urban structures. In
general, in the survey area the soils that have good
potential for cultivated crops have fair potential for urban
development. The data about specific soils in this survey
can be helpful in planning future land use patterns.

Areas where the soils are so unfavorable that urban
development is prohibitive are not extensive in the
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Figure 8.—Relationship of soils in the Zook-Dockery-Blackoar association.

survey area. Large areas of the Zook-Dockery-Blackoar
association, however, are on flood plains in which flood-
ing and low strength are severe limitations. Many parts
of the Mandeville-Norris-Bolivar association and some
parts of the Sampsel-Snead-Polo association are steep
and have bedrock at the surface or a few feet below.
Urban development is costly in these areas. Soils of the
Sampsel-Deepwater-Haig association have poor potential
for urban development because of wetness and high
shrink-swell potential.

The soils in associations 1, 2, and 4, as identified on
the general soil map, are excellent for the production of
cultivated row crops. The soils in the Zook-Dockery-
Blackoar association are also suited to the production of

row crops if steps are taken to protect the soils from
flooding. The soils in the Mandeville-Norris-Bolivar asso-
ciation should not be row-cropped because rock is near
the surface.

Specialty crops cannot be localized to one association
of the survey area. The spectrum covers the sandy, well
drained soils of the Mandeville-Norris-Bolivar association,
ideal for the production of truck crops such as sweet
corn and watermelons, to the wet soils of the Zook-
Dockery-Blackoar association, which are suitable for the
production of vegetables. The selection of a site for the
production of specialty crops is dependent upon the re-
quirements of the particular crops, and site location
should be considered individually, not collectively.
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Most soils are not suited to the production of commer-
cially valuable forest products. The main commercial
value of the woodlands in the survey area is for fire-
wood. The soils of the Mandeville-Norris-Bolivar associ-
ation are well suited to the production of this commodity.
Other soil associations are too wet for commercial wood
production.

The soils of the Mandeville-Norris-Bolivar association
are well suited to parks and extensive recreation areas.
Forests enhance the beauty of most areas of these soils.
All of the soils can provide suitable wildlife habitat and
recreational opportunities.

Soil maps for detailed planning

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

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

A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil, a brief description of the soil
profile, and a listing of the principal hazards and limita-
tions to be considered in planning management.

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

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ in
slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into so//
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, Sampsel silty clay loam, 2 to
5 percent slopes, is one of several phases in the Samp-
sel series.

Some map units are made up of two or more major
soils, such as soil complexes. A soil complex consists of
two or more soils in such an intricate pattern or in such
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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. Snead-Rock outcrop com-
plex, 5 to 14 percent slopes, is an example.

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

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

Table 5 gives the acreage and proportionate extent of
each map unit. Other tables (see “Summary of tables”)
give properties of the soils and the limitations, capabili-
ties, and potentials for many uses. The Glossary defines
many of the terms used in describing the soils.

BaB—Barco loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on convex ridgetops,
ridge points, and upper parts of side slopes. Areas are
irregular in shape and range from 5 to 40 acres.

Typically, the surface layer is dark brown loam about
12 inches thick. The subsoil is about 20 inches thick.
The upper part is dark yellowish brown, very friable clay
loam; the lower part is dark yellowish brown and strong
brown, friable clay loam. The substratum to a depth of
45 inches or more is mixed, pale yellow, olive yellow,
red, and strong brown soft sandstone. Scattered sand-
stone rocks are on the surface in some areas.

Included with this soil in mapping are small areas of
deep, moderately well drained Deepwater soils and mod-
erately deep, well drained Bolivar soils. Deepwater soils
are in broad, nearly level areas where the loess mantle
becomes thicker. Bolivar soils are on the more sloping
ridge points where forest has encroached on the prairie.
These included soils make up 5 to 15 percent of the
unit.

Permeability is moderate, available water capacity is
high, and surface runoff from cultivated areas is medium
in this Barco soil. Reaction is strongly acid or very
strongly acid in the subsoil and varies widely in the
surface layer as a result of liming. Natural fertility is
medium, and the organic matter content is high. The
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surface layer is very friable and easily tilled throughout a
fairly wide range in moisture content. In most places,
root development is restricted below a depth of 20 to 40
inches by soft sandstone.

Most areas of this soil are in fescue pasture. The
potential is good for small grain and other cool-season
annuals. It is fair to poor for sanitary facilities and build-
ing site development.

This soil is suited to small grain, hay, and pasture.
Corn, sorghums, and soybeans can be grown, but yields
are reduced in most years by drought. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
help to prevent excessive soil loss. In a few areas,
slopes are long and smooth enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water infil-
tration.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to building site development if foot-
ings and foundations are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
The underlying sandstone is relatively soft and rippable
in most places. Because of the moderate depth to bed-
rock, all sanitary facilities should be designed to over-
come this limitation, or they should be connected to
commercial treatment facilities. The soil does not have
sufficient strength and stability to support vehicular traf-
fic, but this limitation can be corrected by replacing the
surface layer with suitable base material.

This soil is in capability subclass lle. It is not assigned
to a woodland group.

BaC—Barco loam, 5 to 9 percent slopes. This mod-
erately sloping, well drained soil is on ridge points and
short, uneven side slopes. Areas are irregular in shape
and range from 10 to 65 acres.

Typically, the surface layer is dark brown loam about 6
inches thick. The subsoil is about 28 inches thick. The
upper part is dark brown, very friable loam; the middle
part is brown, very friable clay loam; and the lower part
is strong brown, very friable clay loam. The substratum
to a depth of 66 inches or more is yellowish brown clay
loam over pale yellow, soft rippable sandstone. In some
eroded areas, the surface layer is less than 5 inches
thick. In places, sandstone rocks are scattered on the
surface. In some areas, the subsoil is thicker.

Included with this soil in mapping are small areas of
moderately deep, well drained Bolivar soils; deep, mod-
erately well drained Deepwater soils; and poorly drained
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Sampsel soils. Bolivar soils are in lower positions on the
slope than this Barco soil, where timber vegetation ad-
vanced into areas of predominantly prairie. Deepwater
soils typically are adjacent to Barco soils, where the
underlying material is shale and the loess mantle is
thicker. Sampsel soils are in shallow depressions and
along drainageways. These included soils make up 5 to
15 percent of the unit.

Permeability is moderate, available water capacity is
low or moderate, and surface runoff from cultivated
areas is medium in this Barco soil. Reaction is strongly
acid or very strongly acid in the subsoil and varies widely
in the surface layer as a result of liming. Natural fertility
is medium, but organic matter content is moderately low
as a result of the loss of the surface layer by erosion.
The surface layer is very friable and easily tilled through-
out a fairly wide range in moisture content. It tends to
erode, however, if left bare during rainy periods. Root
development is restricted below a depth of 20 to 40
inches by sandstone bedrock.

Most areas of this soil are in fescue pasture. The
potential is good for small grain and other cool-season
annuals. It is fair to poor for sanitary facilities and build-
ing site development.

This soil is suited to small grain, hay, and pasture.
Corn, sorghums, and soybeans can be grown in some of
the less sloping areas, but yields are reduced in most
years by drought. If the soil is cultivated, there is a
hazard of erosion damage. Minimum tillage, winter cover
crops, and grassed waterways help prevent excessive
soil loss. In a few areas, slopes are long and smooth
enough to be terraced and farmed on the contour. Re-
turning crop residue to the soil or the regular addition of
other organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to building site development that fits
the slope. Foundations and footings should be construct-
ed to prevent structural damage caused by the shrinking
and swelling of the soil. The underlying sandstone beds
are relatively soft and rippable in most places. Because
of the moderate depth to bedrock, all sanitary facilities
should be designed to overcome this limitation, or they
should be connected to commercial treatment facilities.
The soil does not have sufficient strength and stability to
support vehicular traffic, but this limitation can be cor-
rected by replacing the surface layer with suitable base
material.

This soil is in capability subclass IVe. It is not assigned
to a woodland group.
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Bk—Blackoar silt loam. This nearly level, poorly
drained soil is on bottom lands between streams, or
former streams, and the uplands. Areas are irregular in
shape and range from 5 to 200 acres. Most areas are
occasionally flooded.

Typically, the surface layer is very dark grayish brown,
very friable silt loam about 8 inches thick. The subsur-
face layer is very dark gray, very friable silt loam about
14 inches thick. The subsoil is dark gray, very friable silt
loam about 21 inches thick. The substratum to a depth
of 65 inches or more is dark gray silt loam. In places, the
soil is silty clay loam throughout or some horizons are
silty clay loam.

Included with this soil in mapping are small areas of
moderately well drained Nodaway soils and finer textured
Zook soils. Nodaway soils are on natural levees along
streams and former channels of streams. Zook soils are
in depressions where slack water deposited fine textured
material. These included soils make up 5 to 15 percent
of the area.

Permeability is moderate, available water capacity is
high, and runoff is slow in this Blackoar soil. The surface
layer and subsoil are medium acid to neutral. Natural
fertility and organic matter content are high. The surface
layer is friable and easily tilled. A seasonal high water
table is within a depth of 1 foot.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and some trees,
if the soil is protected from flooding. Potential is fair for
wildlife habitat. It is poor for most sanitary facilities and
building site development.

This soil is suited to corn, soybeans, sorghums, small
grain, and legumes for hay and pasture. If the soil is
cultivated, early maturing crops should be used to avoid
flooding in spring and fall. Minimum tillage, winter cover
crops, and residue should be used to maintain tith and
increase water infiltration.

Grasses and legumes for hay and pasture grow well.
Selected varieties need to be able to tolerate floods and
the high water table. Grazing and haying when the soil is
wet cause surface compaction and poor tilth. Proper
stocking, pasture rotation, timely deferment of grazing,
and restricted use during wet periods help to keep the
pasture and soil in good condition.

This soil is suited to trees that tolerate wet conditions,
and some areas remain in native hardwoods. Pin oak,
eastern cottonwood, and pecan trees grow well. Seed-
ling mortality and the use of equipment are limitations to
producing trees. Management operations need to be
done during dry periods.

This soil is suited to openland or wetland wildlife. It is
suited to plantings of wetland cover. Shallow-water im-
poundments can be constructed to improve wetland
habitat. Openland wildlife can be encouraged by main-
taining fields in which grain and seed crops are available
for food and border cover for protection.
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This soil generally is not suited to buildings and sani-
tary facilities because of flooding in most areas, the
seasonal high water table, and low strength. Roads con-
structed on this soil need to be protected from flooding
and constructed to prevent the soil from giving way
under loads.

This soil is in capability subclass llw and woodland
ordination group 3w.

BoC2—Bolivar loam, 5 to 9 percent slopes, eroded.
This moderately sloping, well drained soil is on convex
ridgetops and uneven side slopes. Areas are irregular in
shape and range from 6 to 100 acres.

Typically, the surface layer is dark brown loam about 8
inches thick. The subsurface layer is brown loam about 3
inches thick. The subsoil is about 18 inches thick. The
upper part is dark brown, very friable clay loam; and the
lower part is yellowish red, friable clay loam. The sub-
stratum to a depth of 36 inches is dark yellowish brown,
soft weathered sandstone interbedded with clay loam. In
places, the subsail is thicker. In some areas, the surface
layer has been mixed with the upper part of the subsoil
by plowing and is dark yellowish brown or strong brown
clay loam.

Included with this soil in mapping are small areas of
soils that are less than 20 inches deep over sandstone.
Also included are well drained Barco soils and moderate-
ly well drained Mandeville soils. Barco soils are in higher
positions on the slope than this Bolivar soil, where prairie
vegetation advanced into predominantly timbered areas.
Mandeville soils occupy the same position on the land-
scape as Bolivar soils, but these soils formed in shale
bedrock. These included soils make up 2 to 10 percent
of the unit.

Permeability is moderate, available water capacity is
low or moderate, and surface runoff is medium in this
Bolivar soil. Reaction ranges from medium acid to very
strongly acid in the subsoil and varies widely in the
surface layer as a result of liming. Natural fertility and
organic matter content are low. The surface layer is very
friable and easily tilled throughout a fairly wide range in
moisture content. It tends to erode when plowed, and
gullies and rills form in cultivated areas. Root develop-
ment is restricted below a depth of about 36 inches by
soft sandstone bedrock.

Most areas of this soil are used for pasture, and a
small acreage is used for hay production (fig. 9). The
potential is poor for cultivated crops, but it is good for
hay, pasture, and trees. It is good for most wildlife and
recreational uses and poor to fair for sanitary facilities
and building site development.

This soil is generally not suited to corn, soybeans, and
sorghums, but it is suited to small grain and to grasses
and legumes for hay and pasture. If the soil is cultivated,
there is a hazard of further erosion damage. Minimum
tillage, winter cover crops, grassed waterways, and ter-
races help to prevent excessive soil loss. In a few areas,
included soils are too shallow over sandstone for ter-
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Figure 9.—Improved pasture on Bolivar loam.

races. Yields are reduced by insufficient soil moisture in
most summers. Returning crop residue to the soil or the
regular addition of other organic material helps to im-
prove fertility, reduce crusting, and increase water infiltra-
tion.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is wet, however, causes surface compaction, exces-

sive runoff, and erosion. Proper stocking, pasture rota-
tion, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to trees, and a few areas remain in
native hardwoods. Seeds, cuttings, and seedlings survive
and grow well if competing vegetation is controlled or
removed by site preparation; by controlled burning; or by
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spraying, cutting, or girdling. There are no hazards or
limitations to planting or harvesting trees.

This soil is suitable for building site development if the
design allows for the moderate depth to sandstone bed-
rock. This bedrock can be ripped in most places. The
soil is generally not suited to onsite waste disposal sys-
tems because of the moderate depth to sandstone bed-
rock. Sanitary facilities should be designed to overcome
this limitation, or they should be connected to commer-
cial sewers or treatment facilities. The soil can support
vehicular traffic, but because of its moderate shrink-swell
potential, the upper layers should be replaced with a
suitable base material.

This soil is in capability subclass Ve and woodland
ordination group 4o.

BoD2—Bolivar fine sandy loam, 9 to 14 percent
slopes, eroded. This strongly sloping, well drained soil
is on convex, short, uneven side slopes. Areas are irreg-
ular in shape and range from 10 acres to more than 80
acres.

Typically, the surface layer is dark brown and yellowish
brown, very friable fine sandy loam about 5 inches thick.
The subsurface layer is light yellowish brown, very friable
fine sandy loam about 3 inches thick. The subsoil is
about 16 inches thick. The upper part is light yellowish
brown, very friable fine sandy loam; and the lower part is
brownish yellow, very friable loam. The substratum to a
depth of about 35 or more inches is pale olive, soft
weathered sandstone. In some areas, the subsoil is not
so thick and sandstone is nearer the surface. In some
small areas that are not eroded the surface layer is
thicker.

Included with this soil in mapping are areas with steep-
er slopes and breaks that have rock outcrops and rocks
and boulders on the surface. Also included are small
areas of moderately well drained Mandeville soils and
well drained Norris soils. Mandeville soils are in areas
where the slope is not so steep as this Bolivar soil, and
shale is the parent material. Norris soils are adjacent to
Bolivar soils, and they formed in shale bedrock. These
soils make up about 15 percent of the unit.

Permeability is moderate, available water capacity is
low, and surface runoff is rapid in this Bolivar soil. Reac-
tion ranges from medium acid to very strongly acid in the
subsoil and varies widely in the surface layer. Natural
fertility and organic matter content are low. Root devel-
opment is restricted below a depth of about 36 inches by
soft sandstone bedrock. ,

Most areas of this soil are forested. The potential is
fair for trees and for grass for pasture and hay. It is fair
to poor for sanitary facilities and building site develop-
ment.

This soil is generally not suitable for corn, soybeans,
sorghums, and small grain. If the soil is cuitivated, there
is a hazard of further erosion. Yields are reduced if there
is a summer drought.
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This soil is suited to pasture and hay. Major limitations
are the low available water supply and rocks and boul-
ders on the surface in some areas. Management that
maintains an adequate plant cover and ground mulch
helps to prevent excessive soil loss and improves mois-
ture supplying capacity by reducing runoff. Proper stock-
ing, uniform grazing, and a planned grazing system help
to keep the grass and soil in good condition.

This soil is suited to trees, and most areas remain in
native hardwoods. Seeds, cuttings, and seedlings survive
and grow well if competing vegetation is controlled or
removed by site preparation; by prescribed burning; or by
spraying, cutting, or girdling. There are no hazards or
limitations to planting or harvesting except in those areas
where rocks and boulders are on the surface.

This soil is suited to building site development if foun-
dations and footings are designed to fit the slope and
the moderate depth to sandstone. This soil is generally
not suitable for onsite waste disposal systems because
of the slope and the moderate depth to sandstone bed-
rock. Sanitary facilities should be designed to overcome
these limitations, or they should be connected to com-
mercial treatment facilities. The soil can support vehicu-
lar traffic, but because of its moderate shrink-swell po-
tential, the upper layers should be replaced with a suit-
able base material.

This soil is in capability subclass Vle and woodland
ordination group 4o0.

Br—Bremer silty clay loam. This nearly level to
gently sloping, poorly drained soil is on second bottoms
and terraces. It is subject to rare flooding. Areas are
irregular in shape and range from 3 to 20 acres.

Typically, the surface layer is very dark gray, friable
silty clay loam about 10 inches thick. The subsoil is
about 53 inches thick. The upper part is very dark gray,
firm silty clay loam; the middle part is very dark gray,
firm, mottled silty clay; and the lower part is dark gray,
firm, mottled silty clay loam. Escarpments and toe slopes
are in some areas of this unit.

Included with this soil in mapping are small areas of
somewhat poorly drained Freeburg and Lightning soils.
These soils are on or near the escarpments where
timber influences soil formation. These included soils
make up 5 to 10 percent of the unit.

Permeability is slow, available water capacity is high,
and runoff is slow in this Bremer soil. Reaction is slightly
acid in the subsoil. Organic matter content and natural
fertility are high. The surface layer is friable and easily
tilled, but the soil tends to remain wet. If tilled while wet,
the surface layer crusts or puddles. Erosion is a hazard
on terrace escarpments and toe slopes if erosion control
practices are not used.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
sanitary facilities and building site development.
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This soil is suited to corn, soybeans, sorghums, small
grain, and grasses and legumes for hay and pasture (fig.
10). If the soil is cultivated, drainage is needed in the
broad, nearly level areas and erosion control is needed
on escarpments and toe slopes. Open ditches, water-
ways, minimum tillage, and cover crops are needed. Re-
turning crop residue to the soil or the regular addition of
organic material helps to improve fertility, reduce crust-
ing, and increase water infiltration.

This soil is suited to pasture or hay if water-tolerant

SOIL SURVEY

grasses and legumes are grown. Timely deferment of
grazing and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil generally is not suitable for building site de-
velopment and sanitary facilities. Wetness, the shrink-
swell potential, low strength, and possibility of flooding
are limitations.

This soil is in capability subclass llw and woodland
ordination group 3w.

Figure 10.—Fescue hay

on Bremer silty clay loam.
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DpB—Deepwater silt loam, 2 to 5 percent slopes.
This gently sloping, moderately well drained soil is on
convex ridgetops and side slopes. Areas are irregular in
shape and range from 5 to 50 acres.

Typically, the surface layer is dark brown, very friable
silt loam about 10 inches thick. The subsoil is about 65
inches thick. The upper part is very dark grayish brown,
friable silty clay loam; the middle part is dark brown and
brown, friable silty clay loam; and the lower part is yel-
lowish brown, firm silty clay loam. In places, the subsoil
is not so thick. In some areas the surface layer is loam,
and in some areas the subsoil is clay loam and sand-
stone is the dominant bedrock. These areas are near
Barco sails.

Included with this soil in mapping are small areas of
well drained Barco soils and moderately well drained
Mandeville soils. Also included are areas of poorly
drained Haig soils and somewhat poorly drained Samp-
sel soils. Barco soils are in areas where the loess mantle
is thinner and sandstone is the dominant parent material.
Mandeville soils are on the more sloping ridge points
where timber vegetation has influenced soil formation.
Haig and Sampsel soils are in shallow depressions and
nearly level areas. Included soils make up 5 to 15 per-
cent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff from cultivated areas is medium
in this Deepwater soil. Reaction is neutral to strongly
acid in the subsoil and varies widely in the surface layer
as a result of liming. Natural fertility and organic matter
content are high. The surface layer is very friable and
easily tilled throughout a fairly wide range in moisture
content. The shrink-swell potential is moderate.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
fair to good for sanitary facilities and building site devel-
opment.

This soil is suited to corn, soybeans, sorghum, small
grain, and grasses and legumes for hay and pasture.
Minimum tillage, contour farming, winter cover crops, and
grassed waterways help to prevent excessive erosion. In
a few areas, slopes are long enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material helps to
improve fertility and increase water infiltration.

The use of the soil as pastureland and hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to trees. Seeds, cuttings, and seed-
lings survive and grow well if competing vegetation is
controlled or removed by site preparation; by controlled
burning; or by spraying, cutting, or girdling. There are no
hazards or limitations to planting or harvesting trees.
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This soil is suited to building site development and to
onsite waste disposal if proper design and installation
procedures are used. It supports vehicular traffic if the
base material is strengthened or replaced. The moderate
permeability is a limitation to septic tank filter fields, but
this limitation can be overcome by increasing the size of
the field.

This soil is in capability subclass lle and woodland
ordination group 20.

DpC2—Deepwater silt loam, 5 to 9 percent slopes,
eroded. This moderately sloping, moderately well
drained soil is on convex side slopes and ridge points.
Areas are irregular in shape and range from 2 to 45
acres.

Typically, the surface layer is dark brown, very friable
silt loam about 8 inches thick. The subsoil is about 40
inches thick. The upper part is dark brown, friable silty
clay loam, and the lower part is yellowish brown, firm
silty clay loam. The substratum is brown, mottled silty
clay loam to a depth of 54 inches or more. In places, the
subsoil is not so thick. In some areas, the surface layer
is loam, and in some areas, the subsoil is clay loam and
sandstone is the dominant bedrock. In some areas
where the surface layer has been mixed with the original
surface layer by plowing, the surface layer is dark brown
silty clay loam.

Included with this soil in mapping are small areas of
well drained Barco and Polo soils. Also included are
small areas of somewhat poorly drained Sampsel and
Gorin soils. Barco and Polo soils are on higher positions
on slopes and in areas of ridge breaks. Sampsel and
Gorin soils are near the heads of drainageways and in
shallow depressions. These included soils make up 5 to
15 percent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff is medium in this Deepwater
soil. Reaction is neutral to strongly acid in the subsoil. It
varies widely in the surface layer as a result of liming.
Natural fertility and organic matter content are high. The
surface layer is very friable and easily tilled throughout a
wide range in moisture content. In areas where the sur-
face layer is mixed with the subsoil, it tends to crust or
puddle after hard rains.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. it is
fair to good for most engineering uses.

This soil is suited to corn, soybeans, sorghums, smali
grain, and grasses and legumes for hay and pasture.
Minimum tillage, winter cover crops, and grassed water-
ways help to prevent excessive erosion. In some areas,
slopes are long and smooth enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water infil-
tration.
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Grasses and legumes for pasture and hay are well
suited to this soil, and they are effective in controlling
erosion. Adequate fertility needs to be maintained for
maximum growth. Pasture should not be grazed when
too wet to avoid packing and crusting, and it should be
clipped if grazed unevenly. Hay should be harvested at
the proper time and height to allow maximum growth.

This soil is suited to trees. Seeds, cuttings, and seed-
lings survive and grow well if competing vegetation is
controlled or removed by site preparation; by controlied
burning; or by spraying, cutting, or girdling. There are no
hazards or limitations to planting or harvesting trees.
Stocking rates should be maintained at a level that pro-
tects the soil from erosion.

This soil is suited to building site development and
onsite waste disposal if proper design and installation
procedures are used. It does not have sufficient strength
and stability for local roads and streets, but this limitation
can be corrected by strengthening or replacing the base
material. The moderate permeability is a limitation to
septic tank absorption fields, but this limitation can be
overcome by increasing the size of the field.

This soil is in capability subclass Ille and woodland
ordination group 2o.

Dt—Dockery silty clay loam. This nearly level, some-
what poorly drained soil is on bottom land where
streams and former meanders have formed natural
levees. Areas range from 20 acres to more than 100
acres, and they range from long and narrow to wide.
Most areas are frequently flooded.

Typically, the surface layer is very dark grayish brown
silty clay loam about 9 inches thick. The underlying
layers are dark grayish brown silty clay loam; grayish
brown silt loam; and grayish brown, mottled silt loam to a
depth of 60 inches or more. In places, dark, fine textured
layers are at a depth of 20 to 40 inches.

Included with this soil in mapping are small areas of
moderately well drained Nodaway soils and poorly
drained Zook soils. Nodaway soils are along natural
levees. Zook soils are in low depressions where slack
water has deposited fine textured material. These includ-
ed soils make up 4 to 7 percent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff is slow in this Dockery soil.
Reaction is slightly acid or neutral. Natural fertility and
organic matter content are high. The surface layer is
friable and easily tilled, but flooding, slow runoff, and a
high water table at a depth of 1 foot to 3 feet limit tillage.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture and some trees if
the soil is protected from flooding. it is poor for sanitary
facilities and building site development.

This soil is suited to corn, soybeans, sorghums, and
small grain if it is protected from flooding. Minimum til-
lage, winter cover crops, and crop residue are needed to
maintain tilth and increase water infiltration.

SOIL SURVEY

Grasses and legumes for hay and pasture grow well.
Selected varieties need to be able to tolerate floods and
the high water table. Grazing and haying when the soil is
wet causes surface compaction and poor tilth. Proper
stocking, pasture rotation, timely deferment of grazing,
and restricted use during wet periods keep the pasture
and soil in good condition.

This soil is suited to trees that tolerate wet conditions,
and some areas remain in native hardwoods. Pin oak,
eastern cottonwood, and pecan trees grow well. Use of
equipment and plant competition are limitations to pro-
ducing trees. Management practices need to be done
during dry periods.

This soil is suited to openland or wetland wildlife. Wet-
land plants grow on this soil, but growth and food pro-
duction are average. Shallow-water impoundments can
be constructed to improve wetland habitat. Openland
wildlife can be encouraged by maintaining a maximum
interspersion of fields in which grain and seed crops are
available for feed and border cover for protection.

This soil is generally not suited to sanitary facilities
and building site development because of frequent flood-
ing in most areas and low strength under loads. Build-
ings and roads need to be protected from flooding and
constructed to prevent the soil from giving way under
loads. The soil is a good source of topsoil.

This soil is in capability subclass liw and woodland
ordination group 3w.

Fs—Freeburg silt loam. This nearly level to gently
sloping, somewhat poorly drained soil is on terraces and
second bottoms. It is subject to rare flooding. Areas are
irregular in shape and range from 3 to 20 acres.

Typically, the surface layer is dark brown, very friable
silt loam about 7 inches thick. The subsurface layer is
brown, very friable silt loam about 6 inches thick. The
subsoil is about 46 inches thick. The upper part is brown,
very friable silt loam; the middle part is dark grayish
brown and brown, friable, mottled silty clay loam; and the
lower part is dark brown, friable, mottled silty clay loam.
The substratum to a depth of 60 inches or more is dark
brown, friable, mottled silty clay loam. In places, the
surface layer is darker and the subsurface layer is gray.
In some areas, the surface layer has been mixed with
the upper part of the subsoil by plowing. These areas
are on escarpments at the edge of the unit. On a few
individual terraces, air and water movement is better and
the soil is darker.

Included with this soil in mapping are small areas of
poorly drained Bremer soils and somewhat poorly
drained Lightning soils. These soils are in nearly level
areas or depressions near the center of the unit. The
included soils make up about 5 percent of the unit.

Permeability is moderately slow, available water ca-
pacity is high, and surface runoff is slow in this Freeburg
soil. Reaction is medium acid to very strongly acid in the
subsoil. Natural fertility and organic matter content are
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low, but the soil responds well to fertilization. The sur-
face layer is very friable and easily tilled, but it remains
wet for long periods because it is nearly level.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
poor for sanitary facilities and building site development.

This soil is suited to sorghums, soybeans, small grain,
and grasses and legumes for hay and pasture. If the soil
is cultivated, there is a hazard of wetness during planting
and harvesting. Minimum tillage, winter cover crops, and
contouring on the escarpments help to control erosion.
Returning crop residue to the soil or the regular addition
of other organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

This soil produces high quality grasses and legumes
for hay and pasture if water-tolerant species are grown.
Restricted use during wet periods helps to keep the
pasture and soil in good condition and reduces surface
compaction.

This soil is suited to openland wildlife. Diversity, inter-
spersion, and the edge effect should be established by
planting hedgerows and field borders and controlling
brush. The soil is suited to wetland wildlife. Drainage
should be avoided, and shallow impoundments and
plantings should be established.

This soil is generally not suitable for building site de-
velopment and onsite waste disposal. It is a poor site for
streets and roads. Sewage lagoons can be built if the
site is above flood level.

This soil is in capability subclass llw and woodland
ordination group 30.

GoC2—Gorin silt loam, 5 to 9 percent slopes,
eroded. This moderately sloping, somewhat poorly
drained soil is on convex side slopes. Areas are irregular
in shape and range from 4 to 50 acres.

Typically, the surface layer is dark brown, very friable
silt loam about 5 inches thick. The subsoil is about 55
inches thick. The upper part is brown, firm silty clay; the
middle part is light grayish brown and yellowish brown,
firm, mottled .silty clay loam; and the lower part is brown,
firm silty clay loam. In places, the subsoil is not so thick.
in a few areas that are not eroded, the silt loam surface
layer is 12 to 15 inches thick. In some areas, all of the
surface layer has been removed by rills and gullies and
is silty clay loam or silty clay.

included with this soil in mapping are small areas of
moderately well drained Deepwater soils and somewhat
poorly drained Sampsel soils. Deepwater soils are on
narrow ridge points and the upper parts of side slopes
above Gorin soils. Sampsel soils are along the upper
slopes and heads of drainageways. The included soils
make up 5 to 15 percent of the unit.

Permeability is slow, available water capacity is high,
and surface runoff from cultivated areas is medium in
this Gorin soil. Reaction ranges from neutral to strongly
acid in the subsoil and varies widely in the surface layer
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as a result of liming. Natural fertility is medium, and
organic matter content is low because of erosion. The
surface layer varies in texture over most of the area. It is
friable and easily tilled in uneroded areas, firm and hard
to till in eroded areas, and almost untillable in severely
eroded spots. It tends to crust or puddle after hard rains,
especially in eroded areas where the surface layer con-
tains subsoil material. Root development is restricted in
some areas because of the compact, fine textured sub-
soil.

Most areas of this soil are in grass for pasture and
hay. The potential is good for grasses and legumes for
pasture and hay. It is poor for sanitary facilities and
building site development.

Cultivated crops can be grown on this soil, but yields
are reduced by erosion and by drought in July and
August in most years. Minimum tillage, winter cover
crops, and grassed waterways help to prevent excessive
soil loss. In a few areas, slopes are long and smooth
enough to be terraced and farmed on the contour. Re-
turning crop residue to the soil or the regular addition of
other organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

This soil is suited to grasses and legumes for hay and
pasture. The main concerns of management are related
to the low natural fertility. An adequate plant cover and
ground mulch help to prevent excessive soil loss and
improve the moisture supplying capacity by reducing
runoff. Proper stocking, uniform grazing distribution,
timely deferment of grazing, and a planned grazing
system help to keep the pasture and soil in good condi-
tion.

This soil is suited to trees. The seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is controlled or removed. There are no hazards or limita-
tions to planting or harvesting trees.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Sanitary facilities should be designed to overcome the
limitations, or they should be connected to commercial
sewers and treatment facilities. Local roads and streets
need to be graded to shed water, and suitable base
material needs to be hauled in from another location.

This soil is in capability subclass IVe and woodland
ordination group 4c.

Hg—Haig silt loam. This nearly level, poorly drained
soil is on broad, convex ridgetops. Areas are long and
wide and range from 80 to 300 acres.

Typically, the surface layer is black silt loam about 7
inches thick. The subsurface layer is black, friable silty
clay loam about 3 inches thick. The subsoil is about 54
inches thick. The upper part is black, firm silty clay loam;
the middle part is black, very firm, mottled silty clay; and
the lower part is grayish brown, mottled silty clay and
gray, mottled silty clay loam (fig. 11). In some areas the
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surface layer is browner. On some of the narrower
ridges, the slope is about 3 percent.
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Figure 11.—Profile of Haig silt loam showing coarse blocky
structure.
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SOIL SURVEY

Included with this soil in mapping are small areas of
somewhat poorly drained Macksburg and Sampsel soils.
Macksburg soils are on the more nearly rounded ridge-
tops or mounds, and Sampsel soils are near the heads
of drainageways. These included soils make up 2 to 10
percent of the unit.

Permeability is slow or very slow, available water ca-
pacity is high, and runoff is very slow in this Haig soil.
Reaction is slightly acid or medium acid in the subsoil.
Natural fertility and organic matter content are high. The
surface layer is friable and easily tilled, but the soil is
slow to dry, which limits tillage in some years.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
some sanitary facilities and building site development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Ter-
races, minimum tillage, winter cover crops, and grassed
waterways help to prevent excessive soil loss. Returning
crop residue to the soil or the regular addition of other
organic material helps to improve fertility, reduce crust-
ing, and increase water infiltration.

Grasses and legumes for hay and pasture grow well.
Selected varieties need to be able to grow well under
wet conditions. Overgrazing or grazing when the soil is
too wet causes surface compaction, excessive runoff,
and poor tilth. Proper stocking, pasture rotation, timely
deferment of grazing, and restricted use during wet peri-
ods help to keep the pasture and soil in good condition.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Artificial drainage is needed around buildings to keep the
soils from becoming saturated.

Local roads need to be graded to shed water, and
suitable base material needs to be hauled in from an-
other location. Properly designed sewage lagoons can
be used for onsite waste disposal.

This soil is in capability subclass llw. It is not assigned
to a woodland ordination group.

Hp—Haplaquents-Urban land complex. This com-
plex consists of a nearly level, fine textured, poorly
drained soil that has been graded, cut, filled or otherwise
disturbed during construction and urbanization. It is in one
area of about 1,600 acres on Whiteman Air Force Base.
It is 55 to 65 percent Haplaquents and 30 to 40 percent
Urban land. Haplaquents and Urban land are so intricate-
ly mixed, or so small in size, that it is not practical to
map them separately.

Typically, Haplaquents are 55 percent cuts and 45
percent fills. Cuts range from a few inches to 12 feet and
average about 5 feet. These cuts cause silty clay loam
and silty clay material to be exposed at the surface. Fills
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range from a few inches to 10 feet and average about 4
feet. The fills also have silty clay loam and silty clay
material exposed at the surface.

Urban land is covered by streets, airplane runways,
taxiways, parking aprons, airplane hangars, and buildings
that obscure or alter the soil so that identification is not
feasible.

Included in mapping are small areas of poorly drained
Haig soils and somewhat poorly drained Sampsel soils.
These soils are in relatively undisturbed areas where soil
identification is still possible. These included soils make
up about 5 percent of the complex.

Haplaquents have slow or very slow permeability. Sur-
face runoff is medium to slow, and available water ca-
pacity is low to medium. Natural fertility and organic
matter content are very low to medium.

Haplaquents are planted to grass for erosion control
and hay. Because of location, these soils are not suited
to cultivation. The potential is poor for sanitary facilities
and building site development.

Grasses and legumes for hay will grow on Hapla-
quents. Selected varieties need to tolerate wet condi-
tions. Management that maintains an adequate plant
cover and ground mulch helps to prevent excessive soil
loss and improves moisture supplying capacity by reduc-
ing runoff.

This complex is suited to building site development if
foundations and footings are designed to prevent the
structural damage caused by the shrinking and swelling
of the soil. Artificial drainage is needed around the build-
ings to keep the soil from becoming saturated. Commer-
cial treatment plants should be used to dispose of
sewage. Local roads need to be graded to shed water,
and suitable base material needs to be hauled in from
another location.

This complex is not assigned to a capability group or a
woodland ordination group.

HtA—Hartwell silt loam, 0 to 2 percent slopes. This
nearly level, somewhat poorly drained soil is on broad
ridgetops. Areas are long and broad, follow the ridgetop,
and range from 50 acres to more than 800 acres.

Typically, the surface layer is very dark grayish brown,
very friable silt loam about 8 inches thick. The subsur-
face layer is grayish brown and light brownish gray, very
friable silt loam about 4 inches thick. The subsoil is
about 42 inches thick. The upper part is very dark gray-
ish brown, very firm silty clay; the middle part is dark
grayish brown, very firm silty clay; and the lower part is
light brownish gray, firm, mottled silty clay loam. The
substratum to a depth of 60 inches or more is grayish
brown, firm, mottled silty clay loam. In places, the sur-
face layer is thicker.

Inciuded with this soil in mapping are small areas of
somewhat poorly drained Haig soil. This darker soil is on
ridgetops and makes up about 5 percent of the unit.
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Permeability is slow, available water capacity is moder-
ate, and surface runoff is slow in this Hartwell soil. Or-
ganic matter content and natural fertility are medium.
Reaction is neutral to strongly acid. Root development
may be restricted because of the abrupt change in tex-
ture from the surface layer to the subsoil.

Most areas of this soil are in grass for pasture and
hay. The potential is fair for corn, soybeans, grain sor-
ghum, and small grain. It is poor for sanitary facilities and
building site development.

If this soil is cultivated, yields are reduced in many
years by summer drought. Management that includes
moisture conservation is needed. Minimum tillage, winter
cover crops, ground mulch, and returning crop residue to
the soil or the regular addition of other organic material
help to improve fertility, reduce crusting, and increase
water infiltration.

This soil is suited to pasture and hay. Major limitations
are the hazard of seasonal wetness, the moderate avail-
able water capacity, and the low rainfall in summer. Man-
agement that maintains an adequate plant cover and
ground mulch improves the moisture supplying capacity.
Removal of livestock during wet periods helps to protect
the soil from compaction. Proper stocking, uniform graz-
ing distribution, timely deferment of grazing, and planned
grazing help to keep the pasture and soil in good condi-
tion.

This soil is suited to building site development if foun-
dations and footings are designed to prevent the struc-
tural damage caused by the shrinking and swelling of the
soil. Artificial drainage is needed around buildings to
keep the soil from becoming saturated. Local roads need
to be graded to shed water, and suitable base material
needs to be hauled in from another location. Sewage
lagoons should be used for onsite sewage disposal.

This soil is in capability subclasss llw. It is not as-
signed to a woodland ordination group.

HtB2—Hartwell silt loam, 2 to 5 percent slopes,
eroded. This gently sloping, somewhat poorly drained
soil is on ridgetops and at the heads of drainageways.
Areas are irregular in shape and range from 50 to 500
acres.

Typically, the surface layer is very dark grayish brown,
very friable silt loam about 7 inches thick. The subsoil is
32 inches thick. The upper part is very dark grayish
brown, firm silty clay; the middle layer is dark grayish
brown, very firm silty clay loam; and the lower part is
gray, very firm, mottled silty clay loam. The substratum to
a depth of about 62 inches is yellowish brown, firm silty
clay loam. In some areas, this soil is severely eroded
and the surface layer is silty clay loam. In some areas,
the surface layer is thicker.

Included with this soil in mapping are small areas of
somewhat poorly drained Sampsel soils, moderately well
drained Deepwater soils, and well drained Barco soils.
Sampsel soils are on the steeper side slopes. Deepwater
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soils are in areas where shale bedrock is near the sur-
face. Barco soils are in areas where sandstone is the
dominant underlying material. These included soils make
up about 3 percent of the unit.

Permeability is slow, available water capacity is moder-
ate, and surface runoff is slow in this Hartwell soil. Or-
ganic matter content and natural fertility are medium.
Reaction is neutral to strongly acid. Root development
can be restricted because of the abrupt change in tex-
ture from the surface layer to the subsoil.

Most areas of this soil are in grass for pasture and
hay. The potential is fair for corn, soybeans, grain sor-
ghum, and small grain. It is poor for sanitary facilities and
building site development.

If this soil is cultivated, yields are reduced in many
years by summer drought. Management that includes
moisture conservation is needed. Minimum tillage, winter
cover crops, ground mulch, and returning crop residue to
the soil or the regular addition of other organic material
help to improve fertility, reduce crusting, and increase
water infiltration.

This soil is suited to building site development if foun-
dations and footings are designed to prevent the struc-
tural damage caused by the shrinking and swelling of the
soil. Artificial drainage is needed around buildings to
keep the soil from becoming saturated. Local roads need
to be graded to shed water, and suitable base material
needs to be hauled in from another location. Sewage
lagoons should be used for onsite sewage disposal.

This soil is in capability subclass lle. It is not assigned
to a woodland ordination group.

HxC—Higginsville silt loam, 4 to 7 percent slopes.
This moderately sloping, somewhat poorly drained soil is
on the upper part of convex to slightly concave side
slopes. Areas are irregular in shape and range from 2 to
70 acres.

Typically, the surface layer is black, very friable silt
loam about 8 inches thick. The subsoil is about 61
inches thick. The upper part is black, friable silty clay
loam; the middle part is very dark gray, firm silty clay
loam; and the lower part is dark grayish brown and gray,
firm, mottled silty clay loam. In some eroded areas, the
subsoil is exposed on the surface. It is also exposed on
the sides of some of the deeper rills. Also included are
small areas that are eroded. In a few small areas, lime
concretions are in the substratum.

Included with this soil in mapping are small areas of
poorly drained Haig soils and somewhat poorly drained
Macksburg and Sampsel soils. The nearly level Haig and
gently sloping Macksburg soils are on broad ridgetops.
Sampsel soils are on the lower part of drainageways.
These included soils make up 5 to 10 percent of the
unit.

Permeability is slow, available water capacity is high,
and surface runoff is medium in this Higginsville soil.
Reaction ranges from slightly acid to strongly acid in the
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subsoil and varies widely in the surface layer as a result
of liming. Natural fertility and organic matter content
mainly are high, but they are low in small areas where
erosion has removed all of the surface layer. The sur-
face layer is friable and easily tilled throughout a fairly
wide range in moisture content. It tends to crust or
puddle after hard rains, however, in areas where it con-
tains subsoil material.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is fair for
sanitary facilities and building site development.

This soil is suited to corn, soybeans, sorghums, small
grain, and grasses and legumes for hay and pasture. if
the soil is cultivated, there is a hazard of erosion
damage. Minimum tillage, winter cover crops, and
grassed waterways help to prevent excessive soil loss.
Most areas can be terraced and farmed on the contour.
Returning crop residue to the soil or the regular addition
of other organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

The use of the soil as pastureland and hayland effec-
tively controls erosion and improves soil fertility. Over-
grazing or grazing when the soil is too wet, however,
causes surface compaction, excessive runoff, and poor
tilth. Proper stocking, pasture rotation, timely deferment
of grazing, and restricted use during wet periods keep
the pasture and soil in good condition.

This soil is suited to building site development and
onsite waste disposal if proper design and installation
procedures are used. Foundations and footings should
be designed to prevent structural damage caused by the
shrinking and swelling of the soil. Artificial drainage is
needed around buildings to keep the soils from becom-
ing saturated.

Local roads need to be graded to shed water, and
suitable base material needs to be hauled in from an-
other location. Sewage lagoons should be used for
onsite waste disposal.

This soil is in capability subclass llle. It is not assigned
to a woodland ordination group.

Ka—Kanima shaly silty clay loam, 30 to 60 percent
slopes. This soil is very steep and well drained. It is in
spoil areas that remain after strip mining operations. It is
a mixture of shale, sandstone, limestone, and the original
mantle of soil that has been radically altered. Excavated
pits that contain varying amounts of water are in most
areas. Areas range from 2 to 640 acres.

Typically, the surface layer is light gray, friable shaly
silty clay loam about 7 inches thick. The substratum is
light brownish gray and gray, friable shaly silty clay loam
to a depth of 60 inches or more. It commonly is as much
as 85 percent coarse fragments, and pockets of the
original soil material are scattered throughout. In some
areas, sandstone and limestone fragments are scattered
on the surface. A few areas are relatively undisturbed
and are similar to the original soil. Black, extremely acid
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deposits are in areas that were used to wash the mined
coal.

Included with this soil in mapping are small areas of
somewhat poorly drained Hartwell soils. These soils are
on the nearly level ridgetops and at the heads of drain-
ageways. Also included are areas of moderately well
drained Deepwater soils that are on the less sloping,
more uniform side slopes. These included soils make up
about 5 percent of this unit.

Permeabilty is moderately rapid in areas where the
percentage of coarse fragments is high and moderate
where the percentage is lower. Reaction ranges from
moderately alkaline to extremely acid throughout the pro-
file. Natural fertility and organic matter content are low.

Most areas of this soil are in poor quality timber and
shrubs. The potential is fair for pasture if some leveling
and shaping is done. It is poor for farming, sanitary
facilities, and building site development.

This soil is best suited to grasses and legumes for
pasture if leveling and shaping is done before seeding.
Management that maintains an adequate plant cover for
ground muich helps to prevent excessive soil loss and
improves the moisture supplying capacity by reducing
runoff. Overstocking and overgrazing reduce the protec-
tive plant cover and cause deterioration of the plant
community. Planned grazing that maintains proper stock-
ing, uniform grazing distribution, and timely deferment of
grazing helps to keep the pasture and soil in good condi-
tion. Some of the water filled pits have good potential as
irrigation water supplies or livestock watering systems.

Some leveled areas can be cultivated, but yields are
reduced by the poor fertility and low available water
capacity. Excessive erosion occurs on the steeper, shal-
lower areas that are adjacent to the nearly level areas.

This soil is suited to most types of wildlife. The water
filled pits can be developed to provide habitat for wet-
land wildlife. Commonly, water is adequate and food
supply is sufficient for many species of desirable fish.
The spoil areas around the excavated pits support spe-
cies of vegetation suited to openland wildlife.

This soil is in capability subclass Vlls. It is not as-
signed to a woodland ordination group.

Lg—Lightning silt loam. This nearly level, somewhat
poorly drained soil is on low terraces and bottom lands.
Areas are rectangular to irregular in shape and range
from 2 to 135 acres. Most areas are occasionally
flooded.

Typically, the surface layer is grayish brown, very fri-
able silt loam about 8 inches thick. The subsurface layer
is light brownish gray, very friable silt loam about 6
inches thick. The subsoil is about 45 inches thick. It is
light brownish gray, grayish brown, and dark grayish
brown, friable to firm, mottled silty clay loam. The sub-
stratum is gray, mottled silty clay loam to a depth of 60
inches or more. In places, the surface layer is darker. In
areas where the terrace escarpment joins adjacent allu-
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vial areas, slopes are 3 to 7 percent. Some escarpments
are eroded.

Included with this soil in mapping are small tracts of
moderately well drained Nodaway soils that are below
the terrace escarpment and small tracts of somewhat
poorly drained Freeburg soils that are near the terrace
escarpment. These included soils make up 5 to 10 per-
cent of the unit.

Permeability is very slow, available water capacity is
moderate to high, and surface runoff is very slow in the
Lightning soil. Reaction is 'mostly very strongly acid
throughout the soil but ranges from neutral or slightly
acid to very strongly acid. Organic matter content and
natural fertility are low. The surface layer is very friable
and easily tilled, but runoff is so slow that tillage is
delayed by wetness in most years.

Most areas of this soil are used for soybeans or grain
sorghum. Some areas are in fescue for hay and pasture.
The potential is fair for cultivated crops, hay, pasture,
and trees. It is poor for sanitary facilities and building site
development.

This soil is suited to soybeans, sorghums, small grain,
and grasses for hay and pasture. Corn can be grown,
but yields are reduced by wetness in spring and dryness
in summer. Minimum tillage, winter cover crops, and re-
turning crop residue to the soil help to improve fertility,
reduce crusting, and increase water infiltration.

This soil is suited to hay and pasture if water-tolerant
grasses and legumes are grown. Overgrazing or grazing
when the soil is too wet, however, causes surface com-
paction and poor tiith. Proper stocking, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

Trees are suited to this soil. Water-tolerant species
should be selected. Cuttings and seedlings survive and
grow well if competing vegetation is controlled or re-
moved. A moderate hazard exists when seeding for trees
because the soil is saturated during wet periods. Man-
agement practices shouid take place during dry periods.

This soil is suited to wetland or openland wildlife and
is well suited to woodland wildlife. It is suited to hard-
wood and coniferous trees, grasses, and legumes, which
provide cover and food essential in maintaining a large
population of wildlife.

This soil generally is not suited to building site devel-
opment and onsite waste disposal. Areas used for these
purposes need to be artificially drained and protected
from flooding. Dwellings and small buildings need to be
protected from flooding and constructed without base-
ments. Also, foundations and footings need to be de-
signed to prevent structual damage caused by the
shrinking and swelling of the soil. Septic tank filter fields
commonly are not suitable, and sewage lagoons need
levees that are built at an elevation higher than possible
floods.
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Low strength, shrink-swell potential, wetness, and
flooding are problems to highways and roads. Subgrade
material should be taken from other soils.

This soil is in capability subclass lllw and woodland
ordination group 3w.

MaB—Macksburg silt loam, 1 to 4 percent slopes
This gently sloping, somewhat poorly drained soil is on
broad ridgetops. Areas are fairly wide and run the length
of the ridge. They range from 10 to 100 acres.

Typically, the surface layer is black, very friable silt
loam and silty clay loam about 10 inches thick. The
subsurface layer is very dark brown, friable silty clay
loam about 10 inches thick. The subsoil is about 38
inches thick. The upper part is dark grayish brown, firm
silty clay loam; and the lower part is yellowish brown,
friable, mottled silty clay loam. The substratum is grayish
brown, mottled silty clay loam to a depth of 60 inches or
more. In places, the soil is slightly browner. In some
areas that are nearly level, the surface layer is thicker,
the subsoil is finer textured, and the soil is poorly
drained. In some eroded areas, the surface layer con-
tains subsoil material.

Included with this soil in mapping are small areas of
moderately well drained Deepwater soils on rounded
ridge points and areas of moderately well drained Weller
soils in areas where trees have encroached on prairie.
These included soils make up 2 to 10 percent of the
unit.

Permeability is moderately slow, available water ca-
pacity is high, and surface runoff is slow in this Macks-
burg soil. Reaction ranges from slightly acid to strongly
acid in the subsoil and varies widely in the surface layer
as a result of liming. Organic matter content and natural
fertility are high. The surface layer is friable and easily
tilled throughout a wide range in moisture content. It
tends to crust or puddle after hard rains, however.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
poor to fair for sanitary facilities and building site devel-
opment.

This soil is suited to corn, soybeans, grain sorghums,
small grain, and grasses and legumes for hay and pas-
ture. If the soil is cultivated, there is a hazard of erosion
damage. Minimum tillage, winter cover crops, and
grassed waterways help to prevent excessive soil loss.
In a few areas slopes are long and steep enough to be
terraced and farmed on the contour. Returning crop resi-
due to the soil or the regular addition of other organic
material helps to improve fertility, reduce crusting, and
increase water infiltration.

The use of the soil as pastureland or hayland effec-
tively controls erosion and improves soil fertility. Over-
grazing or grazing when the soil is too wet, however,
causes surface compaction, excessive runoff, and poor
tiith. Proper stocking, pasture rotation, timely deferment
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of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to most types of wildlife habitat.
Field borders, hedgerow plantings, and areas of mixed
grain provide food near wildlife cover that encourages
larger populat|ons of wildlife.

This soil is suited to building site development and
onsite waste disposal if proper design and installation
procedures are used. Foundations and footings should
be designed to prevent structural damage caused by the
shrinking and swelling of the soil. Artificial drainage is
needed around buildings to keep the soil from becoming
saturated. Local roads should be graded to shed water,
and suitable base material needs to be hauled in from
another location. Sewage logoons should be used for
onsite waste disposal.

This soil is in capability subclass lle. It is not assigned
to a woodland ordination group.

MdB—Mandeville silt loam, 2 to 5 percent slopes.
This gently sloping, moderately well drained soil is on
convex, narrow ridgetops and the upper parts of side
slopes. Areas are long and narrow and range from 5 to
75 acres.

Typically, the surface layer is dark grayish brown, very
friable silt loam about 4 inches thick. The subsurface
layer is yellowish brown, very friable silt loam about 6
inches thick. The subsoil is yellowish brown, friable silty
clay loam about 30 inches thick. The substratum is light
brownish gray weathered shale to a depth of 51 inches
or more. In places, the subsoil is thicker. In places, the
substratum is silty clay.

Included with this soil in mapping are small areas of
moderately well drained Deepwater soils and well
drained Norris soils. These included soils make up 5 to
15 percent of the unit.

Permeability and available water capacity -are moder-
ate and surface runoff is medium in this Mandeville soil.
The surface layer is very friable and easily tilled through-
out a fairly wide range in moisture content. The shrink-
swell potential is low. Organic matter content is low, and
natural fertility is medium. Reaction is strongly acid
throughout unless the soil is limed. Where limed, the
surface layer is medium acid or slightly acid. Root devel-
opment is restricted below a depth of 20 to 40 inches by
shale bedrock.

Most areas of this soil are in grass for hay and pas-
ture. The potential is fair for cultivated crops and trees. It
is fair to poor for sanitary facilities and building site
development. Potential is good for woodland or openland
wildlife but very poor for wetland wildlife.

This soil is suited to pasture and hay. Major concerns
of pasture management are related to the hazard of
erosion and the moderate available water capacity. The
soil tends to be droughty as a result of the moderate
available water capacity and low rainfall in summer. Man-
agement that maintains an adequate plant cover and
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ground mulch helps to prevent excessive soil loss and
improves the moisture supplying capacity by reducing
runoff. Overstocking and overgrazing the pasture reduce
the protective plant cover and cause deterioration of the
plant community. Proper stocking, uniform grazing distri-
bution, timely deferment of grazing, and planned grazing
help to keep the pasture and soil in good condition.

This soil is suited to soybeans, sorghum, and grasses
and legumes for hay and pasture. If the soil is cultivated,
there is a hazard of erosion damage. If the soil is used
for corn, yields are reduced in most years if there is a
summer drought. Minimum tillage, winter cover crops,
and grassed waterways help to prevent excessive soil
loss. If terraces are built, cuts should not be deep be-
cause of the moderate depth to shale. Returning crop
residue to the soil or the regular addition of other organic
material helps to improve fertility, reduce crusting, and
increase water infiltration.

This soil is suited to trees, and a few areas remain in
native hardwoods. There are no hazards or limitations to
planting or harvesting trees. Tree seeds, cuttings, and
seedlings survive and grow well.

This soil is suited to building site development, but
sites where the depth to shale bedrock does not inter-
fere with construction of foundations and footings should
be selected. All sanitary facilities should be connected to
commercial sewers. Local roads and streets need to be
graded to shed water and constructed on the contour if
possible.

This soil is in capability subclass lle and woodland
ordination group 40.

MdC-~-Mandeville silt loam, 5 to 9 percent slopes.
This moderately sloping, moderately well drained soil is
on convex side slopes and narrow ridgetops. Areas are
regular to irregular in shape and range from 4 to 105
acres.

Typically, the surface layer is dark grayish brown, very
friable silt loam about 3 inches thick. The subsurface
layer is yellowish brown and brown, very friable siit loam
about 3 inches thick. The subsoil is strong brown, friable
silty clay loam about 23 inches thick. The substratum is
multicolored, mixed weathered shale to a depth of 60
inches or more. In places, the surface layer is thicker. In

. some areas, the surface layer has been mixed with the
upper part of the subsoil by plowing and is yellowish
brown silty clay loam. In some small areas, slopes are
more than 9 percent.

Included with this soil in mapping are small areas of
somewhat poorly drained Gorin soils, well drained Norris
soils, and somewhat poorly drained Sampsel soils. Norris
soils are on steep, narrow ridgetops or steeper side
slopes below Mandeville soils. Gorin and Samsel soils
are in drainageways. These included soils make up 5 to
15 percent of the unit.

Permeability and available water capacity are moder-
ate, and surface runoff is medium in this Mandeville soil.
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The surface layer is very friable and is easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential is low. Organic matter content is
low, and natural fertility is medium. Reaction is strongly
acid in the subsoil. Root development is restricted below
a depth of about 40 inches by shale bedrock.

Most areas of this soil are in grass for pasture and
hay. The potential is fair for cultivated crops and trees. It
is poor for sanitary facilities and building site develop-
ment. It is good for woodland and openland wildlife.

This soil is suited to pasture and hay. Major concerns
of pasture management are related to the hazard of
erosion and the moderate available water capacity. The
soil tends to be droughty as a result of the moderate
available water capacity and low rainfall in summer. Man-
agement that maintains an adequate plant cover and
ground mulch helps to prevent excessive soil loss and
improves the moisture supplying capacity by reducing
runoff. Overstocking and overgrazing the pasture reduce
the protective plant cover and cause deterioration of the
plant community. Proper stocking, uniform grazing distri-
bution, timely deferment of grazing, and planned grazing
help to keep the pasture and soil in good condition.

This soil is suited to soybeans, sorghums, and grasses
and legumes for hay and pasture. If the soil is cuitivated,
there is a hazard of erosion damage. Minimum tillage,
winter cover crops, and grassed waterways help to pre-
vent excessive soil loss. If terraces are built, cuts should
not be deep because of the moderate depth to shale.
Returning crop residue to the soil or the regular addition
of other organic material helps to improve fertility, reduce
crusting, and increase water infiltration.

This soil is suited to trees, and some areas remain in
native hardwoods. There are no hazards or limitations to
planting or harvesting trees, but logging roads and skid
trails should be constructed on the contour if possible to
prevent gullies from starting. Tree seeds, cuttings, and
seedlings survive and grow well.

This soil is suited to building site development, but
sites where the depth to shale bedrock does not inter-
fere with construction of foundations and footings should
be selected. All sanitary facilities should be connected to
commercial sewers. Local roads and streets need to be
graded to shed water and constructed on the contour if
possible.

This soil is in capability subclass IVe and woodland
ordination group 4o0.

Nd—Nodaway silt loam. This nearly level, moderately
well drained soil is on bottom lands along streams or
former streams. Areas are mainly long and narrow, but
they are wider along the major streams. They are regular
in shape and range from 5 to 200 acres. Most areas are
subject to common flooding.

Typically, the surface layer is very dark grayish brown,
very friable silt loam about 9 inches thick. The underlying
material to a depth of 60 inches or more is dark grayish
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brown and very dark grayish brown, friable silt loam. In
narrow, small valleys, the soil may be darker. In some
former stream channels, slopes are more than 2 percent.

Included with this soil in mapping are small areas of
poorly drained Blackoar soils and somewhat poorly
drained Freeburg soils. Blackoar soils are in shallow de-
pressions, and Freeburg soils are on small terraces.
These included soils make up 3 to 8 percent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff is medium in this Nodaway soil.
Reaction is neutral or slightly acid. Natural fertility and
organic matter content are high. The surface layer is
friable and easily tilled throughout a fairly wide range in
moisture content.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
poor for sanitary facilities and building site development.

This soil is well suited to corn, soybeans, sorghums,
small grain, and grasses and legumes for hay and pas-
ture. If the soil is cultivated, planting and harvesting
should be done to avoid flooding. Minimum tillage, winter
cover crops, and crop residue should be used to main-
tain tilth and increase water infiltration.

Grasses and legumes for hay and pasture grow well.
Selected varieties should tolerate floods of short dura-
tion. Grazing and haying when the soil is wet causes
surface compaction and poor tilth. Proper stocking, pas-
ture rotation, timely deferment of grazing, and restricted
use during wet periods help to keep the pasture and soil
in good condition.

This soil is well suited to trees, and areas along
streams and former streams remain in native hardwoods.
Black walnut, silver maple, and cottonwood trees grow
well. Seeds, cuttings, and seedlings grow well if compet-
ing vegetation is controlled or removed. There are no
hazards or limitations to planting or harvesting trees.

This soil generally is not suited to sanitary facilities
and building site development because of common
flooding in most areas. The soil is a good source of
topsoil and cover for sanitary landfill. It tends to sluff and
compress when used as material for dikes and levees.

This soil is in capability subclass liw and woodiand
ordination group 20.

NoD—Norris shaly silt loam, 5 to 14 percent
slopes. This sloping to strongly sloping, well drained soil
is on convex, narrow ridgetops and side slopes. Areas
range from 3 to 150 acres in size.

Typically, the surface layer is very dark grayish brown,
very friable shaly silt loam about 2 inches thick. The
subsoil is about 14 inches thick. The upper part is yel-
lowish brown, very friable shaly silt loam, and the lower
part is light olive brown, firm shaly silt loam. The substra-
tum to a depth of about 60 inches or more is yellowish
brown shaly silty clay loam and olive gray, thin bedded,
soft micaceous shale. In places, the subsoil is thicker
and finer textured. In some eroded areas, most of the

SOIL SURVEY

original surface layer has been removed and subsoil
material is exposed at the surface. In a few areas,
slopes are more than 14 percent.

Included with this soil in mapping are small areas of
well drained Bolivar soils and moderately well drained
Mandeville soils. These soils are on side slopes above
this Norris soil. Also included are small areas of soils
that have thin beds of sandstone and limestone at the
surface. These included soils make up about 10 percent
of the area.

Permeability is moderate, available water capacity is
low, and surface runoff is medium or rapid in this Norris
soil. Reaction in the subsoil is strongly acid or very
strongly acid. Natural fertility is low, and organic matter
content is very low. The surface layer is very friable and
easily tilled, but root development is restricted below a
depth of 15 inches by the shale bedrock.

Most areas of this soil are used for hardwood forest.
The potential is poor for trees, cultivated crops, and
grass and legumes for hay and pasture. It is fair to poor
for sanitary facilities and building site development.

Trees grow slowly and generally start to rot or develop
hollow places before they reach a harvestable size. If
trees are grown, the slope aspect should determine the
site. Logging roads and skid trails should be constructed
on the contour.

This soil can be used for pasture. Major concerns of
pasture management are related to the hazard of ero-
sion and the low available water supply. The soil tends
to be droughty as a result of the low available water
capacity and the water loss caused by runoff. Manage-
ment that maintains an adequate plant cover and ground
mulch helps to prevent excessive soil loss and improves
the moisture supplying capacity by reducing runoff. Over-
stocking and overgrazing the pasture reduce the protec-
tive plant cover and cause deterioration of the plant
community. Proper stocking, uniform grazing distribution,
timely deferment of grazing, and planned grazing help to
keep the pasture and soil in good condition.

This soil is poorly suited to corn, soybeans, and small
grain. If the soil is cultivated, there is a hazard of severe
erosion damage as a result of steep slopes. Stoniness,
low available water capacity, and steep slopes are limita-
tions.

This soil is suited to building site development if build-
ing sites are on less sloping areas and if the design
prevents damage caused by slippage of the base materi-
al. The underlying shale beds are soft and unstable.
Local roads need to be graded to shed water, and suit-
able base material needs to be hauled in from another
location. All sanitary facilities should be connected to
commercial treatment facilities.

This soil is in capability subclass Vle and woodland
ordination group 5d.

NoF—Norris shaly silt loam, 14 to 35 percent
slopes. This moderately steep and steep, well drained
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soil is on convex side slopes. Areas are irregular or
regular in shape and range from 8 to 160 acres.

Typically, the surface layer is very dark grayish brown,
very friable shaly silt loam about 3 inches thick. The
subsoil is about 11 inches thick. The upper part is yel-
lowish brown, friable silty clay loam, and the lower part is
brownish yellow, firm shaly silty clay loam. The substra-
tum to a depth of about 28 inches or more is multico-
lored, soft, fine, platy weathered shale. In places, the
subsoil is thicker and not so fine textured, and in places,
it is exposed at the surface.

Included with this soil in mapping are small areas of
well drained Bolivar soils and moderately well drained
Mandeville soils. These soils are on side slopes above
this Norris soil. Also included are small areas of soils
that have thin beds of sandstone and limestone at the
surface. Shale outcrops are on steeper points, breaks,
and side slopes. These included soils make up 5 to 10
percent of the unit.

Permeability is moderate, available water capacity is
low, and surface runoff is rapid in this Norris soil. Reac-
tion is strongly acid or very strongly acid in the subsoil.
Natural fertility is low, and organic matter content is very
low. The surface layer is very friable and easily tilled, but
root development is restricted below a depth of 14
inches by the shale bedrock.

Most areas of this soil are used for hardwood forest.
The potential is poor for trees, cultivated crops, and
grasses and legumes. It also is poor for sanitary facilities
and building site development.

Trees grow slowly and generally start to rot or develop
hollow places before they reach a harvestable size. Cer-
tain areas are suited to harvestable trees, however. If
trees are grown, the slope aspect should determine the
site. Logging roads and skid trails should be constructed
on the contour.

This soil can be used for pasture. Major concerns of
pasture management are related to the hazard of ero-
sion and the low available water supply. The soil tends
to be droughty as a result of the low available water
capacity and the water loss caused by runoff. Manage-
ment that maintains an adequate plant cover and ground
mulch helps to prevent excessive soil loss and improves
the moisture supplying capacity by reducing runoff. Over-
stocking and overgrazing pasture reduce the protective
plant cover and cause deterioration of the plant commu-
nity. Proper stocking, uniform grazing distribution, timely
deferment of grazing, and planned grazing help to keep
the pasture and soil in good condition.

This soil is poorly suited to corn, soybeans, and small
grain. If the soil is cultivated, there is a hazard of severe
erosion damage as a result of the steep slopes. Stoni-
ness, low available water capacity, and steep slopes are
limitations.

This soil is poorly suited to wildlife habitat, but it pro-
vides plant cover and ground and tree dens for wildlife
that obtain food from surrounding soils.

This soil generally is not suited to building site devel-
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opment and onsite waste disposal. The underlying shale
beds are soft and unstable. If buildings are constructed
on this soil, less sloping areas should be selected and
foundations and footings should be designed to prevent
damage caused by slippage of the base material. Local
roads and streets need to be graded to shed water, and
suitable base material needs to be hauled in from an-
other location. All sanitary facilities should be connected
to commercial treatment facilities.

This soil is in capability subclass Vlie and woodland
ordination group 5d.

Pd—Pits, quarries. This unit consists of narrow, elon-
gated, small to large mine pits and irregularly shaped,
open quarries that remain after surface mining oper-
ations. Most pits are filled with water, and the open
quarries contain some water part of the year (fig. 12).
Areas range from 2 to 20 acres in size.

Included with this unit in mapping are small areas of
dumps. Dumps are strongly sloping to steep, well
drained mixtures of shale, sandstone, limestone, and the
original mantle of soil material that has been radically
altered by mining operations. Dumps surround the edges
of the pits or quarries and make up about 20 percent of
the unit.

Steep slopes, large stones, and the exposed rock re-
strict use. Almost no vegetation can be produced. Most
pits can be developed into a source of water for wildlife,
irrigation, or livestock. The surface quarries are typically
open at one end and do not contain enough water to be
economically important. The smaller pits and quarries
can be reclaimed to produce an adequate plant cover
with a minimum investment. As the size and intensity of
mining operations increase, the difficulty of reclamation
and the investment required increase.

The included dumps are suited to grasses and le-
gumes for pasture if they are leveled and shaped before
seeding. Management that maintains an adequate plant
cover for ground muich helps to prevent excessive soil
loss and improves moisture supplying capacity by reduc-
ing runoff. Overstocking and overgrazing the pasture
reduce the protective plant cover and cause deteriora-
tion of the plant community. Planned grazing that main-
tains proper stocking, uniform grazing distribution, and
timely deferment of grazing help to keep the pasture and
soil in good condition.

This unit is generally not suited to building site devel-
opment and sanitary facilities. Some pits and quarries
have potential as sanitary landfills, but onsite investiga-
tion is needed.

This unit is not assigned to a capability group or wood-
land ordination group.

PoB—Polo silt loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on convex ridgetops
and the upper parts of side slopes. Areas are irregular in
shape and range from 5 to 160 acres.
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Figure 12.—Pits, quarries, filled with water and used for fishing and swimming.
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Typically, the surface layer is very dark grayish brown
silt loam about 9 inches thick. The subsoil is about 66
inches thick. The upper part is very dark grayish brown
silty clay loam; the middle part is dark brown and dark
yellowish brown silty clay loam; and the lower part is
reddish brown, friable silty clay loam. In places, the sub-
soil contains a few gray mottles at a depth of about 42
inches. In some areas, the surface layer has been mixed
with the upper part of the subsoil by plowing and is silty
clay loam.

Included with this soil in mapping are small areas of
moderately well drained Sharpsburg soils and somewhat
poorly drained Macksburg soils. These soils are in nearly
level areas where the ridgetop is broader. Also included
are small areas of somewhat poorly drained Sampsel
soils and moderately well drained Deepwater soils.
Sampsel soils are in shallow depressions and at the
heads of drainageways. Deepwater soils are in areas
where the underlying material changes from limestone to
shale. These included soils make up 5 to 15 percent of
the unit.

Permeability is moderate, available water capacity is
high, and surface runoff is medium in this Polo soil.
Reaction ranges from medium acid to very strongly acid
in the subsoil and varies widely in the surface layer as a
result of liming. Natural fertility and organic matter con-
tent are high. The surface layer is friable and easily tilled
throughout a fairly wide range in moisture content.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is fair for
sanitary facilities and building site development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
help to prevent excessive soil loss. In a few areas, there
are slopes that are long enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water infil-
tration.

This soil is suited to grasses and legumes for pasture
and hay. Management that maintains an adequate plant
cover and ground mulch helps to prevent excessive soil
loss and improves the moisture supplying capacity by
reducing runoff. Overstocking and overgrazing pasture
reduce the protective plant cover and cause deteriora-
tion of the plant community. Proper stocking, uniform
grazing distribution, timely deferment of grazing, and
planned grazing help to keep the pasture and soil in
good condition.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the high shrink-swell potential. If
proper design and installation procedures are used, this
soil is suited to onsite waste disposal. Excessive seep-
age from sewage lagoons can be prevented by sealing
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the bottom. The soil does not have sufficient strength
and stability to support vehicular traffic. This limitation
can overcome by replacing the surface layer with suit-
able base material.

This soil is in capability subclass lle. It is not assigned
to a woodland ordination group.

PoC2—Polo silt loam, 5 to 9 percent slopes,
eroded. This moderately sloping, well drained soil is on
convex side slopes and some of the steeper ridgetops
where erosion has occurred. Areas are irregular in shape
and range from 5 to 60 acres.

Typically, the surface layer is dark grayish brown silt
loam about 5 inches thick. The subsoil is about 66
inches thick. The upper part is very dark grayish brown,
friable silty clay loam, and the lower part is brown and
dark brown, firm silty clay loam. In places, the subsoil
contains a few gray mottles at a depth of about 42
inches. In some areas, the surface layer has been mixed
with the upper part of the subsoil by plowing and is silty
clay loam. In some small areas, subsoil material is ex-
posed at the surface as a result of erosion.

Included with this soil in mapping are small areas of
somewhat poorly drained Sampsel soils and moderately
well drained Snead and Deepwater soils. Snead soils are
in areas where limestone and shale bedrock is at or near
the surface. Sampsel soils are at the heads of small
drainageways where water accumulates. Deepwater soils
are in areas where the underlying material changes from
limestone to shale. These included soils make up 5 to 15
percent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff is medium in this Polo soil.
Reaction is strongly acid or medium acid in the subsoil
and varies widely in the surface layer as a result of
liming. Natural fertility and organic matter content are
high, except in areas where the surface layer has been
removed by erosion. The surface layer is friable and
easily tilled throughout a fairly wide range in moisture
content. It tends to crust or puddle after hard rains in
areas where there are sufficient amounts of subsoil ma-
terial.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
fair for sanitary facilities and building site development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of further erosion. Minimum
tillage, winter cover crops, and grassed waterways help
to prevent excessive soil loss. In a few areas, slopes are
long and even enough to be terraced and farmed on the
contour. Returning crop residue to the soil or the regular
addition of other organic material helps to improve fertil-
ity, reduce crusting, and increase water infiltration.

This soil is suited to grasses and legumes for pasture
and hay. Management that maintains an adequate plant
cover and ground mulch helps to prevent excessive soil
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loss and improves the moisture supplying capacity by
reducing runoff. Overstocking and overgrazing the pas-
ture reduce the protective plant cover and cause deterio-
ration of the plant community. Proper stocking, uniform
grazing distribution, timely deferment of grazing, and
planned grazing help to keep the pasture and soil in
good condition.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the high shrink-swell potential of the
soil. Onsite waste disposal can be handled by properly
designed septic tanks. Sewage lagoons in the less slop-
ing areas can be designed to operate properly if exces-
sive seepage is prevented by sealing the bottom. This
soil does not have sufficient strength and stability to
support vehicular traffic. This limitation can be overcome
by replacing the surface layer with suitable base materi-
al.

This soil is in capability subclass llle. It is not assigned
to a woodland ordination group.

SaB—Sampsel silty clay loam, 2 to 5 percent
slopes. This gently sloping, somewhat poorly drained
soil is on convex ridgetops and narrow ridge points.
Areas are regular in shape and range from 20 to 320
acres.

Typically, the surface layer is black silty clay loam
about 11 inches thick. The subsoil is about 65 inches
thick. The upper part is black, mottled, firm silty clay
loam; the middle part is dark gray, very firm, mottled silty
clay; and the lower part is dark gray and grayish brown,
firm, mottled silty clay loam. In some areas, the subsoil is
thicker and in some areas the surface layer is thicker. In
some eroded areas, the surface layer has been mixed
with the upper part of the subsoil and is silty clay. In
some small areas, slope is steeper.

Included with this soil in mapping are small areas of
somewhat poorly drained Macksburg soil and moderately
well drained Deepwater soil. The Macksburg soil is in
areas where the ridgetop becomes broader, and the
Deepwater soil is on the more sloping ridge points and
slope breaks. These included soils make up about 5
percent of the unit.

Permeabilty is slow, available water capacity is moder-
ate, and surface runoff from cultivated areas is medium
in this Sampsel soil. This soil is saturated with water
during some periods in most years. Reaction ranges
from mildly alkaline to medium acid in the subsoil and
varies widely in the surface layer as a result of liming.
Natural fertility and organic matter content are high. The
surface layer is friable and easily tilled throughout a fairly
wide range in moisture content. It tends to crust or
puddie after hard rains, especially in areas where the
surface layer contains subsoil material.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
trees, sanitary facilities, and building site development.
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This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
help to prevent excessive soil loss. In a few areas slopes
are long and smooth enough to be terraced and farmed
on the contour. Returning crop residue to the soil or the
regular addition of other organic material helps to im-
prove fertility, reduce crusting, and increase water infiltra-
tion.

The use of soil as pastureland or hayland effectively
controls erosion and improves soil fertility. Overgrazing
or grazing when the soil is too wet, however, causes
surface compaction, excessive runoff, and poor tilth.
Proper stocking, pasture rotation, timely deferment of
grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to woodland or openland wildlife
habitat. Field borders, hedgerow plantings, and areas of
mixed grasses and legumes provide food and cover that
encourage nesting and support large populations of wild-
life.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Artificial drainage is needed around buildings to keep the
soil from becoming saturated. Local roads need to be
graded to shed water, and suitable base material needs
to be hauled in from another location. Onsite waste dis-
posal can be handled by properly designed sewage la-
goons.

This soil is in capability subclass lle. It is not assigned
to a woodland ordination group.

SaC—Sampsel silty clay loam, 5 to 9 percent
slopes. This moderately sloping, somewhat poorly
drained soil is on convex side slopes. Areas are irregular
in shape and range from 5 to 115 acres.

Typically, the surface layer is black, friable silty clay
loam about 13 inches thick. The subsoil is about 47
inches thick. The upper part is black, firm, mottled silty
clay loam; the middle part is dark gray, very firm, mottled
silty clay; and the lower part is dark gray and dark gray-
ish brown, very firm, mottled silty clay. In places, the
subsoil is thicker. In a few areas, the subsoil is not so
fine textured and the surface layer is silt loam. In eroded
areas the surface layer contains subsoil material.

Included with this soil in mapping are a few small
areas of somewhat poorly drained Macksburg soils and
moderately well drained Snead soils. Macksburg soils
are along the upper parts of side slopes where the loess
extends onto the slopes. Snead soils typically are on the
lower parts of side slopes below Sampsel soils, but they
also are higher on the slopes if limestone and shale
bedrock is at or near the surface. These included soils
make up about 15 percent of the unit.
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Permeability is slow, available water capacity is moder-
ate, and surface runoff from cultivated areas is medium
in this Sampsel soil. This soil is saturated with water
during some period in most years, and in some places
seepy spots stay wet for long periods. Reaction ranges
from mildly alkaline to medium acid in the subsoil and
varies widely in the surface layer as a result of liming.
Natural fertility and organic matter content are high. The
surface layer is friable and is easily tilled throughout a
fairly wide range in moisture content. It tends to crust or
puddle after hard rains, however, especially in areas
where the surface layer contains subsoil material.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
trees, sanitary facilities, and building site development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion. Minimum tillage,
winter cover crops, and grassed waterways help to pre-
vent excessive soil loss. In most areas, slopes are long
and smooth enough to be terraced and farmed on the
contour. In seepy areas, tilage may be delayed and
yields reduced by wetness. Returning crop residue to the
soil or the regular addition of other organic material
helps to improve fertility, reduce crusting, and increase
water infiltration.

The use of this soil as pastureland or hayland effec-
tively controls erosion and improves soil fertility. Over-
grazing or grazing when the soil is too wet, however,
causes surface compaction, excessive runoff, and poor
tith. Proper stocking, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

This soil is suited to woodland or openland wildlife
habitat. Field borders, hedgerow plantings, and areas of
mixed grasses and legumes provide food and cover that
encourages nesting and supports large populations of
wildlife.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Artificial drainage is needed around buildings to keep the
soil from becoming saturated. Local roads need to be
graded to shed water, and suitable base material needs
to be hauled in from another location. Sewage lagoons
can be used for onsite waste disposal if they are in
some of the less sloping areas or on foot slopes.

This soil is in capability subclass llle. It is not assigned
to a woodland ordination group.

SaC3—Sampsel silty clay loam, 5 to 9 percent
slopes, severely eroded. This moderately sloping,
somewhat poorly drained soil is on convex side slopes.
Areas are regular in shape and range from 4 to 90 acres.

Typically, the surface layer is black silty clay loam
about 7 inches thick. The subsoil is about 49 inches

thick. The upper part is black, firm, mottled silty clay:
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loam; the middle part is gray, very firm, mottled silty clay;
and the lower part is brown, very firm, mottled silty clay.
The substratum to a depth of 60 inches or more is gray
and strong brown, calcareous, mottled silty clay. In
places, the subsaoil is thicker. in other places, the surface
layer is thicker. In some areas where erosion has re-
moved most of the silty clay loam, the surface layer is
silty clay. In other areas, gullies caused by excess runoff
are 60 inches or more deep and limestone and shale
bedrock is at or near the surface.

Included with this soil in mapping are small areas of
somewhat poorly drained Macksburg soils and moderate-
ly well drained Snead soils. Macksburg soils are along
the upper parts of side slopes where irregular ridge
points extend onto the slopes. Snead soils typically are
on the lower parts of side slopes below Sampsel soils
but also are higher on the slope if limestone and shale is
at or near the surface. These included soils make up
about 15 percent of the area.

Permeability is slow, available water capacity is moder-
ate, and surface runoff from cultivated areas is medium
in this Sampsel soil. This soil is saturated with water
during some period in most years, and in some places
seepy spots stay wet for long periods. Because of the
uneven flow of water;, some areas tend to remain wet
long after the majority of the soil has dried out. Reaction
ranges from mildly alkaline to medium acid in the subsoil
and varies in the surface layer as a result of liming.
Natural fertility and organic matter content are mainly
medium, except in less eroded areas where more of the
surface layer remains. The surface layer is firm and
slightly plastic during wet periods. Tillage generally is
delayed by wetness. The soil tends to crust or puddle
after hard rains, and it tends to form large clods when
tilled during periods of high moisture content.

All but the most severely eroded and gullied areas of
this soil are farmed. The potential is good for cultivated
crops, hay, and pasture. It is poor for trees, sanitary
facilities, and building site development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of further erosion. Minimum
tillage, winter cover crops, and grassed waterways help
to prevent excessive soil loss. In most areas, slopes are
long and smooth enough to be terraced and farmed on
the contour. In seepy areas, tillage may be delayed and
yields reduced by wetness. Returning crop residue to the
soil or the regular addition of other organic material
helps to improve fertility, reduce crusting, and increase
water infiltration.

The use of the soil as pastureland or hayland effec-
tively controls erosion and improves soil fertility. Over-
grazing or grazing when the soil is too wet, however,
causes surface compaction, excessive runoff, and poor
tith. Proper stocking, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.
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This soil is suited to woodland or openland wildlife.
Field borders, hedgerow plantings, and areas of mixed
grasses and legumes provide food and cover that en-
courage nesting and support large populations of wildlife.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Artificial drainage is needed around buildings to keep the
soil from becoming saturated. Local roads should be
graded to shed water, and suitable base material needs
to be hauled in from another location. Sewage lagoons
can be used for onsite waste disposal if they are con-
structed in the less sloping areas.

This soil is in capability subclass llle. It is not assigned
to a woodland ordination group.

ShB—Sharpsburg silt loam, 2 to 5 percent slopes.
This gently sloping, moderately well drained soil is on
convex ridgetops and upland divides. Areas are round
and range from 2 to 60 acres.

Typically, the surface layer is very dark grayish brown
and very dark brown silt loam about 10 inches thick. The
subsurface layer is very dark grayish brown silty clay
loam about 7 inches thick. The subsoil is about 36
inches thick. The upper part is dark brown, firm silty clay
loam; the middle part is dark yellowish brown, firm, mot-
tled silty clay loam; and the lower part is grayish brown,
firm, mottled silty clay loam. The substratum to a depth
of 60 inches or more is yellowish brown and grayish
brown, mottled silty clay loam. In places, the soil is
slightly darker, has a finer textured subsoil, and is some-
what poorly drained. In some eroded areas, the surface
layer contains subsoil material. In a few areas, the soil is
well drained and not so fine textured.

Included with this soil in mapping are a few small
areas of somewhat poorly drained Macksburg soil and
well drained Polo soil. Macksburg silt loam is in shallow
depressions, and Polo silt loam is on the higher ridge-
tops. These included soils make up about 10 percent of
the area.

Permeability is moderately slow, available water ca-
pacity is high, and surface runoff from cultivated areas is
medium in this Sharpsburg soil. Reaction ranges from
medium acid to strongly acid in the subsoil and varies
widely in the surface layer as a result of liming. Natural
fertility and organic matter content are high. The surface
layer is friable and easily tilled throughout a fairly wide
range in moisture content. It tends to crust or puddle
after hard rains, however, especially in areas where the
surface layer contains subsoil material.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
poor to fair for most engineering uses.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
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help prevent excessive soil loss. In a few areas, slopes
are long and smooth enough to be terraced and farmed
on the contour. Returning crop residue to the soil or the
regular addition of other organic material helps to im-
prove fertility, reduce crusting, and increase water infiltra-
tion.

The use of this soil as pastureland or hayland effec-
tively controls erosion and improves soil fertility. Over-
grazing or grazing when the soil is too wet, however,
causes surface compaction, excessive runoff, and poor
tilth. Proper stocking, pasture rotation, timely deferment
of grazing, and restricted use during wet periods help to
keep the pasture and soil in good condition.

The soil is well suited to openland or woodland wild-
life. Field borders, hedgerow plantings, and areas of
mixed grasses or legumes for food near wildlife cover
encourage larger populations of wildlife.

This soil is suited to building site development if foun-
dations and footings are designed to prevent structural
damage caused by the shrinking and swelling of the soil.
Local roads need to be graded to shed water, and suit-
able base material needs to be hauled in from another
location. Sewage lagoons can be used for onsite waste
disposal.

This soil is in capability subclass lle and woodland
ordination group 4o.

SnD2—Snead silty clay loam, 7 to 16 percent
slopes, eroded. This moderately sloping and strongly
sloping, moderately well drained soil is on convex side
slopes. Areas are irregular in shape and range from 6 to
80 acres.

Typically, the surface layer is very dark brown, very
friable silty clay loam about 2 inches thick. The subsur-
face layer is black, friable silty clay loam about 6 inches
thick. The subsoil is about 15 inches thick. The upper
part is very dark grayish brown, firm silty clay, and the
lower part is dark grayish brown, firm, mottled silty clay.
The substratum to a depth of about 44 inches is light
olive brown, mottled, calcareous shale that has seams of
silty clay loam. To a depth of 46 inches or more, the
substratum is soft, thinly layered shale bedrock. In some
areas, flat limestone rocks are scattered throughout the
surface layer. In a few areas, thin layers of limestone
bedrock are at or near the surface. In small areas, the
slope is less than 7 percent, and in some areas it is
more than 16 percent.

included with this soil in mapping are small areas of
deep, well drained Polo soils and deep, somewhat poorly
drained Sampsel soils. Polo soils are on higher, convex
areas of the landscape. Sampsel soils are just above or
just below this Snead soil. These included soils make up
less than 10 percent of the unit.

Permeability is slow, and available water capacity is
low in this Snead soil. Surface runoff from pasture and
from timbered areas is medium to rapid. Organic matter
content is high, and natural fertility is moderately high.
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Reaction ranges from neutral to moderately alkaline in
the subsoil, and free carbonates are common in the
lower part of the subsoil and in the substratum. The
surface layer typically is slightly acid or neutral, but reac-
tion varies according to the depth to limestone. The
shrink-swell potential is high. Root development is re-
stricted below a depth of about 15 to 30 inches by
limestone and shale bedrock.

About half of the acreage of this soil is planted to
grass for pasture and hay, and the rest is in poor quality
timber and shrubs. The potential is fair for pasture and
hayland, but it is poor for cultivated crops and trees and
for sanitary facilities and building site development.

This soil is suited to grasses for hay and pasture. If
the soil is cultivated, there is a hazard of severe erosion
damage as a result of the steep slopes. The low availa-
ble water capacity and steepness of slopes are limita-
tions. Returning residue to the soil or the regular addition
of other organic material helps to improve fertility and
increase water infiltration.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to some trees, and some areas
remain in native hardwoods. Despite the shallow rooting
depth caused by the limestone flagstones and bedrock,
native black walnut grows on this soil. Harvestable logs
and nut crops can be grown. Tree seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is controlled or removed by site preparation; by pre-
scribed burning; or by spraying, cutting, or girdling. If
possible, logging roads and skid trails should be con-
structed on the contour to prevent the formation of gul-
lies.

This soil is generally not suited to building site devel-
opment or onsite waste disposal. The steepness of
slope, high shrink-swell potential, and depth to shale
bedrock or thin layers of limestone bedrock are limita-
tions to buildings. This soil does not support buildings or
retaining walls. The slow permeability is a limitation to
the construction of local roads or streets.

This soil is in capability subclass Vle. It is not assigned
to a woodland ordination group.

SoD—Snead-Rock outcrop complex, 5 to 14 per-
cent slopes. This complex consists of the moderately
sloping and strongly sloping, moderately well drained
Snead soil and Rock outcrop. It is on convex side
slopes. Areas are rectangular and range from 3 to 184
acres. The complex is 85 percent Snead soil and 15
percent limestone Rock outcrop. The Snead soil is on
convex middle and lower parts of side slopes. Rock
outcrop typically is on the upper parts of side slopes but
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can be anywhere on the slope. The Snead soil and Rock
outcrop are so intricately mixed that it is not practical to
map them separately.

Typically, the Snead soil has a surface layer of very
dark grayish brown, friable silty clay loam about 5 inches
thick. The subsoil is about 19 inches thick. The upper
part is very dark grayish brown, friable silty clay, and the
lower part is very dark grayish brown and olive gray, very
firm, mottied silty clay. The substratum to a depth of
about 40 inches or more is mottled olive gray and yel-
lowish brown shale and silty clay loam. In places, the soil
is flaggy throughout and bedrock is at a depth of 20 to
40 inches. In places the soil is more than 40 inches thick
over bedded shale, and in places the surface layer is
lighter colored.

Typically, Rock outcrop consists of thin to thick beds
of limestone. In some places, it forms ledges, and in
other places, it is gently sloping or smooth. In places,
Rock outcrop has a thin covering of soil. A few lime-
stone boulders occur where the limestone ledge has
broken and a large rock has fallen downslope.

Included in mapping are small areas of well drained
Polo soil and somewhat poorly drained Sampsel soil.
Polo silt loam is on the upper parts of slopes, and it
varies in thickness according to the thickness of the
limestone ledge. Sampsel silty clay loam is just above or
just below this Snead soil. These included soils make up
less than 10 percent of the complex.

Permeability is slow, and available water capacity is
low in this complex. Surface runoff from pasture and
from timbered areas is medium to rapid. Organic matter
content is high, and natural fertility is medium. Reaction
ranges from neutral to moderately alkaline in the subsoil.
The shrink-swell potential in the subsoail is high. Root
development is restricted below a depth of about 24
inches by shale and limestone bedrock.

The acreage of this complex is nearly equally pasture
and forest. The potential is poor for cultivated crops,
grasses, legumes, trees, sanitary facilities, and building
site development.

The soil in this complex is best suited to pasture.
Major concerns of pasture management are related to
the hazard of erosion and low available water supply.
The soil in this complex tends to be droughty because of
low available water capacity and water loss from runoff.
Management that maintains an adequate plant cover and
ground mulch helps to prevent excessive soil loss and
improves the moisture supplying capacity by reducing
runoff. Overstocking and overgrazing pasture reduce the
protective plant cover and cause deterioration of the
plant community. Proper stocking, uniform grazing distri-
bution, timely deferment of grazing, and planned grazing
help to keep the pasture and soil in good condition.

The soil is poorly suited to trees because limestone
and shale bedrock are near the surface. Some areas,
however, remain in native hardwoods. Despite the shal-
low rooting depth, native black walnut grows on the soil
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in this complex. Some harvestable logs and nut crops
can be grown. Logging roads and skid trails should be
constructed on the contour.

This soil generally is not suitable for building site de-
velopment and onsite waste disposal. The large stones,
wetness, and depth to limestone and shale bedrock are
limitations.

This complex is in capability subclass Vle. It is not
assigned to a woodland ordination group.

SoF—Snead-Rock outcrop complex, 14 to 35 per-
cent slopes. This complex consists of the moderately
steep and steep, moderately well drained Snead soil and
Rock outcrop. It is on convex side slopes. Areas range
from 20 to 180 acres. The complex is 80 percent Snead
soil and 20 percent limestone rock outcrop. The Snead
soil is on convex, middle and lower parts of side slopes;
Rock outcrop typically is on the upper parts of side
slopes but can be anywhere on the slope. The Snead
soil and Rock outcrop are so intricately mixed that it is
not practical to map them separately.

Typically, the Snead soil has a silty clay loam surface
layer about 3 inches thick. The subsoil is about 18
inches thick. The upper part is very dark brown, very firm
silty clay, and the lower part is olive gray, very firm,
mottled silty clay. The substratum to a depth of 44
inches or more is brownish yellow and grayish brown,
mottled, calcareous shale that has silty clay along cracks
and seams. In places, the soil is flaggy throughout and
limestone bedrock is at a depth of 20 to 40 inches. In
some places the soil is more than 45 inches thick over
bedded shale, and in places the surface layer is lighter
colored.

Typically, Rock outcrop consists of thin to thick beds
of limestone that crop out at the surface. In places, it
forms ledges, and in others it is nearly level or sloping.
in places, the Rock outcrop is covered with 5 to 20
inches of soil. A few limestone boulders occur where the
limestone ledge has broken and a large rock has fallen
downslope.

Included in mapping are small areas of well drained
Norris soils and somewhat poorly drained Sampsel soils.
Norris soils are in areas where trees have affected soil
development, and Sampsel soils are in areas that are
more than 40 inches thick over shale bedrock. These
included soils make up about 15 percent of the complex.

Permeability is slow, surface runoff is rapid, and availa-
ble water capacity is low in this complex. Organic matter
content is high. Reaction ranges from neutral to moder-
ately alkaline in the subsoil. Free carbonates are.in the
lower part of the subsoil and around the Rock outcrop.
The surface layer is slightly acid or neutral in the Snead
soil. Natural fertility is medium. The shrink-swell potential
is high. Root development is restricted at a depth of 32
inches or less by limestone and shale bedrock.

Most areas of this complex are used for hardwood
forest. The potential is poor for trees, cultivated crops,

SOIL SURVEY

grasses, and legumes. It is also poor for sanitary facili-
ties and building site development.

Trees grow slowly and generally start to rot or develop
hollow places before they reach a harvestable size.
Some areas are suited to harvestable trees, however. If
trees are grown, the slope aspect should determine the
site. Logging roads and skid trails should be constructed
on the contour.

The soil in this complex can be used for pasture.
Major concerns of pasture management are related to
the hazard of erosion and the low available water supply.
The soil tends to be droughty as a result of the low
available water capacity and the water loss caused by
runoff. Management that maintains an adequate plant
cover and ground mulch helps to prevent excessive soil
loss and improves the moisture supplying capacity by
reducing runoff. Overstocking and overgrazing pasture
reduce the protective plant cover and cause deteriora-
tion of the plant community. Proper stocking, uniform
grazing distribution, timely deferment of grazing, and
planned grazing help to keep the pasture and soil in
good condition.

This soil generally is not suitable for building site de-
velopment and onsite waste disposal. Slope, wetness,
and the depth to limestone and shale bedrock are limita-
tions.

This complex is in capability subclass Vle. It is not
assigned to a woodland ordination group.

Wa—Wabash silty clay. This nearly level, very poorly
drained soil is in large depressions of flood plains. Areas
are irregular in shape and range from 10 to 120 acres.
Most areas of this soil are flooded frequently.

Typically, the surface layer is black, firm silty clay
about 7 inches thick. The subsurface layer is black, very
firm silty clay about 8 inches thick. The subsoil is black,
very firm silty clay about 36 inches thick. The substratum
to a depth of 66 inches or more is black, very firm silty
clay. In some areas, the surface layer is silty clay loam.
Some areas have 6 to 12 inches of silt loam overwash.

Included with this soil in mapping are small areas of
somewhat poorly drained Dockery soils and poorly
drained Zook soils. These included soils are closer to
the main stream channel than this Wabash soil. They
make up 5 to 10 percent of the unit.

Permeability is very slow, available water capacity is
medium, and surface runoff is very slow in the Wabash
soil. Reaction ranges from mildly alkaline to slightly acid
throughout. Natural fertility and organic matter content
are high. Because the surface layer is firm and clayey,
tillage must be carefully timed. Field operations during
periods of high moisture content cause the soil to form
large clods that are difficult to break down. Root devel-
opment is restricted below a depth of 12 to 36 inches as
a result of a high water table.
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Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
sanitary facilities and building site development.

This soil is suited to corn, soybeans, grain sorghum,
and grasses. If the soil is cultivated, flooding and wet-
ness are hazards. Artificial drainage and timely tillage
help to overcome these limitations. Several methods of
artificial drainage and flood protection can be used suc-
cessfully.

This soil produces high quality grass for hay and pas-
ture if water-tolerant species are used. Restricted use
during wet periods helps to keep the pasture and soil in
good condition and helps to avoid surface compaction.

The Wabash soil is suited to wetland wildlife. Shallow
water impoundments and water-tolerant species of pe-
rennial plants for food and cover attract wetland wildlife.

This soil generally is not suited to building site devel-
opment and waste disposal systems. Building sites
should be artificially drained and protected from flooding.
Dwellings and small buildings need to be constructed
without basements, and foundations and footings need
to be designed to prevent structural damage caused by
the shrinking and swelling of the soil. All sanitary facili-
ties should be connected to commercial sewers and
treatment facilities. Wetness, the shrink-swell potential,
and low strength make this soil a poor source of roadfill.

This soil is in capability subclass lllw and woodland
ordination group 4w.

WdB—Weller silt loam, 2 to 5 percent slopes. This
gently sloping, moderately well drained soil is on ridge-
tops and rounded ridge points. Areas are irregular in
shape and range from 5 to 60 acres.

Typically, the surface layer is dark grayish brown and
brown, very friable silt loam about 12 inches thick. The
subsurface layer is grayish brown, very friable silty clay
loam about 4 inches thick. The subsoil is about 60
inches or more thick. The upper part is brown, friable
silty clay loam; the middle part is brown, very firm, mot-
tled silty clay; and the lower part is grayish brown, mot-
tled silty clay loam. In places, the subsoil is finer tex-
tured. In some eroded areas, the surface layer has been
mixed with the subsoil and is silty clay loam. In a few
areas, the surface layer is thin and very dark grayish
brown.

Included with this soil in mapping are small areas of
somewhat poorly drained Macksburg soils and moderate-
ly well drained Winfield soils. The Macksburg soils are in
areas where the ridgetop becomes larger and broader.
The Winfield soils are on narrow, more sloping ridge
points. These included soils make up about 5 percent of
this unit.

Permeability is slow, available water capacity is high,
and surface runoff is medium in this Weller soil. Reaction
ranges from very strongly acid to neutral in the subsoil
and from slightly acid to neutral in the surface. Natural
fertility is medium, and organic matter content is low to
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medium. The surface layer is friable and easily tilled
throughout a fairly wide range in moisture content. The
shrink-swell potential in the subsoil is moderate to high.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, and pasture. It is poor for
sanitary facilities and building site development.

This soil is suited to corn, soybeans, small grain, grain
sorghum, and grasses and legumes for hay and pasture.
If the soil is cultivated, there is a hazard of erosion
damage. Minimum tillage, winter cover crops, and
grassed waterways help to prevent excessive soil loss.
In a few areas, slopes are long and smooth enough to
be terraced and farmed on the contour. Returning crop
residue to the soil or the regular addition of other organic
material helps to improve fertility, reduce crusting, and
increase water infiltration.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to building site development if the
design prevents structural damage caused by the shrink-
ing and swelling of the soil. Sewage lagoons can be
used for onsite waste disposal. Fill material for local
streets and roads needs to be hauled in from another
location.

This soil is in capability subclass llle and woodland
ordination group 40.

WiB—Winfield silt loam, 2 to 5 percent slopes. This
gently sloping, moderately well drained soil is on convex
ridgetops. Areas are irregular in shape and range from 5
to 80 acres.

Typically, the surface layer is dark yellowish brown silt
loam about 10 inches thick. The subsoil is about 49
inches thick. The upper part is dark yellowish brown,
very friable silty clay loam. The lower part is dark brown
and brown, friable, mottled silty clay loam. The substra-
tum to a depth of about 75 inches or more is yellowish
brown, friable, mottled silty clay loam. In places, the
surface layer is thicker. In a few areas, the surface layer
is very dark grayish brown. In a few small areas, the
subsoil is thinner.

Included with this soil in mapping are small areas of
well drained Mandeville soils and moderately well
drained Weller soils. The Mandeville soils are on the
narrow, more sloping ridge points, and the Weller soils
are in the broader, flatter areas of ridgetops. These in-
cluded soils make up 2 to 8 percent of the unit.

Permeability is moderate. Available water capacity is
high, and surface runoff from cultivated areas is medium
or rapid in this Winfield soil. Reaction ranges from
medium acid to strongly acid in the subsoil and varies
widely in the surface layer as a result of liming. Natural
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fertility is moderate to high, and organic matter content is
medium. The surface layer is friable and easily tilled
throughout a fairly wide range in moisture content. It
tends to erode easily, however.

Most areas of this soil are farmed. The potential is
good for cultivated crops, hay, pasture, and trees. It is
fair to good for sanitary facilities and building site devel-
opment.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
help to prevent excessive soil loss. In a few areas,
slopes are long and smooth enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material heips to
improve fertility, reduce crusting, and increase water infil-
tration.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet, however, causes surface compaction,
excessive runoff, and poor tilth. Proper stocking, pasture
rotation, timely deferment of grazing, and restricted use
during wet periods help to keep the pasture and soil in
good condition.

This soil is suited to trees, and a few small areas
remain in native hardwoods. There are no hazards or
limitations to planting or harvesting trees.

This soil is well suited to woodland or openland wildlife
habitat. It is well suited to grain and seed crops, grasses,
legumes, wild herbaceous plants, and hardwood and co-
niferous trees. This habitat provides excellent cover and
the food needed for a large and thriving wildlife popula-
tion.

This soil is suited to building site development and
onsite waste disposal systems if proper design and in-
stallation procedures are used. It does not have suffi-
cient strength and stability to support vehicular traffic,
but this limitation can be corrected by strengthening or
replacing the base material. The moderate shrink-swell
potential is a limitation to building site development, but
this limitation can be overcome by proper design.
Sewage lagoons can be used for onsite waste disposal.
Excess seepage can be controlled by sealing the bottom
of the lagoon.

This soil is in capability subclass lle and woodland
ordination group 30.

WfC—Winfield silt loam, 5 to 9 percent slopes. This
moderately sloping, moderately well drained soil is on
convex side slopes. Areas are irregular in shape and
range from 5 to 80 acres.

Typically, the surface layer is brown and dark grayish
brown silt loam about 8 inches thick. The subsoail is
about 70 inches thick. The upper part is yellowish brown,
very friable silty clay loam; the middle part is dark yellow-
ish brown and dark brown, firm, mottled silty clay loam;
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and the lower part is strong brown, firm, mottled silty
clay loam. In places, the subsoil is thinner. In a few
eroded areas, the surface layer has been completely
eroded and is silty clay loam. In places, the surface layer
is very dark grayish brown silt loam about 4 inches thick.

Included with this soil in mapping are small areas of
moderately well drained Weller soils and well drained
Mandeville soils. The Weller soils are on the ridgetops
and upper parts of side slopes, and the Mandeville soils
are on the lower parts of side slopes and foot slopes
where the loess mantle is thinner. These included soils
make up about 10 percent of the unit.

Permeability is moderate, available water capacity is
high, and surface runoff from cultivated areas is medium
to rapid in this Winfield soil. Reaction ranges from slight-
ly acid to strongly acid in the subsoil and varies in the
surface layer as a result of liming. Natural fertility and
organic matter content are medium. The surface layer is
friable and easily tilled throughout a fairly wide range in
moisture content. It tends to erode easily, however.

Most areas of this soil are farmed. The potential is fair
for cultivated crops and good for hay, pasture, and trees.
It is fair to good for sanitary facilities and building site
development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of erosion damage. Mini-
mum tillage, winter cover crops, and grassed waterways
help to prevent excessive soil loss. In most areas, slopes
are long and smooth enough to be terraced and farmed
on the contour. Returning crop residue to the soil or the
regular addition of other organic material helps to im-
prove fertility, reduce crusting, and increase water infiltra-
tion.

The use of the soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet causes surface compaction, excessive
runoff, and poor tilth. Proper stocking, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is suited to trees, and a few small areas
remain in native hardwoods. Tree seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is controlled or removed by site preparation; by pre-
scribed burning; or by spraying, cutting, or girdling. There
are no hazards or limitations to planting or harvesting
trees.

This soil is suited to upland or woodland wildlife habi-
tat. Field borders, hedgerow plantings, and areas of
mixed grasses and legumes provide food and cover that
Ie.fncourage nesting and support large populations of wild-
ife.

This soil is suited to building site development and
onsite waste disposal systems if proper design and in-
stallation procedures are used. It does not have suffi-
cient strength and stability to support vehicular traffic,
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but this limitation can be corrected by strengthening or
replacing the base material. The moderate shrink-swell
potential is a limitation to building site development, but
this limitation can be overcome by proper design. For
onsite waste disposal, sewage lagoons can be located in
the less sloping areas. Excess seepage can be con-
trolled by sealing the bottom of the lagoon.

This soil is in capability subclass llle and woodland
ordination group 30.

WfC3—Winfield silty clay loam, 5 to 9 percent
slopes, severely eroded. This moderately sloping, mod-
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erately well drained soil is on convex side slopes. Areas
are irregular in shape and range from 6 to 80 acres.

Typically, the surface layer is dark brown and very
dark grayish brown, friable silty clay loam about 6 inches
thick. The subsoil is about 23 inches thick. It is yellowish
brown, mottled silty clay loam; the upper part is firm, and
the lower part is friable. The substratum to a depth of 50
inches is yellowish brown, friable, mottled silty clay loam.
To a depth of about 70 inches or more, the substratum
is pale brown, firm, mottled silty clay. In places, the
surface layer is thicker. In places, gullies have been cut
to a depth of 15 feet (fig. 13). Depth to bedrock is
shallower in some places.

Figure 13.—A severely eroded area of Winfield silty clay loam.
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Included with this soil in mapping are small areas of
moderately well drained Weller and Mandeville soils. The
Weller soils are on the narrow ridgetops and upper parts
of side slopes, and the Mandeville soils are on the lower
parts of side slopes and foot slopes where the loess
mantle is thinner. These included soils make up about 15
percent of the unit.

Permeability is moderate, available water capacity is
medium, and surface runoff from cultivated areas is
medium to rapid in this Winfield soil. Reaction ranges
from medium acid to strongly acid in the subsoil and
varies in the surface layer as a result of liming. Natural
fertility is medium, but organic matter content is low as a
result of the loss of soil from the surface by erosion. The
surface layer is friable and easily tilled throughout a fairly
wide range in moisture content. The soil is deep, but it is
subject to continued severe erosion unless control meas-
ures are maintained.

Most areas of this soil are farmed. The potential is fair
for cultivated crops and good for hay, pasture, and trees.
It is fair to good for sanitary facilities and building site
development.

This soil is suited to corn, soybeans, small grain, and
grasses and legumes for hay and pasture. If the soil is
cultivated, there is a hazard of further erosion damage.
Minimum tillage, winter cover crops, and grassed water-
ways help to prevent excessive soil loss. In most areas,
slopes are long and smooth enough to be terraced and
farmed on the contour. Returning crop residue to the soil
or the regular addition of other organic material helps to
improve fertility, reduce crusting, and increase water infil-
tration.

The use of this soil as pastureland or hayland effec-
tively controls erosion. Overgrazing or grazing when the
soil is too wet causes surface compaction, excessive
runoff, and poor tilth. Proper stocking, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is suited to trees, and a few small areas
remain in native hardwoods. Tree seeds, cuttings, and
seedlings survive and grow well if competing vegetation
is controlled or removed by site preparation; by pre-
scribed burning; or by spraying, cutting, or girdling. There
are no major hazards to planting or harvesting trees.

This soil is suited to upland or woodland wildlife habi-
tat. Field borders, hedgerow plantings, areas of mixed
grasses and legumes, and stabilization of gullied areas
with trees and cover crops provide cover and food that
encourage nesting and support large populations of wild-
life.

This soil is suitable for building site development and
onsite waste disposal systems if proper design and in-
stallation procedures are used. It does not have suffi-
cient strength and stability to support vehicular traffic,
but this limitation can be corrected by strengthening or
replacing the base material. The moderate shrink-swell
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potential of the soil is a limitation to building site devel-
opment, but this limitation can be overcome by proper
design. For onsite waste disposal, sewage lagoons
should be located in the less sloping areas. Excess
seepage can be controlled by sealing the bottom of the
lagoon.

This soil is in capability subclass Ille and woodland
ordination group 3o.

Zk—Zook silty clay loam. This nearly level, poorly
drained soil is in slightly depressional areas of large
bottom lands and narrower stream valleys of smaller
streams. Areas are irregular in shape and range from 5
to 100 acres. Most areas of this soil are flooded fre-
quently.

Typically, the surface layer is very dark gray silty clay
loam about 15 inches thick. The subsurface layer is very
dark gray, firm silty clay loam about 7 inches thick. The
subsoil is very dark gray, firm silty clay about 38 inches
thick. In some areas, the surface layer is thinner. Some
places have 5 to 12 inches of brown silt loam overwash.

Included with this soil in mapping are small areas of
finer textured Wabash soils in depressions and moder-
ately well drained Nodaway soils along stream channels.
These included soils make up 5 to 15 percent of the
unit.

Permeability is slow, available water capacity is high,
and runoff is slow to very slow in this Zook soil. Reaction
ranges from mildly alkaline to medium acid. Natural fertil-
ity and organic matter content are high. The surface
layer is firm, and tillage should be timed carefully. Field
operations during periods of high moisture content cause
the soil to form large clods that are difficult to break
down. Root development is restricted below a depth of
12 to 36 inches because of a high water table. ‘

Most areas of this soil are farmed (fig 14). The poten-
tial is good for cultivated crops, hay, pasture, and wildlife
habitat. it is poor for sanitary facilities and building site
development.

This soil is suited to corn, soybeans, grain sorghum,
small grain, and grasses for hay and pasture. If this soil
is cultivated, yields are lowered by water standing in
potholes and by flooding. Artificial drainage and timeli-
ness of tillage help to increase yields.

This soil produces high quality grass for hay and pas-
ture if water-tolerant species are selected. Restricted use
during wet periods helps to keep the pasture and soil in
good condition and avoid surface compaction.

This soil is well suited to wetland wildlife. It is suited to
wetland vegetation for food and cover and to shallow
water impoundments. Openland wildlife can be encour-
aged by creating a maximum of interspersion of fields in
which grain and seed crops are available for food and
border cover for protection.

This soil is generally not suited to building sites and
water disposal systems because of flooding and wet-
ness.
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Figure 14.—Corn on Zook silty clay loam.

This soil is in capability subclass liw. It is not assigned
to a woodland ordination group.

Use and management of the soils

This soil survey is an inventory and evaluation of the
soils in the survey