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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.
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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-



JOHNSON COUNTY, MISSOURI

Figure 5.—Road through unimproved woodland on Norris soils in the foreground and Mandeville soils in the background.




SOIL SURVEY

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,



JOHNSON COUNTY, MISSOURI

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

19

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



26

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
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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:

31

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,
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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.



38

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

SOIL SURVEY

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 area. It can be used to adjust land
uses to the limitations and potentials of natural re-

sources and the environment. Also, it can help avoid
soil-related failures in land uses.

In preparing a soil survey, soil scientists, conservation-
ists, engineers, and others collect extensive field data
about the nature and behavior characteristics of the
soils. They collect data on erosion, droughtiness, flood-
ing, and other factors that affect various soil uses and
management. Field experience and collected data on



40

soil properties and performance are used as a basis in
predicting soil behavior.

Information in this section can be used to plan the use
and management of soils for crops and pasture; as ran-
geland and woodland; as sites for buildings, sanitary
facilities, highways and other transportation systems, and
parks and other recreation facilities; and for wildlife habi-
tat. It can be used to identify the potentials and limita-
tions of each soil for specific land uses and to help

prevent construction failures caused by unfavorable soil

properties.

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

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

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

Crops and pasture

George Hays, district conservationist, Soil Conservation Service, as-
sisted in writing this section.

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

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

More than 400,000 acres in the survey area was used
for crops and pasture in 1970, according to the Conser-
vation Needs Inventory (75). Of this total, 125,000 acres
was used for permanent pasture; 110,000 acres for row
crops; 21,000 acres for close grown crops, mainly wheat;
15,000 acres for rotation hay and pasture; and the rest
was idle cropland and formerly cropped openland.

The soils in Johnson County have good potential for
increased production of food. About 31,000 acres of
potentially good cropland is used as woodland and about
80,000 acres is used as pasture. In addition to the re-
serve productive capacity represented by this land, food
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production could also be increased considerably by ex-
tending the latest crop production technology to all crop-
land in the county. This soil survey can greatly facilitate
the application of such technology.

The acreage used for cropland has been gradually
increasing as more pasture and hayland is used for row
crop production. There also has been an increase of
urban development in the northwestern part of the
county and around the major towns. In 1970 there was
an estimated 16,000 acres of urban and built-up land in
the county. This figure has been increasing at a rate of
about 500 acres per year. The use of this soil survey to
help make land use decisions that will influence the
future role of farming in the county is discussed in the
section, “General soil map for broad land use planning.”

Soil erosion is the major concern on about two-thirds
of the cropland and pasture in Johnson County. If the
slope is more than 2 percent, erosion is a hazard. Samp-
sel, Macksburg, and Hartwell soils, for example, have
slopes of more than 2 percent. Wetness is also a con-
cern.

Loss of the surface layer through erosion is damaging
for two reasons. First, productivity is reduced as the
surface layer is lost and part of the subsoil is incorporat-
ed into the plow layer. Loss of the surface layer is
especially damaging on soils that have a clayey subsail,
such as Hartwell and Sampsel soils, and soils that have
a layer below the subsoil that limits the depth of the root
zone. Such layers include bedrock as in Barco, Bolivar,
Mandeville, Norris, and Snead soils. Erosion also re-
duces productivity on soils that tend to be droughty,
such as the Snead-Rock outcrop complex. Second, soil
erosion on farmland results in sediment entering
streams. Control of erosion minimizes the pollution of
streams by sediment and improves the quality of water
for municipal use, recreation, and fish and wildlife.

In many sloping fields, preparing a good seedbed and
tilling are difficult on clayey or shaly spots because the
original, friable surface layer has been eroded away.
Such spots are common in moderately eroded Sampsel
and Mandeville soils.

Erosion control practices provide protective surface
cover, reduce runoff, and increase infiltration (fig. 15). A
cropping system that keeps vegetative cover on the soil
for extended periods can hold soil erosion losses to
amounts that do not reduce the productive capacity of
soils. On livestock farms which require pasture and hay,
the legume and grass forage crops reduce erosion on
sloping land and also provide nitrogen and improve tilth
for the following crops.

The slopes are shaped on most soils so that water-
ways and terraces can be built. Terracing is not practical
on Snead, Norris, Mandeville, Bolivar, and Barco soils.
On these soils, a cropping system that provides substan-
tial vegetative cover is needed to control erosion, unless
minimum tillage is practiced. Minimizing tillage and leav-
ing crop residue on the surface help to increase infilira-
tion and reduce the hazards of runoff and erosion. These
practices can be adapted to most soils in the survey
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Figure 15.—Macksburg and Sampsel soils with terraces.

area but are more difficult to use successfully on the
eroded soils and on the soils that have a clayey surface
layer, such as Wabash and Zook soils. No-tillage for
corn, which is increasingly common, reduces erosion on
sloping land and can be adapted to most soils in the
survey area. No-tillage however, is more difficult to prac-
tice successfully on soils that have a clayey surface
layer,

Terraces and diversions reduce the length of slope

and reduce runoff and erosion. They are most practical
on deep, well drained soils that have regular slopes.
Deepwater and Polo soils are suitable for terraces. Other
soils are less suited to terraces, but terrace channels
and waterways help to drain wet soils, such as Sampsel
soils, and make them easier to farm. A clayey subsoil
which would be exposed in terrace channels or bedrock
at a depth of less than 40 inches, reduces the suitability
for terraces on other soils.



42

Soil blowing is a hazard on Haig, Macksburg, Deepwa-
ter, Polo, Hartwell, and Sharpsburg soils if they are left
bare in winter and early in spring. Soil blowing can
damage these soils in a few hours if winds are strong
and the soils are dry and bare of vegetation or surface
mulch. Maintaining vegetative cover, surface mulch, or
rough surfaces through proper tillage minimizes soil
blowing on these soils.

Soil drainage is the major management need on about
30,000 acres of cropland in the survey area. Some soils
are naturally so wet that the production of crops
common to the area is generally not possible. These are
somewhat poorly drained Dockery and Lightning soils;
poorly drained Bremer, Blackoar, and Zook soils; and
very poorly drained Wabash soils. These soils make up
about 27,000 acres of the survey area.

Unless artificially drained and protected from flooding,
the Blackoar, Dockery, Wabash, and Zook soils are so
wet that crops are damaged during most years.

Sampsel, Weller, and Higginsville soils have good nat-
ural drainage most of the year, but they tend to dry out
slowly after rains. Small areas of wet hillside seeps are
included in the mapping of these soils. Tile drains for the
seepy areas improve these soils for farming and act as
outlets for terraces.

Haig, Macksburg, and Hartwell soils are on broad rid-
getop divides where slow runoff causes wetness after
rains. These soils are slow to dry out in spring; therefore,
tillage operations are delayed most years.

The moderate rainfall is adequate for crops and pas-
ture in many years, but summer droughts of sufficient
severity and duration are common and reduce crop
yields. Crops and pasture grasses grown on shallow and
moderately deep soils, such as Kanima, Norris, Snead,
Barco, Bolivar, and Mandeville soils, suffer severely from
summer drought most years. Hartwell, Gorin, and Light-
ning soils are less susceptible to drought. Yields are
lowered by drought on these deep soils but not as much
as on the shallow and moderately deep soils. Deep soils
produce crops and pasture most years, and yields are
not reduced by droughts of short duration.

Yields per acre

The average yields per acre that can be expected of
the principal crops under a high level of management
are shown in table 6. In any given year, yields may be
higher or lower than those indicated in the table because
of variations in rainfall and other climatic factors.

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

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

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

Crops other than those shown in table 6 are grown in
the survey area, but estimated yields are not listed be-
cause the acreage of such crops is small. The local
office of the Soil Conservation Service or of the Cooper-
ative Extension Service can provide information about
the management and productivity of the soils.

Land capability classification

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

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

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

Class | soils have slight limitations that restrict their
use.

Ciass Il soils have moderate limitations that reduce the
choice of plants or that require moderate conservation
practices. :

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

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

Class V soils are not likely to erode but have other
limitations, impractical to remove, that limit their use.
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Class VI soils have severe limitations that make them
generally unsuitable for cultivation.

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

Class VIl soils and miscellaneous areas have limita-
tions that nearly preclude their use for commercial crop
production.

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

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

The capability classification of each map unit is given
in the section ““Soil maps for detailed planning.”

Woodland management and productivity

Gary R. Nordstrom, forester, Soil Conservation Service, assisted in
writing this section.

In 1972 about . 54,100 acres (70), or 10 percent of
Johnson County, was used for trees. This represents a
loss of 22,600 acres since 1959, when there was 76,700
acres of forest land. The conversion of woodland to
cropland and pasture is the main reason for this de-
crease. The wooded tracts are owned by private individ-
uals and are relatively small. Timber production, recrea-
tion, and wildlife habitat are the main uses of woodland.
There are several Christmas tree plantations in Johnson
County.

Approximately 600,000 board feet are harvested annu-
ally in Johnson County. The products produced are saw
logs, veneer logs, cooperage logs, posts, and fuel wood.

The Mandeville-Norris-Bolivar association contains the
largest percentage of upland hardwood. The principal
forest type is upland oak, consisting of white oak, black
oak, northern red oak, hickory, post oak, shingle oak,
white ash, and a few scattered black walnut. The poten-
tial productivity of these soils for trees ranges from fair
to poor. ‘

The Sampsel-Snead-Polo association contains scat-
tered tracts of upland hardwood. The potential productiv-
ity for trees is fair, except in areas of the Snead soils
where potential is poor because of shallowness to bed-
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rock. The principal species present are white oak, black
oak, hickory, white ash, and a few scattered black
wainut.

The Zook-Dockery-Blackoar association contains the
largest percentage of bottomland hardwood. The princi-
pal forest type is Elm-Ash-Cottonwood, consisting of
eastern cottonwood, American elm, green ash, American
sycamore, pin oak, pecan, silver maple, and black
walnut. The Nodaway soils, which are a minor compo-
nent of this association, can produce high quality black
walnut logs. The potential productivity for trees is good,
except in the Zook soils, where potential is poor because
of excessive wetness.

The Macksburg-Sampsel and Sampsel-Deepwater-
Haig associations contain only small areas of woodland
in draws and along watercourses. The principal species
present are American elm, eastern cottonwood, green
ash, white ash, northern red oak, white oak, post oak,
pin oak, and black walnut. The potential productivity for
trees ranges from fair to good.

The site index curves used for the tree species listed
in table 7 are as follows: white oak, northern red oak,
and black oak (79); eastern cottonwood (6); pin oak (7);
black walnut (72); pecan (5); silver maple (4).

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

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

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

Ratings of the erosion hazard indicate the risk of loss
of soil in well managed woodland. The risk is slight if the
expected soil loss is small, moderate if measures are
needed to control erosion during logging and road con-
struction, and severe if intensive management or special
equipment and methods are needed to prevent exces-
sive loss of soil.

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

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

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

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

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

Windbreaks and environmental plantings

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

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

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

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

Engineering

Harry N. Means, assistant state conservation engineer, Soil Conser-
vation Service, assisted in writing this section.

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

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

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

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

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

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

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

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

Building site development

Table 9 shows the degree and kind of soil limitations
that affect shallow excavations, dwellings with and with-
out basements, small commercial buildings, and local
roads and streets. The limitations are considered s/ight if
soil properties and site features are generally favorable
for the indicated use and limitations are minor and easily
overcome; moderate if soil properties or site features are
not favorable for the indicated use and special planning,
design, or maintenance is needed to overcome or mini-
mize the limitations; and severe if soil properties or site
features are so unfavorable or so difficult to overcome
that special design, significant increases in construction
costs, and possibly increased maintenance are required.
Special feasibility studies may be required where the soil
limitations are severe.

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

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

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

Sanitary facilities

Table 10 shows the degree and the kind of soil limita-
tions that affect septic tank absorption fields, sewage
lagoons, and sanitary landfills. The limitations are consid-
ered sfight if soil properties and site features are gener-
ally favorable for the indicated use and limitations are
minor and easily overcome; moderate if soil properties or
site features are not favorable for the indicated use and
special planning, design, or maintenance is needed to
overcome or minimize the limitations; and severe if soil
properties or site features are so unfavorable or so diffi-
cult to overcome that special design, significant in-
creases in construction costs, and possibly increased
maintenance are required.

Table 10 also shows the suitability of the soils for use
as daily cover for landfills. A rating of good indicates that
soil properties and site features are favorable for the use
and good performance and low maintenance can be
expected; fair indicates that soil properties and site fea-
tures are moderately favorable for the use and one or
more soil properties or site features make the soil less
desirable than the soils rated good; and poor indicates
that one or more soil properties or site features are
unfavorable for the use and overcoming the unfavorable
properties requires special design, extra maintenance, or
costly alteration.

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

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

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

Table 10 gives ratings for the natural soil that makes
up the lagoon floor. The surface layer and, generally, 1
or 2 feet of soil material below the surface layer are
excavated to provide material for the embankments. The
ratings are based on soil properties, site features, and
observed performance of the soils. Considered in the
ratings are slope, permeability, a high water table, depth
to bedrock or to a cemented pan, flooding, large stones,
and content of organic matter. -

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

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

Both types of landfill must be able to bear heavy
vehicular traffic. Both types involve a risk of ground
water pollution. Ease of excavation and revegetation
needs to be considered.
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The ratings in table 10 are based on soil properties,
site features, and observed performance of the soils.
Permeability, depth to bedrock or to a cemented pan, a
high water table, slope, and flooding affect both types of
landfill. Texture, stones and boulders, highly organic
layers, soil reaction, and content of saits and sodium
affect trench type landfills. Unless otherwise stated, the
ratings apply only to that part of the soil within a depth
of about 6 feet. For deeper trenches, a limitation rated
slight or moderate may not be valid. Onsite investigation
is needed.

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

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

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

Construction materials

Table 11 gives information about the soils as a source
of roadfill, sand, gravel, and topsoil. The soils are rated
good, fair, or poor as a source of roadfill and topsoil.
They are rated as a probable or improbable source of
sand and gravel. The ratings are based on soil proper-
ties and site features that affect the removal of the soil
and its use as construction material. Normal compaction,
minor processing, and other standard construction prac-
tices are assumed. Each soil is evaluated to a depth of &
or 6 feet.

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

The ratings are for the soil material below the surface
layer to a depth of 5 or 6 feet. It is assumed that soil
layers will be mixed during excavating and spreading.
Many soils have layers of contrasting suitability within
their profile. The table showing engineering index proper-
ties provides detailed information about each soil layer.
This information can help determine the suitability of
each layer for use as roadfill. The performance of soil



JOHNSON COUNTY, MISSOURI

after it is stabilized with lime or cement is not considered
in the ratings.

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

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

Sand and gravel are natural aggregates suitable for
commercial use with a minimum of processing. Sand and
gravel are used in many kinds of construction. Specifica-
tions for each use vary widely. In table 11, only the
probability of finding material in suitable quantity is evalu-
ated. The suitability of the material for specific purposes
is not evaluated, nor are factors that affect excavation of
the material.

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

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

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

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

Soils rated good have friable loamy material to a depth
of at least 40 inches. They are free of stones and cob-
bles, have little or no gravel, and have slopes of less
than 8 percent. They are low in content of soluble salts,
are naturally fertile or respond well to fertilizer, and are
not so wet that excavation is difficult.

Soils rated fair are sandy soils, loamy soils that have a
relatively high content of clay, soils that have only 20 to
40 inches of suitable material, soils that have an appre-
ciable amount of gravel, stones, or soluble salts, or soils
that have slopes of 8 to 15 percent. The soils are not so
wet that excavation is difficult.

Soils rated poor are very sandy or clayey, have less
than 20 inches of suitable material, have a large amount
of gravel, stones, or soluble salts, have slopes of more
than 15 percent, or have a seasonal water table at or
near the surface.

The surface layer of most soils is generally preferred
for topsoil because of its organic matter content. Organic
matter greatly increases the absorption and retention of
moisture and nutrients for plant growth.

Water management

Table 12 gives information on the soil properties and
site features that affect water management. It gives for
each soil the restrictive features that affect pond reser-
voir areas; embankments, dikes, and levees: drainage;
irrigation; terraces and diversions; and grassed water-
ways.

Pond reservoir areas hold water behind a dam or em-
bankment. Soils best suited to this use have low seep-
age potential in the upper 60 inches. The seepage po-
tential is determined by the permeability of the soil and
the depth to fractured bedrock or other permeable mate-
rial. Excessive slope can affect the storage capacity of
the reservoir area.

Embankments, dikes, and levees are raised structures
of soil material, generally less than 20 feet high, con-
structed to impound water or to protect land against
overflow. Soil material in embankments must be resistant
to seepage, piping, and erosion and have favorable com-
paction characteristics. Unfavorable features include less
than 5 feet of suitable material and a high content of
stones or boulders, organic matter, or salts or sodium. A
high water table affects the amount of usable material. It
also affects trafficability.

Drainage is the removal of excess surface and subsur-
face water from the soil. How easily and effectively the
soil is drained depends on the depth to bedrock, to a
cemented pan, or to other layers that affect the rate of
water movement; permeability; depth to a high water
table or depth of standing water if the soil is subject to
ponding; slope; susceptibility to flooding; subsidence of
organic layers; and potential frost action. Excavating and
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grading and the stability of ditchbanks are affected by
depth to bedrock or to a cemented pan, large stones,
slope, and the hazard of cutbanks caving. The productiv-
ity of the soil after drainage is adversely affected by
extreme acidity or by toxic substances in the root zone,
such as salts, sodium, or sulfur. Availability of drainage
outlets is not considered in the ratings.

Irrigation is the controlled application of water to sup-
plement rainfall and support plant growth. The design
and management of an irrigation system are affected by
depth to the water table, the need for drainage, flooding,
available water capacity, intake rate, permeability, ero-
sion hazard, and slope. The construction of a system is
affected by large stones and depth to bedrock or to a
cemented pan. The performance of a system is affected
by the depth of the root zone, the amount of salts or
sodium, and soil reaction.

Terraces and diversions are embankments or a combi-
nation of channels and ridges constructed across a
slope to reduce erosion and conserve moisture by inter-
cepting runoff. Slope, wetness, large stones, and depth
to bedrock or to a cemented pan affect the construction
of terraces and diversions. A restricted rooting depth, a
severe hazard of wind or water erosion, an excessively
coarse texture, and restricted permeability adversely
affect maintenance.

Grassed waterways are natural or constructed chan-
nels, generally broad and shallow, that conduct surface
water to outlets at a nonerosive velocity. Large stones,
wetness, slope, and depth to bedrock or to a cemented
pan affect the construction of grassed waterways. A
hazard of wind erosion, low available water capacity,
restricted rooting depth, toxic substances such as salts
or sodium, and restricted permeability adversely affect
the growth and maintenance of the grass after construc-
tion.

Recreation

Edward A. Gaskins, biologist, Soil Conservation Service, assisted in
the preparation of this section.

The Statewide Comprehensive Outdoor Recreation
Plan (SCORP) reports a total of 3,595 acres of existing
recreational developments in Johnson County (20). The
facilities listed include: 21 acres of playfields, 65 acres of
fishing waters, 45 acres of boating water, 12 acres suit-
able for canoe use, 88,120 square feet of swimming
area, 222 acres of camping, 4 miles of hiking trails, and
35 acres of picnicking areas. The report projects a mini-
mum county need to increase bike, horse, and hiking
trails; hunting areas; and acres of water open to fishing
by the year of 1990. The increase would meet the coun-
ty’s future need to provide for a projected increase in
total population (41,200) by that date (9).

State owned lands open to the public include Knob
Noster State Park (3,511 acres) and the Perry Memorial
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Wildlife Area (1,667 acres). The park offers camping,
fishing, swimming, and nature trails to the visitor. The
wildlife area offers hunting for openland and woodland
game and has waterfowl areas planned for future devel-
opment.

The NACD Nationwide Outdoor Recreation Inventory
lists 13 private and semi-private recreation enterprises in
operation within the county (74). These consist of three
campgrounds, two field sports areas, three commercial
fishing areas, a historic site, a picnicking area, a race
track, a horseback riding club, and a drive-in theater. The
committee which made this inventory feit that water
sports areas and vacation farm enterprises were the
priority recreation facilities needed in the county.

The soils of the survey area are rated in table 13
according to limitations that affect their suitability for
recreation. The ratings are based on restrictive soil fea-
tures, such as wetness, slope, and texture of the surface
layer. Susceptibility to flooding is considered. Not consid-
ered in the ratings, but important in evaluating a site, are
the location and accessibility of the area, the size and
shape of the area and its scenic quality, vegetation,
access to water, potential water impoundment sites, and
access to public sewerlines. The capacity of the soil to
absorb septic tank effluent and the ability of the soil to
support vegetation are also important. Soils subject to
flooding are limited for recreation use by the duration
and intensity of flooding and the season when flooding
occurs. In planning recreation facilities, onsite assess-
ment of the height, duration, intensity, and frequency of
flooding is essential.

In table 13, the degree of soil limitation is expressed
as slight, moderate, or severe. Sfight means that soil
properties are generally favorable and that limitations are
minor and easily overcome. Moderate means that limita-
tions can be overcome or alleviated by planning, design,
or special maintenance. Severe means that soil proper-
ties are unfavorable and that limitations can be offset
only by costly soil reclamation, special design, intensive
maintenance, limited use, or by a combination of these
measures.

The information in table 13 can be supplemented by
other information in this survey, for example, interpreta-
tions for septic tank absorption fields in table 10 and
interpretations for dwellings without basements and for
local roads and streets in table 9.

Camp areas require site preparation such as shaping
and leveling the tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary facili-
ties and utility lines. Camp areas are subject to heavy
foot traffic and some vehicular traffic. The best soils
have mild slopes and are not wet or subject to flooding
during the period of use. The surface has few or no
stones or boulders, absorbs rainfall readily but remains
firm, and is not dusty when dry. Strong slopes and
stones or boulders can greatly increase the cost of con-
structing campsites.
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Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for picnic areas are firm when wet,
are not dusty when dry, are not subject to flooding
during the period of use, and do not have slopes or
stones or boulders that increase the cost of shaping
sites or of building access roads and parking areas.

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

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

Wildlife habitat

Edward A. Gaskins, biologist, Soil Conservation Service, assisted in
the preparation of this section.

Over 80 percent of Johnson County was classified as
prairie at one time. This county is one of the thirteen
west-central counties which comprise the West Prairie
Zoogeographic Region of Missouri (77). Today, approxi-
mately 10 percent of the county is classified as wood-
land. Continued clearing of this wooded base is expect-
ed on the more productive agricultural soils during the
coming years.

Quail and rabbit populations fluctuate from fair to good
in the county depending upon available cover in relation
to food supplies. Harvest data shows Johnson County as
having one of the larger deer populations in this part of
the state. Dove populations, both residents and migra-
tory, are also high. The county has a harvestable popula-
tion of furbearers. Raccoon are high on the list (77).
Large populations of various songbirds are found
throughout the county. Although several sightings have
been reported over the years, prairie chicken and ring-
necked pheasant are classified as rare. A release of
3,000 Korean-blackneck cross-hybrid pheasants in
neighboring Pettis County is expected (9). If the estab-
lishment of these birds is successful, they could occupy
existing habitat in Johnson County. Waterfow! population
is considered low because of the absence of required
. wetland habitat.

The Macksburg-Sampsel and Zook-Dockery-Blackoar
associations are the most intensively cropped of the five
associations and comprise approximately 19 percent of
the county. Hard (woody) cover is restricted to hedge-
rows, brushy drainageways, and a few small blocks of
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woodland in the Macksburg part and in the wooded flood
plain (Blackoar part) along the Blackwater River. Clear-
ing of these wooded areas is accelerating, especially on
the more productive Macksburg soils.

These soils support a large dove population and in
those areas where hard cover remains, are medium quail
populations and small to medium rabbit populations.
Deer are fairly numerous along the wooded flood plain.
Here, too, is found the woodland base needed for squir-
rel habitat. Cornfields along the border supplement the
farily poor oak-hickory mast production. Waterfowl make
use of farm ponds for resting during their annual spring
migrations. Many old, wooded oxbows, formed during
channel work on the Blackwater River, still retain water
of varying depths. These areas provide good to excellent
habitat for wood duck and other wetland species. Geese
from the James A. Reed Wildlife Area in Jackson County
feed on agricultural lands in the western part of the
county. The state-owned Perry Memorial Wildlife Area is
in the Zook-Dockery-Blackoar association near the town
of Concordia. This area of 1,667 acres offers upland and
forest game hunting to the licensed public.

The Sampsel-Snead-Polo and Sampsel-Deepwater-
Haig soil associations comprise around 66 percent of the
land area in Johnson County. Farm uses are mainly
pasture, hayland, and some cropland. Woody cover is
fairly scarce in this large area and is of poorer quality
than in other areas. This scarcity of hard cover together
with overgrazing of pasture has reduced the capacity of
much of this area to support the traditional game spe-
cies. Medium rabbit populations are still found in the
grass-legume hayland areas having brushy cover in
close proximity. Coyote hunting is gaining in popularity.

These four associations have the majority of openland
habitat in Johnson County.

The Mandeville-Norris-Bolivar soil association, which
makes up 15 percent of the county, furnishes the major-
ity of woodland habitat in the county. Knob Noster State
Park, which has 3,511 protected acres, provides excel-
lent habitat for various woodland wildlife species. Wild
turkey is established in this association: the largest popu-
lation is on Bristle Ridge near Knob Noster. Squirrel
populations range from small to medium depending upon
the annual mass production. Small to medium popula-
tions of quail, rabbit, and dove can be found in areas
where farming has expanded along ridgetops and in
narrow valleys that have woody cover well interspersed
on the steeper side slopes.

The stream fishery resource is limited to the Black-
water River, the mouth of Post Oak Creek, and parts of
Big Creek in the southwestern part of the county. Nu-
merous farm ponds, 68 acres of public waters in Knob
Noster Park, a few commercial ponds, and various wa-
tershed structures provide opportunities for impoundment
type fishing. Principal stream fish are channel catfish,
black bullhead, carp, largemouth bass, and other species
adapted to the heavily silted, slow moving streams of



this region. Ponds and lakes are normally stocked with
largemouth bass, channel catfish, and bluegill.

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

In table 14, the soils in the survey area are rated
according to their potential for providing habitat for var-
ious kinds of wildlife. This information can be used in
planning parks, wildlife refuges, nature study areas, and
other developments for wildlife; in selecting soils that are
suitable for establishing, improving, or maintaining specif-
ic elements of wildlife habitat; and in determining the
intensity of management needed for each element of the
habitat.

The potential of the soil is rated good, fair, poor, or
very poor. A rating of good indicates that the element or
kind of habitat is easily established, improved, or main-
tained. Few or no limitations affect management, and
satisfactory results can be expected. A rating of fair
indicates that the element or kind of habitat can be
established, improved, or maintained in most places.
Moderately intensive management is required for satis-
factory results. A rating of poor indicates that limitations
are severe for the designated element or kind of habitat.
Habitat can be created, improved, or maintained in most
places, but management is difficult and must be inten-
sive. A rating of very poor indicates that restrictions for
the element or kind of habitat are very severe and that
unsatisfactory results can be expected. Creating, improv-
ing, or maintaining habitat is impractical or impossible.

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

Grain and seed crops are domestic grains and seed-
producing herbaceous plants. Soil properties and fea-
tures that affect the growth of grain and seed crops are
depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface stoni-
ness, and flood hazard. Soil temperature and soil mois-
ture are also considerations. Examples of grain and seed
crops are corn, wheat, oats, barley, millet, soybeans, and
milo.

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

Wild herbaceous plants are native or naturally estab-
lished grasses and forbs, including weeds. Soil proper-
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ties and features that affect the growth of these plants
are depth of the roct zone, texture of the surface layer,
available water capacity, wetness, surface stoniness, and
flood hazard. Soil temperature and soil moisture are also
considerations. Examples of wild herbaceous plants are
bluestem, goldenrod, beggarweed, pokeweed, foxtail,
croton, and partridgepea.

Hardwood trees and woody understory produce nuts
or other fruit, buds, catkins, twigs, bark, and foliage. Soil
properties and features that affect the growth of hard-
wood trees and shrubs are depth of the root zone, the
available water capacity, and wetness. Examples of
these plants are oak, poplar, cherry, sweetgum, apple,
hawthorn, dogwood, hickory, persimmon, sassafras,
walnut, and blackhaw.

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

Wetland plants are annual and perennial wild herba-
ceous plants that grow on moist or wet sites. Submerged
or floating aquatic plants are excluded. Soil properties
and features affecting wetland plants are texture of the
surface layer, wetness, reaction, salinity, slope, and sur-
face stoniness. Examples of wetland plants are
smartweed, wild millet, wildrice, cutgrass, cattail, rushes,
sedges, and buttonbush.

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

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

Habitat for openiand wildlife consists of cropland, pas-
ture, meadows, and areas that are overgrown with
grasses, herbs, shrubs, and vines. These areas produce
grain and seed crops, grasses and legumes, and wild
herbaceous plants. The wildlife attracted to these areas
include bobwhite quail, pheasant, meadowlark, field spar-
row, cottontail, red fox, woodchuck, and mourning dove.

Habitat for woodland wildlife consists of areas of de-
ciduous plants or coniferous plants or both and associat-
ed grasses, legumes, and wild herbaceous plants. Wild-
life attracted to these areas include wild turkey, ruffed
grouse, woodcock, thrushes, woodpeckers, squirrels,
gray fox, raccoon, deer, and bear.

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

Data relating to soil properties are collected during the
course of the soil survey. The data and the estimates of
soil and water features, listed in tables, are explained on
the following pages.

Soil properties are determined by field examination of
the soils and by laboratory index testing of some bench-
mark soils. Established standard procedures are fol-
lowed. During the survey, many shallow borings are
made and examined to identify and classify the soils and
to delineate them on the soil maps. Samples are taken
from some typical profiles and tested in the laboratory to
determine grain-size distribution, plasticity, and compac-
tion characteristics. These results are reported in table
18.

Estimates of soil properties are based on field exami-
nations, on laboratory tests of samples from the survey
area, and on laboratory tests of samples of similar soils
in nearby areas. Tests verify field observations, verify
properties that cannot be estimated accurately by field
observation, and help characterize key soils.

The estimates of soil properties shown in the tables
include the range of grain-size distribution and Atterberg
limits, the engineering classifications, and the physical
and chemical properties of the major layers of each soil.
Pertinent soil and water features also are given.

Engineering index properties

Table 15 gives estimates of the engineering classifica-
tion and of the range of index properties for the major
layers of each soil in the survey area. Most soils have
layers of contrasting properties within the upper 5 or 6
feet.

Depth to the upper and lower boundaries of each layer
is indicated. The range in depth and information on other
properties of each layer are given for each soil series
under “Soil series and morphology.”

Texture is given in the standard terms used by the
U.S. Department of Agriculture. These terms are defined
according to percentages of sand, silt, and clay in the
fraction of the soil that is less than 2 millimeters in
diameter. *“Loam,” for example, is soil that is 7 to 27
percent clay, 28 to 50 percent silt, and less than 52
percent sand. If a soil contains particles coarser than
sand, an appropriate modifier is added, for example,
“gravelly.” Textural terms are defined in the Glossary.

Classification of the soils is determined according to
the Unified soil. classification system (& 18) and the
system adopted by the American Association of State
Highway and Transportation Officials (7).

The Unified system classifies soils according to prop-
erties that affect their use as construction material. Soils
are classified according to grain-size distribution of the
fraction less than 3 inches in diameter and according to
plasticity index, liquid limit, and organic matter content.
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Sandy and gravelly soils are identified as GW, GP, GM,
GC, SW, SP, SM, and SC; silty and clayey soils as ML,
CL, OL, MH, CH, and OH; and highly organic soils as Pt.
Soils exhibiting engineering properties of two groups can
have a dual classification, for example, SP-SM.

The AASHTO system classifies soils according to
those properties that affect roadway construction and
maintenance. In this system, the fraction of a mineral soil
that is less than 3 inches in diameter is classified in one
of seven groups from A-1 through A-7 on the basis of
grain-size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in content
of fines (silt and clay). At the other extreme, soils in
group A-7 are fine grained. Highly organic soils are clas-
sified in group A-8 on the basis of visual inspection.

If laboratory data are available, the A-1, A-2, and A-7
groups are further classified as A-1-a, A-1-b, A-2-4, A-2-
5, A-2-6, A-2-7, A-7-5, or A-7-6. As an additional refine-
ment, the suitability of a soil as subgrade material can be
indicated by a group index number. Group index num-
bers range from 0 for the best subgrade material to 20
or higher for the poorest. The AASHTO classification for
soils tested, with group index numbers in parentheses, is
given in table 18.

Rock fragments larger than 3 inches in diameter are
indicated as a percentage of the total soil on a dry-
weight basis. The percentages are estimates determined
mainly by converting volume percentage in the field to
weight percentage.

Percentage (of soil particles) passing designated
sieves is the percentage of the soil fraction less than 3
inches in diameter based on an oven-dry weight. The
sieves, numbers 4, 10, 40, and 200 (USA Standard
Series), have openings of 4.76, 2.00, 0.420, and 0.074
millimeters, respectively. Estimates are based on labora-
tory tests of soils sampled in the survey area and in
nearby areas and on estimates made in the field.

Liquid limit and plasticity index (Atterberg limits) indi-
cate the plasticity characteristics of a soil. The estimates
are based on test data from the survey area or from
nearby areas and on field examination.

The estimates of grain-size distribution, liquid limit, and
plasticity index are rounded to the nearest 5 percent.
Thus, if the ranges of gradation and Atterberg limits
extend a marginal amount (1 or 2 percentage points)
across classification boundaries, the classification in the
marginal zone is omitted in the table.

Physical and chemical properties

Table 16 shows estimates of some characteristics and
features that affect soil behavior. These estimates are
given for the major layers of each soil in the survey area.
The estimates are based on field observations and on
test data for these and similar soils.

Permeability refers to the ability of a soil to transmit
water or air. The estimates indicate the rate of downward
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movement of water when the soil is saturated. They are
based on soil characteristics observed in the field, par-
ticularly structure, porosity, and texture. Permeability is
considered in the design of soil drainage systems, septic
tank absorption fields, and construction where the rate of
water movement under saturated conditions affects be-
havior.

Available water capacily refers to the quantity of water
that the soil is capable of storing for use by plants. The
capacity for water storage is given in inches of water per
inch of soil for each major soil layer. The capacity varies,
depending on soil properties that affect the retention of
water and the depth of the root zone. The most impor-
tant properties are the content of organic matter, soil
texture, bulk density, and soil structure. Available water
capacity is an important factor in the choice of plants or
crops to be grown and in the design and management of
irrigation systems. Available water capacity is not an
estimate of the quantity of water actually available to
plants at any given time.

Soil reaction is a measure of acidity or alkalinity and is
expressed as a range in pH values. The range in pH of
each major horizon is based on many field tests. For
many soils, values have been verified by laboratory anal-
yses. Soil reaction is important in selecting crops and
other plants, in evaluating soil amendments for fertility
and stabilization, and in determining the risk of corrosion.

Shrink-swell potential is the potential for volume
change in a soil with a loss or gain in moisture. Volume
change occurs mainly because of the interaction of clay
minerals with water and varies with the amount and type
of clay minerals in the soil. The size of the load on the
soil and the magnitude of the change in soil moisture
content influence the amount of swelling of soils in
place. Laboratory measurements of swelling of undis-
turbed clods were made for many soils. For others,
swelling was estimated on the basis of the kind and
amount of clay minerals in the soil and on measure-
ments of similar soils.

If the shrink-swell potential is rated moderate to very
high, shrinking and swelling can cause damage to build-
ings, roads, and other structures. Special design is often
needed.

Shrink-swell potential classes are based on the
change in length of an unconfined clod as moisture con-
tent is increased from air-dry to field capacity. The
change is based on the soil fraction less than 2 millime-
ters in diameter. The classes are /ow, a change of less
than 3 percent; moderate, 3 to 6 percent; and high, more
than 6 percent. Very high, greater than 9 percent, is
sometimes used.

Erosion factor K indicates the susceptibility of a soil to
sheet and rill erosion by water. Factor K is one of six
factors used in the Universal Soil Loss Equation (USLE)
to predict the average annual rate of soil loss by sheet
and rill erosion in tons per acre per year. The estimates
are based primarily on percentage of silt, sand, and
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organic matter (up to 4 percent) and on soil structure
and permeability. Values of K range from 0.05 to 0.69.
The higher the value the more susceptible the soil is to
sheet and rill erosion by water. ‘

Erosion factor T is an estimate of the maximum aver-
age annual rate of soil erosion by wind or water that can
occur without affecting crop productivity over a sustained
period. The rate is in tons per acre per year.

Wind erodibility groups are made up of soils that have
similar properties affecting their resistance to wind ero-
sion in cultivated areas. The groups indicate the suscep-
tibility of soil to wind erosion and the amount of soil lost.
Soils are grouped according to the following distinctions:

1. Sands, coarse sands, fine sands, and very fine
sands. These soils are generally not suitable for crops.
They are extremely erodible, and vegetation is difficult to
establish.

2. Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible. Crops
can be grown if intensive measures to control wind ero-
sion are used.

3. Sandy loams, coarse sandy loams, fine sandy
loams, and very fine sandy loams. These soils are highly
erodible. Crops can be grown if intensive measures to
control wind erosion are used.

4L. Calcareous loamy soils that are less than 35 per-
cent clay and more than 5 percent finely divided calcium
carbonate. These soils are erodible. Crops can be grown
if intensive measures to control wind erosion are used.

4. Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible. Crops can be grown if measures to
control wind erosion are used.

5. Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided calcium carbonate and
sandy clay loams and sandy clays that are less than 5
percent finely divided calcium carbonate. These soils are
slightly erodible. Crops can be grown if measures to
control wind erosion are used.

6. Loamy soils that are 18 to 35 percent clay and
less than 5 percent finely divided calcium carbonate,
except silty clay loams. These soils are very slightly
erodible. Crops can easily be grown.

7. Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbonate.
These soils are very slightly erodible. Crops can easily
be grown.

8. Stony or gravelly soils and other soils not subject
to wind erosion.

Organic matter is the plant and animal residue in the
soil at various stages of decomposition.

In table 16, the estimated content of organic matter of
the plow layer is expressed as a percentage, by weight,
of the soil material that is less than 2 millimeters in
diameter.

The content of organic matter of a soil can be main-
tained or increased by returning crop residue to the soil.
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Organic matter affects the available water capacity, infil-
tration rate, and tilth. It is a source of nitrogen and other
nutrients for crops.

Soil and water features

Table 17 gives estimates of various soil and water
features. The estimates are used in land use planning
that involves engineering considerations.

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation are
assigned to one of four groups. They are grouped ac-
cording to the intake of water when the soils are thor-
oughly wet and receive precipitation from long-duration
storms.

The four hydrologic soil groups are:

Group A. Soils having a high infiltration rate (low runoff
potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or grav-
elly sands. These soils have a high rate of water trans-
mission.

Group B. Soils having a moderate infiltration rate when
thoroughly wet. These consist chiefly of moderately deep
or deep, moderately well drained or well drained soils
that have moderately fine texture to moderately coarse
texture. These soils have a moderate rate of water trans-
mission.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils having a
layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These
soils have a slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high
runoff potential) when thoroughly wet. These consist
chiefly of clays that have a high shrink-swell potential,
soils that have a permanent high water table, soils that
have a claypan or clay layer at or near the surface, and
soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

Flooding, the temporary inundation of an area, is
caused by overflowing streams, by runoff from adjacent
slopes, or by tides. Water standing for short periods after
rainfall or snowmelt and water in swamps and marshes
is not considered flooding.

Table 17 gives the frequency and duration of flooding
and the time of year when flooding is most likely.

Frequency, duration, and probable dates of occurrence
are estimated. Frequency is expressed as none, rare,
common, occasional, and frequent. None means that
flooding is not probable; rare that it is unlikely but possi-
ble under unusual weather conditions; common that it is
likely under normal conditions; occasional that it occurs
on an average of once or less in 2 years; and frequent
that it occurs on an average of more than once in 2
years. Duration is expressed as very brief if less than 2
days, brief if 2 to 7 days, and /ong if more than 7 days.
Probable dates are expressed in months; November-
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May, for example, means that flooding can occur during
the period November through May.

The information is based on evidence in the soil pro-
file, namely thin strata of gravel, sand, silt, or clay depos-
ited by floodwater; irregular decrease in organic matter
content with increasing depth; and absence of distinctive
horizons that form in soils that are not subject to flood-
ing.

Also considered are local information about the extent
and levels of flooding and the relation of each soil on
the landscape to historic floods. Information on the
extent of flooding based on soil data is less specific than
that provided by detailed engineering surveys that delin-
eate flood-prone areas at specific flood frequency levels.

High water table (seasonal) is the highest level of a
saturated zone in the soil in most years. The depth to a
seasonal high water table applies to undrained soils. The
estimates are based mainly on the evidence of a saturat-
ed zone, namely grayish colors or mottles in the soil.
Indicated in table 17 are the depth to the seasonal high
water table; the kind of water table—that is, perched,
artesian, or apparent; and the months of the year that
the water table commonly is high. A water table that is
seasonally high for less than 1 month is not indicated in
table 17.

An apparent water table is a thick zone of free water
in the soil. It is indicated by the level at which water
stands in an uncased borehole after adequate time is
allowed for adjustment in the surrounding soil. An arte-
sian water table is under hydrostatic head, generally be-
neath an impermeable layer. When this layer is penetrat-
ed, the water level rises in an uncased borehole. A
perched water table is water standing above an unsatu-
rated zone. In places an upper, or perched, water table
is separated from a lower one by a dry zone.

Only saturated zones within a depth of about 6 feet
are indicated. A plus sign preceding the range in depth
indicates that the water table is above the surface of the
soil. The first numeral in the range indicates how high
the water rises above the surface. The second numeral
indicates the depth below the surface.

Depth to bedrock is shown for all soils that are under-
lain by bedrock at a depth of 5 to 6 feet or less. For
many soils, the limited depth to bedrock is a part of the
definition of the soil series. The depths shown are based
on measurements made in many soil borings and on
other observations during the mapping of the soils. The
kind of bedrock and its hardness as related to ease of
excavation is also shown. Rippable bedrock can be ex-
cavated with a single-tooth ripping attachment on a 200-
horsepower tractor, but hard bedrock generally requires
blasting.

Potential frost action is the likelihood of upward or
lateral expansion of the soil caused by the formation of
segregated ice lenses (frost heave) and the subsequent
collapse of the soil and loss of strength on thawing.
Frost action occurs when moisture moves into the freez-
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ing zone of the soil. Temperature, texture, density, per-
meability, content of organic matter, and depth to the
water table are the most important factors considered in
evaluating the potential for frost action. It is assumed
that the soil is not insulated by vegetation or snow and is
not artificially drained. Silty and highly structured clayey
soils that have a high water table in winter are most
susceptible to frost action. Well drained, very gravelly, or
very sandy soils are the least susceptible. Frost heave
and low soil strength during thawing cause damage
mainly to pavements and other rigid structures.

Risk of corrosion pertains to potential soil-induced
electrochemical or chemical action that dissolves or
weakens uncoated steel or concrete. The rate of corro-
sion of uncoated steel is related to such factors as soil
moisture, particle-size distribution, acidity, and electrical
conductivity of the soil. The rate of corrosion of concrete
is based mainly on the sulfate and sodium content, tex-
ture, moisture content, and acidity of the soil. Special
site examination and design may be needed if the com-
bination of factors creates a severe corrosion environ-
ment. The steel in installations that intersect soil bound-
aries or soil layers is more susceptible to corrosion than
steel in installations that are entirely within one kind of
soil or within one soil layer.

For uncoated steel, the risk of corrosion, expressed as
low, moderate, or high, is based on soil drainage class,
total acidity, electrical resistivity near field capacity, and
electrical conductivity of the saturation extract.

For concrete, the risk of corrosion is also expressed
as Jow, moderate, or high. It is based on soil texture,
acidity, and amount of sulfates in the saturation extract.

Engineering index test data

Table 18 shows laboratory test data for several
pedons sampled at carefully selected sites in the survey
area. The pedons are typical of the series and are de-
scribed in the section ““Soil series and morphology.” The
soil samples were tested by the Missouri State Highway
Department.

The testing methods generally are those of the Ameri-
can Association of State Highway and Transportation
Officials (AASHTO) or the American Society for Testing
and Materials (ASTM).

The methods and codes are AASHTO classification
(M-145-66); Unified classification (D-2487-66T); mechani-
cal analysis (T88-57); liquid limit (T89-60); plasticity index
(T90-56); moisture-density, method A (T99-57); (D-1883).

Soil series and morphology

In this section, each soil series recognized in the
survey area is described. The descriptions are arranged
in alphabetic order.
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Characteristics of the soil and the material in which it
formed are identified for each series. The soil is com-
pared with similar soils and with nearby soils of other
series. A pedon, a small three-dimensional area of soil,
that is typical of the series in the survey area is de-
scribed. The detailed description of each soil horizon
follows standards in the Soil Survey Manual (27). Many
of the technical terms used in the descriptions are de-
fined in Soil Taxonomy (22). Unless otherwise stated,
colors in the descriptions are for moist soil. Following the
pedon description is the range of important characteris-
tics of the soils in the series.

The map units of each soil series are described in the
section “Soil maps for detailed planning.”

Barco series

This series consists of moderately deep, well drained,
moderately permeable soils on narrow upland ridgetops
and side slopes. These soils formed in residuum weath-
ered from sandstone and shale. Slopes are 2 to 9 per-
cent.

Barco soils are similar to Bolivar soils and are com-
monly adjacent to Deepwater and Sampsel soils. Bolivar
soils do not have a mollic epipedon. Deepwater soils are
moderately well drained, have a finer textured B2t hori-
zon, and are more than 40 inches thick. Sampsel soils
are somewhat poorly drained, have a finer textured B2t
horizon, and are at the heads of drainageways.

Typical pedon in an area of Barco loam, 5 to 9 percent
slopes, 400 feet south and 1,320 feet west of the north-
west corner of sec. 22, T. 44 N, R. 29 W.

Ap—O0 to 6 inches; dark brown (10YR 3/3) loam; weak
fine granular structure; very friable; many fine roots;
few small fragments of soft sandstone (less than 10
percent); common worm casts; very strongly acid;
abrupt smooth boundary.

B1—6 to 9 inches; dark brown (10YR 3/3) loam; weak
fine subangular blocky structure; very friable; many
fine roots; few small fragments of soft sandstone
(less than 10 percent); common worm casts; very.
strongly acid; abrupt smooth boundary.

B21t—9 to 12 inches; dark brown (10YR 3/3) loam;
weak fine subangular blocky structure; very friable;
many fine roots; many fine fragments of soft sand-
stone (less than 25 percent); common worm casts;
very strongly acid; abrupt smooth boundary.

B22t—12 to 18 inches; brown (10YR 4/3) clay loam;
weak fine subangular blocky structure; very friable;
common fine roots; common fine fragments of soft
sandstone (less than 15 percent); common worm
casts; strongly acid; clear smooth boundary.

B3t—18 to 34 inches; strong brown (7.5YR 5/6) clay
loam; weak fine subangular blocky structure; very
friable; few fine roots; common fine fragments of
soft sandstone (less than 15 percent); common
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worm casts; very strongly acid; clear smooth bound-
ary.

C—34 to 38 inches; yellowish brown (10YR 5/6) clay
loam; massive; few fine fragments of soft sandstone
(less than 10 percent); strongly acid; abrupt smooth
boundary.

Cr1—38 to 52 inches; yellowish brown (10YR 5/6) soft
weathered sandstone; plates of light clay loam inter-
bedded along seams (1 centimeter to 2 centimeters
thick); strongly acid; clear smooth boundary.

Cr2—52 to 66 inches; pale yellow (2.5Y 7/4) soft rippa-
ble strongly acid sandstone.

Thickness of the solum and depth to sandstone range
from 20 to 40 inches. Thickness of the mollic epipedon
ranges from 10 to 24 inches. Fragments of weathered
sandstone comprise less than 35 percent of the soil
mass of any horizon.

The A horizon has hue of 10YR or 7.5YR, value of 2
or 3, and chroma of 2 or 3. It is dominantly loam but
ranges to silt loam. The B horizon has hue of 10YR or
7.5YR, value of 3 through 5, and chroma of 3 through 6.
It is loam or clay loam that is 18 to 35 percent clay. The
C horizon has hue of 2.5YR, 10YR, 7.5YR, or 5YR; value
of 4 through 7; and chroma of 2 through 6. It is clay
loam or soft weathered sandstone interbedded with clay
loam.

Blackoar series

This series consists of deep, poorly drained, moderate-
ly permeable soils on bottom lands. These soils formed
in silty alluvium. Slopes are 0 to 2 percent.

Blackoar soils commonly are near Nodaway, Wabash,
and Zook soils on the flood plain. Nodaway soils are
moderately well drained and are on the natural levees
along streams and former channels of streams. Wabash
and Zook soils are darker, are finer textured throughout,
and are near the uplands where slack water has deposit-
ed fine textured material.

Typical pedon in an area of Blackoar silt loam, 400
feet west and 233 feet south of the northeast corner of
sec.12, T.46 N, R. 26 W.

Ap—oO0 to 8 inches; very dark grayish brown (10YR 3/2)
silt loam; moderate fine granular and subangular
blocky structure; very friable; many roots; medium
acid; clear smooth boundary.

A12—8 to 22 inches; very dark gray (10YR 3/1) silt
loam; weak fine subangular blocky structure; very
friable; many roots; medium acid; gradual smooth
boundary.

B2g—22 to 43 inches; dark gray (10YR 4/1) silt loam;
common fine prominent dark brown (10YR 4/3) and
distinct gray (10YR 6/1) mottles; weak very fine
subangular blocky structure; very friable; few thin

55

discontinuous clay films; few fine roots; few black
concretions; medium acid; diffuse smooth boundary.

Cg—43 to 65 inches; dark gray (10YR 4/1) silt loam,
many medium prominent dark brown (10YR 4/3)
mottles; weak very fine subangular blocky structure;
very friable; few roots; few medium black concre-
tions; medium acid.

Thickness of the solum ranges from 36 to 60 inches.
Thickness of the moliic epipedon ranges from 16 to 24
inches. The solum ranges from medium acid to neutral.
In some pedons the B horizon has thin layers of silty
clay loam. In the matrix of the Bg horizon and Cg hori-
zon, hue is 10YR to 5Y, value is 4 through 6, and
chroma is 2 or less.

Bolivar series

This series consists of moderately deep, well drained,
moderately permeable soils on uplands. These soils
formed in residuum weathered from sandstone and
shale. Slopes are 5 to 14 percent.

Bolivar soils are similar to Barco soils and commonly
are adjacent to Mandeville and Norris soils. Barco soils
have a mollic epipedon that is more than 10 inches
thick. Mandeville soils formed in residuum weathered
from shale bedrock. Norris soils do not have an argillic
horizon and are typically steeper. In addition, the solum
is less than 20 inches deep over weathered shale bed-
rock.

Typical pedon in an area of Bolivar loam, 5 to 9 per-
cent slopes, eroded, 1,220 feet south and 1,480 feet
east of the northwest corner of sec. 11, T. 44 N, R. 26
W.

Ap—0 to 4 inches; dark brown (10YR 4/3) loam; weak
fine granular structure; very friable; many roots;
medium acid; abrupt smooth boundary.

A12—4 to 8 inches; dark brown (10YR 4/3) loam; weak
fine granular structure; very friable; many roots;
slightly acid; clear smooth boundary.

A2--8 to 11 inches; brown (7.5YR 4/4) loam; weak fine
granular structure; very friable; many roots; slightly
acid; abrupt smooth boundary.

B1—11 to 14 inches; dark brown (7.5YR 4/4) clay loam;
weak fine blocky structure; very friable; many roots;
medium acid; few fine sandstone fragments; abrupt
smooth boundary.

B2t—14 to 24 inches; yellowish red (5YR 4/6) clay loam;
weak fine blocky structure; friable; many fine roots;
patchy thin discontinous clay films; common medium
sandstone fragments; very strongly acid; abrupt
smooth boundary.

B3t—24 to 29 inches; yellowish red (5YR 4/6) clay loam;
common medium prominent yellowish brown (10YR
5/8) mottles; weak medium blocky structure; very
friable; many fine roots; patchy thin discontinuous
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clay films; common medium sandstone fragments;
abrupt smooth boundary.

Cr—29 to 36 inches; dark yellowish brown (10YR 4/4)
soft weathered sandstone; thin lenses of clay loam
shale.

Thickness of the solum and depth to weathered soft
sandstone range from 20 to 40 inches. Fragments of
weathered sandstone comprise less than 35 percent of
the soil mass of any horizon.

The A1 horizon has hue of 10YR, value of 3 or 4, and
chroma of 2 or 3. It is loam or fine sandy loam. The A2
horizon has hue of 10YR or 7.5YR, value of 4 through 6,
and chroma of 3 or 4. The B horizon has hue of 10YR,
7.5YR, or 5YR; value of 4 or 5; and chroma of 4 through
8. It is loam or clay loam. It is 25 to 35 percent clay. In
some pedons, subhorizons of the B horizon range to as
much as 38 percent clay. Reaction ranges from medium
acid to very strongly acid. The Cr horizon is soft, weath-
ered rippable sandstone.

Bremer series

This series consists of deep, poorly drained, slowly
permeable soils on second bottoms or terraces. These
soils formed in silty alluvium of recent age. Slopes are 0
to 2 percent.

Bremer soils are mapped with Nodaway, Blackoar,
Wabash, and Zook soils on flood plains. Nodaway soils
are moderately well drained, are browner throughout,
and are on natural levees along streams and former
channels of streams. Blackoar soils are not so fine tex-
tured and are in low depressions. Wabash and Zook
soils have a mollic epipedon that is more than 36 inches
thick. These soils are in depressions.

Typical pedon in an area of Bremer silty clay loam,
1,420 feet east and 700 feet south of center of sec. 11,
T.46 N, R. 28 W.

Ap—O0 to 6 inches; very dark gray (10YR 3/1) silty clay
loam; weak very fine subangular blocky structure;
friable; many coarse roots; medium acid; abrupt
smooth boundary.

A12—6 to 10 inches; very dark gray (10YR 3/1) silty clay
loam; weak very fine subangular blocky structure;
friable; many coarse roots; very dark grayish brown
(10YR 3/2) organic coatings on faces of peds;
slightly acid; abrupt smooth boundary.

B21t—10 to 13 inches; very dark gray (N 3/) silty clay
loam; weak fine subangular blocky structure; firm;
many coarse roots; thin discontinuous clay films on
the faces of some peds; slightly acid; abrupt smooth
boundary.

B22tg—13 to 31 inches; very dark gray (N 3/) silty clay;
few fine prominent dark yellowish brown (10YR 4/4)
mottles; moderate fine subangular blocky structure;
firm; many fine roots; thin continuous clay films; few
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fine black concretions; slightly acid; gradual smooth
boundary.

B31t—31 to 50 inches; dark gray (10YR 4/1) silty clay
loam; many fine prominent olive gray (5Y 4/2) and
few fine distinct yellowish brown (10YR 5/4) mottles;
weak fine subangular blocky structure; firm; common
fine roots; few fine black concretions; thick discon-
tinuous clay films; slightly acid; gradual smooth
boundary.

B32t—50 to 63 inches; dark gray (10YR 4/1) silty clay
loam; common fine distinct (10YR 5/4) yellowish
brown mottles; moderate medium subangular blocky
structure; few fine roots; few fine black concretions;
common medium clay films on faces of some peds;
firm; slightly acid.

Thickness of the solum is more than 40 inches. There
are no carbonates to a depth of more than 60 inches.
The A horizon is 10 to 26 inches thick. It is black (10YR
2/1) and very dark gray (10YR 3/1) or very dark gray (N
3/0). It is 24 to 34 percent clay. Value of 3 and chroma
of 1 or lower extend to a depth of 24 to 36 inches. The
B2t horizon ranges from 16 to 28 inches in thickness.
The upper part of the B horizon commonly has value of
3, but value increases to 4 or 5 as depth increases. Hue
is 10YR, 2.5Y, or 5Y.

Deepwater series

This series consists of deep, moderately well drained,
moderately permeable soils on narrow to moderately
wide upland ridgetops and side slopes. These soils
formed in residuum weathered from shale covered with a
thin loess mantle. Slopes are 2 to 9 percent.

Deepwater soils are similar to Barco soils and com-
monly are adjacent to Barco, Haig, Mandeville, and
Sampsel soils. Barco soils are well drained and are mod-
erately deep. They formed in residuum from weathered
sandstone. Haig soils are poorly drained, have a finer
textured B2t horizon, and are nearly level. Mandeville
soils do not have a mollic epipedon, are moderately
deep, and typically are nearly level. Mandeville soils typi-
cally are below Deepwater soils. Sampsel soils are
somewhat poorly drained, have a finer textured B2t hori-
zon, and typically have seepage areas.

A typical pedon of Deepwater silt loam, 2 to 5 percent
slopes, 1,020 feet north and 40 feet east of the center of
sec. 2, T.45N.,,R. 28 W.

Ap—0 to 7 inches; dark brown (10YR 3/3) silt loam;
weak very fine granular structure; very friable; many
fine roots; slightly acid; abrupt smooth boundary.

A12—7 to 10 inches; dark brown (10YR 3/3) silt loam;
weak very fine subangular blocky structure; very fri-
able; many fine roots; neutral; abrupt smooth bound-
ary.
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B1—10 to 16 inches; very dark grayish brown (10YR
3/2) silty clay loam; weak very fine subangular
blocky structure; friable; many fine roots; many
worm casts; neutral; abrupt smooth boundary.

B21t—16 to 23 inches; very dark grayish brown (10YR
3/2) silty clay loam; weak very fine subangular
blocky structure; friable; many fine roots and root
pores; medium acid; gradual smooth boundary.

B22t—23 to 36 inches; dark brown (10YR 4/3) silty clay
loam; weak very fine subangular blocky structure;
friable; many fine roots; thin discontinuous clay films;
few fine shale fragments; strongly acid; abrupt
smooth boundary.

B23t—36 to 53 inches; brown (10YR 5/3) silty clay loam;
many fine prominent reddish brown (5YR 4/4) and
yellowish brown (10YR 5/6) mottles; moderate very
fine subangular blocky structure; friable; many fine
roots; discontinuous clay films; many fine black con-
cretions; few fine shale fragments; slightly acid;
abrupt smooth boundary.

B3t—53 to 75 inches; yellowish brown (10YR 5/6) silty
clay loam; many medium prominent gray (10YR
5/1), yellow (10YR 5/6), and black (10YR 2/1) mot-
tles; moderate very fine subangular blocky structure;
firm; few fine roots; thick discontinuous clay films;
few fine shale fragments; neutral.

Thickness of the solum ranges from 48 to 60 inches or
more. Thickness of the mollic epipedon ranges from 11
to 24 inches.

The A horizon has hue of 10YR, value of 3, and
chroma of 1 through 3. The B2 horizon has hue of 10YR
or 7.5YR, value of 3 through 6, and chroma of 2 through
6; it is darker in the upper part of the horizon. The B2
horizon is silty clay loam, and averages 32 to 35 percent
clay in the upper 20 inches. A C horizon is in some
pedons.

Dockery series

This series consists of deep, somewhat poorly drained,
moderately permeable soils on bottom lands. These soils
formed in silty alluvium. Slopes are 0 to 2 percent.

Dockery soils are similar to Blackoar soils and com-
monly are adjacent to Nodaway and Zook soils. Blackoar
soils are more poorly drained and do not have the strati-
fied subsoil characteristic of Dockery soils. Nodaway
soils are moderately well drained and are on natural
levees along the stream channel. Zook soils are poorly
drained, are finer textured, and are darker throughout.
Zook soils are near the uplands where slack water has
deposited fine textured material.

Typica| pedon in an area of Dockery siity clay loam,
1,270 feet west and 635 feet south of the northeast
corner of sec. 34, T. 47 N, R. 25 W.
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Ap—0 to 9 inches; very dark grayish brown (10YR 3/2)
silty clay loam; light brownish gray (10YR 6/2) silt
strata; weak fine granular structure; very friable;
many roots; slightly acid; clear smooth boundary.

C1—9 to 36 inches; stratified dark grayish brown (10YR
4/2) silty clay loam; light brownish gray (10YR 6/2)
silt strata; massive tending to platy as a result of
stratification; very friable; many roots; very dark gray
(10YR 3/1) organic stains on faces of peds; slightly
acid; clear smooth boundary.

C2—36 to 48 inches; stratified grayish brown (10YR 5/2)
silt loam; massive; very friable; many fine light gray
(10YR 7/1) silt coatings between strata; few dark
gray (10YR 4/1) organic coatings; slightly acid; grad-
ual smooth boundary.

C3—48 to 90 inches; grayish brown (10YR 5/2) silt
loam; many coarse distinct gray (10YR 5/1) and
common medium prominent dark brown (7.5YR 4/4)
mottles; massive; very friable; common fine roots,
few fine root pores; slightly acid; water table at a
depth of 85 inches.

Reaction is slightly acid or neutral. The Ap horizon has
hue of 10YR, value of 2 or 3, and chroma of 2. It is silty
clay loam or silt loam. The C horizon has hue of 10YR or
2.5Y, value of 3 through 5, and chroma of 2. Mottles
have hue of 2.5Y or 10YR, value of 4 through 6, and
chroma of 2 through 8. Lenses of coarser or finer tex-
tured material less than 6 inches thick are common. The
10- to 40-inch control section is 20 to 30 percent clay.

Freeburg series

This series consists of deep, somewhat poorly drained,
moderately slowly permeable silty soils on second
bottom lands and terraces along the major streams.
These soils formed in silty alluvium where trees are the
main vegetation. Slopes are 0 to 2 percent.

Freeburg soils are similar to Lightning soils and com-
monly are adjacent to Lightning, Blackoar, Bremer, and
Nodaway soils. Lightning soils are very slowly permeable
and have a finer textured B horizon. Blackoar soils have
a mollic epipedon, are poorly drained, and are along
streams on bottom lands. Bremer soils are poorly
drained, have a mollic epipedon, and have a finer tex-
tured B horizon. Nodaway soils have a mollic epipedon,
are moderately well drained, and are on stream bottom
lands below Freeburg soils.

Typical pedon in an area of Freeburg silt loam, 1,000
feet east and 25 feet north of the center of sec. 18, T.
47 N, R. 27 W.

Ap—O0 to 5 inches; dark brown (10YR 4/3) silt loam:
weak fine platy structure parting to weak fine granu-
lar; very friable; common roots; slightly acid; abrupt
smooth boundary.
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A12—5 to 7 inches; dark brown (10YR 4/3) silt loam;
weak thin platy structure parting to weak fine granu-
lar; very friable; many roots; slightly acid; abrupt
smooth boundary.

A2—7 to 13 inches; brown (10YR 5/3) silt loam; weak
fine granular structure; very friable; common roots;
slightly acid; abrupt smooth boundary.

B1—13 to 17 inches; brown (10YR 5/3) silt loam; weak
fine granular structure; very friable; common roots;
strongly acid; abrupt smooth boundary.

B21t—17 to 22 inches; mottled, dark grayish brown
(10YR 4/2) and brown (10YR 5/3) silty clay loam;
moderate fine subangular blocky structure; friable;
common roots; pale brown (10YR 6/3) silt coatings;
few fine black concretions; strongly acid; abrupt
smooth boundary.

B22t—22 to 39 inches; brown (10YR 5/3) silty clay loam;
common medium faint dark brown (10YR 4/2) and
yellowish brown (10YR 5/4) mottles and common
medium prominent dark reddish brown (5YR 3/3)
mottles; weak fine subangular blocky structure; fri-
able; common roots; pale brown (10YR 6/3) silt
coatings; few fine black concretions; strongly acid;
gradual smooth boundary.

B3t—39 to 51 inches; dark brown (10YR 4/3) silty clay
loam; few fine faint dark yellowish brown (10YR 4/6)
and grayish brown (10YR 5/2) mottles; weak coarse
blocky structure; friable; few roots; pale brown
(10YR 6/3) silt coatings; common fine black concre-
tions; medium acid; gradual smooth boundary.

C—51 to 82 inches; dark brown (10YR 3/3) silty clay
loam; few fine faint dark yellowish brown (10YR 4/4)
and grayish brown (10YR 5/2) mottles; weak
medium prismatic structure parting to weak medium
subangular blocky; friable; few roots; few fine black
concretions; slightly acid.

Thickness of the solum ranges from 33 to 60 inches or
more. The A horizon has hue of 10YR, value of 4 to 6,
and chroma of 2 or 3. It is silt loam or loam and is
slightly acid or neutral. The B horizon has hue of 10YR,
value of 4 to 6, and chroma of 1 through 6. In this
horizon, mottles have high chroma and chroma of 2 or
less. Reaction ranges from medium acid to strongly acid
in the upper part of the B horizon to strongly acid or very
strongly acid in the lower part.

Gorin series

This series consists of deep, somewhat poorly drained,
slowly permeable soils on loess covered uplands. Slopes
are 5 to 9 percent.

Gorin soils are similar to Weller soils and are common-
ly adjacent to Weller, Deepwater, and Sampsel soils.
Weller soils have less clay in the lower part of the solum
and typically are on the less sloping ridgetops above
Gorin soils. Deepwater soils are moderately well drained,
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have a mollic epipedon, and are in higher positions on
the landscape. Sampsel soils formed in residuum weath-
ered from shale, have a mollic epipedon, and are on side
slopes above Gorin soils.

Typical pedon in an area of Gorin silt loam, 5 to 9
percent slopes, eroded, 1,100 feet east and 20 feet
south of the center of sec. 28, T. 48 N, R. 24 W.

Ap—0 to 5 inches; dark brown (10YR 4/3) silt loam;
weak very fine granular structure; very friable; many
fine roots; medium acid; abrupt smooth boundary.

B21t—5 to 15 inches; brown (10YR 5/3) silty clay; few
fine distinct grayish brown (10YR 5/2) and strong
brown (7.5YR 5/6) mottles; weak fine subangular
blocky structure; firm; many fine roots; thin discon-
tinuous clay films; slightly acid; clear smooth bound-
ary.

B22t—15 to 26 inches; mottled light grayish brown
(10YR 5/2) and yellowish brown (10YR 5/6) silty
clay loam; moderate medium subangular blocky
structure; firm; many fine roots; thin discontinuous
clay films; slightly acid; abrupt smooth boundary.

1IB31t—26 to 35 inches; brown (10YR 5/3) silty clay
loam; many fine prominent strong brown (7.5YR
5/6) mottles; moderate medium subangular blocky
structure; firm; few fine roots between peds; thin
discontinuous clay films; many medium black con-
cretions; thick, wide black oxide stains; neutral; clear
smooth boundary.

1IB32t—35 to 60 inches; brown (10YR 5/3) silty clay
loam; many medium prominent yellowish brown
(10YR 5/8) mottles and many fine distinct light gray
(10YR 7/1) motties; moderate medium blocky struc-
ture parting to prismatic; many fine roots along
structure faces; common medium black concretions;
neutral. -

The thickness of the solum ranges from 48 to 60
inches or more. The Ap horizon has hue of 10YR, value
of 3 or 4, and chroma of 3 or 4. Some pedons have an
A1 horizon. It is silt loam less than 3 inches thick and
has chroma of 1 or 2. The A2 horizon, if present, has
hue of 10YR, value of 4 or 5, and chroma of 2 or 3. The
B horizon has hue of 10YR, value of 4 through 6, and
chroma of 1 through 4. It is silty clay loam or silty clay.
Mottles of higher and lower value or chroma are
common throughout this horizon. Reaction ranges from
neutral to strongly acid.

Haig series

This series consists of deep, poorly drained, slowly
permeable, or very slowly permeable soils on broad rid-
getops. These soils formed in loess or water-worked
material. Slopes are 0 to 2 percent.

Haig soils are similar to Macksburg soils and are com-
monly adjacent to Deepwater and Sampsel soils. Macks-
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burg soils are somewhat poorly drained. Deepwater soils
are moderately well drained, have less clay in the B2t
horizon, and commonly are on the narrower, more slop-
ing ridge points. Sampsel soils are not so deep and are
steeper.

Typical pedon in an area of Haig silt loam, 1,220 feet
east and 1,800 feet north, of the southwest corner of
sec. 12, T. 45N, R. 28 W.

Ap—o0 to 7 inches; black (10YR 2/1) silt loam; weak fine
granular structure; very friable; many roots; slightly
sticky when wet; slightly acid; abrupt smooth bound-
ary.

A3—7 to 10 inches; black (10YR 2/1) silty clay loam;
moderate very fine subangular blocky structure; fri-
able; many roots; few clean white sand and silt
grains on faces of peds; slightly acid; abrupt smooth
boundary.

B21t—10 to 13 inches; black (10YR 2/1) silty clay loam;
moderate fine subangular blocky structure; firm;
many roots; streaks of gray (10YR 5/1) throughout
horizon; medium acid; abrupt smooth boundary.

B22t—13 to 30 inches; black (10YR 2/1) silty clay; few
fine clear dark gray (10YR 4/1) mottles and promi-
nent dark yellowish brown (10YR 4/4) mottles; mod-
erate fine subangular blocky structure; very firm;
many fine roots; few fine brown concretions;
medium acid; clear smooth boundary.

B23t—30 to 38 inches; grayish brown (2.5Y 5/2) silty
clay; few fine prominent yellowish brown mottles
(10YR 5/6); weak fine subangular blocky structure;
firm; few fine roots; few vertical cracks filled with
black (10YR 2/1) material from horizons above;
common fine brown and black concretions (2 to 5
millimeters); thick discontinuous clay films; medium
acid; gradual smooth boundary.

B3—38 to 64 inches; gray (2.5Y 5/2) silty clay loam; few
fine to coarse light gray (10YR 7/1) and yellowish
brown (10YR 5/6) mottles; weak coarse blocky
structure; firm; few fine roots and root pores; thick
black (10YR 2/1) discontinuous clay films along
former cracks and in root pores; slightly acid.

Thickness of the solum ranges from 48 to 60 inches or
more. Thickness of the mollic epipedon ranges from 20
to 34 inches.

The A horizon has hue of 10YR, value of 2 or 3,
chroma of 1 or 2. It is dominantly silt loam but ranges to
light silty clay loam. The B2 horizon has hue of 10YR,
value of 2 through 4, and chroma of 1. The upper part of
the horizon is darker. This horizon is dominantly silty clay
but ranges to silty clay loam and averages 40 to 50
percent clay. The B3 horizon has hue of 10YR, value of
4 or 5, and chroma of 0 or 1. It is light silty clay or silty
clay loam. Reaction is slightly acid or medium acid.
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Hartwell series

This series consists of deep, somewhat poorly drained,
slowly permeable soils on loess covered uplands. These
soils contain a component of residuum from shale in the
lower part of the B horizon and in the C horizon. Slopes
are 0 to 5 percent.

Hartwell soils are similar to Haig soils and are com-
monly adjacent to Deepwater and Sampsel soils. Haig
soils have a thicker and darker mollic epipedon. Deep-
water soils are moderately well drained and are on the
narrower, more sloping ridge points. Sampsel soils have
a black mollic epipedon that continues into the upper
part of the argillic horizon. Those soils are steeper than
Hartwell soils.

Typical pedon in an area of Hartwell silt loam, 0 to 2
percent slopes, 1,200 feet east and 1,100 feet north of
center of sec. 23, T. 44 N,, R. 24 W.

. Ap—0 to 8 inches; very dark grayish brown (10YR 3/2)

silt loam, grayish brown (10YR 5/2) dry; weak fine
granular structure; very friable; many roots; few very
fine black concretions; slightly acid; abrupt smooth
boundary.

A2—8 to 12 inches; mixed grayish brown (10YR 5/2)
and light brownish gray (10YR 6/2) silt loam; few
fine prominent light gray (10YR 7/2) mottles; weak
very fine granular structure; very friable; many roots;
few fine black concretions; slightly acid; clear
smooth boundary.

B22t—12 to 21 inches; very dark grayish brown (10YR
3/2) silty clay; very dark gray (10YR 3/1) ped faces;
common fine prominent dark yellowish brown (10YR
4/4) mottles; weak very fine subangular blocky
structure; very firm; many roots; thick continuous
clay films; common fine black concretions; medium
acid; clear smooth boundary.

B23t—21 to 33 inches; dark grayish brown (10YR 4/2)
silty clay; few fine prominent dark yeliowish brown
(10YR 4/4) mottles; weak fine subangular blocky
structure; very firm; common roots; thin discontinu-
ous clay films; common fine black concretions;
slightly acid; clear smooth boundary.

B3t—33 to 54 inches; light brownish gray (10YR 6/2)
silty clay loam; many fine prominent dark yellowish
brown (10YR 4/4) and black (10YR 2/1) mottles
and few fine faint light gray (10YR 7/1) mottles;
moderate medium prismatic structure parting to
weak medium subangular blocky; firm; common fine
roots; thin discontinuous clay films; many clean sand
grains; neutral; gradual smooth boundary.

C—54 to 78 inches; grayish brown (10YR 5/2) silty clay
loam; many coarse prominent yellowish brown mot-
tles and many coarse distinct light gray (10YR 7/1)
mottles; massive; firm; few fine roots; common black
concretions; neutral.
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Thickness of the solum ranges from 30 to 56 inches.
The A1 horizon has hue of 10YR, value of 2 or 3, and
chroma of 1 or 2. The A2 horizon has value of 5 or 6
and chroma of 1 or 2. The B2 horizon has value of 2 or
3 and chroma of 1 through 3. It is silty clay or clay.
Reaction is strongly acid to slightly acid. The B3 horizon
has value of 5 through 7 and chroma of 2 through 8. It is
commonly silty clay loam but ranges to silt loam and silty
clay. Reaction is strongly acid to neutral.

Hartwell silt loam, 2 to 5 percent slopes, eroded, does
not have an A2 horizon; therefore, this unit is outside the
range for the series. This difference, however, does not
seriously alter the use and management of this soil.

Higginsville series

This series consists of deep, somewhat poorly drained,
slowly permeable soils on uplands. These soils formed in
deep loess. Slopes are 4 to 7 percent.

Higginsville soils are similar to Macksburg soils and
commonly are adjacent to Macksburg, Haig, and Samp-
sel soils. Macksburg soils are moderately slowly perme-
able. They are on ridgetops above Higginsville soils.
Sampsel soils are in drainageways below Higginsville
soils, and they have a silty clay loam surface layer. Haig
soils are on broad, flat ridgetops and are poorly drained.

Typical pedon in an area of Higginsville silt loam, 4 to
7 percent slopes, 1,100 feet west and 260 feet south of
the northeast corner of sec. 32, T. 48 N.,, R. 26 W.

Apl—0 to 5 inches; black (10YR 2/1) silt loam; weak fine
granular structure; very friable; abundant fine roots;
few fine black concretions; neutral; abrupt smooth
boundary.

Ap2—>5 to 8 inches; black (10YR 2/1) silt loam; moder-
ate medium subangular blocky structure; very friable;
abundant fine roots; few fine black concretions; neu-
tral; abrupt smooth boundary.

Blt—8 to 11 inches; black (10YR 2/1) silty clay loam;
weak fine subangular blocky structure; friable; abun-
dant fine roots; few fine black concretions; slightly
acid; abrupt smooth boundary.

B22t—11 to 17 inches; very dark gray (10YR 3/1) silty
clay loam; few fine distinct dark brown (10YR 4/3)

~ mottles; weak fine subangular blocky structure; firm;
abundant fine roots; few fine black concretions;
slightly acid; abrupt smooth boundary.

B23t—17 to 29 inches; dark grayish brown (10YR 4/2)
silty clay loam; many medium prominent gray (10YR
6/1) mottles and many medium distinct very dark
gray (10YR 3/1), light yellowish brown (10YR 6/4),
and yellowish brown (10YR 5/6) mottles; weak fine
subangular blocky structure; firm; abundant fine
roots; few medium black concretions; slightly acid;
abrupt smooth boundary.

B31t—29 to 50 inches; gray (10YR 6/1) silty clay loam;
few fine distinct yellowish brown (10YR 5/4) mottles;
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coarse prismatic structure parting, in places, to weak
coarse blocky; few thick discontinuous clay films;
firm; few fine roots; slightly acid; gradual smooth
boundary. ‘

B32t—50 to 69 inches; gray (10YR 6/1) silty clay loam;
few fine prominent dark yellowish brown (10YR 4/4)
mottles; coarse prismatic structure parting, in places,
to weak coarse blocky; firm; few very fine roots;
slightly acid.

Thickness of the solum typically is about 50 inches,
and it ranges from 38 to 69 inches or more. Thickness of
the mollic epipedon averages about 20 inches but
ranges from 10 to 24 inches or more. The A horizon is
medium acid to neutral. The B horizon is slightly acid to
strongly acid.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 1 or 2. It is silt loam or light silty clay loam.
The B1 and B2 horizons have dominant hue of 10YR,
value of 3 or 4, and chroma of 2 or 3. In some pedons,
there are coatings on faces of peds that have chroma of
1. Motties of higher value and chroma are common. The
B3 horizon has hue of 10YR, value of 4 or 5, and
chroma of 1 or 2. Mottles have hue of 5YR through
10YR, value of 3 through 5, and chroma of 3 through 8.

Kanima series

This series consists of deep, well drained, moderately
rapidly permeable soils on very steep uplands. These
soils formed in material weathered from shale, sand-
stone, and limestone that remained after strip mining.
Slopes are 30 to 60 percent.

Kanima soils commonly are adjacent to Deepwater
and Hartwell soils. Deepwater soils are moderately well
drained, have a mollic epipedon, and are less sloping.
Hartwell soils are somewhat poorly drained, have a
mollic epipedon, and are nearly level on ridgetops and at
the heads of drainageways. These soils are relatively
undisturbed and surround the radically altered Kanima
soails.

Typical pedon in an area of Kanima shaly silty clay
loam, 30 to 60 percent slopes, in an abandoned strip
mine spoilbank, 2,500 feet west and 400 feet south of
northeast corner of sec. 26, T. 44 N., R. 25 W.

A1—0 to 7 inches; 90 percent light gray (10YR 7/2) and
10 percent dark grayish brown (10YR 4/4) shaly
silty clay loam; strong thin platy structure; weak very
fine granular structure; friable; 80 percent gray
(10YR 6/1) and red (2.5YR 5/6) shale fragments;
extremely acid; abrupt wavy boundary.

C1—7 to 19 inches; light brownish gray (10YR 6/2) shaly
silty clay loam; moderate coarse subangular blocky
structure parting to moderate fine subangular blocky;
friable; 80 percent light gray (10YR 7/1) and reddish
brown (10YR 5/6) shale fragments; 2 percent chan-
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nery limestone rock; extremely acid; abrupt wavy
boundary.

C2—19 to 28 inches; gray (10YR 6/1) shaly silty clay
loam; weak very thin platy structure; friable; 80 per-
cent light brownish gray (10YR 6/2) and brownish
yellow (10YR 6/6) shale fragments; few small pock-
ets dark yellowish brown (10YR 4/6) silty clay loam
soil material; extremely acid; abrupt irregular bound-
ary.

C3—28 to 60 inches; gray (10YR 5/1) shaly silty clay
loam; moderate coarse subangular blocky structure
parting to moderate fine subangular blocky structure;
friable; 80 percent yellowish brown (10YR 5/6) and
dark yellowish brown (10YR 4/6) shale fragments; 1
percent coal fragments; extremely acid.

This soil is extremely acid to strongly acid. Coal frag-
ments range from a trace to 5 percent. The A horizon
has dominant hue of 10YR (some pedons have hue of
2.5Y or 5Y), value of 5 through 7, and chroma of 1
through 4. In some pedons, the A horizon has pockets of
material with value of 3. Rock fragments less than 3
inches in diameter range from 0 to 10 percent. The C
horizon commonly has hue of 10YR or 5Y, value of 4
through 6, and chroma of 1 through 6. Some fragments
or pockets of soil material have value of 3 or lower. In
the C horizon, rock fragments less than 3 inches in
diameter range from 25 to 85 percent, and fragments
more than 3 inches in diameter range from 2 to 30
percent. Rock fragments are in shades of gray, brown,
yellow, and red.

Lightning series

This series consists of deep, somewhat poorly drained,
very slowly permeable soils on flood plains and low ter-
races. These soils formed in silty alluvium of recent dep-
osition. Slopes are 0 to 2 percent.

Lightning soils are similar to Freeburg soils and com-
monly are adjacent to Freeburg, Bremer, Nodaway, and
Zook soils. Freeburg soils have a coarser textured sub-
soil and typically. are higher on the stream terraces.
Bremer soils have a mollic epipedon and are on the
larger terraces farther back from the stream channel.
Nodaway soils are moderately well drained, are browner
throughout, and are along streams and former stream
channels. Zook soils are poorly drained, have a thick
mollic epipedon, are finer textured throughout, and are
on large flood plains below Lightning soils.

Typical pedon in an area of Lightning silt loam, 2,200
feet north and 30 feet west of the southeast corner of
sec. 22, T. 45 N., R. 27 W.

Ap—0 to 8 inches; grayish brown (10YR 5/2) silt loam;
weak very fine granular structure; very friable; few
fine roots; very strongly acid; abrupt smooth bound-

ary.
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A2—8 to 14 inches; light brownish gray (2.5YR 6/2) silty
clay loam; few fine distinct light gray (10YR 7/2) and
yellowish brown (10YR 5/6) mottles; weak very fine
subangular blocky structure; very friable; common
fine roots; very strongly acid; clear smooth bound-
ary.

B1g—14 to 18 inches; light brownish gray (2.5Y 6/2) and
mixed dark grayish brown (10YR 4/2) silty clay
loam; few fine distinct light gray (10YR 7/2) and
yellowish brown (10YR 5/6) mottles; weak very fine
subangular blocky structure; friable; common fine
roots; common white silt coatings; few grayish
brown worm casts; very strongly acid; clear smooth
boundary.

B21tg—18 to 22 inches; light brownish gray (10YR 6/2)
silty clay loam; common fine distinct yellowish brown
(10YR 5/6) and common medium distinct light gray
(10YR 7/2) mottles; weak fine subangular blocky
structure; firm; thin patchy clay films along old root
channels; common fine roots; few white silt coat-
ings; few grayish brown worm casts; very strongly
acid; gradual smooth boundary.

B22t—22 to 30 inches; grayish brown (10YR 5/2) silty
clay loam; common fine distinct white (10YR 8/1),
common medium distinct light gray (10YR 7/2), and
common fine distinct yellowish red (5YR 4/6) mot-
tles; weak fine prismatic structure parting to weak
very fine subangular blocky; firm; thin patchy clay
films; few fine roots; few fine black concretions; few
grayish brown worm casts; very strongly acid; gradu-
al smooth boundary.

B23tg—30 to 46 inches; dark grayish brown (10YR 4/2)
silty clay loam; common medium distinct light gray
(10YR 7/2), common fine distinct white (10YR 8/1),
and few fine distinct reddish brown (5YR 4/3) mot-
tles; weak fine prismatic structure parting to weak
very fine subangular blocky; firm; thin patchy clay
films; few fine roots; few fine black concretions;
strongly acid; gradual smooth boundary.

B3tg—46 to 59 inches; grayish brown (10YR 5/2) silty
clay loam; common medium distinct yellowish brown
(10YR 5/6) mottles and common fine distinct light
gray (10YR 7/2) and strong brown (7.5YR 5/6) mot-
tles; weak very fine subangular blocky structure;
firm; thin patchy clay films along old root channels;
few fine black concretions; very strongly acid; gradu-
al smooth boundary.

Cg—59 to 78 inches; gray (10YR 5/1) silty clay loam;
common medium distinct yellowish brown (10YR
5/6) mottles and few fine distinct reddish brown
(5YR 4/3) mottles; very dark gray (10YR 3/1) on
some ped faces; massive; few fine black concre-
tions; strongly acid.

Thickness of the solum ranges from 40 to 60 inches or
more. The average clay content of the control section
ranges from 35 to 45 percent.
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The Ap or A1 horizon has hue of 10YR or 2.5Y, value
of 4 or 5, and chroma of 1 or 2. It is dominantly silt loam
but ranges to silty clay loam. Most pedons have an A2
horizon that has hue of 10YR or 2.5Y, value of 4 through
6, and chroma of 1 or 2. The A horizon ranges from
slightly acid to very strongly acid.

The B1 horizon has hue of 10YR or 2.5Y, value of 4
through 6, and chroma of 1 or 2. It is mottled with gray,
red, or brown. The B2 horizon has hue of 10YR, value of
3 through 6, and chroma of 1 or 2. It is mottled with
gray, red, or brown. It is silty clay loam or silty clay. The
B3 horizon and C horizon are similar in color and texture
to the B2 horizon. The B horizon ranges from neutral to
very strongly acid throughout.

Macksburg series

This series consists of deep, somewhat poorly drained,
moderately slowly permeable soils on broad ridgetops.
These soils formed in silty loess. Slopes are 1 to 4
percent.

Macksburg soils are similar to Haig soils and common-
ly are adjacent to Haig, Sampsel, and Polo soils. Haig
soils are more poorly drained than Macksburg soils.
Sampsel soils are slowly permeable, and they are steep-
er. They formed in residuum weathered from limestone
and shale. Polo soils are well drained and have redder
hue in the B and C horizons.

Typical pedon in an area of Macksburg silt loam, 1 to
4 percent slopes, 660 feet north and 200 feet east of
center of sec. 29, T. 48 N, R. 26 W.

Ap—o0 to 8 inches; black (10YR 2/1) silt loam, dark gray
(10YR 4/1) dry; weak very fine granular structure;
very friable; many roots; slightly acid; abrupt smooth
boundary.

A12—8 to 10 inches; black (10YR 2/1) silty clay loam;
weak fine granular structure; very friable; few very
fine black concretions; slightly acid; abrupt smooth
boundary.

A3—10 to 20 inches; very dark brown (10YR 2/2) silty
clay loam; few fine distinct yellowish brown (10YR
5/4) mottles; weak very fine subangular blocky
structure; friable; fine black concretions; few very
dark grayish brown wormcasts; slightly acid; clear
smooth boundary.

B22t—20 to 38 inches; dark grayish brown (10YR 4/2)
silty clay loam; common dark yeilowish brown (10YR
4/4) and yellowish brown (10YR 5/6) mottles;
strong fine and medium subangular blocky structure;
firm; thick discontinuous black and dark grayish
brown clay films; fine black concretions; medium
acid; gradual smooth boundary.

B3t—38 to 58 inches; yellowish brown (10YR 5/4) silty
clay loam; common coarse prominent light olive gray
(5Y 6/2) and few fine black (10YR 2/1) mottles;
weak coarse prismatic structure parting to weak

SOIL SURVEY

medium and coarse subangular blocky; friable;
medium and thin discontinuous clay films on some
ped faces; large black concretions and soft deposits
of an oxide; slightly acid; gradual smooth boundary.

C—58 to 94 inches; grayish brown (2.5Y 5/2) silty clay
loam; many coarse prominent dark yellowish brown
(10YR 4/4) mottles; massive; some vertical clea-
vage; friable; few fine root pores and other rounded
pores; thick discontinuous clay films on faces of
pores; slightly acid.

Solum thickness typically is about 60 inches and
ranges from 48 to 84 inches. The soil typically is slightly
acid to strongly acid in the A horizon and B horizon and
slightly acid or neutral at a depth of about 6 feet. The A
horizon ranges from 16 to 24 inches in thickness. The
mollic epipedon ranges from about 16 to 28 inches in
thickness. The A horizon has hue of 10YR, value of 2 or
3, and chroma of 1 or 2. It is silt loam or silty clay loam.
The B2 horizon has hue of 10YR, value of 4, and
chroma of 2 through 4. Mottles of higher value and
chroma are common throughout the B2 horizon. The B3
horizon and C horizon have mottles that have hue of
10YR, 2.5Y, and 5Y; value of 4 through 6; and chroma of
2 through 4.

Mandeville series

This series consists of moderately deep, moderately
well drained, moderately permeable soils on uplands.
These soils formed in silty residuum from sandstone,
siltstone, and shale. The native vegetation consisted
mainly of oak, hickory, and ash. Slopes are 2 to 9 per-
cent.

Mandeville soils commonly are adjacent to Deepwater,
Norris, Sampsel, and Snead soils. Deepwater, Sampsel,
and Snead soils are darker and Deepwater and Sampsel
soils are thicker than Mandeville soils. Sampsel and
Snead soils are finer textured throughout. Norris soils are
not so deep and are steeper than Mandeville soils.

Typical pedon in an area of Mandeville silt loam, 5 to
9 percent slopes, 1,310 feet north and 30 feet west of
the center of sec. 17, T. 45 N., R. 24 W.

A1—0 to 3 inches; dark grayish brown (10YR 4/2) silt
loam; weak fine granular structure; very dark brown
(10YR 2/2) partly decomposed forest litter; very fri-
able; many fine roots; strongly acid; abrupt smoot
boundary. :

A2—3 to 6 inches; mixed yellowish brown (10YR 5/4)
and brown (10YR 4/3) crushed silt loam; weak fine
granular structure; very friable; some yellowish
brown (10YR 6/3) spots (not mottles); many fine
roots; strongly acid; abrupt smooth boundary.

B1—6 to 8 inches; strong brown (7.5YR 5/6) silty clay
loam; weak fine subangular blocky structure; friable;
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many fine roots; strongly acid; clear smooth bound-
ary.

B2t—8 to 17 inches; strong brown (7.5YR 5/6) silty clay
loam; weak fine subangular blocky structure; friable;
many fine roots; thin discontinuous clay films; 10
percent shale fragments (2 to 5 millimeters); strongly
acid; abrupt smooth boundary.

B3t—17 to 29 inches; mottled, strong brown (7.5YR 5/6)
and light brownish gray (10YR 5/6) silty clay loam;
weak medium subangular blocky structure; friable;
many fine roots; thick dark brown (10YR 3/3) patchy
clay films; large to fine root pores; 10 percent shale
fragments (2 to 5 millimeters); fine mica flakes visi-
ble; strongly acid; gradual smooth boundary.

Cr—29 to 60 inches; light brownish gray (10YR 6/2),
yellowish brown (10YR 5/6), and very dark gray
(10YR 3/1) micaceous shale.

The solum and depth to soft shale bedrock ranges
from 20 to 40 inches. The A1 horizon has hue of 10YR,
value of 4 or 5, and chroma of 2 or 3. The A2 horizon
has hue of 10YR, value of 5 or 6, and chroma of 3 or 4.
The B horizon has hue of 10YR or 7.5YR, value of 4
through 6, and chroma of 3 through 6. It contains 10 to
25 percent weathered shale that ranges from very
strongly acid to medium acid and is at least strongly acid
in some part. The C horizon is weathered, soft, rippable,
micaceous shale. In some pedons, the upper part of this
horizon is loam or silt loam that has rocklike structure
and contains many shale fragments. In some pedons,
the shale has thin strata of hard limestone.

Nodaway series

This series consists of deep, moderately well drained,
moderately permeable soils on bottom lands. These soils
formed in loamy alluvium in areas where mixed hard-
woods were probably the native vegetation. Slopes are 1
to 5 percent.

Nodaway soils are similar to Blackoar soils and com-
monly are adjacent to Blackoar, Freeburg, and Zook
soils. Blackoar soils are poorly drained. Freeburg soils
are somewhat poorly drained and are on terraces or
second bottoms above Nodaway soils. Zook soils are
poorly drained, have a higher clay content throughout
the profile, and border the Nodaway soils near the natu-
ral stream levee.

Typical pedon in an area of Nodaway silt loam, 2,540
feet south and 1,400 feet west of the northeast corner of
sec. 7, T.46 N,, R. 27 W.

Ap—oO0 to 9 inches; very dark grayish brown (10YR 3/2)
silt loam; weak very fine granular structure; very
friable; many roots; neutral; abrupt smooth bound-

ary.
C—9 to 60 inches; dark grayish brown (10YR 4/2) and
very dark grayish brown (10YR 3/2) silt loam; mas-
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sive with horizontal cleavage planes; many fine
roots; neutral.

The depth to bedrock is more than 40 inches. The
mollic epipedon typically is 7 to 12 inches thick and
extends into the C horizon in some pedons.

The A horizon has hue of 10YR, value of 3, and
chroma of 1 or 2. It is predominantly silt loam but ranges
to silty clay loam. The C horizon has hue of 10YR, value
of 3 or 4, and chroma of 1 or 2. Some strata have hue of
10YR, value of 4 or 5, and chroma of 2 through 4. The C
horizon is silt loam or silty clay loam. Reaction ranges
from slightly acid to neutral throughout the profile.

Norris series

This series consists of shallow, well drained, moder-
ately permeable soils on uplands. These soils formed in
residuum weathered from soft shale. Slopes are 5 to 35
percent.

Norris soils are similar to Mandeville soils and com-
monly are adjacent to Mandeville, Bolivar, and Snead
soils. Mandeville and Bolivar soils are thicker and have
an argillic horizon. Mandeville soils typically are in higher
positions on the slopes. Bolivar soils are in areas where
the underlying material changes from shale to sand-
stone. Snead soils are thicker, have a cambric horizon,
and are in areas where limestone is at or near the
surface.

Typical pedon in an area of Norris shaly silt loam, 5 to
14 percent slopes, 1,880 feet west and 2,300 feet north
of the southeast corner of sec. 29, T. 46 N., R. 24 W.

A1—0 to 2 inches; very dark grayish brown (10YR 3/2)
shaly silt loam; weak fine granular structure; very
friable; many roots; 15 percent fine shale fragments;
very strongly acid; clear wavy boundary.

B1—2 to 7 inches; yellowish brown (10YR 5/4) shaly silt
loam; weak fine subangular blocky structure; very
friable; many roots; 30 percent coarse shale frag-
ments (1 centimeter to 6 centimeters); few fine
black concretions (Fe and Mn oxides); very strongly
acid; abrupt wavy boundary.

B2—7 to 16 inches; light olive brown (2.5Y 5/4) shaly silt
loam; few fine faint brown (7.5YR 5/4) mottles; mod-
erate fine subangular biocky structure; firm; common
thick roots; 30 percent fine shale fragments (1 milli-
meter to 10 millimeters); few fine black concretions
(Fe and Mn oxides); very strongly acid; abrupt wavy
boundary.

Cr1—16 to 24 inches; yellowish brown (10YR 5/4) shaly
silty clay loam; weak very fine subangular blocky
structure; very friable; few roots; light olive yellow
(5Y 6/2) and strong brown (7.5YR 5/8) thinbedded
sandy shale; extremely acid; abrupt wavy boundary.

Cr2—24 to 60 inches; olive gray (5Y 5/2) and gray (N
5/0), thinbedded soft micaceous shale that has
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brown and red weathered edges; easily dug with
hand spade; few fine roots; extremely acid.

Thickness of the solum and depth to soft shale bed-
rock range from 8 to 20 inches. Coarse shale fragments
range from 10 to 35 percent, by volume, throughout the
profile. The solum is strongly acid or very strongly acid.

The A horizon has hue of 10YR, value of 3, and
chroma of 1 or 2. If disturbed, the A horizon has value of
4. It is loam or silt loam. The B horizon has hue of 10YR
or 2.5Y, value of 4 or 5, and chroma of 2 through 4. It is
predominantly silt loam, but in some pedons the lower
part is light silty clay loam or clay loam. It is more than
15 percent coarser than very fine sand, including frag-
ments as much as 3 inches in diameter. The C horizon is
light silty clay loam intermixed with soft micaceous shale
in the upper part and thinbedded soft micaceous acid
shale in the lower part. It has value of 3 through 6 and
chroma of 2 through 5. It is very strongly acid or ex-
tremely acid.

Polo series

This series consists of deep, well drained, moderately
permeable soils on loess covered uplands. These soils
formed in mixed loess and residuum from limestone and
shale. Slopes are 2 to 9 percent.

Polo soils are similar to Macksburg soils and common-
ly are adjacent to Macksburg, Sampsel, and Snead soils.
Macksburg soils are somewhat poorly drained and are
on the broader, nearly level ridgetops. Sampsel soils are
somewhat poorly drained and are on side slopes and
ridge points. Snead soils are moderately deep and mod-
erately well drained. They typically are below Polo soils
where the slope is steeper and limestone and shale are
on or near the surface.

Typical pedon in an area of Polo silt loam, 2 to 5
percent slopes, 100 feet west and 1,295 feet south of
the northeast corner of sec. 17, T. 47 N,, R. 27 W.

Ap—O0 to 6 inches; very dark grayish brown (10YR 3/2)
silt loam; weak fine granular structure; very friable;
many roots; slightly acid; abrupt smooth boundary.

A12—6 to 9 inches; very dark grayish brown (10YR 3/2)
silt loam; weak fine granular structure; very friable;
many roots; few dark yellowish brown worm casts;
slightly acid; abrupt smooth boundary.

B1—9 to 12 inches; very dark grayish brown (10YR 3/2)
siity clay loam; friable; many roots; few dark yellow-
ish brown worm casts; medium acid; abrupt smooth
boundary.

B21t—12 to 16 inches; very dark grayish brown (10YR
3/2) silty clay loam; moderate fine subangular
blocky structure; firm; many roots; few dark yellow-
ish brown worm casts; few fine clay films; medium
acid; abrupt smooth boundary.
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B22t—16 to 27 inches; dark brown (10YR 3/3) silty clay
loam; moderate fine subangular blocky structure;
firm; many roots; few dark yellowish brown worm
casts; fine discontinuous clay films; medium acid;
gradual smooth boundary.

B23t—27 to 50 inches; dark yellowish brown (10YR 4/4)
silty clay loam; moderate medium subangular blocky
structure; friable; many fine roots; brown (7.5YR
5/4) ped faces; thick discontinuous clay films along
vertical cracks and former cracks; strongly acid;
gradual smooth boundary.

lIB3t—50 to 75 inches; reddish brown (5YR 4/4) silty
clay loam; weak coarse blocky structure; friable;
thick clay films along former root channels and verti-
cal ped faces; some gray stains along cracks and
former cracks; very strongly acid.

Thickness of the solum ranges from 48 to 95 inches.
Thickness of the mollic epipedon ranges from 20 to 30
inches.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 2 or 3. It is silt loam or silty clay loam. The B
horizon has hue of 10YR or 7.5YR, value of 3 in the
upper part and 4 in the lower part, and chroma of 3 or 4.
In some pedons, the lower part of the B3 horizon has
value and chroma of 5 or 6. In some pedons, a few faint
mottles are below a depth of 2 feet. The IIB horizon has
hue of 7.5YR or 5YR, vaiue of 4 or 5, and chroma of 4
through 8. It is silty clay loam or light silty clay. The B
horizon ranges from medium acid to very strongly acid.

Sampsel series

This series consists of deep, somewhat poorly drained,
slowly permeable soils on uplands. These soils formed in
residuum weathered from alkaline or calcareous shale.
Slopes are 2 to 9 percent.

Sampsel soils are similar to Macksburg soils and are
commonly adjacent to Macksburg, Deepwater, and
Snead soils. Macksburg soils formed in loess and do not
have shale fragments in the subsoil. Macksburg soils are
on the larger and broader ridgetops. Deepwater soils are
moderately well drained, contain less clay throughout the
profile, and are on similar positions as those of Sampsel
soils. Snead soils do not have an argillic horizon, have a
thinner solum, and are in areas above or below Sampsel
soils where limestone and shale bedrock is nearer the
surface. Snead soils typically are steeper.

Typical pedon, in an area of Sampsel silty clay loam, 5
to 9 percent slopes, severely eroded, in a cornfield, 660
feet west and 1,760 feet north of the southeast corner of
sec. 32, R. 28 W,, T. 47 N.

Ap—0 to 7 inches; black (10YR 2/1) silty clay loam;
weak fine subangular blocky structure parting to
weak very fine granular; friable; many roots; medium
acid; abrupt smooth boundary.
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B21t—7 to 18 inches; black (10YR 2/1) silty clay loam;
common medium distinct dark brown (10YR 4/3)
mottles; moderate medium subangular blocky struc-
ture; firm; many roots; common medium black con-
cretions (5 millimeters); slightly acid; abrupt smooth
boundary.

B22t—18 to 36 inches; gray (10YR 5/1) silty clay; many
fine distinct dark yellowish brown (10YR 4/4) and
light gray (10YR 6/1) mottles; weak fine subangular
blocky structure; very firm; thick discontinuous clay
films; many fine roots; mild effervescence; few white
concretions (15 centimeters); neutral; gradual
smooth boundary.

B3—36 to 56 inches; brown (10YR 5/3) silty clay; many
medium distinct gray (10YR 6/1) and yellowish
brown (10YR 5/6) mottles; black (10YR 2/1) stains
on ped faces; weak fine subangular blocky structure;
very firm; thin discontinuous clay films; few fine
roots; mild effervescence; few white concretions (15
centimeters); neutral; gradual smooth boundary.

C—56 to 91 inches; mottled gray (10YR 6/1) and strong
brown (7.5YR 5.6) silty clay; many common promi-
nent yellowish red (5YR 4/6) mottles; massive; very
firm; few fine roots; mild effervescence; few white
concretions (15 centimeters); mildly alkaline; gradual
smooth boundary.

Thickness of the solum and the depth to free carbon-
ates ranges from 36 to 70 inches. Thickness of the
mollic epipedon ranges from 10 to 20 inches.

The A horizon and B1 horizon have hue of 10YR,
value of 2 or 3, and chroma of 1 or 2. The A horizon is
most commonly silty clay loam but ranges to silt loam.
The B2t horizon has hue of 10YR through 5Y, value of 4
or 5 and chroma of 1 or 2. Mottles are of higher
chroma. The B2t horizon is silty clay loam or silty clay
and is 36 to 48 percent clay. Reaction ranges from
mildly alkaline to medium acid. The C horizon is neutral
to moderately alkaline and contains free carbonates.

Sharpsburg series

This series consists of deep, moderately well drained,
moderately slowly permeable soils on uplands. These
soils formed in loess. Slopes are 2 to 5 percent.

Sharpsburg soils are similar to Polo soils and com-
monly are adjacent to Polo, Macksburg, and Winfield
soils. Polo soils are well drained, have redder hues in the
subsoil, and typically are on the narrower, more sloping
ridgetops. Macksburg soils are somewhat poorly drained,
have darker hues throughout the profile, and are in the
larger, nearly level areas of broad ridgetops. Winfield
soils have a fine textured subsoil, do not have a mollic
epipedon, and are on the narrow ridge points and side
slopes below Sharpsburg soils.
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Typical pedon in an area of Sharpsburg silt loam, 2 to
5 percent slopes, in a cornfield 840 feet east and 100
feet north of the center of sec. 25, T. 48 N,, R. 26 W.

Ap—0 to 5 inches; very dark grayish brown (10YR 3/2)
silt loam; weak very fine granular structure; very
friable; medium acid; abrupt smooth boundary.

A12—5 to 10 inches; very dark brown (10YR 2/2) silt
loam; weak fine subangular blocky structure; friable;
few roots; strongly acid; abrupt smooth boundary.

A3—10 to 17 inches; very dark grayish brown (10YR
3/2) silty clay loam; moderate fine granular struc-
ture; friable; many roots; medium acid; abrupt
smooth boundary.

B21—17 to 29 inches; dark brown (10YR 3/3) and
brown (10YR 4/3) crushed silty clay loam; weak fine
subangular blocky structure; firm; many roots; few
black concretions; thin discontinuous clay films;
medium acid; clear smooth boundary.

B22—29 to 42 inches; dark yellowish brown (10YR 4/4)
silty clay loam; few fine distinct light brownish gray
(10YR 6/2) mottles; moderate fine subangular
blocky structure; firm; many roots; few black concre-
tions (Fe-Mg); thin discontinuous clay films; medium
acid; gradual smooth boundary.

B3—42 to 53 inches; grayish brown (10YR 5/2) silty clay
loam; few fine faint brown (10YR 4/3) and strong
brown (7.5YR 5/6) mottles; weak fine prismatic
structure parting to weak fine subangular blocky;
firm; few coarse roots; few black concretions thin
discontinuous clay films; medium acid; gradual
smooth boundary.

C—53 to 85 inches; yellowish brown (10YR 5/4) silty
clay loam; common medium prominent grayish
brown (10YR 5/2) and few fine prominent light
brownish gray (10YR 6/2) mottles; massive; few
black concretions; medium acid.

Thickness of the solum ranges from 42 to 70 inches.
There are no free carbonates to a depth of 60 inches or
more. The mollic epipedon ranges from 10 to 30 inches.

The A horizon has hue of 10YR, value of 3, and
chroma of 2 or 3. It is dominantly silt loam but is silty
clay loam in a few places. The B horizon has hue of
10YR, value of 3 through 5, and chroma of 3 or 4. The
B2t horizon has mottles that have hue of 7.5YR or
10YR, value of 4 through 6, and chroma of 2 through 6.
The B horizon ranges from medium acid to strongly acid
throughout. The average clay content of the control sec-
tion ranges from 36 to 42 percent. The C horizon is
mottled in hues of 10YR through 2.5Y, value of 4
through 6, and chroma of 2 through 4.

Snead series

This series consists of moderately deep, moderately
well drained, slowly permeable soils. These soils formed
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in residuum weathered from calcareous shale and thin
interbedded limestone. Slopes are 5 to 35 percent.

Snead soils are similar to Sampsel soils and common-
ly are adjacent to Polo and Sampsel soils. Polo soils are
thicker, are better drained, and commonly are above
Snead soils where limestone bedrock is at a depth of
more than 40 inches. Sampsel soils have a thicker mollic
epipedon, are somewhat poorly drained, and are more
than 40 inches deep to shale or limestone bedrock.
Sampsel soils commonly surround Snead soils on side
slopes.

Typical pedon of Snead silty clay loam in an area of
Snead-Rock outcrop complex, 5 to 14 percent slopes,
50 feet north and 2,220 feet east of southwest corner of
sec. 11, T. 46 N.,, R. 28 W.

Ap—0 to 5 inches; very dark grayish brown (10YR 3/2)
silty clay loam; weak fine subangular blocky struc-
ture parting to weak very fine granular; very friable;
many roots; few hard shale chips (5 percent); slight-
ly acid; abrupt smooth boundary.

B21—5 to 10 inches; very dark grayish brown (10YR
3/2) silty clay; moderate fine subangular blocky
structure; friable; many roots; few hard shale chips
(5 percent); slightly acid; abrupt smooth boundary.

B22—10 to 20 inches; very dark grayish brown (10YR
3/2) silty clay; few coarse prominent light olive
brown (2.5Y 5/4) mottles; moderate fine subangular
blocky structure; very firm; few fine roots; black
(10YR 2/1) organic stains on faces of peds; slightly
acid; abrupt smooth boundary.

B3—20 to 24 inches; olive gray (5Y 5/2) silty clay; many
fine prominent yellowish brown (10YR 5/4) and
black (N 2/0) mottles; moderate medium subangular
blocky structure; very firm; few fine roots; neutral;
abrupt smooth boundary.

Cr1—24 to 35 inches; mottled olive gray (5Y 5/2) and
yellowish brown (10YR 5/6) shaly silty clay loam;
weak medium blocky structure; very firm; few
medium roots; neutral; gradual smooth boundary.

Cr2—35 to 40 inches; olive gray (5Y 5/2) soft shale; few
fine roots along cracks in the shale.

The A horizon has hue of 10YR or 2.5Y, value of 2 or
3, and chroma of 1 or 2. It is predominantly silty clay
loam but ranges to silt loam. The B horizon is mottled
with hue of 10YR, 2.5Y, or 5Y; value of 4 or 5; and
chroma of 2 through 6. Typically, very dark gray (10YR
3/1) and black (10YR 2/1) stains or streaks are in the
upper part of this horizon. It is silty clay or clay.

Wabash series

This series consists of deep, very poorly drained, very
slowly permeable soils in large depressions on bottom
lands. These soils formed in clayey alluvial material.
Slopes are 0 to 1 percent.
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Wabash soils are similar to Zook soils and commonly
are adjacent to Blackoar, Dockery, and Zook soils.
Blackoar and Dockery soils are better drained and
coarser textured than Wabash soils. These soils typically
are in positions along the main and tributary stream
channels. Zook soils do not have so high a clay content
throughout the profile. They are in positions between
Wabash soils and the coarser textured soils along the
stream channel.

Typical pedon in an area of Wabash silty clay, 1,280
feet east and 30 feet south of the center of sec. 10, T.
46 N., R. 27 W.

Ap—a0 to 7 inches; black (10YR 2/1) silty clay; weak very
fine subangular blocky structure; firm; common
roots; slightly acid; abrupt smooth boundary.

A12—7 to 15 inches; black (10YR 2/1) silty clay; moder-
ate very fine subangular blocky structure; very firm;
common roots; medium acid; gradual smooth bound-
ary.

B2—15 to 42 inches; black (10YR 2/1) silty clay; moder-
ate fine subangular blocky structure; very firm to
extremely firm; common fine roots; slightly acid;
gradual smooth boundary.

B3—42 to 51 inches; black (10YR 2/1) silty clay; weak
very fine subangular blocky structure; very firm; very
small black concretions; few ground snail shells; few
fine roots; neutral; gradual smooth boundary.

C—51 to 66 inches; black (10YR 2/1) silty clay; weak
very fine subangular blocky structure; very firm;
common snail shells; neutral.

Thickness of the solum ranges from 40 to 60 inches or
more, and depth to free carbonates is more than 40
inches.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 2 or less. It is dominantly silty clay but ranges
to silty clay loam or silt loam. The matrix of the B hori-
zon, to a depth of 36 inches or more, has the same
range in color as the A horizon. Below a depth of 36
inches, the matrix has hue of 10YR, value of 2 through
4, and chroma of 2 or 3. The B horizon has mottles with
hue of 10YR through 7.5YR, value of 4 through 6, and
chroma of 4 through 6. Mottles of high chroma are
common in the upper part of the solum, and mottles of
low chroma are mixed throughout the profile. The 10- to
40-inch control section averages 46 to 60 percent clay.
The B horizon ranges from medium acid to neutral in the
upper part and slightly acid to mildly alkaline in the lower
part.

Weller series

This series consists of deep, moderately well drained,
slowly permeable soils on uplands. These soils formed in
loess. Slopes are 2 to 5 percent.
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Weller soils are similar to Winfield soils and are com-
monly adjacent to Winfield, Macksburg, and Mandeville
soils. Winfield soils are coarser textured throughout the
profile and are on the more sloping ridge points and the
upper parts of side slopes below Weller soils. Macksburg
soils are somewhat poorly drained, have a thick mollic
epipedon, and are in areas where the ridgetops become
broader. Mandeville soils are well drained to moderately
well drained, are coarser textured throughout the profile,
and are moderately deep. Mandeville soils are on lower,
more sloping side slopes below Weller soils.

Typical pedon in an area of Weller silt loam, 2 to 5
percent slopes, 50 feet south and 400 feet east of the
northwest corner of sec. 7, T. 47 N., R. 27 W.

Ap—O0 to 8 inches; dark grayish brown (10YR 4/2) silt
loam; weak very fine granular structure; very friable;
many fine roots; few fine concretions; neutral; abrupt
smooth boundary.

A21—8 to 12 inches; brown (10YR 5/3) silt loam; few
fine faint grayish brown (10YR 5/2) mottles; dark
grayish brown (10YR 4/2) on some ped faces; thin
moderate platy structure breaking to weak fine
granular; very friable; many roots; many fine pores;
few fine concretions; neutral; abrupt smooth bound-
ary.

A22—12 to 16 inches; grayish brown (10YR 5/2) silty
clay loam; fine moderate subangular blocky struc-
ture; friable; many fine roots; common fine pores;
few fine concretions; slightly acid; clear smooth
boundary.

B1—16 to 22 inches; brown (10YR 5/3) silty clay loam
that has common fine grayish brown (10YR 5/2)
mottles; fine strongly subangular blocky structure;
friable; few fine roots; hard black concretions (2 to 5
millimeters); many fine root pores; strongly acid;
abrupt smooth boundary.

B21t—22 to 34 inches; brown (10YR 5/3) silty clay;
many fine distinct strong brown (7.5YR 5/6) mottles;
weak very coarse angular blocky structure; very firm;
very few fine roots; few soft black concretions; dark
gray (10YR 4/1) and few dark grayish brown thick
discontinuous clay skins on ped faces; strongly acid;
clear smooth boundary; 48 percent clay.

B22t—34 to 47 inches; grayish brown (10YR 5/2) silty
clay loam; few fine prominent reddish brown (10YR
4/4) mottles, common fine faint gray (10YR 5/1)
mottles; and common medium distinct yellowish
brown (10YR 5/6) mottles; weak very coarse blocky
structure; very firm; few fine roots and root pores;
dark clay films in root pores; medium acid; gradual
smooth boundary.

B3—47 to 76 inches; mottled, grayish brown (10YR 5/2),
gray (10YR 5/1), light brownish gray (10YR 6/2),
and yellowish brown (10YR 5/6) silty clay loam; very
weak blocky structure; firm; many old root pores;
soft black concretions; neutral.
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The solum is more than 5 feet thick, and free carbon-
ates are rarely encountered. )

The A1 horizon, if present, has hue of 10YR, value of
3 or 4, and chroma of 1 or 2. Most pedons have an Ap
horizon that has hue of 10YR, value of 4 or 5, and
chroma of 1 through 3. The A2 horizon has hue of 10YR,
value of 4 or 5, and chroma of 2 or 3. The A horizon
dominantly is silt loam but ranges to silty clay loam. The
B21t horizon has hue of 10YR, value of 4 or 5, and
chroma of 2 through 4. Mottles with hue of 7.5YR
through 2.5Y, value of 4 or 5, and chroma of 2 through 6
occur throughout the B2 horizon. Most pedons, however,
have a mottle-free area below the Ap horizon. The
weighted average of the control section is silty clay
loam, but in some pedons, the B2 horizon is silty clay.
Reaction ranges from very strongly acid in the upper part
of the B horizon to neutral in the lower part. The C
horizon is mottled gray, brown, or red with hue of 10YR,
value of 4 through 6, and chroma of 1 through 3 in the
matrix. Mottles of high and low chroma are common.

Winfield series

This series consists of deep, moderately well drained,
moderately permeable soils on loess covered uplands.
These soils formed in silty, noncalcareous loess. Slopes
are 2 to 9 percent.

Winfield soils are similar to Weller soils and commonly
are adjacent to Weller, Mandeville, and Norris soils.
Weller soils have a finer textured argillic horizon and are
in areas where the ridgetop is broader. Mandeville soils
formed in silty shale bedrock, are moderately deep, and
are on side slopes below Winfield soils. Norris soils are
shallow, well drained, steeper, and below Winfield soils.

Typical pedon in an area of Winfield silt loam, 5 to 9
percent slopes, 2,020 feet south and 100 feet east of
the northwest corner of sec. 17, T. 47 N.,, R. 27 W.

Ap1—0 to 3 inches; brown (10YR 4/3) silt loam; weak
fine granular structure; very friable; many roots;
medium acid; abrupt smooth boundary.

Ap2—3 to 8 inches; mixed dark grayish brown (10YR
4/2) and dark yellowish brown (10YR 4/4) silt loam;
weak fine granular structure; very friable; many
roots; slightly acid; abrupt smooth boundary.

B1—8 to 11 inches; yellowish brown (10YR 5/4) silty
clay loam; weak fine subangular blocky structure;
very friable; many roots; few black concretions (2
millimeters); slightly acid; abrupt smooth boundary.

B21t—11 to 16 inches; dark yellowish brown (10YR 5/4)
silty clay loam; many fine faint dark brown (7.5YR
4/4) mottles; strong fine subangular blocky struc-
ture; friable; many roots; few black concretions (2
millimeters); many silt coatings on ped faces; strong-
ly acid; gradual smooth boundary.

B22t—16 to 30 inches; dark brown (10YR 4/3) silty clay
loam; few fine faint yellowish brown (10YR 5/6) mot-
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tles; weak fine subangular blocky structure; firm; few
roots; few black concretions (2 millimeters); many
gray (10YR 5/3) silt coatings on ped faces; thick
discontinuous clay films; strongly acid; gradual
smooth boundary.

B3t—30 to 78 inches; strong brown (7.5YR 5/6) silty
clay loam; few fine distinct brown (10YR 5/2) mot-
tles; moderate medium subangular blocky structure;
firm; many fine root pores; few black concretions (2
miltimeters); thick discontinuous clay films; medium
acid.

Thickness of the solum ranges from 40 to 70 inches or
more. The Ap horizon has hue of 10YR, value of 4, and
chroma of 2 or 3. A few areas have a 1- to 4-inch A1
horizon that has hue of 10YR, value of 3 or 4, and
chroma of 2 or 3. The A2 horizon, if present, has hue of
10YR, value of 4 or 5, and chroma of 3 or 4. The B1
horizon has hue of 10YR or 7.5YR, value of 4 or 5, and
chroma of 3 or 4. It is silt loam or silty clay loam. The
B2t horizon has hue of 10YR or 7.5YR, value of 4 or 5,
and chroma of 3 through 6. The lower part of the B2t
horizon has mottles that have value of 4 through 6 and
chroma of 1 through 6. The B3 horizon has hue of 10YR
or 7.5YR, value of 4 or 5, and chroma of 3 through 6. It
has mottles that have chroma of 2 or less and other
mottles of higher value and chroma. The B horizon
ranges from slightly acid to very strongly acid.

Zook series

This series consists of deep, poorly drained, slowly
permeable soils on stream bottom lands. These soils
formed in silty and clayey alluvial material. Slopes are 0
to 1 percent.

Zook soils are similar to Wabash soils and commonly
are adjacent to Blackoar, Dockery, and Wabash soils.
Blackoar and Dockery soils are coarser textured and
less developed throughout the profile. These soils typi-
cally are in positions between Zook soils and the main
stream channel. Wabash soils are finer textured through-
out the profile and normally are in depressions or at the
base of foot slopes.

Typical pedon in an area of Zook silty clay loam, 900
feet north and 1,000 feet east of the southeast corner of
sec. 1, T.46 N, R. 27 W.

Ap—0 to 15 inches; very dark gray (10YR 3/1) silty clay
loam; moderate fine subanguiar blocky structure;
firm; many fine roots; neutral; abrupt smooth bound-
ary.

A12—15 to 22 inches; very dark gray (10YR 3/1) silty
clay loam; weak fine subangular blocky structure;
firm; many fine roots; slightly acid; abrupt smooth
boundary.

B21g—22 to 33 inches; very dark gray (10YR 3/1) siity
clay; weak fine subangular structure; firm; many very
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fine roots and root pores; slightly acid; gradual
smooth boundary.

B22g—33 to 60 inches; very dark gray (10YR 3/1) silty
clay; very weak fine subangular blocky structure;
very firm; prominent fine yellowish brown (10YR 5/6)
mottles; fine roots and root pores; mildly alkaline;
gradual smooth boundary.

Cg—60 to 90 inches; dark gray (10YR 4/1) silty clay;
massive; firm; common medium yellowish brown
(10YR 5/6) mottles; few very fine roots; mildly alka-
line.

Thickness of the solum ranges from 36 to 64 inches.
Thickness of the mollic epipedon ranges from 36 to 60
inches.

The A horizon has hue of 10YR, value of 2 or 3, and
chroma of 1 or less. It is silty clay loam or silty clay that
averages 32 to 42 percent clay. The B horizon has hue
of 10YR, value of 3 or 4, and chroma of 1. Some pedons
have mottles that have high chroma and value in the
lower part of the B horizon and in the C horizon. The B2
horizon is silty clay that averages 38 to 42 percent clay.

Classification of the soils

The system of soil classification used by the National
Cooperative Soil Survey has six categories (22). Begin-
ning with the broadest, these categories are the order,
suborder, great group, subgroup, family, and series. Clas-
sification is based on soil properties observed in the field
or inferred from those observations or from laboratory
measurements. In table 19, the soils of the survey area
are classified according to the system. The categories
are defined in the following paragraphs.

ORDER. Ten soil orders are recognized. The differ-
ences among orders reflect the dominant soil-forming
processes and the degree of soil formation. Each order
is identified by a word ending in so/. An example is
Mollisol.

SUBORDER. Each order is divided into suborders pri-
marily on the basis of properties that influence soil gen-
esis and are important to plant growth or properties that
reflect the most important variables within the orders.
The last syllable in the name of a suborder indicates the
order. An example is Aquoll (Aqu, meaning water, plus
oll, from Mollisol).

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind, arrange-
ment, and degree of development of pedogenic hori-
zons; soil moisture and temperature regimes; and base
status. Each great group is identified by the name of a
suborder and by a prefix that indicates a property of the
soil. An example is Argiaquolls (Argi, meaning clay accu-
mulation, plus aquoll, the suborder of the Mollisols that
have an aquic moisture regime).
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SUBGROUP. Each great group has a typic subgroup.
Other subgroups are intergrades or extragrades. The
typic is the central concept of the great group; it is not
necessarily the most extensive. Intergrades are transi-
tions to other orders, suborders, or great groups. Extra-
grades have some properties that are not representative
of the great group but do not indicate transitions to any
other known kind of soil. Each subgroup is identified by
one or more adjectives preceding the name of the great
group. The adjective Typic identifies the subgroup that
typifies the great group. An example is Typic Argiaquolls.

FAMILY. Families are established within a subgroup on
the basis of physical and chemical properties and other
characteristics that affect management. Mostly the prop-
erties are those of horizons below plow depth where
there is much biological activity. Among the properties
and characteristics considered are particle-size class,
mineral content, temperature regime, depth of the root
zone, consistence, moisture equivalent, slope, and per-
manent cracks. A family name consists of the name of a
subgroup preceded by terms that indicate soil properties.
An example is fine, montmorillonitic, mesic Typic Agria-
quolls.

SERIES. The series consists of soils that have similar
horizons in their profile. The horizons are similar in color,
texture, structure, reaction, consistence, mineral and
chemical composition, and arrangement in the profile.
The texture of the surface layer or of the substratum can
differ within a series.

Formation of the soils

This section describes the factors of soil formation,
relates them to the formation of soils in the survey area,
and explains the process of soil formation.

Factors of soil formation

Soil is produced by soil-forming processes acting on
materials deposited or accumulated by geologic agen-
cies. The characteristics of the soil at any given point are
determined by (1) the physical and mineralogical compo-
sition of the parent material, (2) the climate under which
the soil material has accumulated and existed since ac-
cumulation, (3) the plant and animal life on and in the
soil, (4) the relief, or lay of the land, and (5) the length of
time the forces of soil formation have acted on the soil
material (27).

Climate and plant and animal life are active factors of
soil formation. They act on the parent material that has
accumulated through the weathering of rocks and slowly
change it to a natural body that has genetically related
horizons. The effects of climate and plant and animal life
are conditioned by relief. The parent material also affects
the kind of soil profile that is formed and, in extreme
cases, determines it almost entirely. Finally, time is
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needed for changing the parent material into a soil that
has distinct horizons. Although it varies in length, time is
always required for differentiation of soil horizons. Gener-
ally a long time is required for the formation of distinct
horizons.

The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can
be made regarding the effect of any one factor unless
conditions are specified for the other four. Many of the
processes of soil formation are unknown.

Plants and animals

Plants, burrowing animals, insects, bacteria, and fungi
are important in the formation of soils. They affect the
organic matter content, plant nutrients, structure, and
porosity of soils.

Many of the soils in Johnson County formed when the
vegetation was mainly tall prairie grasses. These soils,
generally known as “prairie soils,” have a thick, dark
surface layer that is high in organic matter because of
abundant bacteria and decay of the fine grass roots.
Soils that formed under this plant cover are in the Barco,
Bremer, Deepwater, Macksburg, Polo, Sampsel, and
Sharpsburg series.

Deciduous forests and their associated plant and
animal life formed soils that have a light colored surface
layer and low organic matter content. Only about one-
fourth of the area of Johnson County formed under
forest vegetation alone; however, a large area of the
soils formed under prairie vegetation and then under
forest vegetation. Such soils have a surface layer that is
lighter than prairie soils and somewhat darker colored
than forest soils. Soils that formed under forest vegeta-
tion in Johnson County are in the Bolivar, Gorin, Mande-
ville, Weller and Winfield series.

Micro-organisms reduce organic matter to humus. The
release of plant nutrients and the fixation of atmospheric
nitrogen by nodule bacteria are examples of the contri-
butions that micro-organisms make to soil formation and
plant growth. Earthworms, insects, and burrowing ani-
mals also have a favorable effect on tilth, fertility, and
drainage.

Man also has had an influence on soil formation. Soil
in many places has been tilled and used for intensive
cropping. Grain and forage residue has been removed
from the soil and used as feed and forage. Chemical
sprays are often used to reduce the growth of some
residue-producing plants and to help control insects and
pests. These practices tend to leave the soil surface
bare of protective cover and permit erosion of the sur-
face layer. A significant acreage of the soils in Johnson
County has been eroded.

Climate

Climate, both long ago and recently, has been an
important factor in the formation of soils in Johnson
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County. As a result of the climate of long ago, soil
forming materials were deposited in the county by ice,
wind, and water. More recent climate has affected, either
directly or indirectly, the development of soils that
formed from these and other materials. Geologic ero-
sion, plant and animal life, and in more recent time,
accelerated erosion have varied with the climate and
changes have influenced soil development.

Climate largely determines the rate of weathering of
soils, and it also influences the type of vegetation that
grows on soils. Johnson County has a temperate, humid,
continental climate. The average precipitation is about
39 inches (73), and the frost-free growing season aver-
ages 166 days (8). The prevailing winds are from the
south or southwest. These winds are generally warm and
moist, but in most years, between mid-July and Septem-
ber, they are hot and dry and rainfall is limited. Short
* periods of excessive rainfall are common in spring, fall,
or both. The soils are frozen for short periods in winter,
and soil formation processes are slowed. In most places
the average annual temperature of the soil at a depth of
20 inches is about 59 degrees F.

The humid climate of Johnson County is conducive to
the relatively rapid breakdown of minerals for the forma-
tion of clay and the translocation of those materials
downward in the soil profile. The subsoil of the Haig and
Hartwell soils is high in clay content. These soils, there-
fore, have very slow to slow permeability in the subsoil,
which causes excess wetness during seasons of highest
rainfall. Conversely, the low available water capacity of
their subsoils causes droughtiness during hot summer
months when rainfall is low.

Parent material

Parent material is the unconsolidated mass from which
a soil is formed. It determines the limits of the chemical
and mineral composition of the soil. In Johnson County
three kinds of parent material, alone or in combinations
of two or more, have contributed to the formation of
soils. These are residual or bedrock material, loess or
wind-deposited material, and alluvial or water-deposited
material.

Residual material weathered from limestone, sand-
stone, and shale to form the parent material of such
soils as Barco, Mandeville, Norris, and Snead soils.

Loess parent material, principally made up of silts, was
transported into Johnson County by wind. The Haig, Hig-
ginsville, and Macksburg soils formed in this material.

Alluvial parent material in Johnson County is of local
origin. It is made up of silt, sand, clay, and gravel and is
transported by water from the uplands to the flood plains
of streams. Soils, such as Blackoar, Nodaway, and Zook
soils, formed in alluvium deposited by the Blackwater
River and other local streams.
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Relief

Relief, or topography, affects soil formation through its
influence on drainage, runoff, infiltration, and other relat-
ed factors, including accelerated erosion. In areas that
have about the same plant cover and rainfall, runoff is
rapid on steep slopes and is slower or absent in nearly
level areas. In areas where most of the water runs off,
little water enters the soil and it forms slowly. In these
areas, soil horizons are indistinct and the solum is thin.
The Snead soil is an example. In areas where little water
runs off, or where it runs off slowly, more water enters
the soil and it forms rapidly. In these areas, soil horizons
are distinct and the solum is thick. An example is the
Hartwell soil.

Time

In addition to the factors of parent material, climate,
plant and animal life, and relief, time has played an
important role in soil development in Johnson County.
Some time is always required to convert parent material
to soil. A long time is required to produce a mature soil,
and a relatively short time is required for a young soil to
acquire distinct characteristics.

Nodaway soils are one of the youngest soils in the
county. The material in which these soils formed washed
from nearby uplands and was deposited by the local
streams. In places of extreme erosion and deposition, 30
to 40 inches or more of this material probably was de-
posited in as little as one year. Horizons within the
Nodaway soils are not distinct. The upper 9 inches of
these soils are only slightly different from the rest of the
profile. The main difference is the absence of deposition-
al strata in the upper part; also a weak, fine, granular
structure has developed. These differences are most
likely a result of tillage and the incorporation of residue
in the upper 9 inches in relatively recent years.

Examples of old or mature soils in the county are the
Hartwell and Lightning soils. These soils have a well
developed subsoil that is high in clay content and strik-
ingly different from the adjacent upper and lower layers.
The soils developed in areas of subnormal relief. Runoff
was slow, and the soils remained wet during most of the
year. Erosion on areas under native prairie grasses was
negligible. Water that did not evaporate or run off moved
downward through the soils.

The subnormal relief and excess water hastened the
process of soil formation, and in time the clay particles
moved from the surface layer down into the lower layers.
This translocation of clay resulted in the accumulation of
dark clay immediately below a bleached, severely
leached, silty subsurface layer. Relief, and its influence
on local climate, was a very significant factor in the
formation and development of these soils. The length of
time required for the development of mature soils was
considerably shortened.
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Other soils in the county, such as the Barco, Norris,
and Bolivar soils, have been in place as long as Haig
and Hartwell soils and have had equal time for develop-
ment. These soils, however, have thin or weak horizon
development and are considered to be youthful or imma-
ture soils. Differences in parent material, animal life, and
relief have apparently been the dominant factors in de-
velopment. A much longer time is required for these soils
to develop to maturity.

Other soils in the county range in profile development
from fairly youthful to fairly old. An example of an older
soil is the Haig soils, which have developed a fairly
heavy subsoil. A fairly youthful profile is represented by
the Mandeville soils, which have a relatively thin, medium
textured subsoil. In both of these soils, the particular
stage of profile development is an expression of the
interrelationship of the various factors of soil formation.
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Glossary

AC soil. A soil having only an A and a C horizon.
Commonly such soil formed in recent alluvium or on
steep rocky slopes.

Aeration, soil. The exchange of air in soil with air from
the atmosphere. The air in a well aerated soil is
similar to that in the atmosphere; the air in a poorly
aerated soil is considerably higher in carbon dioxide
and lower in oxygen.

Aggregate, soil. Many fine particles held in a single
mass or cluster. Natural soil aggregates, such as
granules, blocks, or prisms, are called peds. Clods
are aggregates produced by tillage or logging.

Alluvium. Material, such as sand, silt, or clay, deposited
on land by streams.

Area reclaim (in tables). An area difficult to reclaim after
the removal of soil for construction and other uses.
Revegetation and erosion control are extremely diffi-
cult.
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Association, soil. A group of soils geographically asso-
ciated in a characteristic repeating pattern and de-
fined and delineated as a single map unit.

Available water capacity (available moisture capac-
ity). The capacity of soils to hold water available for
use by most plants. It is commonly defined as the
difference between the amount of soil water at field
moisture capacity and the amount at wilting point. It
is commonly expressed as inches of water per inch
of soil. The capacity, in inches, in a 60-inch profile
or to a limiting layer is expressed as—

Inches
Very [oW.......c.crrnercccrneerenereceiens Oto3
LOW.... vt et e e s e e s e e ses e et 3to6
Moderate... 6t09
High.. ettt et sreneee 9to 12
Very high.....nonnann, More than 12

Base saturation. The degree to which material having
cation exchange properties is saturated with ex-
changeable bases (sum of Ca, Mg, Na, K), ex-
pressed as a percentage of the total cation ex-
change capacity.

Bedrock. The solid rock that underlies the soil and other
unconsolidated material or that is exposed at the
surface.

Bottom land. The normal flood plain of a stream, sub-
ject to flooding.

Calcareous soil. A soil containing enough calcium car-
bonate (commonly combined with magnesium car-
bonate) to effervesce visibly when treated with cold,
dilute hydrochloric acid.

Capillary water. Water heid as a film around soil parti-
cles and in tiny spaces between particles. Surface
tension is the adhesive force that holds capillary
water in the soil.

Cation. An ion carrying a positive charge of electricity.
The common soil cations are calcium, potassium,
magnesium, sodium, and hydrogen.

Cation-exchange capacity. The total amount of ex-
changeable cations that can be held by the soil,
expressed in terms of milliequivalents per 100 grams
of soil at neutrality (pH 7.0) or at some other stated
pH value. The term, as applied to soils, is synony-
mous with base-exchange capacity, but is more pre-
cise in meaning.

Chiseling. Tillage with an implement having one or more
soil-penetrating points that loosen the subsoil and
bring clods to the surface. A form of emergency
tillage to control soil blowing.

Clay. As a soil separate, the mineral soil particles less
than 0.002 millimeter in diameter. As a soil textural
class, soil material that is 40 percent or more clay,
less than 45 percent sand, and less than 40 percent
silt.

Clay film. A thin coating of oriented clay on the surface
of a soil aggregate or lining pores or root channels.
Synonyms: clay coating, clay skin.

SOIL SURVEY

Claypan. A slowly permeable soil horizon that contains
much more clay than the horizons above it. A clay-
pan is commonly hard when dry and plastic or stiff
when wet.

Coarse fragments. Mineral or rock particles 2 millime-
ters to 25 centimeters (10 inches) in diameter.

Coarse textured soil. Sand or loamy sand.

Colluvium. Soil material, rock fragments, or both moved
by creep, slide, or local wash and deposited at the
base of steep slopes.

Complex, soil. A map unit of two or more kinds of soil in
such an intricate pattern or so small in area that it is
not practical to map them separately at the selected
scale of mapping. The pattern and proportion of the
soils are somewhat similar in all areas.

Compressible (in tables). Excessive decrease in volume
of soft soil under load.

Concretions. Grains, pellets, or nodules of various
sizes, shapes, and colors consisting of concentrated
compounds or cemented soil grains. The composi-
tion of most concretions is unlike that of the sur-
rounding soil. Calcium carbonate and iron oxide are
common compounds in concretions.

Consistence, soil. The feel of the soil and the ease with
which a lump can be crushed by the fingers. Terms
commonly used to describe consistence are—
Loose.—Noncoherent when dry or moist; does not
hold together in a mass.

Friable.—When moist, crushes easily under gentle
pressure between thumb and forefinger and can be
pressed together into a lump.

Firm.—When moist, crushes under moderate pres-
sure between thumb and forefinger, but resistance is
distinctly noticeable.

Plastic.-~When wet, readily deformed by moderate
pressure but can be pressed into a lump; will form a
“wire” when rolled between thumb and forefinger.
Sticky.—When wet, adheres to other material and
tends to stretch somewhat and pull apart rather than
to pull free from other material.

Hard.—When dry, moderately resistant to pressure;
can be broken with difficulty between thumb and
forefinger.

Soft —When dry, breaks into powder or individual
grains under very slight pressure.

Cemented.—Hard; little affected by moistening.

Contour stripcropping (or contour farming). Growing
crops in strips that follow the contour. Strips of
grass or close-growing crops are alternated with
strips of clean-tilled crops or summer fallow.

Control section. The part of the soil on which classifica-
tion is based. The thickness varies among different
kinds of soil, but for many it is that part of the soil
profile between depths of 10 inches and 40 or 80
inches.

Corrosive. High risk of corrosion to uncoated steel or
deterioration of concrete.
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Cover crop. A close-growing crop grown primarily to
improve and protect the soil between periods of
regular crop production, or a crop grown between
trees and vines in orchards and vineyards.

Deferred grazing. Postponing grazing or arresting graz-
ing for a prescribed period.

Depth to rock. Bedrock is too near the surface for the
specified use. ‘

Diversion (or diversion terrace). A ridge of earth, gen-
erally a terrace, built to protect downslope areas by
diverting runoff from its natural course.

Drainage class (natural). Refers to the frequency and
duration of periods of saturation or partial saturation
during soil formation, as opposed to altered drain-
age, which is commonly the result of artificial drain-
age or irrigation but may be caused by the sudden
deepening of channels or the blocking of drainage
outlets. Seven classes of natural soil drainage are
recognized:

Excessively drained.—Water is removed from the
soil very rapidly. Excessively drained soils are com-
monly very coarse textured, rocky, or shallow. Some
are steep. All are free of the mottling related to
wetness.

Somewhat excessively drained.—Water is removed
from the soil rapidly. Many somewhat excessively
drained soils are sandy and rapidly pervious. Some
are shallow. Some are so steep that much of the
water they receive is lost as runoff. All are free of
the mottling related to wetness.

Well drained.—Water is removed from the soil readi-
ly, but not rapidly. It is available to plants throughout
most of the growing season, and wetness does not
inhibit growth of roots for significant periods during
most growing seasons. Well drained soils are com-
monly medium textured. They are mainly free of
mottling.

Moderately well drained.—Water is removed from
the soil somewhat slowly during some periods. Mod-
erately well drained soils are wet for only a short
time during the growing season, but periodically for
long enough that most mesophytic crops are affect-
ed. They commonly have a slowly pervious layer
within or directly below the solum, or periodically
receive high rainfall, or both.

Somewhat poorly drained.—Water is removed slowly
enough that the soil is wet for significant periods
during the growing season. Wetness markedly re-
stricts the growth of mesophytic crops unless artifi-
cial drainage is provided. Somewhat poorly drained
soils commonly have a slowly pervious layer, a high
water table, additional water from seepage, nearly
continuous rainfall, or a combination of these.

Poorly drained.—Water is removed so slowly that
the soil is saturated periodically during the growing
season or remains wet for long periods. Free water
is commonly at or near the surface for long enough
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during the growing season that most mesophytic
crops cannot be grown unless the soil is artificially
drained. The soil is not continuously saturated in
layers directly below plow depth. Poor drainage re-
sults from a high water table, a slowly pervious layer
within the profile, seepage, nearly continuous rain-
fall, or a combination of these.

Very poorly drained.—Water is removed from the
soil so slowly that free water remains at or on the
surface during most of the growing season. Unless
the soil is artificially drained, most mesophytic crops
cannot be grown. Very poorly drained soils are com-
monly level or depressed and are frequently
ponded. Yet, where rainfall is high and nearly con-
tinuous, they can have moderate or high slope gradi-
ents.

Drainage, surface. Runoff, or surface flow of water,
from an area.

Eluviation. The movement of material in true solution or
colloidal suspension from one place to another
within the soil. Soil horizons that have lost material
through eluviation are eluvial; those that have re-
ceived material are illuvial.

Erosion. The wearing away of the land surface by water,
wind, ice, or other geologic agents and by such
processes as gravitational creep.

Erosion (geologic). Erosion caused by geologic proc-
esses acting over long geologic periods and result-
ing in the wearing away of mountains and the build-
ing up of such landscape features as flood plains
and coastal plains. Synonym: natural erosion.
Erosion (accelerated). Erosion much more rapid
than geologic erosion, mainly as a result of the ac-
tivities of man or other animals or of a catastrophe
in nature, for example, fire, that exposes the sur-
face.

Fallow. Cropland left idle in order to restore productivity
through accumulation of moisture. Summer fallow is
common in regions of limited rainfall where cereal
grains are grown. The soil is tilled for at least one
growing season for weed control and decomposition
of plant residue.

Fertility, soil. The quality that enables a soil to provide
plant nutrients, in adequate amounts and in proper
balance, for the growth of specified plants when
light, moisture, temperature, tilth, and other growth
factors are favorable.

Field moisture capacity. The moisture content of a soil,
expressed as a percentage of the ovendry weight,
after the gravitational, or free, water has drained
away, the field moisture content 2 or 3 days after a
soaking rain; also called normal field capacity,
normal moisture capacity, or capillary capacity.

Fine textured soil. Sandy clay, silty clay, and clay.

First bottom. The normal flood plain of a stream, sub-
ject to frequent or occasional flooding.
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Flagstone. A thin fragment of sandstone, limestone,
slate, shale, or (rarely) schist, 6 to 15 inches (15 to
37.5 centimeters) long.

Flooding. The temporary covering of soil with water
from overflowing streams, runoff from adjacent
slopes, and tides. Frequency, duration, and probable
dates of occurrence are estimated. Frequency is
expressed as none, rare, common, occasional, and
frequent. None means that flooding is not probable;
rare that it is unlikely but possible under unusual
weather conditions; common that it is likely under
normal conditions; occasional that it occurs on an
average of once or less in 2 years; and frequent that it
occurs on an average of more than once in 2
years. Duration is expressed as very brief if less
than 2 days, brief if 2 to 7 days, and /ong if more
than 7 days. Probable dates are expressed in
months; November-May, for example, means that
flooding can occur during the period November
through May. Water standing for short periods after
rainfall or commonly covering swamps and marshes
is not considered flooding.

Flood plain. A nearly level alluvial plain that borders a
stream and is subject to flooding unless protected
artificially.

Foot slope. The inclined surface at the base of a hill.

Forage. Plant material used as feed by domestic ani-
mals. Forage can be grazed or cut for hay.

Frost action (in tables). Freezing and thawing of soil
moisture. Frost action can damage roads, buildings
and other structures, and plant roots.

Genesis, soil. The mode of origin of the soil. Refers
especially to the processes or soil-forming factors
responsible for the formation of the solum, or true
sail, from the unconsolidated parent material.

Gleyed soil. Soil that formed under poor drainage, re-
sulting in the reduction of iron and other elements in
the profile and in gray colors and mottles.

Grassed waterway. A natural or constructed waterway,
typically broad and shallow, seeded to grass as pro-
tection against erosion. Conducts surface water
away from cropland.

Gravel. Rounded or angular fragments of rock up to 3
inches (2 millimeters to 7.5 centimeters) in diameter.
An individual piece is a pebble.

Green manure (agronomy). A soil-improving crop grown
to be plowed under in an early stage of maturity or
soon after maturity.

Gully. A miniature valley with steep sides cut by running
water and through which water ordinarily runs only
after rainfall. The distinction between a gully and a
rill is one of depth. A gully generally is an obstacle
to farm machinery and is too deep to be obliterated
by ordinary tillage; a rill is of lesser depth and can
be smoothed over by ordinary tillage.

Habitat. The natural abode of a plant or animal; refers to
the kind of environment in which a plant or animal
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normally lives, as opposed to the range or geo-
graphical distribution.

Horizon, soil. A layer of soil, approximately parallel to
the surface, having distinct characteristics produced
by soil-forming processes. In the identification of soil
horizons, an upper case letter represents the major
horizons. Numbers or lower case letters that follow
represent subdivisions of the major horizons. An ex-
planation of the subdivisions is given in the Soif
Survey Manual. The major horizons of mineral soil
are as follows:

O horizon.—An organic layer of fresh and decaying
plant residue at the surface of a mineral soil.

A horizon.—The mineral horizon at or near the sur-
face in which an accumulation of humified organic
matter is mixed with the mineral material. Also, a
plowed surface horizon, most of which was originally
part of a B horizon.

B horizon.—The mineral horizon below an A horizon.
The B horizon is in part a layer of transition from the
overlying A to the underlying C horizon. The B hori-
zon also has distinctive characteristics such as (1)
accumulation of clay, sesquioxides, humus, or a
combination of these; (2) prismatic or blocky struc-
ture; (3) redder or browner colors than those in the
A horizon; or (4) a combination of these. The com-
bined A and B horizons are generally called the
solum, or true soil. If a soil does not have a B
horizon, the A horizon alone is the solum.

C horizon.—The mineral horizon or layer, excluding
indurated bedrock, that is little affected by soil-form-
ing processes and does not have the properties
typical of the A or B horizon. The material of a C
horizon may be either like or unlike that in which the
solum formed. If the material is known to differ from
that in the solum, the Roman numeral il precedes
the letter C.

- R fayer.—Consolidated rock beneath the soil. The
rock commonly underlies a C horizon, but can be
directly below an A or a B horizon.

Humus. The well decomposed, more or less stable part
of the organic matter in mineral soils.

impervious soll. A soil through which water, air, or roots
penetrate slowly or not at all. No soil is absolutely
impervious to air and water all the time.

Infiltration. The downward entry of water into the imme-
diate surface of soil or other material, as contrasted
with percolation, which is movement of water
through soil layers or material.

Infiltration rate. The rate at which water penetrates the
surface of the soil at any given instant, usually ex-
pressed in inches per hour. The rate can be limited
by the infiltration capacity of the soil or the rate at
which water is applied at the surface.

Large stones (in tables). Rock fragments 3 inches (7.5
centimeters) or more across. Large stones adversely
affect the specified use of the soil.
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Light textured soil. Sand and loamy sand.

Loam. Soil material that is 7 to 27 percent clay particles,
28 to 50 percent silt particles, and less than 52
percent sand particles.

Loess. Fine grained material, dominantly of silt-sized
particles, deposited by wind.

Low strength. The soil is not strong enough to support
loads.

Medium textured soil. Very fine sandy loam, loam, silt
loam, or silt.

Mineral soil. Soil that is. mainly mineral material and low
in organic material. Its bulk density is more than that
of organic soil.

Minimum tillage. Only the tillage essential to crop pro-
duction and prevention of soil damage.

Morphology, soil. The physical makeup of the soil, in-
cluding the texture, structure, porosity, consistence,
color, and other physical, mineral, and biological
properties of the various horizons, and the thickness
and arrangement of those horizons in the soil pro-
file.

Munsell notation. A designation of color by degrees of
the three simple variables—hue, value, and chroma.
For example, a notation of 10YR 6/4 is a color of
10YR hue, value of 6, and chroma of 4.

Neutral soil. A soil having a pH value between 6.6 and
7.3. (See Reaction, soil.)

Parent material. The unconsolidated organic and mineral
material in which soil forms.

Ped. An individual natural soil aggregate, such as a gran-
ule, a prism, or a block.

Percolation. The downward movement of water through
the soil.

Percs slowly (in tables). The slow movement of water
through the soil adversely affecting the specified
use.

Permeability. The quality of the soil that enables water
to move downward through the profile. Permeability
is measured as the number of inches per hour that
water moves downward through the saturated soil.
Terms describing permeability are:

Very slow. less than 0.06 inch
Siow........... ..... 0.06 to 0.20 inch
Moderately slow. 0.2 t0 0.6 inch
Moderate 0.6 inch to 2.0 inches
Moderately rapid 2.0 to 6.0 inches
Rapid 6.0 to 20 inches
Very rapid..........ccooinevenneinnnne more than 20 inches

Phase, soil. A subdivision of a soil series based on
features that affect its use and management. For
example, slope, differences in slope, stoniness, and
thickness.

pH value. A numerical designation of acidity and alkalin-
ity in soil. (See Reaction, soil.)

Piping (in tables). Formation of subsurface tunnels or
pipelike cavities by water moving through the soil.
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Plasticity index. The numerical difference between the
liquid limit and the plastic limit; the range of moisture
content within which the soil remains plastic.

Plastic limit. The moisture content at which a soil
changes from semisolid to plastic.

Polypedon. A volume of soil having properties within the
limits of a soil series, the lowest and most homoge-
neous category of soil taxonomy. A “soil individual.”

Poorly graded. Refers to a coarse grained soil or soil
material consisting mainly of particles of nearly the
same size. Because there is little difference in size
of the particles, density can be increased only slight-
ly by compaction.

Productivity (soil). The capability of a soil for producing
a specified plant or sequence of plants under specif-
ic management.

Profile, soil. A vertical section of the soil extending
through all its horizons and into the parent material.

Reaction, soil. A measure of acidity or alkalinity of a
soil, expressed in pH values. A soil that tests to pH
7.0 is described as precisely neutral in reaction be-
cause it is neither acid nor alkaline. The degree of
acidity or alkalinity is expressed as—

PpH
Extremely acid.........ccoovvcrrmirerirens Below 4.5
Very strongly acid..... 45t 5.0
Strongly acid ..5.1t055
Medium acid........ 5.6 t0 6.0
Slightly acid.......... 6.1 t0 6.5
Neutral 66t 7.3
Mildly alkaline. 741078
Moderately alkaline 791084
Strongly alkaline 8.5109.0

Very strongly alkaline..........c..cccoovcvcniuvenn. 9.1 and higher

Relief. The elevations or inequalities of a land surface,
considered collectively.

Residuum (residual soil material). Unconsolidated,
weathered, or partly weathered mineral material that
accumulated as consolidated rock disintegrated in
place.

Rill. A steep sided channel resulting from accelerated
erosion. A rill is generally a few inches deep and not
wide enough to be an obstacle to farm machinery.

Rock fragments. Rock or mineral fragments having a
diameter of 2 millimeters or more; for example, peb-
bles, cobbles, stones, and boulders.

Rooting depth (in tables). Shallow root zone. The soil
is shallow over a layer that greatly restricts roots.

Root zone. The part of the soil that can be penetrated
by plant roots.

Runoff. The precipitation discharged into stream chan-
nels from an area. The water that flows off the
surface of the land without sinking into the soil is
called surface runoff. Water that enters the soil
before reaching surface streams is called ground-
water runoff or seepage flow from ground water.

Sand. As a soil separate, individual rock or mineral frag-
ments from 0.05 millimeter to 2.0 millimeters in di-
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ameter. Most sand grains consist of quartz. As a soil
textural class, a soil that is 85 percent or more sand
and not more than 10 percent clay.

Seepage (in tables). The movement of water through the
soil. Seepage adversely affects the specified use.

Series, soil. A group of soils that have profiles that are
almost alike, except for differences in texture of the
surface layer or of the underlying material. All the
soils of a series have horizons that are similar in
composition, thickness, and arrangement.

Shale. Sedimentary rock formed by the hardening of a
clay deposit.

Sheet erosion. The removal of a fairly uniform layer of
soil material from the land surface by the action of
rainfall and runoff water.

Shrink-swell. The shrinking of soil when dry and the
swelling when wet. Shrinking and swelling can
damage roads, dams, building foundations, and
other structures. It can also damage plant roots.

Silt. As a soil separate, individual mineral particles that
range in diameter from the upper limit of clay (0.002
millimeter) to the lower limit of very fine sand (0.05
millimeter). As a soil textural class, soil that is 80
percent or more silt and less than 12 percent clay.

Site index. A designation of the quality of a forest site
based on the height of the dominant stand at an
arbitrarily chosen age. For example, if the average
height attained by dominant and codominant trees in
a fully stocked stand at the age of 50 years is 75
feet, the site index is 75 feet.

Slickensides. Polished and grooved surfaces produced
by one mass sliding past another. In soils, slicken-
sides may occur at the bases of slip surfaces on the
steeper slopes; on faces of blocks, prisms, and col-
umns; and in swelling clayey soils, where there is
marked change in moisture content.

Slope. The inclination of the land surface from the hori-
zontal. Percentage of slope is the vertical distance
divided by horizontal distance, then multiplied by
100. Thus, a slope of 20 percent is a drop of 20 feet
in 100 feet of horizontal distance.

Slow intake (in tables). The slow movement of water
into the soil.

Small stones (in tables). Rock fragments less than 3
inches (7.5 centimeters) in diameter. Small stones
adversely affect the specified use of the soil.

Soil. A natural, three-dimensional body at the earth’s
surface. It is capable of supporting plants and has
properties resuiting from the integrated effect of cli-
mate and living matter acting on earthy parent mate-
rial, as conditioned by relief over periods of time.

Soil separates. Mineral particles less than 2 mm in
equivalent diameter and ranging between specified
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size limits. The names and sizes of separates recog-
nized in the United States are as follows:

Millime-
ters

Very coarse sand 20t0 1.0
Coarse sand 1.0t0 0.5
Medium sand 0.5 t0 0.25
Fine sand 0.25 t0 0.10
Very fine sand................ 0.10 to 0.05
Silt 0.05 to 0.002
Clay....ocrercrererereeneninrereressssseessssssssearer Less than 0.002

Solum. The upper part of a soil profile, above the C
horizon, in which the processes of soil formation are
active. The solum in soil consists of the A and B
horizons. Generally, the characteristics of the mate-
rial in these horizons are unlike those of the underly-
ing material. The living roots and plant and animal
activities are largely confined to the solum.

Stones. Rock fragments 10 to 24 inches (25 to 60 centi-
meters) in diameter.

Stony. Refers to a soil containing stones in numbers
that interfere with or prevent tillage.

Stratified. Arranged in strata, or layers. The term refers
to geologic material. Layers in soils that result from
the processes of soil formation are called horizons;
those inherited from the parent material are called
strata.

Stripcropping. Growing crops in a systematic arrange-
ment of strips or bands which provide vegetative
barriers to wind and water erosion.

Structure, soil. The arrangement of primary soil parti-
cles into compound particles or aggregates. The
principal forms of soil structure are—p/aty (laminat-
ed), prismatic (vertical axis of aggregates longer
than horizontal), columnar (prisms with rounded
tops), blocky (angular or subangular), and granular.
Structureless soils are either single grained (each
grain by itself, as in dune sand) or massive (the .
particles adhering without any regular cleavage, as
in many hardpans).

Subsoil. Technically, the B horizon; roughly, the part of
the solum below piow depth.

Substratum. The part of the soil below the solum.

Surface layer. The soil ordinarily moved in tillage, or its
equivalent in uncultivated soil, ranging in depth from
4 to 10 inches (10 to 25 centimeters). Frequently
designated as the “plow layer,” or the “Ap horizon.”

Taxadjuncts. Soils that cannot be classified in a series
recognized in the classification system. Such soils
are named for a series they strongly resemble and
are designated as taxadjuncts to that series be-
cause they differ in ways too small to be of conse-
quence in interpreting their use and behavior.

Terrace. An embankment, or ridge, constructed across
sloping soils on the contour or at a slight angle to
the contour. The terrace intercepts surface runoff so
that it can soak into the soil or flow slowly to a
prepared outlet without harm. A terrace in a field is
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generally built so that the field can be farmed. A
terrace intended mainly for drainage has a deep
channel that is maintained in permanent sod.

Terrace (geologic). An old alluvial plain, ordinarily flat or
undulating, bordering a river, a lake, or the sea.

Texture, soil. The relative proportions of sand, silt, and
clay particles in a mass of soil. The basic textural
classes, in order of increasing proportion of fine
particles, are sand, loamy sand, sandy loam, loam,
silt, silt loam, sandy clay loam, clay loam, silty clay
loam, sandy clay, silty clay, and clay. The sand,
loamy sand, and sandy loam classes may be further
divided by specifying “coarse,” “fine,” or “ very
fine.”

Thin layer (in tables). Otherwise suitable soil material
too thin for the specified use.

Tilth, soil. The physical condition of the soil as related
to tillage, seedbed preparation, seedling emergence,
and root penetration.

Topsoll. The upper part of the soil, which is the most
favorable material for plant growth. It is ordinarily
rich in organic matter and is used to topdress road-
banks, lawns, and land affected by mining.
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Unstable fill (in tables). Risk of caving or sloughing on
banks of fill material. '

Upland (geology). Land at a higher elevation, in general,
than the alluvial plain or stream terrace; land above
the low lands along streams.

Water table. The upper limit of the soil or underlying

rock material that is wholly saturated with water.
Water table, apparent. A thick zone of free water in
the soil. An apparent water table is indicated by the
level at which water stands in an uncased borehole
after adequate time is allowed for adjustment in the
surrounding soil.
Water table, perched. A water table standing above
an unsaturated zone. In places an upper, or
perched, water is separated from a lower one by a
dry zone.

Weathering. All physical and chemical changes pro-
duced in rocks or other deposits at or near the
earth’s surface by atmospheric agents. These
changes result in disintegration and decomposition
of the material.

Wilting point (or permanent wilting point). The mois-
ture content of soil, on an overdry basis, at which a
plant (specifically sunflower) wilts so much that it
does not recover when placed in a humid, dark
chamber.
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TABLE 1.--TEMPERATURE AND PRECIPITATION

[Recorded in the period 1951-74 at Warrensburg, Missouri])

Temperature Precipitation

H i 2 years in 12 years 1a 10} H
1 i 1

i i
| |
5 ‘ . E
] 1 i [ ]
i i i i 10 will have-- { Average | | will have-- | Average |
Month {Average|Average|Average} T inumber ofi{Average|™ H inumber of{Average
i daily | daily | daily | Maximum | Minimum | growing | { Less | More jdays withisnowfall
imaximum{minimum| {temperatureitemperature| degree | ithan--|than--{0.10 inch}
| i H i higher i lower { days! ! H ! ! or more |
] i i | __than-- i than-- | | i i i i
i OF HERY 1 OF 1 OF H OF T Units In 7 In 1 In | H In
i i - i - i - i - VT | 0 T T ] -
January----{ 40,2 | 21.2 { 30.7 | 68 i -7 i 0 1 1.37 1 .45 | 2.10 | 3 | 3.4
t 1 ] i I ) £ 1 i 1 ]
] i ] ] i ] 1 ] | ] ]
February---{ 46.1 | 26.0 | 36.1 | 72 H -1 | 10 | t.47 + .62 | 2.14 | 4 i 2.8
i 1 i 1 1 i i I I 1 1
] ] ] i ] I i i t [ ]
Marche----- i 55.4 | 33.3 | 44.4 84 | 7 H 89 | 2.85 1 1.28 | 4.12 | 6 i 3.6
1 i 1 [ ] i 1] 1 ] 1 ]
i ] ] ] [ ] ] 1 1 ] 1
April------ i 69.0 | 45.7 | 5T7.4 | 88 | 25 ! 244 {4,011 } 1.91 | 5.89 | 7 i .5
1 1 ] I 1 ] 1 I ] t 1
I ] 1 i ] i i [ 1 i ]
May--------i 77.7 5 55.6 5 66.7 | 91 ! 36 i 518 | 4.56 | 3.04 | 5.95 | 7 H .0
I i 1] 1 1 1] 1] 1
I 4 ] i ] i ] ] ] i i
June-~-weee- i 85.5 | 64.2 | TH.,9 | 98 i 48 | 747 | 5.02 | 2.25 | 7.26 | 7 i .0
] i i 1 1] 1 1 1 1 1 1
[ ] i ] i ] ] ] ] ] ]
July~==ee- -{ 90.5 | 68.2 { 79.4 | 104 H 54 ! 911 | 4.41 | 1.89 | 6.46 | 6 { .0
i 1 1 1 I 1 £ 1 ] i I
] ] ] ] ] 1 & 3 1 i i
August-----{ 89.6 | 66.6 { T78.1 | 101 i 51 i 871 1 3.41 % .87 { 5.43 | 5 i .0
1 i 1 ! 1 i { i i ! 1
] ] ] i ] ] ] I i i ]
September--{ 82.3 { 58.9 | 70.6 | 98 | 41 | 618 1 4.29 | 1.52 | 6.51 | 6 i .0
1 1 [ 1 { 1 £ 1 I [ !
1 i [ I ] 1 i ] i 1 ]
October-=--~-{ 71.6 | 48.7 | 60.1 | 91 i 27 i 331 f 3.61 | 1.19 | 5.53 | 5 i .0
F i i 1 i 1 i i i i t
[ ] ] t [} i i i I ] i
November---{ 55.7 | 36.0 | 45.9 | 77 i 12 H 50 1 1.73 01 .45 4 2.75 | i 1.0
1 £ I [ t 1 1 1 1 [ i
] ] [ ] i ' 1 ] I [} I
December--~! 43,7 | 26.3 { 35.0 | 68 H -1 H 12 { 1.79 1 .88 { 2.53 | 4 i 4.3
i i i i i i i i i i i
| : | v : | : | | | :
Yeare---={ 67.3 | 45.9 | 56.6 | 104 i -9 i 4,401 | 38.62 {29.66  {47.58 | 64 i 15.6
] 1 1 1 1] i i 1 1 ] i
] 1 1 i [ [} | 1 1 | [

ta growing degree day is a unit of heat available for plant growth. It can be calculated by adding the
maximum and minimum daily temperatures, dividing the sum by 2, and subtracting the temperature below which
growth is minimal for the principal crops in the area (50° F).



JOHNSON COUNTY, MISSOURI

TABLE 2.--FREEZE DATES IN SPRING AND FALL

[Recorded in the

period 1951-T4 at Warrensburg, Missouri]

T
{ Temperature
1
i
Probability : 20 F I 280 F ] 32° F
i\ or lower i or lower i or lower
13 T T
i ] ]
Last freezing | t |
temperature i i |
in spring: ! ! !
1 i 1
I I I
1 year in 10 H | i
later than-- H April 71 April 16 | April 21
i ] 1
] ] ]
2 years in 10 | | i
later than-- 1 March 31 | April 11 | April 17
H i I
[ t i
5 years in 10 ! 1 i
later than-- i March 19 | April 31 April 9
[} i i
E E E
First freezing H H H
temperature ] i i
in fall: | i !
1 1 1
I I 1
1 year in 10 | ] i
earlier than-- | October 30 | October 23 | October 15
i 1 1
i I I
2 years in 10 | i i
earlier than-- | November 5 | October 28 | October 19
1 i 1
[} ] H
5 years in 10 ! i i
earlier than-- | November 17 | November 5 | October 28
] ) i
[} | |
TABLE 3.-~-GROWING SEASON
[Recorded in the period 1951-T4 at Warrensburg,
Missouril
i
i Daily minimum temperature
i during growing season
1
t
Probability | Higher 1 Higher i Higher
H than | than 1 than
| 240 F i 28C F i 320 F
i Days i Days i Days
] 1 ]
9 years in 10 | 213 | 196 i 182
i
[} i I
8 years in 10 | 223 ! 203 E 189
[} i
] t 1
5 years in 10 | 242 i 215 E 201
] i i
2 years in 10 | 261 i 228 E 213
[} ]
I i 1
1 year in 10 | 271 i 235 E 219
1
1 | [}
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TABLE 4.--POTENTIALS AND LIMITATIONS OF ASSOCIATIONS ON THE GENERAL SOIL MAP FOR SPECIFIED USES

Association { Extent | Cultivated| Specialty | Woodland | Urban i Intensive | Extensive

{ of area | crops | erops i i uses { . recreation | recreation

i i i i { i areas H areas

HE i i 1 i i i

T i i ! { i i

i | i i i i i
Mack sburg-Sampsel=-==== | 8 {GoOdwmmmmen 1Go0dumwwean {Poor: {Poor: {Fair: {Fair:

{ H i | wetness. | wetness, | wetness. | wetness.

i ! | H { shrink- i H

! ! i i ! swell. i

i { | i i i |
Sampsel-Snead=Polo=e=== H 26 1Goodemwmauaa {Go0dewammna {Fair: {Poor: {Poor: tFair:

i H i { wetness. | wetness, | wetness, { wetness.

{ { H H i depth to | slope. ¢

i ! i i i rock, i i

i | i i { shrink- i i

i i i i | swell. { i

i i i i i ! i
Mandeville-Norris- t 15 {Poor: {Poor: {Fair: {Fair: {Poor: {Fair:
Bolivar-=eececececccaa= i i depth to | depth to | depth to | depth to | slope { wetness.

H { rock. | rock. i rock. i rock, i i

i H i { ! slope. :

i H i i i i i
Sampsel-Deepwater-Haige | 40 {Good=mmmmm- {Good=======|Poor: {Poor: {Poor: {Fair:

i H i | wetness., | wetness, | wetness. { wetness.

i | ! H { shrink- i |

i ! { H | swell, tooi |

i | { ! { clayey. | i

| | | i i H i
Zook-Dockery-Blackoaree | 11 {Fair: {Good=======|Fair: {Poor {Poor {Fair:

| i floods. | | wetness. | floods, | floods. { floods.

i 1 1 (] 1] 1°w 1 (]

t i ] i t 1 1

! i ! i | strength. | ;

! ] { 1 1 ] 1

] ] t i ] 1 i

t i 3 t 1 t 1

[} ] [ t | [] {
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TABLE 5.-<ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS
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T i
Map f Soil name { Acres Percent

symbol} ¢ i

] ] i

i i i
BaB {Barco loam, 2 to 5 percent SlOpeS==e=--========w==m---o-ssssesoooooooosesseosmooooTo { 2,150 | 0.4
BaC {Barco loam, 5 to 9 percent slopese--=--es--wes-==-=-== B T b DD D DDt bt | 8,900 | 1.7
Bk iBlackoar $ilt loaMeses=s=eesseessseesecscscemmemmecossmoocsossoSeooossSmSSmmoSoooonTT H 10,100 1.9
BoC2 |(Bolivar loam, 5 to 9 percent slopes, eroded ----------------------------- vememecoeo~| 7,700 | 1.5
BoD2 |Bolivar fine sandy loam, 9 to 14 percent slopes, erodedeemmeeccemarensemcasmcneme=x| 4,750 | 0.9
Br {Bremer silty clay loame==ce=sv=eev=--- decemmee—mee—ceseceee--eem-eessws-ce-—----se-ee ' 4,950 | 0.9
DpB {Deepwater silt loam, 2 to 5 percent slopesee=-w--=w--wc===-==- J e | 21,150 | 4,0
DpC2 |Deepwater silt loam, 5 to 9 percent slopes, erodedeemeeccccreeammerccecreereeroae- i 32,400 | 6.1
bt {Dockery silty clay loame===s=cecesssem-oscc-cc-cemamomoooooo S et L L L DL Rl i 11,400 | 2.2
Fs IFreeburg silt loam===-=== e e LT L LD D) B E Dt ——————— .- 4,450 | 0.8
GoC2 |Gorin silt loam, 5 to 9 percent slopes, erodedes=-eeesccssesecoseossossoomoomoon oo { 15,900 | 3.0
Hg {Haig Silt l0@Me-e—==s=esesswemcsccccsesseesm—o— oo —sosssesooeosooooosesssoooooooooos i 28,250 | 5.3
Hp {Haplaquents=Urban land complex ----------------------------------------------------- i 1,650 | 0.3
HtA 'Hartwell silt loam, O to 2 percent slopes=e-e==~ N e LR L R T S g i 11,200 | 2.1
HtB2 !Hartwell silt loam, 2 to 5 percent slopes, eroded-----cess=scs==--eccoos-osom=-mooos { 12,900 | 2.4
HxC {Higginsville silt loam, 4 to 7 percent slopes--w=-==-c-—cc-ccssesomooo-=oooos P 7,000 | 1.3
Ka !Kanima shaly silty clay loam, 30 to 60 percent slopes==-==--=es==c-o-scecccoo-—o-o- i 860 | 0.2
Lg ILightning Silt 10@M===we===ee=—scsssesmemermeosooss—sos——wooooosooooooosssesoonoos H 4,450 | 0.8
MaB ‘Macksburg silt loam, 1 to 4 percent slopeS===~=m=-=c- B T LT B AT L L { 29,500 | 5.6
MdB {Mandeville silt loam, 2 to 5 percent slopes-=--=eess===w=---=--c- I e D L BT { 1,550 | 0.3
MdcC iMandeville silt loam, 5 to § percent SlopeS======-=ew-os===cc—=o--occcoccosssooo- —— 34,000 | 6.4
Nd INodaway Silt loaMe=====e-eecccceevmmwe——=e~o——sccsecomooooo- ceeccccecmen= B 22,900 | 4.4
NoD {Norris shaly silt loam, 5 to 14 percent slopes===-==s-wse-c-co—scscsswsmmooooooomos H 16,400 | 3.1
NoF {iNorris shaly silt loam, 14 to 35 percent S1opeS===weeccccrememrmaa" R et T L i 7,100 ¢ 1.3
Pd {Pits, quarriesee=escecccecerocccocecccsworomsrooorsoomsemmos cemeecameccvmme s | 380 | 0.1
PoB !Polo silt loam, 2 to 5 percent slopes-------------- ------------ B et L T { 17,250 | 3.3
PoC2 |Polo silt loam, 5 to 9 percent slopes, eroded===-<s--=w---wc-scoc-oo- —eeemwee—-- -——= 7,300 i 1.4
SaB !Sampsel silty clay loam, 2 to 5 percent slopese-==--=--- B il B el 29,500 | 5.6
SaC {Sampsel silty clay loam, 5 to 9 percent slopes=-e=sscs-scse=-o-o--sccsscomcommoooo=- | 3,650 0.7
SaC3 !Sampsel silty clay loam, 5 to 9 percent slopes, severely eroded ----------------- - 84,500  16.0
ShB {Sharpsburg silt loam, 2 to 5 percent slopeS==-essssesss-ccsccocsccswesooooosooTos - 1,350 | 0.3
SnD2 |Snead silty clay loam, 7 to 16 percent slopes, eroded----- ------------------------- i 21,900 | 4.1
SoD iSnead-Rock outcrop complex, 5 to 14 percent slopes--=ws-=-e---=cscocc—==-= B et 10,500 | 2.0
SoF {Snead-Rock outcrop complex, 14 to 35 percent slopese-e===-=c---==- B e 9,300 ¢ 1.8
Wa iWabash silty clay======== AR S S ceeeee- S 4,700 | 0.9
WdB {Weller silt loam, 2 to 5 percent slopes-=----<-c--esc-=ccco=cco e e 9,600 | 1.8
WfB {Winfield silt loam, 2 to 5 percent slopes----------------—-------------------------{ 2,350 | 0.4
WEC  Winfield silt loam, 5 to 9 percent slopes===-----===- cecccemmmermmmmeeceaee~ ————— 2,300 | 0.4
WfC3 |Winfield silty clay loam, 5 to 9 percent slopes, severely erodedes===wececcccecmces] 350 | 0.1
Zk iZook silty clay loame-e-=s=====e==ess-=ccc-=cex S 18,800 { 3.6

E Water--=----- ————————a- commmemm—m———e ceeeemmemmmneee ceccemmmemmmem—m—— e emen : 3,300 { 0.6

[} :-----‘-----I-------

a Totaleeseemmeeemrmemmm—m—ec-c==- mmeeamccecseemmemmmeccescsmm—ma—- eeee===={ 528,640 | 100.0

[
] ]
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TABLE 6.--YIELDS PER ACRE OF CROPS AND PASTURE

Absence of a yield indicates that

the soil is not suited to the crop or that the crop generally is not grown on the so0il]

[Yields are those that can be expected under a high level of management.

Soil name and

Tall fescue

t
t

Grain sorghumi{Winter wheat

Soybeans

Corn

map symbol

]
t
4
i
1
t
t
3
1
{
H
i
1
t
!
|
]
1
¢
I}
(
I
|
t
t
!
]
3
{
L
4
]
{
t
t
t
i
|
I
t
i
4
t
£
1
|
i
¢
i
1
i

Haplaquents=Urban land

7.4

3.7

35

32 72

86

HtAermovrovorenceccrmrmcnene

70 25 65 30 3.5 .0

Hartwell
HtB2wwverrwmmcncccncnccnae=

88 42 4.5 9.0

38

103

Hartwell
HXCowwrwemewwevevererccenawe

Higginsville

1

Kamwwoecrrrowrccevevcnceew=

Kanima

6.6

61 30 3.3

26

72

s

.6

9

il

46

96

4y

110

Lightning
Y T AL T P L

o

O

o

o

t~

a8

0

7y

[re

&

—

O

)

]

]

'

'

'

'
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TABLE 6,--YIELDS PER ACRE OF CROPS AND PASTURE--Continued

1 1 H 1 H i
Soil name and | ' i | | Grass=- i
map symbol i Corn { Soybeans !Grain sorghum|Winter wheat | legume hay { Tall fescue
1 1 1 1 1 [}
| { 1 ] [} 1
1 Bu 1 Bu H Bu i Bu i Ton 1 RUM*
i - i _— i -_— 1 —_— 1 — 1 -
t ] ] t I 1
Ndewemececcosemcevmman—ans! 96 ! 36 | 83 | 40 | 4.3 8.6
Nodaway l | i { t {
1 1 1 i 1 1
1 i i ] i 1
NOD=e=ecvvoeecmeverreceee ! -—— i - { L i - i 1.3 i 2.6
Norris ] ! : { ! !
1 i [} 1 [} 1
1 ] t 1 t ]
oY T -——- i .- i - i -——- | .8 { 1.6
Norris : | 1 i i i
t 1 [} 1 1 1
t 1 t I t 1
Pak*¥, ! i { 1 i i
Pits, quarries 1 i i i ! i
i | i i i i
POBe=ecwe=-- ceeccveccncemeea| 96 | 36 t 83 i 40 i 4.3 i 8.0
Polo i i | 1 i i
| | i | i i
POCleccmsemmmomenmnm e | 84 30 72 35 3.7 7.4
Polo ] i i i | i
| | i i i i
) T it 89 H 33 H 77 i 37 i 4.0 i 8.0
Sampsel i i i i | |
i | i i i i
SaCemmoccmmemmmeermusnsas! 82 | 30 i 70 | 33 | 3.7 i 7.4
Sampsel | | | i ! |
i i { i ] i
SaC3ecemmmmmmermeeercveons! 72 | 24 | 61 | 30 | 3.4 6.9
Sampsel 1 i i i | i
! H | | H t
L) 7); P i | 101 i 43 i 88 i 42 i 4.5 i 9.0
Sharpsburg i ! | ! | i
] i i i i i
SND2=cwermecerecessenacaes| --- i - { - | .- i 2.3 | 4.2
Snead i | | : H |
[} ] 1 i 1 [
] ] i t I I
S0Deecermcemvencnsvananan= | .—- | -—— ! -——- | ——— i 1.5 i 3.0
Snead-Rock outcrop H ] { 1 i i
| i i i i |
SOFewscccovcscncccnvvocas=| - H - ! - ! -—— { .9 | 1.8
Snead=-Rock outcrop i ! i i i i
1 1 i 1 L] 1
1 ] H ] 1 1
Waemmeeccscssmveeseeeeman=| 62 | 21 50 | 25 | 2.7 5.4
Wabash ! | | ! ] H
i i i i i |
WdBeeevcoecreveremuannevos| 82 { 30 i 70 i 35 ! 3.7 | 7.4
Weller ] ! i i i i
] | i { ! i
WiBeewwasscmcacmceermmee=] 98 | 38 85 | 40 | 4.3 | 8.6
Winfield i i i i i i
i | i i ! i
WfCommeemmcsemmaeeeovanmus| 92 | 36 | 77 | 40 | 4.1 8.0
Winfield 1 i i i i i
i | i ! | i
Aok P | 74 ! 28 ¢ 68 ' 32 | 3.4 i 7.2
Winfield | i i | i i
1 i i | | |
IKemevoneneeenmenmememaee=| 82 | 36 | 72 | 32 | 3.5 | 6.6
Zook 1 | t ; i |
] t ] [] [} i
] t 1 1 | ]

* Animal-unitemonth: The amount of forage or feed required to feed one animal unit (one cow, one horse,
one mule, five sheep, or five goats) for 30 days.

#% Yields are for areas protected from flooding.

##% Sece description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY

[Only the soils suitable for production of commercial trees are listed. Absence of an entry indicates that
information was not availablel]

i i Management concerns Potential productivity
1 [ T T

T
t
=1

{Northern red oake=e=| ===
H |

eastern white pine.

1
Soil name and 'ordi- | T Equip- | T T T
map symbol Ination{Erosion | ment |Seedling] Plant | Common trees {Site | Trees to plant
{symboli{hazard | limita-|{mortal- {competi-| tindext
i H ! tion | ity i tion | 1 |
i i 1 i i i i i
i i ! i i | i i
Bkewweeoeracon ——===! 3w |Slight {Severe |ModerateiSevere {Pin oakeeweeme=ew===i 80 {Pin oak,
Blackoar | H H { | {Eastern cottonwood--{ 95 | eastern cottonwood,
i i i i ' i i { pecan.
i 1 i ! i i i i
BoC2, BoD2-===e-ww-! H4o |{Slight {Slight {Slight {Slight ({White Oak===ee=ewe==| 57 |White oak,
Bolivar | i { i | {Black 0ake==we=e===-| === | green ash,
i ] i i i |Northern red oak==---{ --- | shortleaf pine.
i i | | i !Black walnUteeeeew=e| <== |
i i i i i i i i
Breeecceeec--we====! 3w |Slight |Severe |Moderatei{Severe {Eastern cottonwood=-} 90 {American sycamore,
Bremer i i i | i {Silver maple-===-==-| 80 | common hackberry,
] H | i i i i { green ash,
' i i i i i ; ! eastern cottonwood,
| i { ' ! ! | ! silver maple,
i i i | i { ! | northern white-cedar.
t [} 1 ] ! i [ 1
] t | i I i ] 1
DpB, DpC2==wee==we=! 20 iSlight {Slight {Slight (Slight {Pin oakee=ew===e----{ 86 |{Pin oak,
Deepwater | | ] i { {Pecaneeveeeemm-e-=e=|{ 60 | pecan.
1 1 t ) 1 1 1
t I 1 t 1 ] 1 {
Dieweweeeeeeeeeese=! 3w iSlight |Slight {Slight {Moderatei{Pin oak-ww===e-o=-==- {76 {Pin oak,
Dockery i { { { I i ! i pecan,
! i i | i i | ! eastern cottonwood.
1 [} ] t t ] t i
] I 1 ] ] [} 1 t
FSe=wmeecmew-==e====! 30 |{Slight {Slight {Slight {Slight IWhite OaKewww==w==e=| 65 {White oak,
Freeburg i i i ] i i i { pin oak,
i i { i | | i { green ash,
i ! H i H i t ! eastern cottonwood,
i | i i i i ] | yellow=-poplar,
' i i ! ' : | ! black oak,
| H i | i H ! { eastern redcedar,
i ] | i i i i i pecan.
i | | i | ] i i
GOCleweemewmoemw===} lUe {Slight {Slight [ModerateiSlight iWhite oak===-=- -e==={ 55 {White oak,
Gorin i H i i i {Black oake===== ~eee-| === | green ash,
H H i ! i iNorthern red oak===-=| === | yellow=-poplar,
i ] ! i | {Pin oakee-ceeec=-- -} === | pin oak,
| i i ] ' i i ! black oak,
{ i t ' i ! ; { eastern redcedar,
i | | i i | i j red pine.
i i ! i | i i i
Lgeeerssemcmwem=eee=} 3w |Slight {Slight {Slight {Moderate{Pin cakee==we===es=e=| --- |Pecan,
Lightning i H | H i |Pecaneeevememee=w===| === | green ash,
H H t i i {Eastern cottonwood--{ 90 | eastern cottonwood,
H i { 1 | |Green asheeece==wew=| === | bur oak.
i i i H i {Bur Oakeee=e=ec=cce=| == |
i ! | i i { i |
MdB, MdCe-wee-=e===! 4o |Slight {Slight !S1ight |Slight iWhite 0aKkewemwwem=wea{ 60 {Black walnut,
Mandeville | i i t 1 {Black walnutee=-==-==| --- | yellow-poplar,
i i \ d ' {Black 0aKe=weew=====| === | sSweetgum.
! ! ' ! | {Shagbark hickory--=={ === |
i H i H i {White asheeeemweweccs| === |
i i i i | ! i i
Ndwwemweeeeemewe===! 20 1Slight {Slight {Slight {Moderate !White cake==e=w=====| 65 {Eastern white pine,
Nodaway i i i i i ! 1 { red pine,
i i H i i i H { Norway spruce,
i i | i | i i i Scotch pine,
| i i i H i i { white spruce,
t | H { H : ! ! European larch,
1 i i H H { H { black walnut,
i i i 1 i i | ! sugar maple.
| | ] i i i i i
NODee=wvrwerwaccnans { 5d |Moderate{Slight {Moderate{Slight ({White 08Keeew=ww====| 49 |Shortleaf pine,
Norris i i i i {Black Oake==ee==- wwe! == | white oak,
| i ! { i
| i { i H
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TABLE 7.--WOODLAND MANAGEMENT AND PRODUCTIVITY=--Continued

H i Management concerns " Potential productivity
Soil name and i0rdi- | T Equip- | T T 1 H
map symbol ination|Erosion | ment |Seedling| Plant | Common trees tSite | Trees to plant
{symboli{hazard | limita-{mortal- }competi=-| tindext
| | | tion | ity i tion | i i
1 i H i i i i i
i i i | i 1 { i
NoFeewrrecccaa- -==-! B5d {Severe |Moderate|Moderate{Slight |(White oOak--eee====-={ 49 |Shortleaf pine,
Norris i t i i i {Black 0aKe=w===w===-=| === | white ocak,
i E H i i {Northern red oak----| --- | eastern white pine.
i i i ! i i i i
ShBee=eeewveee=====| U4o |{Slight {Slight {Slight {Slight |[Black oake=ee=e=--- --{ 60 {Black walnut,
Sharpsburg i H H i ! {Black walnut====- --=! 60 | common hackberry,
] ! i i i iWhite oake=ewwm=====i{ --= | green ash,
i { i i t {Common hackberryee=={ --- |
i H i i i {Green asheewececrcme| -o= |
: | : : ! = Lo
WAeweeeewvewweee=e=! 4w |Slight |[Severe |Severe |[Severe |{Pin ocake=-===co-o=-- ! 75 {Pin oak,
Wabash i i i ] ! | | | pecan,
i i i H i i i { eastern cottonwood.
1 1 i ] 1 ) 1 i
t 1 ] | I I 1 1
WdBeeeweewenwee====! Uo |Slight {Slight |{Slight |Slight |[White 0aKke==wwe=====! 55 [Eastern white pine,
Weller | i { { { { | { Scotch pine,
i | i ] | i | { Norway spruce,
i i | | 1 i ' { white spruce,
i i i | ! i ' { red pine,
] | i ! i ! ; ! European larch,
i ] | | | i t | black walnut,
| i | ] i | i | sugar maple.
i i i i i ! | i
WFB, WFC, WfC3=-=---=| 30 |Slight {Slight {Slight |{Slight (White Oak=wwenseewewi 65 [Scotch pine,
Winfield H i H H t !Black Oakeeewwwee===| ==« | green ash,
i H i i ! !Northern red oake-==| === | black walnut,
E i i ; i {Black walnuteee====={ === | yellow-poplar.
1 ] ] 1 { i
t | 1 1 1 ]
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS

[The symbol < means less than; the symbol > means more than. Absence of an entry indicates that trees generally
do not grow to the given height on that soill

Trees having predicted 20-year average heights, in feet, of-=

Soil name and 1 i

green ash,

u
e

black locust,
c Scotch pine.

ommon hackberry.

i
I } 1 1 i
map symbol H <8 i 8=-15 H 16=-25 1 26=35 H >35
i i i i i
i H T T T
i i i ; |
BaB, BaCewwwcee-= -{Silky dogwood---e={Amur honeysuckle, {Amur maple, {Austrian pine, H .-
Barco i { autumneolive. { eastern redcedar,| Scotch pine, i
i i | Russian-olive, { eastern white !
{ i ! black locust. { pine, ponderosa |
i E H { pine, green ash., |
i i | i |
Bewwwoennccacaaa -1Silky dogwood==-=-=-{Amur honeysuckle, {Norway spruce, {Pin oak, green {Silver maple,
Blackoar i { medium purple \ Amur maple, | ash, American | eastern
i i willow. { eastern redcedar.| sycamore. { cottonwood,
i i ] i { European alder.
| i i i |
BoC2, BoD2===ew==== {Silky dogwood=---=-=!Amur honeysuckle, {Eastern redcedar, [Green ash, H —--
Bolivar H | autumn-olive. { Amur maple, { Austrian pine,
i | { Russian-olive, { eastern white
i i { black locust. i pine, Scotch
i ] ] ! pine, ponderosa |
! i i { pine. i
i i i ! i
Breescccccccccaex -{Silky dogwoode-===|Amur honeysuckle, |Eastern redcedar, Green ash, pin iSilver maple,
Bremer i { medium purple { Norway spruce, { oak, American | eastern
i | willow. { Amur maple. | sycamore. { cottonwood,
5 E E E 3 European alder,
1 1 ] ] I
DpB, DpClevcewce= ~=|3ilky dogwoodee=== {Amur honeysuckle, |Amur maple, tAustrian pine, tEuropean alder,
Deepwater H { autumn=olive. { eastern redcedar.{ Norway spruce, | eastern white
{ H 1 | green ash, Scotch| pine, eastern
H t i i\ pine. { cottonwood.
[} [} [} [} ]
1 t 1 I i
Dtewwewececmseceee=!Silky dogwood===--=|Amur honeysuckle, {Amur maple, {Green ash, {Eastern
Dockery H { autumn-olive,. { eastern redcedar.{ Austrian pine, { cottonwood,
i H H { Scotch pine, red | eastern white
i H i { pine, pin oak, i pine.
1 1 1 ] t
1 t t t t
Fsewewovrcnacan -=-!{Silky dogwood-=-==|Amur honeysuckle, {Eastern redcedar, |{Scotch pine, red (Eastern white
Freeburg | { autumn-olive. { Amur maple. { pine, pin oak, | pine, eastern
H i i { green ash, { cottonwood.
H i i | Austrian pine. H
] 1 [} [} ]
1 1 ] ] I
GoClemwcncann w====!Silky dogwood====«!Amur honeysuckle, |[Eastern redcedar, iRed pine, pin oak, {Eastern white
Gorin { | autumn-olive. { Amur maple. | green ash, { pine, eastern
t 1 | { Austrian pine, { cottonwood.
i i ! { Scotch pine. H
{ 1 1 1 1
t I 1 1 ]
Hgew=wocecacne ew===!Silky dogwood=====|Amur honeysuckle, [Eastern redcedar, i{Green ash, 1Silver maple,
Haig i | medium purple { Norway spruce, | American { eastern
i | willow. \ Amur maple. { sycamore, pin { cottonwood,
i i i | oak. { European alder.
i i i i H
Hp*: | i i i i
Haplaquents. E E E E E
t 1 I I ]
Urban land. H i i h i
| i i i i
HtA, HEB2===w- weew{Silky dOgWOOd=ee== !Amur honeysuckle, |{Amur maple, {Scotch pine, {Eastern
Hartwell H i autumn-olive. { eastern redcedar.| Austrian pine, | cottonwood,
{ { | | green ash, red | eastern white
! ! { | pine, pin oak. | pine.
| i ? ‘ ‘
HXCeeoowwconnceae=|3ilky dogwood==-w= {Amur honeysuckle, |Eastern redcedar, |{Austrian pine, piniEastern
Higginsville H { autumn-olive. { Amur maple. | oak, Scotch pine,i cottonwood,
h H { { green ash, red { eastern white
i i H | pine. i pine.
i i i i i
KAweweveeweweee=w=!Cutleal staghorn |Amur honeysuckle, {Russian-olive, |American sycamore,|Eastern
Kanima { sumac. { autumn-olive. ! eastern redcedar,| Siberian elm, E cottonwood.
{ 1 ] [}
; s s s |
i i i i i

See footnote at end of table.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS--Continued

89

Trees having predicted 20-year average heights, in feet, of ==

Soil name and

map symbol 26-35

<8 8-15 16-25

>35

Silky dogwood=----{Amur honeysuckle, Norway spruce, Pin oak, green

Lgemmmeemmmmm—mc-

Lightning medium purple Amur maple, ash, American
willow. eastern redcedar.; sycamore.
MaBeeeeeeewenecee==|{Silky dogwood====" Amur honeysuckle, |Eastern redcedar, (Pin oak, red pine,
Macksburg autumneolive. Amur maple. Scotech pine,

green ash,
Austrian pine.

MdB, MdCeee==wee-=|Silky dogwoodee===|Amur honeysuckle, {Amur maple, Green ash,

Mandeville autumn=-olive. eastern redcedar,| ponderosa pine,
Russian=olive, Scotech pine,
black locust. Austrian pine.

Nd=eeecccccecaew==3ilky dogwood=e==- Amur honeysuckle, |[Amur maple, Red pine, Norway

Nodaway autumn-olive. eastern redcedar.{ spruce, green

ash, Scotch pine.

NoD, NoFe---===e=-i{Cutleaf staghorn Amur honeysuckle, |(Eastern redcedar, |(Green ash,

Norris sumac. autumn=olive. black locust, Siberian elm,
Russianeolive, American
common hackberry.| sycamore, Scotch
pine.
Pd*.

Pits, quarries

Austrian pine,
Norway spruce,
green ash, Scotch
pine.

Amur maple,
eastern redcedar.

Amur honeysuckle,
autumn-olive.

PoB, PoClereceweew=
Polo

Silky dogwoode=w==

SaB, SaC, SaC3---={Silky dogwood=====|Amur honeysuckle, |Amur maple, Pin oak, green

Sampsel autumn-olive. eastern redcedar.|{ ash, Austrian
pine, red pine,
Scotch pine.
ShBemeweeeeecew===|Silky dogwood---==|Amur honeysuckle, iEastern redcedar, Scotch pine, red
Sharpsburg autumn-olive. Amur maple. pine, Norway
spruce, green
ash.
SND2=e=weweemeem==|Silky dogwoode====!Amur honeysuckle, {Eastern redcedar, Scotch pine,
Snead autumn-olive. black locust, ponderosa pine,

green ash,
Austrian pine,
eastern white
pine.

Amur maple,
Russian-olive.

SoD¥*, SoF¥:
Sneadeewveremven= Scotch pine,
Austrian pine,
eastern white -
pine, ponderosa

pine, green ash.

Eastern redcedar,
Amur maple, black
locust, Russiane
olive.

Amur honeysuckle,
autumn-olive.

Silky dogwoodw====

Rock outcrop.

Green ash, pin
oak, American

Silky dogwood=---={Medium purple Norway spruce,

Wawerecceorennnwenas

Wabash willow, Amur eastern redcedar,
honeysuckle. American sycamore.
basswood, Amur
maple.
WdBeweeeemceomeee=!Silky dogwood-====!Amur honeysuckle, {Eastern redcedar, Scotch pine, green
Weller autumn-olive, Amur maple. ash, Austrian

pine, Norway
spruce,

e e e A B e o o o e T i e i P A T A i o i T S i T T e A o i i P i e e o et o e o i o] i ]
———— e e e e o e o e A i S i S i i T S A S e o o P e o P i e o P o i i . i i e o o e ] e

See footnote at end of table.

Silver maple,
eastern
cottonwood,
European alder,

Eastern white
pine, eastern
cottonwood.

Eastern white
pine.

Eastern white
pine, pin oak,
yellow poplar.

Eastern
cottonwood.

European alder,
eastern white
pine, eastern
cottonwood.

Eastern
cottonwood,
eastern white
pine.

Eastern white
pine, pin
oak, yellow
poplar.

Eastern
cottonwood,
European alder,
silver maple.

Eastern white
pine, European
alder, eastern
cottonwood.
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TABLE 8.--WINDBREAKS AND ENVIRONMENTAL PLANTINGS-«Continued
1 Trees having predicted 20-year average heights, in feet, of=--
Soil name and | 1 T H T
map symbol i <8 ! 8-15 H 16=25 ! 26=35 ! >35
] 1 { 1 i
i t H I t
i i i i i
i t ; i !
WEB, WfC, WfC3--==!Silky dogwood===-=!Amur honeysuckle, |Eastern redcedar, ;Red pine, Norway {Eastern white
Winfield i { autumn-olive. { Amur maple. { spruce, green { pine, yellow-
i i i ! ash, Scotch pine.} poplar, pin oak.
1 [ 1 1 1
t 1 H 1 1
A eews={3ilky dogwood====-}Amur honeysuckle, {Norway spruce, {Green ash, pin {Silver maple,
Zook i { medium purple { Amur maple, { oak, American { eastern
i t willow. | eastern redcedar.|{ sycamore,. | cottonwood,
1 t [} t i
1 i I i i

European alder.

* See description of the map unit for composition and

behavior characteristics of the map

unit.
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[Some terms that desecribe restrictive soil
n"slight," "moderate," and "severe."”

TABLE 9.--BUILDING SITE DEVELOPMENT

features are defined in the Glossary.
Absence of an entry indicates that the soil was not rated]

See text for definitions

91

of

T T T T )
) t L] I i
Soil name and | Shallow i Dwellings i Dwellings H Small { Local roads
map symbol i excavations t without H with i commercial H and streets
1 H basements H basements i buildings H
i 1 H 1 i
] i i i i
BaBecece=eecera—===|Moderate: iModerate: iModerate: iModerate: |Severe:
Barco | depth to rock. | shrink-swell, { depth to rock, | shrink-swell, i low strength.
E i low strength. { shrink-swell. | low strength.
i 1 ] 1
) i ] ] 1
BaCwewwerweeewswe=Moderate: {Moderate: {Moderate: {Moderate: {Severe:
Barco ! depth to rock. | shrink-swell, | depth to rock, | shrinkeswell, | low strength.
i { low strength. | shrink-swell. | slope, H
{ i i { low strength. i
i ] ] L] [}
1 1 1 ] 1
Bleeewonceeeenua{Severe: {Severe: {Severe: {Severe: {Severe:
Blackoar { floods, i floods, i floods, { floods, | floods,
{ wetness, | wetness. | wetness. ! wetness. { low strength,
i i H | { wetness.
i ! i ! ]
BoC2eeecoweacvee===|Moderate: {Moderate: {Moderate: iModerate: {Severe:
Bolivar { depth to rock. | shrinke-swell, ! depth to rock. | shrink-swell, i low strength.
! { low strength, ! { slope, i
H i ! ! low strength. i
[} ] 1 [} 1]
1 ] ] 1 1
BOD2+wweeenwwee-vw{Moderate: {Moderate: {Moderate: {Severe: {Severe:
Bolivar i depth to rock, | shrink-swell, ! depth to rock, | slope. | low strength.
i slope. i slope, { slope. i i
i { low strength. ; ; !
‘ i i i i i
Breeeeeeweem=w====|{Severe: {Severe: {Severe: iSevere: {Severe:
Bremer { wetness. | wetness, ] wetness, | wetness, { wetness,
i { shrink-swell, ! shrinkeswell, { shrinke-swell, { shrink-swell,
H i low strength. { low strength. { low strength. ! low strength.
1] ] ] [} 1
] 1 i t 1
DpB----------—----iSlight-----------:Moderate: {Moderate: {Moderate: {Severe:
Deepwater i | shrinke-swell, { shrink-swell, | shrinkeswell, { low strength.
E { low strength, | wetness. { low strength. i
i ! ! i !
Dpl2-wwecemenem===iSlighteeweeccewa-Moderate: {Moderate: {Moderate: {Severe:
Deepwater i { shrinkeswell, { shrinkeswell, { shrinke-swell, { low strength.
| { low strength. { wetness. i slope, i
H H i { low strength. i
i ! i ! i
Dtesecenweccceeaa=|{Severe: {Severe: iSevere: {Severe: {Severe:
Dockery | wetness, | wetness, ! wetness, | wetness, { frost action,
i floods. { floods, { floods, { floods, { floods,
i ! low strength. { low strength. { low strength. { low strength.
1 t 1 1 L]
] 1 t 1 ]
FSweevwewecwean-==|Severe: iSevere: {Severe: {Severe: {Severe:
Freeburg { wetness. { floods. { wetness, { floods. { low strength,
H | { floods. | { frost action.
L] 1 t [} 1
1 1 1 i ]
GoC2ewwwmwe-=me===|Moderate: {Severe: {Severe: iSevere: iSevere:
Gorin ! too clayey, { shrink-swell, { shrink-swell, { shrink-swell, { shrink-swell,
| wetness. { low strength. { wetness, { low strength. { low strength.
H i ! low strength. H i
[} ] t ] [}
1 1 ] ] ]
Hgeereeowneneemmw==|Severe: iSevere: iSevere: iSevere: {Severe:
Haig | wetness, | wetness, ! wetness, | wetness, { shrink-swell,
{ too clayey. { shrink-swell, { shrink-swell, { shrink-swell, { wetness,
H { low strength. ! low strength. ! low strength. E low strength.
: : : { ]
Hp¥: | | | | !
Haplaguents. ! i : h 1
1 ] i i i
Urban land. 1 ! ! H H
i H i i i

[]
(o4

See footnote

end of table.
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TABLE 9.--BUILDING SITE DEVELOPMENT--Continued

SOIL SURVEY

T T 1 1 T
] 1 1 1 1
Soil name and | Shallow | Dwellings ! Dwellings { Small H Local roads
map symbol | excavations H without H with t commercial | and streets
i H basements | basements | buildings
T T T T H
| E i ! E
HtA, H{B2ewwww====|Severe: ISevere: |Severe: |Severe: |Severe:
Hartwell { wetness, | wetness, | wetness, | wetness, { low strength,
i { shrink-swell, { shrink-swell, { shrink-swell, { shrinkeswell.
H | low strength. { low strength. i low strength.
i ] ] ] 1
] 1 H i ]

HXCowomowee= em=ww=-|Moderate: {Moderate: {Severe: {Moderate: {Severe:
Higginsville { wetness. i wetness, { wetness. { wetness, { frost action.
{ | shrink-swell, 1 \ shrink-swell,

i i 1 { slope. !
i ! | i i
Karorrewroccenenas {Severe: |Severe: iSevere: |Severe: {Severe:
Kanima | slope. | slope. i slope. | slope. { slope.
i i ] L] 1
] 1 1 1 1
Lgr=memecnneece-aa-|Severe: {Severe: {Severe: {Severe: {Severe:
Lightning | wetness, { floods, { low strength, { low strength, { low strength,
i floods, ! shrink-swell, { floods, { floods, { floods,
| too clayey. i low strength. { shrinkeswell. | shrinke-swell. { shrink-swell.
1 { 1] ] i
i t t [} ]
MaBevececnnnnnen -={Moderate: {Severe: iSevere: {Severe: |Severe:
Mack sburg | wetness. { shrink-swell. | shrink-swell. { shrink-swell. { shrink-swell,
H i ] i ! low strength,
! i ] ] | frost action.
[ 1] 1 1 t
i 1 1 1 ]
MdBreweecwa= wew=we~=|{Moderate: {Moderate: {Moderate: {Moderate: {Severe:
Mandeville { depth to rock. | low strength. { depth to rock. | low strength. { low strength.
1 i t 1 [
1 t t 1 i
MdCeweneneweenwea={Moderate: {Moderate: {Moderate: {Moderate: iSevere:
Mandeville { depth to rock. | low strength. { depth to rock. | slope, ! low strength.
: ] | { low strength. !
1 t [} [} ]
1 1 ] [} ]
Nduwoweororecneer-={Severe: {Severe: {Severe: {Severe: {Severe:
Nodaway | floods. { floods. { floods. { floods. i floods,
] i 1 i | frost action.
[ 1 ] (] [}
1 1 1 ] 1
NODmwoccnwwwemm=we={Moderate: {Moderate: iSevere: iSevere: {Moderate:
Norris ! depth to rock, | depth to rock, | depth to rock. | depth to rock, | depth to rock
i slope. { slope. i ! slope. { slope,
i i i H { frost action.
] t 1 i [}
] i 1 1 ]
NOFwewerewemenmwa=|Severe: iSevere: {Severe: {Severe: {Severe:
Norris | depth to rock, | depth to rock, | depth to rock, | depth to rock, { depth to rock
i slope. | slope. i slope. { slope. i slope.
1 ] [ t t
] ] 1 H 1
Pd*, H h i i 1
Pits, quarries i ; i i i
1 (] t 1 ]
1] ] i 4 L]
PoB, PoC2==wme=e=={Moderate: {Severe: {Severe: {Severe: {Severe:
Polo { too clayey. { low strength. { shrink-swell, { low strength. { low strength.
H | { low strength. H \
[} i ] 1 1
1 i i ] 1
SaB, SaC, SaC3---={Severe: iSevere: {Severe: iSevere: {Severe:
Sampsel { wetness. { shrink-swell, | wetness, { shrink-swell, { frost action,
H { low strength. | shrink-swell, { low strength. | low strength,
| | | low strength. | { shrink-swell.
i 1 [} 1 1
1 1 t 1 1
ShBmesewcrcemcsne={Slightessececcea={Severe: {Severe: {Severe: {Severe:
Sharpsburg H | shrink-swell. { shrink-swell. { shrink-swell. { shrinkeswell,
| | | H { low strength.
1 i ) 1 ]
i 1 1 ] 1
SND2wwecnmn= wmeme=|Severe: ISevere: {Severe: {Severe: i{Severe:
Snead { depth to rock. | shrink-swell. { depth to rock, | shrink-swell, { shrink-swell,
H H | wetness. { slope. { low strength.
i i h i 1
SoD#: | i ] i i
Sneadecemrenew=-=|{Severe: {Severe: |Severe: iSevere: {Severe:
{ large stones, { large stones. ! depth to rock, | large stones, { shrink-swell,
{ depth to rock. | | wetness. { slope. | low strength.
t 1] t 1 1
] 1 1 H 1

See footnote at

end of table.
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Soil name and Shallow Dwellings Dwellings Small Local roads
map symbol excavations without with commercial and streets
basements basements buildings
SoD#¥*:
Rock outcrop.
SoF#*:
Sneade=cemanwasea=iSevere: Severe: Severe: Severe: Severe:
large stones, large stones, depth to rock, large stones, shrink-swell,
slope, slope. slope, slope. low strength,
W

Rock outerop.

Wawcororcncrccanes

Wabash

Weller

WiBowwrorrmreecananenn

Winfield

WfCrmornmmrwnnnnnnn

Winfield

WEC3mmmmomamaanean

Winfield

ke mrmmmmmnonennn-

Zook

depth to rock.

Severe:
wetness,
floods.

Severe:
wetness,
too clayey.

Slightrrrecccncsn

Slightereecnrman=

Moderate:
slope.

Severe:
wetness,
floods,
too clayey.

e e o e i - S e i o S e i A A S i A i i B e T i i i e i S i e e o o

e
wetness,
floods,
shrinke~swell,

172]

e
shrinkeswell,
low strength,

Moderate:
shrink-swell,
low strength.

Moderate:
shrinke~swell,
low strength.

Moderate:
shrink-swell,
slope,

low strength.

Severe:
floods,
wetness,
shrinke~swell.

etness.

Se
wetness,
floods,
shrink-swell.

7]

evere:
shrink-swell,
low strength.

Moderate:
shrink-swell,
wetness.

Moderate:

shrink-swell,

wetness.

Moderate:
shrink-swell,
wetness,
s

lope,

Severe:
floods,
wetness,
shrink-swell.

e e ot ot et S A A o e o S e e A S A i mm i m m m an ] e mm an ]

Severe:
wetness,
floods,
shrink-swell.

Severe:
shrink-swell,
low strength.

Moderate:
shrink-swell,
low strength.

Moderate:
shrink-swell,
slope,
low strength.

Severe:
slope.

Severe:
floods,
wetness,
shrink-swell.

slope.

Severe:
wetness,
floods,
low strength.

Severe:
shrink-swell,
frost action,
low strength.

Severe:
frost action,
low strength.

Severe:
frost action,
low strength.

Severe:
frost action,
low strength.

Severe:
floods,
low strength,
wetness.

* See description of the map unit for composition and behavior characteristics of the map unit.
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[Some terms that describe restrictive
of "slight," "moderate," "good,"

TABLE

soil features are defined in the Glossary.
Absence of an entry indicates that the soil was not rated]

and "fair."

10.--SANITARY FACILITIES

SOIL SURVEY

See text for definitions

T T T T T
i ] ] 1 ]
Soil name and H Septic tank { Sewage lagoon | Trench ' Area i Daily cover
map symbol | absorption t areas H sanitary H sanitary {  for landfill
{ fields i H landfill { landfill
! ! | : :
BaB, BaCewerwewwwewww=|Severe: {Moderate: |Severe: {Moderate: {Poor:
Barco ! depth to rock. | depth to rock, | depth to rock. | depth to rock. | area reclaim.
i i slope. i | i
i i i i i
Bhemwonrencnnneenan={Severe: {Severe: {Severe: |Severe: {Poor:
Blackoar { floods, { floods, t floods, { floods, | wetness.
| wetness. | wetness. { wetness. | wetness. H
t { ] ] 1
] 1 1 1 t
BOC2mwrmemmmnnawnwna=|Severe: {Moderate: iSevere: {Moderate: {Poor:
Bolivar { depth to rock. | seepage, ! depth to rock. | depth to rock. | area reclaim.
i i slope, i | i
E { depth to rock. 5 t {
1 ] i
| ] 1 ] ]
BOD2wweemewnrenaeae=!Severe {Severe: {Severe: {Moderate: {Poor:
Bolivar | depth to rock. | slope. { depth to rock. | slope, { area reclaim.
| i | ! depth to rock. |
1 1 [] i 1
1 1 1 ] t
Bre=weceancan ~-me-~=iSevere: {Severe: {Severe: iSevere: tPoor
Bremer { wetness, percs | wetness. | wetness, { wetness. { wetness.
i slowly. { { too clayey. | i
t 1 ] 1 1
1 1 ] t 1
DpB, DpC2e=ee=w=wse=|Severe: iSevere: {Moderate: {Slightw=eewee~es={Fair:
Deepwater | wetness. | wetness. { too clayey, { . t too clayey,
i H i wetness. H { wetness.
1 ] ] 1 i
1 { [} 1 t
Dimmmercccccneneeea={Severe: {Severe: iSevere: iSevere: {Poor.
Dockery { wetness, | wetness, { wetness, { wetness, | wetness.
i floods. t floods. { floods. { floods. {
1 i ] i i
] ] 1 1 i
FSwowerenanneeaeaaa~|{Severe: {Severe: iSevere: {Moderate: {Fair:
Freeburg | wetness, i wetness. { wetness, { wetness. { too clayey,
{ percs slowly. H { | | wetness.
t { 1] 1 1
1 L] t ¥ {
GOCPmomonnanmmmnmemw=lSevere: {Moderate: {Severe: {Moderate: {Poor:
Gorin | percs slowly, { slope. { wetness, | wetness. { too clayey.
{ wetness. H i too clayey. | i
] 1 t [} )
1 L] t t [}
Hgeorowenereecneene={Severe: {Severe: {Severe: {Severe: {Poor:
Haig | percs slowly, | wetness. { wetness, | wetness. { wetness,
{ wetness. ' | too clayey. | { too clayey.
[ [] { 1 1
i i ] ] 1
Hp*: { H i i H
Haplaquents. ] i ] i E
1 [ ) 1
| i t 1 ]
Urban land. | ! i { i
i ! | ! |
HtAeooroencnencnnea iSevere: 1Slighte=eweeeea=aiSevere: {Severe: {Poor:
Hartwell { percs slowly, H { too clayey, | wetness. | too clayey,
{ wetness. | | wetness. i | wetness.
1 [} ] t 1
| 1 i L] 1]
HtB2ewmonenmnaenewen=|Severe: {Moderate: |Severe: {Severe: {Poor:
Hartwell | perecs slowly, { slope. { too clayey, ! wetness. { too clayey,
| wetness. | { wetness. H { wetness.
1 ] (] ] 4
H t 1 1 ]
HXComrwrwonenan- ~m==m=|Severe: {Moderate: I|Moderate: {Moderate: {Fair:
Higginsville \ percs slowly, { slope. | wetness, | wetness. { too clayey.
{ wetness. i ! too clayey. H H
] [ 1 i t
1 1 | 1 ]
Kamemenencoavwewenan | Severe: iSevere: {Severe: {Severe: {Poor:
Kanima { slope. { slope. t slope. { slope. E slope.
[} 1] [} 1
t 1 t 1 1

See footnote at end of table.
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1 T T T T
1 | 1 1 1
Soil name and i Septic tank { Sewage lagoon | Trench t Area t Daily cover
map symbol \ absorption i areas i sanitary t sanitary { for landfill
| fields i 1 landfill ! landfill
! ‘ T T T
5 i | : :
Lgeemrrrrnenmanenanw={Severe: {Severe: {Severe: {Severe: {Poor:
Lightning { percs slowly, | wetness, | wetness, | wetness, | too clayey.
{ wetness, { floods. { floods, { floods. i
5 floods. | i too clayey. ' i
[} i ] 1
1 | ] 1 1
MaBrownennresnceanas{Severe: {Severe: {Moderate: {Moderate: {Fair:
Macksburg | percs slowly, { wetness. | wetness. { wetness. { too clayey.
| wetness. H H i |
i i i | |
MdB, MdCewereecwcex~ iSevere: {Moderate: |Severe: {Moderate: {Poor:
Mandeville ! depth to rock. | depth to rock, | depth to rock. | depth to rock. | area reclaim.
| | seepage, | ! |
! { slope. ! ! !
i i i ] i
Ndwrerecannenn memmene{Severe: {Severe: {Severe: {Severe: 1Good.
Nodaway 5 f1loods. I floods. { floods. { floods. {
NOoDwwnronnenwneenme=iSeyvere: {Severe: {Severe: {Severe: {Poor:
Norris { depth to rock. | slope, i depth to rock. | depth to rock. | area reclaim.
5 E depth to rock. 5 E i
i 1 1 1 t
NOFwowrancnnnnnnn= {Severe: iSevere: {Severe: {Severe: {Poor:
Norris i depth to rock, | slope, t depth to rock. | slope, { area reclaim,
{ slope. | depth to rock. | { depth to rock. | slope.
{ t t 1 t
t ] ] 1 1
Pd*. i | i i {
Pits, quarries H H t H H
4 1] 1 [} [}
1 t t t t
PoB, PoC2«mewaveccee{Slightererraeaan-iModerate: tModerate: {Slightereeeeenea-|{Fair:
Polo H { slope, { too clayey. | { too clayey.
i { seepage. i i t
i i i ] i
SaB, SaC, SaC3~-===-~{Severe: {Severe: {Severe: tModerate: {Poor:
Sampsel | peres slowly, { wetness. | too clayey, | wetness. { too clayey.
{ wetness. | { wetness. i H
1 t [} 1 1
t t [ 1 !
ShBeerecerccncanawan=|Severe: {Moderate: {Moderate: tSlight=wwereccnaa{Fair:
Sharpsburg E percs slowly. { slope. E too clayey. 5 { too clayey.
[} 1
1 1 1 1 1
SnD2-wewnanenreeae~|Severe: {Severe: {Severe: {Severe: {Poor:
Snead | wetness, | slope, | depth to rock. | depth to rock. | area reclaim.
{ depth to rock. | depth to rock, | i i
! | wetness. i ! '
i 1 i | i
SoD¥*: i [ ! { {
Sneadwwwernenceenaw-iSevere: {Severe: {Severe: {Severe: {Poor:
{ depth to rock, | slope, { depth to rock, | depth to rock. | area reclaim.
| wetness. | wetness, ! large stones. t |
! ! large stones. t | i
1 1 1 [] 1
[} | ] 1 i
Rock outcrop. ] | i i i
i i 1 i i
SoF¥: ' ! i ! |
Sneadeemrrmmeeee-a~{Severe: {Severe: {Severe: {Severe: {Poor:
| depth to rock, | slope, { depth to rock, | slope, { area reclainm,
{ wethness, { wetness, i large stones. { depth to rock. | slope.
i slope. { large stones. | i i
! ! ! { :
Rock outcrop. i E i i E
: L t t L]
Wameoennnenenaeneee= | Severe: {Severe: {Severe {Severe: iPoor:
Wabash { percs slowly, { floods, { floods, | floods, { wetness,
{ floods, | wetness. | wetness, | wetness, { too clayey.
i wetness. { | too clayey. E 1
{ ! : I i
WdBereemomcnnneene=w!Severe: {Moderate: |Severe {Moderate: {Poor:
Weller { percs slowly, { slope. { too clayey. | wetness. { too clayey.
! wetness. } i |
i i ' | i

See footnote at end of table.
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i 1 1 | i
Soil name and i Septic tank ! Sewage lagoon | Trench | Area i Daily cover
map symbol i absorption H areas i sanitary i sanitary i for landfill
i fields i i landfill | landfill
| | | | |
WfB, WfCmmmmmnoceee~{Severe: {Severe: {Moderate: 1Slighteeemeemee-—{Fair:
Winfield | wetness. { wetness. { too clayey, i | too clayey,
H i | wetness. i { wetness.
1 i 1 t i
| [l { | [l
WfC3mmmmmnn= e ————— iSevere: iSevere: iModerate: iModerate: {Fair:
Winfield i wetness. | slope. i too clayey, | slope. { too clayey,
H H | wetness. i { wetness,
{ ! | { { slope.
: : : | :
Ik mmmmnnnannenneees=|Severe: iSevere: iSevere: |Severe: {Poor:
Zook | percs slowly, | wetness, | wetness, { wetness, { too clayey,
\ wetness, i floods. | too clayey, { floods. { wetness.
{ floods. i | floods. |
i i | i i
* See description of the map unit for composition and behavior characteristics of the map unit.
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of

small stones.

1 1 T T
1 1 t ]
Soil name and i Roadfill H Sand i Gravel i Topsoil
map symbol i ! ! i
| i i ]
| 1 H i
| : : :
BaB, BaCemmmemaw—a~e=siPoor: {Unsuited: {Unsuited: {Fair:
Barco ! low strength, | excess fines. | excess fines. ! area reclaim.
! thin layer, : i |
! area reclaim. ' | i
[} 1 ] H
| 1 \ i
BKkrwommennennenene-~==~|PooOr: iUnsuited: iUnsuited: {Poor:
Blackoar { low strength, | excess fines. | excess fines. { wetness.
| wetness. i i i
i { i |
BOC2memmnnamnnnananaa=i{PoOr: tUnsuited: tUnsuited: {Fair:
Bolivar ! low strength, ! excess fines. { excess fines. { thin layer.
! thin layer, i | i
| area reclaim. { i i
i 1 [} 1
t 1 1 {
BOD2wwrrasenaannnnenn={PooOr: iUnsuited: {Unsuited: {Fair:
Bolivar ! low strength, { excess fines. { excess fines. { thin layer,
{ thin layer, i i { slope.
| area reclaim. ] | ]
i 1 i 1
] t ] [l
Brecrernennenneseenness {POOr: {Unsuited: {Unsuited: {Poor:
Bremer | shrink-swell, | excess fines. ! excess fines. | wetness.
{ frost action, ! | i
{ low strength. i t i
i i H [}
t L] ] ]
DpB, DpC2eem=memmmsa===~|{Poor: tUnsuited: {Unsuited: 1Good .
Deepwa ter | low strength. { excess fines. { excess fines. i
i i i 1
1 ] 1 |
Diewnmncnccsnnnesareas{POOr: tUnsuited: {Unsuited: {Good.
Dockery { frost action, | excess fines. ! excess fines. i
! low strength. : | i
{ 1 1 1
| t ] |
FSmranarmmannnnnnanse=s {POOr: {Unsuited: tUnsuited: 1
Freeburg i low strength. | excess fines. | excess fines.
i 1 1 1
t 1 1 I
GOC2mewnanamnnnmnnn=ae | PoOOr: {Unsuited: {Unsuited: {Fair:
Gorin | shrink=-swell, | excess fines. | excess fines. | thin layer.
{ low strength. | | H
[} 1 1 1
i t t 1
Hgeromameannnenasnsann | POOT! {Unsuited: {Unsuited: {Poor:
Haig | shrink-swell, | excess fines. | excess fines. ! wetness.
| wetness, i ] i
5 low strength. | i !
1 [} i
t I ¥ 1 .
Hp*: ! | ! !
Haplaquents. i i i i
i i i H
1 t i L]
Urban land. ] 1 ] i
1 1 1 1
| | ] 1
HtA, HtB2emewee=wm=eee=-i{Poor: {Unsuited: iUnsuited: {Fair:
Hartwell | low strength, | excess fines. | excess fines. ! thin layer.
{ shrink-swell, | i i
! wetness., | i i
1 i H 1
I 1 1 t
HXCmrmmmanmnannawanenes{Fair: tUnsuited: tUnsuited: tGood.
Higginsville { wetness, ! excess fines. { excess fines. !
! shrink-swell. i | i
1 1 1 1
1 i 1 L]
Kamrnoemnasasneansancwe=|POOr: {Unsuited: {Unsuited: {Poor:
Kanima ! slope. | excess fines. | excess fines. | slope,
i i 1 1
) { ; |
1 | ] 1

See footnote at end of table.
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Soil name and Roadfill Sand Gravel Topsoil
map symbol
Lgrwrrencnannanennneew= | Poor: Unsuited: Unsuited: Fair:
Lightning low strength, excess fines. excess fines. thin layer.
shrink-swell.
MaBewwnewerannrncrees=s {Poor: Unsuited: Unsuited: Good.
Mack sburg shrink~swell, excess fines. excess fines.
low strength,
frost action.
MdB, MdCrwwwaraccana ~={Poor: Unsuited: Unsuited: Poor:
Mandeville low strength. excess fines. excess fines, small stones.
Nderonaronacnencenrans -{Fair: Unsuited: Unsuited: Good.
Nodaway low strength. excess fines, excess fines.
NODwranwnnanawwnanaea={Poor: Unsuited: Unsuited: Poor:
Norris thin layer, excess fines. excess fines. area reclaim.
area reclaim.
NOFmomnannncnannannea={Poor: Unsuited: Unsuited: Poor:
Norris thin layer, excess fines. excess fines. slope,
area reclaim. area reclaim.
Pd*,

Pits, quarries

Fair:

U a
too clayey.

suited:

Unsuited: n
excess fines.

excess fines.

Poor:
low strength.

POB, POC2mmmmenanmean-
Polo

SaB, SaC, SaC3=====~=={Poor: Unsuited: Unsuited: Fair:
Sampsel shrink-swell, excess fines. excess fines. too clayey.
low strength.
ShBrwrenwacwreranc=ce={PooOr: Unsuited: Unsuited: Good,
Sharpsburg shrink-~swell, excess fines, excess fines.
low strength.
SND2ewmmemnnnnnancne==s|Poor: Unsuited: Unsuited: Poor:
Snead shrink=-swell, excess fines. excess fines. area reclaim,
area reclaim.
SoD#*:

Poor:
small stones,
large stones.

Unsuited:
excess fines.

Unsuited:
excess fines,

Poor:
shrink-swell,
large stones,
area reclaim.

Sneadewewwannnncnnnawwnn

Rock outcrop.

SoF¥:;
Sneademewrwenmacnnane=ss | Poor: Unsuited: Unsuited: Poor:
shrink-swell, excess fines. excess fines. small stones,
large stones, slope,

area reclaim. large stones.

Rock outcrop.

Warrmmenennanannennnne={Poor: Unsuited: Unsuited: Poor:

Wabash wetness, excess fines. excess fines. wetness,
shrink-swell, too clayey.
low strength.

WdBerrmrrenwwnnennneaa | Poor: Unsuited: Unsuited: Fair:
Weller shrink-swell, excess fines. excess fines. thin layer.

low strength,
frost action.

See footnote at end of table,
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Soil name and Roadfill Sand Gravel Topsoil
map symbol
WEB, WfCrmmo=mmmweca=~jPoor: Unsuited: Unsuited: Fair:

Winfield low strength,
WIC3mmmnmmnanannaneman POOr:

Winfield ’ low strength.
I wmmnmnnnnnnnesnaces={PoOOr:

Zook wetness,

shrink-swell,
low strength.

e A A e o e o T mm T o i e ] o mm e

excess fines. excess fines. thin layer.

Unsuited: Unsuited: Fair:
excess fines. excess fines. too clayey,
slope.
Unsuited: Unsuited: Poor:
excess fines. excess fines. wetness.

* See description of the map unit

for composition and behavior characteristics of the map unit.
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TABLE 12,.~--WATER MANAGEMENT

{Some terms that describe restrictive soil features are defined in the Glossary.
that the soil was not evaluated]

SOIL SURVEY

Absence of an entry indicates

1 T T 1 T 1
| i i 1 1 ]
Soil name and | Pond | Embankments, | Drainage { Irrigation { Terraces and | Grassed
map symbol i reservoir \  dikes, and H i | diversions i waterways
! areas ; levees i ! i i
1 i i i i 1
] ] | 1 i i
BaBeweremowemewe==i{Depth to rock, {Thin layere=-~-- INot needed==---}Rooting depth |Depth to rock {Depth to rock.
Barco | seepage. i i i i {
1 ] 1 1 i 1
i 1 ] 1 1 ]
BaCmwwnewenenee-=-=i{Slope, IThin layer-----{Not needed-~~-~|{Rooting depth, |Depth to rock {Depth to rock.
Barco { depth to rock,} H i slope. i i
| seepage. | i i i
i i ' i i i
BKkewenmonnownremnn|Seepage~mrmmem==-iWetness-w=e~-==~{Floods, |Wetness, {Not needed-~~~-~{Wetness.
Blackoar i i { frost action. | floods. H i
i 1 1 i t [}
1 | i ] [} 1
BOC2emmnnennnnna=~iSlope, IThin layerwe=-=!{Not needed--=~~-{Rooting depth, iDepth to rock {Depth to rock.
Bolivar { seepage, H : i slope. i t
i depth to rock.| ! i i
I i i ] 1 1
1 | 1 t ] I
BOD2wmeennmananea=i{Slope, IThin layer==-==!Not needed~----{Rooting depth, {Depth to rock |Slope,
Bolivar { seepage, i i { slope. ! | depth to rock.
| depth to rock.| i ] { ]
i 1 i [} 1 1
1 [ t [l 1 ]
Bresneeeeeemnnm~neiFavorable-----=~|Compressible, {Percs slowly-=-={Slow intake, iNot needed=~=-=|{Not needed.
Bremer 1 ! unstable fill,| ! wetness. i i
H ! shrink-swell. | | { i
i i i 1 i i
1 1 t 1 1 1
DpBreccnncnavennan|Seepageenrnmnm={Favorable«e~==={Not needede~===!Favorable~=mn~~=|Erodes easily {Erodes easily.
Deepwater H H { i ' i
i | i i i i
DpC2mwemwnnmmnmn====i{Slope, {Favorableemer=={Not needed=====!Slope=nrnmne~===i{Erodes easily |Erodes easily.
Deepwater | seepage. i i i | |
] 1 i 1 1 1
1 | t 1 1 1
Dimemmwnncnecenese|S¢epage~=~==~=~|Compressible, |(Floods, {Floods, iWetnessm==w===xijWetness.
Dockery i | low strength, | wetness. { wetness. i i
i ! piping. H i | |
i { i i | i
FSwenarennannnnane | Favorableeee~~s{Hard to pack--~-{Frost action--~{Wetness, I{Not needed~-=-={Erodes easily.
Freeburg ! H ! ! erodes easily.| 1
1 1 1 1 i
| | | i 1 i
GOC2nmmanmnnnannan!Slopemnraecaeesi{fetness, {Percs slowly, |Percs slowly, {Erodes easily, i{Erodes easily,
Gorin i ! hard to pack. | frost action, | erodes easily, percs slowly, { percs slowly.
| | | slope. E wetness, E wetness. H
1 i i
| 1 t i 1 1
HEgwrowneneanan »===iFavorable~w=«e- ~-!Compressible, |Percs slowly=-~i{Wetness-=m=w==-iNot needed=~=~~|Wetness,
Haig i { low strength, | i i { percs slowly.
! ! shrink-swell, | i i i
i i i i i |
Hp*: i | i 1 | i
Haplaquents. ' i | i i E
1 1 ] 1 ]
| | { | 1 1
Urban land. i | ! i i
| i 1 ] ] i
HtAmwereomoneeenes Favorablenmeee=|Hetnesse==non~=Percs slowly~---iWetness, I{Not needede-~~~{Wetness,
Hartwell i i ! { erodes easily,| | erodes easily,
{ i i { percs slowly. | | percs slowly.
i 1 1 i 1 1
H [} 1 | 1 t
H{B2wennwnnmnemane ! FavorablememmeniNetness-r=nw=n-!Percs slowly---i{Wetness, {Percs slowly, {Wetness,
Hartwell | i 1 | erodes easily,| wetness, | erodes easily,
i { | | percs slowly. | erodes easily.} percs slowly.
1 1 i i 1 1
1 t 1 ] I ]
HXCooomonm womammnnnn ! Favorable~enee-Wetness~em=e~=~{Not needed-~~~-|Wetness, iWetness, tErodes easily,
Higginsville H i | ! percs slowly, | percs slowly. | percs slowly,
i i i { erodes easily.| i slope.
i 1 1 ] i ]
I H | i 1 ]
Kgmmmmmnmoneonneen |Seepage~mnmmma= {Seepage, iNot needed~=-~==|Complex slope, |Not needed=--~-=~i{Not needed.
Kanima i ! low strength. | ! droughty. i i
i 1 1 i i
| t I 1 ] 1
Lg==mwomwemmnanws=!Favorable~=m--~{Unstable fill, {Floods, {Floods, INot needed~==-~{Wetness.
Lightning H | compressible. | percs slowly. | wetness, i i
i 1 1 ] 1 3
1 ] [ 1 1 L]

See footnote at

end of table.
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i
. 1
Soil name and Pond Embankments, | Drainage Irrigation Terraces and Grassed
map symbol reservoir dikes, and i diversions waterways
areas levees i
]
i
MaBenmoanameonnen= | Favorabless—e~={Compressible, {Favorables~e--=iWetness-r=r-~-- Favorable-~~~=«{Favorable.

Macksburg

MdBeermreccnnnccen

Mandeville

MdCmmmmrrnecnncanna

Mandeville

Ndeowwrrmmnnonnenn=

Nodaway

NODwwwwmmnrnancnaan

Norris

NOF mmmwenanannnnnn

Norris

Pd¥,
Pits, quarries

POBrwmmrnnnameanaa

Polo

POC2wmmmmnnnnnanen

Polo

SaBrewncannecenn e

Sampsel

SaC, SaC3memmmm—nn

Sampsel

ShBerererrcwsnennns

Sharpsburg

SND2 e mmmmnnnnnnan=

Snead

SoD*:

Sneademerrnmennee

Rock outcrop.

SoF¥:

Sneadevenenaneena

Rock outcrop.

Wam rommoncmnncenncns

Wabash

WdBmeremmamneaanana

Weller

Depth to rock,
seepage.

lope,

seepage,

depth to rock.
Seepagemwnmmnn=
Slope,

I
1
1
|
1
1
i
1
1
]
1
[}
i
1
1
1
i
t
1
t
i
1
i
1
i
1
i
1
1
t
1
1
i
]
[}
1
i
i
1
1
!
{ depth to rock.
i
1
1
1
1
1
1
t
]
1
1
H
i
L}
1
]
i
[
i
!
]
1
1
|
1
1
1
1
i
1
i
t
1
|
1
]
i
t
1
|
i
]

ope,
epth to rock.

[o N ot

Seepage=mmmmnan

Slope,
seepage.

Depth to rock

ope,
epth to rock.

Q.

Favorablesewen=

to rock.

to rock.

to rock.

Favorablesen~e=-

Favorablesmeens

See footnote at end of table.

o
low strength,
shrink-swell.
Thin layer~e~--

Thin layere=e--

e ot s S it o e e o s e T o e o o f

Favorableseeww-

Thin layereenes

Thin layere=-c-=-

Favorables«wee=-
Favorablee=erwn=

Hard to packe«~
Hard to pack=--

Compressible,
low strength,
shrink-swell.

Thin layer,
wetness.

Thin layer,
wetness.

Thin layer,
wetness.

Wetness,
hard to pack.

Compressible,
low strength,
shrink-swell.

Not neededewwe~

Not needed=wen=

Floodsewennmene

Not needed==e~=-

Not needed==w=~

Not needed=e=~~

Not needed=wer==

Percs slowly,
frost action.

Percs slowly,
frost action,
slope.

Not neededwmeon=

Peres slowly,
depth to rock,
slope.

Percs slowly,
depth to rock,
slope.

Percs slowly,
depth to rock,
slope.

Floods,
percs slowly.

Not needed==wn=~

Rooting depth,
erodes easily.

Rooting depth,
slope,
erodes easily.

FloodS=newecmen=

Rooting depth,
slope.

Rooting depth,
slope.

Favorablem==wean=~
Slopemmmmnmanns

Percs slowly,
wetness,
erodes easily.

Percs slowly,
wetness,
erodes easily.

Erodes easily

Wetness,
percs slowly,
rooting depth.

Droughty,
-large stones.

Droughty,
large stones.

Slow intake,
wetness,
percs slowly.

Erodes easily,
slow intake.

Depth to rock

Depth to rock

Not needed=wen=

Depth to rock

Slope,

1
depth to rock.

Favorablesere==
Favorablew=eer=

Percs slowly,
wetness.

Percs slowly,
wetness.

Favorablemeerr=

Depth to rock,
wetness.

Depth to rock,
large stones.

Depth to rock,
large stones,
slope.

Not neededecmmn=

Percs slowly==-

Erodes easily,
depth to rock.

Erodes easily,
depth to rock.

Favorable.

Slope,
depth to rock,
rooting depth.

Slope,

depth to rock,
rooting depth.
Favorable.

Favorable.

Erodes
percs

easily,
slowly.

Erodes
percs

easily,
slowly.

Favorable.

Slope,
erodes easily,
rooting depth.

Droughty,
slope,
large stones.

Droughty,
slope,
large stones.

Percs slowly,
wetness.

Percs slowly,
erodes easily.
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frost action. percs slowly.

i i i H H |
So0il name and | Pond { Embankments, | Drainage t Irrigation { Terraces and | Grassed
map symbol i reservoir { dikes, and i i i diversions i waterways
' areas i levees | | i
i i i i i i
i i | i { i
WiBuwanaaenamnanan Seepage~=renmm=|Favorable~=~==={Not needed=~=--i{Erodes easily |Favorable-~=~~~{Erodes easily.
Winfield i i | ! H i
i i | { i i
WfCommmmnnnnnnnnas|{Slope, {Favorableseeees iNot needed-----|Erodes easily, {Favorable-«~~-=~{Erodes easily.
Winfield | seepage. i i { slope. i i
] i i i i 1
l 1 [} L] 1 [l
WEC3mmronna ~emeee={Slope, {Favorables=en~ -iNot needed----~{Erodes easily, |Favorable~=~-=~--{3lope,
Winfield { seepage. t i { slope. ; | erodes easily.
1 i 1 1 1 i
| | ] . { 1 1
Lo mmmnrenmnan—. --{Favorable~-=~~~~{Hard to pack, |Floods, {Floods, iNot needed~----{Wetness.
Zook | { wetness. | percs slowly, | wetness, | i
! | i i { i
i i 1 ] i 1
| | 1 1 i |

* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 13.--RECREATIONAL DEVELOPMENT

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions

of "slight," "moderate," and nsevere." Absence of an entry indicates that the soil was not rated]
| H 1 i
Soil name and t Camp areas i Picnic areas | Playgrounds ! Paths and trails
map symbol i i ] i
i i | i
i | i i
i ] | ]
BaBreememmencamanmannn | SlightesseesmemnamansSlightanrmmmeenannana-iModerate: {slight.
Barco | i | slope, |
i i { depth to rock.
1 1 1 i
! t | I
BaCammmmemanaaassnanan|Slighteeassananamanen {Slightareaneneaaaamam{Severe: iSlight.
Barco E E { slope. i
[}
i I | 1
Bemamnannnansnanene=a|Severe: {Severe: iSevere: {Severe:
Blackoar { floods, { wetness. { wetness. | wetness.
! wetness. i i i
i 1 i i
BOC2=mannamannameneane|SlighteneaenamnmanensSlighteseanaaneanacaniSevere: islight.
Bolivar i i { slope. t
i i 1 1
t 1 t L]
BOD2rmannennmansan~-~s=iModerate: {Moderate: |Severe: 1Slight.
Bolivar { slope. | slope. | slope. i
1 i 1 i
] ] ] 1
Bresnrenanneaneeceassa=i3evere: iSevere: iSevere: |Severe:
Bremer { wetness, { wetness. | wetness, | wetness.
{ floods. i | ]
: : : :
DpB-emnnmmmmanmmammenn!Slighteameeasmeanmenn{Slightearemeenanmam--iNoderate: iSlight.
Deepwater H i { slope. |
1 1 i 1
) L] ] [}
DpC2nmmmanmmmemnanmman|Slightmmanmmeeamceeas {Slightammmmenmnma-mm-|Severe: iSlight.
Deepwater | i { slope. i
i 1 i 1
1 1 1 t
Dimmemacnmennanceenas=={Severe: {Moderate: {Severe: {Moderate:
Dockery { wetness, | wetness, { wetness, { wetness,
t floods. { floods. { floods. ! floods.
i 1 i 1
1 | 1 1
FSmmmwnnnasnasnaanmees=Moderate: {Moderate: {Moderate: {Slight.
Freeburg { wetness, | wetness. | wetness. t
| percs slowly. : i i
i 1 ] i
{ i \ 1
GOC2rmmnwaunannennm=a=a|{Moderate: iModerate: iSevere: {Slight.
Gorin | wetness, | wetness. { slope. H
{ percs slowly. ! H i
i 1 [} i
1 1 | 1
Hgmemonnneenssnnmnasn=|{Severe! {Severe: {Severe: {Severe:
Haig | wetness, | wetness. { wetness, { wetness.
! percs slowly. | ! percs slowly. !
i ] 1 i
1 | [ 1
Hp*: i | ] i
Haplaquents. ! i i |
] 1 i i
1 ] ] 1
Urban land. ] i i i
i 1 1 1
) | 1 |
HtA, HtB2mwermecme=es-|Severe: {Severe: {Severe: {Moderate:
Hartwell | wetness. { wetness. | wetness. | wetness.
1 i ] b
1 Ll | 1
HXCwe= mm—- {Moderate: |{Moderate: {Moderate: iSlight.
Higginsville | wetness, | wetness. | wetness, i
| percs slowly. | { percs slowly,
i i ! slope. {
i | i {
Kanmnnenmanenenesen=aa=-|Severe: iSevere: iSevere: {Severe:
Kanima | slope. { slope. { slope. { slope.
i 1 1 1
1 t | t
Lg= o {Severe: {Moderate: |Severe: iModerate:
Lightning { floods, { floods, | percs slowly, { floods,
| percs slowly, { wetness, { wetness, { wetness.
{ wetness. i \ floods.
i 1 1 1
i 1 1 1

See footnote at end of table.
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TABLE 13.--RECREATIONAL DEVELOPMENT~~Continued

SOIL SURVEY

Sneadeenmmerrennnnece

Rock outcrop.

SoF#*;

Sneadeermrneccncnannne

Rock outcrop.

Wa m———

Wabash

Severe:
small stones.

Severe:
small stones,
slope.

Severe:
f1loods,
wetness,
percs slowly.

Severe:
small stones.

Severe:
small stones,
slope.

Severe:
wetness,
too clayey.

Severe:
slope,

small stones,
depth to rock.

Severe:
slope,

small stones,
depth to rock.

Severe:
too clayey,
wetness,

percs slowly.

Severe:
small stones.

Severe:
small stones.

Severe:
wetness,
too clayey.

T H T i
1 ] 1 1
Soil name and H Camp areas | Picnic areas | Playgrounds i Paths and trails
map symbol | i i {
i i i 1
] 1 ] t
i i 1 H
| i i ]
MaBerrcansnnrnannwe--a~{Moderate: iModerate: {Moderate: iSlight.
Macksburg | wetness, | wetness. i wetness, i
| perecs slowly. { { slope. i
i 1 1 i
[l 1 I 1
MdBeremcccananannnnane ! Slightesccmnseccacaan{Slightaeranencamne~aeiModerate: {Slight.
Mandeville | i \ slope, |
{ | { depth to rock. H
i [} 1 1
1 ! t 1
MdC :Slight--n—-——_------—;Slight-------—--—-——_:Severe: {Slight.
Mandeville i { { slope. '
i i t 1
] ] 1 1
Ndwwewennnanuannsesanss|Severe: {Slight..—.........-.-..........—..:Moderate: tSlight.
Nodaway t floods. i { floods. i
i 1 ] 1
i 1 i ]
NODmowmmnrnnmenananan= | Severe: {Moderate: {Severe: iSlight.
Norris | depth to rock. { slope. { slope, i
H 1 { depth to rock. H
i [ [} i
i | 1 1
NOFmrmmnnnnnnnanenanana|Severe: iSevere: {Severe: {Moderate:
Norris { slope, { slope. { slope, { slope.
{ depth to rock, i { depth to rock. b
[} i i i
t t ] 1
Pa%, | i ! i
Pits, quarries i i | i
1 i [} i
! 1 t 1
PoB-----no----un--—---}Slight---------------{51ight---------—-----{Moderate: iSlight.
Polo i i | slope. i
i 1 i t
I | t t
pocz,-_---~-----------g51ight------------,--g51ight__----_---_---_:severe: 1Slight.
Polo H H | slope. - !
1 i 1 i
] 1 | 1
SaBemmennnnanennnasaas{Moderate: {Moderate: {Moderate: tModerate:
Sampsel | wetness, t too clayey. ! slope, { too clayey.
| percs slowly. H i\ too clayey, i
{ | { wetness. '
i i { i
SaC, SaC3wmemmemewace={Moderate: |Moderate: iSevere: iModerate:
Sampsel { wetness, i too clayey. i slope. ! too clayey.
| percs slowly. i ] i
i 1 1 1
L] | | ]
SHBeemnrnnnenwnnenenme==|Moderate: }Slight_--------_-__--{Moderate: tSlight.
Sharpsburg | percs slowly. | | percs slowly. i
i i i i
1 i 1 t
SND2wewnmnssnnenseneen | Moderate: {Moderate: |Severe: {Moderate:
Snead { slope, { slope, \ slope, | too clayey.
| wetness, | wetness, { depth to rock.
| percs slowly. { too clayey. i i
] i i 1
! t 1 ]
SoD#%: i i i ]
i [} 1 1
] 1 t !
i i 1 i
! ] 1 t
1 i 1 i
[} t 1 1
i i [} [}
1 { | |
[} i i i
! t t t
i i 1 1
[} 1 ] t
i 1 [} 1
! | 1 ]
1 1 ] 1
1 1 1 |
1 1 1 1
1 1 1 |
1 i i i
1 1 | 1
[} 1 i 1
] t 1 1
i i i i
i 1 i 1
] | | 1
] i i i
i 1 1 i
I i | 1
i | { {
i 1 1 !
1 1 1 [}
1 1 1 H
1 1 | [
1 i 1 i
i t | L]
i 1 1 1
1 1 | 1

See footnote at end of table.
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T 1 1 T
t 1 ] 1
Soil name and i Camp areas i Pienic areas i Playgrounds i Paths and trails
map symbol i i ! i
i i i i
i 1 1 1
| : : :
WdBmwmrnnenncaneeme-==|Moderate: {Moderate: {Moderate: iSlight.
Weller { wetness, | wetness, { percs slowly,
{ percs slowly. b | wetness,
! i { slope. i
{ i ] i
WEBwannaeconmmnnnannnnlSlightaneeenneaennann|SlighteeemmneeeaanecaiModerate: iSlight.
Winfield i | i slope. i
i ] 1 i
| t 1 t
Wee mem{Slighteeanmrnaanacans|Slightemeeemeaneacea-|Severe: iSlight.
Winfield i \ \ slope. i
1 i i t
] 1 ] {
WfC3mwmonmnnnnnaenaees{Moderate: {Moderate: {Severe: {Moderate:
Winfield { slope, i slope, { slope. { too clayey.
! too clayey. ! too clayey. i |
[} 1 ] 1
| L] | t
LK mmmmnnnnneneenassee=s{Severe: |Severe: iSevere: iSevere:
Zook | wetness, | wetness. { wetness, | wetness.
{ floods. i ! floods.
i 1 i §
\ 1 1 1

* See description of the map unit for

composition and

behavior characteristics of the map unit.
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TABLE 14.--WILDLIFE HABITAT POTENTIALS

{See text for definitions of "good," "fair," "poor," and "very poor."

Absence of an entry indicates that the

soil was not rated]

Potential for habitat elements

TPotential as habitat fore-

r
|

T
1

T T T
1 1 1

Wild™ 1

herba=-

T
i

Soil name and
map symbol

iwildlifeiwildlifeiwildlife

{
i

water

iShallow {Openland|{Woodland{Wetland
areas

{Wetland

Conif=-
erous
plants

plants |
1
!

i
1

]
!
{
i

i
!
i
¢
[}
|

tHardwood
{ trees

]

[l

ceous
plants

i
1
1
|
1
!

IGrasses
and
{legumes

Grain
and seed|

crops

-
i
i
1
|
1
i
i
|

L— -

BaB,

BaCrmmmnmnena={Fair
]

Barco
BKkememmnrnnacancena=s{Good

Blackoar

BOD2~mmmamea=!Fair

Bolivar

Breceecnascencnassna=s{Good
DpBemmnrananaannam==Good

Bremer
Deepwater
Deepwater

BoC2,
DpClanmmnnnannnama=aiFair

Good

Dicwcncncnnacncnanan

Dockery

1Good

Freeburg
GOC2amnmmmmnannana=|{Fair
Gorin

Haplaquents.

Urban land.

FSwomunmnncnenanana|Fair
Haig

HtAwmomrencnneeneee!Fair

Hgmmmmmmmmnm———————

Hp¥*:

Fair

Hartwell
HtB2omrmnnnannanean

Hartwell
Higginsville

Kgrmmoenerecamcanennee Very
Kanima

HXCrmommmrmoananennnws | Fair

poor
Fair

LEgmmorrancnccannnan
Lightning

Good

Mandeville

Macksburg
MdB, MdCe mmemwammms= | Fair

MaBrewonnrwecnrnencenn

Good

¢
1
i
i
{
!
i
!
i
'
{
i
i
¢
i
i
1
!
|
[}
|
i
¢
1
|
!
l§
i
'
i
'
i
i
1
]
1
|
i
]
i
!
|
i
i

Ndewmonnnanrnerrennns

Nodaway

NOF» mremmanee=|Poor

NoD,
Norris

See footnote at end of table.
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TABLE 14,--WILDLIFE HABITAT POTENTIALS~~Continued

TPotentlal as hablitat fore~

Potential for hablitat elements

i i 1 i i
Shallow [Openland{WoodlandiWetland

T
1

Wild
herba~

Soil name and

1
!

wildlifeiwildlife{wildlife

1
\
1
[§

water
areas

1
]
i
]
i
1

d
s

Wetlan
{ plant
i
|

Conif-
erous
plants

]
i
1
1
!
]

{Hardwood
| trees

1

|

ceous
plants

{Grasses
and
ilegumes

Grain
and seed|

crops

i
l
i
1
i
t
1
J

map symbol

Pd¥.

quarries

Pits,

POBrermrnranwnnawe=~!Good
1
Fair

Polo
POC2wrmrmmmennnmmnnn

Polo

SaC3-we==|{Fair

SaB, SaC,
Sampsel

1
i
1
]
i
1

.
B

SND2n~emmmmmmnmaeen i Fair

Snead
Wammmrecnancnncnen-

ShBewoncsnmennenaes
Sharpsburg

SoD¥*:
Sneademwewenncannee
Rock outcrop.

SoF*
Sneaderewnennnancee
Roek outcrop.
Wabash
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* See description of the map unit for composition and behavior characteristics of the map unit.
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TABLE 15.--ENGINEERING INDEX PROPERTIES

Absence of an entry indicates that data were not estimated]

[The symbol > means more than.

Plas-
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{
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TABLE 15.~-ENGINEERING INDEX PROPERTIES-~Continued

Soil name and
map symbol

JOHNSON COUNTY, MISSOURI
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TABLE 15.-~ENGINEERING INDEX PROPERTIES~-~Continued

SOIL. SURVEY

H 1 T Classification (Frag- | Percentage passing 1 1
. S0il name and tDepth{ USDA texture | 1 iments | sieve numbere- tLiquid | Plas~
map symbol i i { Unified | AASHTO | > 3 | H i 1 i limit | ticity
i H H i {inches}! 4 {10 40 | 200 \ index
i In i T i Pet 1 H T i T Pct |
R i i T ! { i T
ShBewemnnecrnerccne! 0=10]{Silt loame==e===|{CL {A-6 ] 1 100 | 100 | 100 {95-100] 25-40 | 10-20
Sharpsburg {10-531{Silty clay loam,{CH, CL {A-T, A-6} O {100 | 100 | 100 {95-100}{ 35-60 | 20=35
i i silty clay. i i i i | i ] i t
153-851{Silty clay loam |CL {A=T, A=6} O {100 | 100 | 100 {95-100} 35-50 | 20-30
| i i i i { i i { i {
SnD2wmmmmnnneneneee! 0-8 |Silty clay loam {CL 1A-6, A=T! 0-10 {90~100{90-100{90-100{80-95 | 35«50 | 15=-25
Snead i 8-23{Silty clay, clayiCH {A-T { 0-10 {90-100{90-~100{90~ 100.80 100} 52-70 | 35«45
{23-60{Weathered { o R I B T R R L B
i | bedrock. ] | | i ' i i ' i
i i { | i i { i i i i
SoD*, SoF#*: i i i i i i | | i i i
Sneademmenmanemewal 0-5 {Silty clay loam {CL |A=6, A=T! 0-10 {90-100{90-100{90-100{80~95 | 35-50 { 15-25
| 5-24!Silty clay, clay|CH {47 | 0-10 {90~100{90-100{90-100{80-100} 52-70 { 35-45
i24=-40{Weathered i ——— | ==- T B T I N T
] ! bedrock. ] ! i i i i i i ]
i { i | i { i { ] i i
Rock outcrop. i i i f ! { i { | | !
i { i i i | i | ] i i
Waewmomnncneeeceaea! 0-15{8ilty clay==-==~{CH 1A=-T7 i 0 {100 | 100 | 100 {95~100{ 50-75 | 30=55
Wabash {15=66Silty clay, clayi{CH 1A-7 ] {100 | 100 | 100 {95-100} 52-78 | 30-55
i i 1 i 1 1 1 i 1 1 i
i | 1 1 1 ] | t ] L] |
WdBemnmnnnwwnemeaneas! 0=121Silt loameewe-==iML, CL {A-6, A-4} O {100 |} 100 | 100 {95-100} 30-40 | 5=15
Weller 112-34{Silty clay loam..CH {A=T i 0 { 100 | 100 ) 100 [95-100} 50=65 | 30=~40
| { silty clay. i i ! i i | i ! |
{13U4-~T76{Silty clay loam {CH, CL tA=T i 0 1100 § 100 | 100 {95-100] 45-55 | 20-30
4 i 1 i 1 i i i [} 1 i
1 ] i 1 [l ] L] q 1 | i
WfB, WfCmomremnanne! 0-8 |Silt loame==m==={CL {A=6 i 0 {100 } 100 }95-100{92-100! 25=-40 | 10-20
Winfield ! 8-781Silty clay lcam {CL iA=6, A=T7}{ O {100 { 100 {95~ 100}95-100} 35=-45 5 20-25
] ] i ] i i { i i i
WfC3wmemmmmnmennma=s! 0-6 {Silty clay loam i{CL {A-6 i 0 {100 | 100 {95~ 100 92-100}{ 25-40 { 10-20
Winfield { 6-60{Silty clay loam {CL {A-6, A-T7) O t 100 | 100 {95~ 100.95 100} 35-U45 | 20-25
1 1 i 1 1 1 1 1 H i 1
L] ] i [} L] t | ] L] ] t
Ik mmnanonnannnanmee] 0-22{Silty clay loam {MH, CH, [A-7 i 0 {100 | 100 {95-100{95-100{ 45-70 | 20-40
Zook i ] i cL, oL | i 1 i i i i i
122-90{Silty clay, { CH {A=T i 0 1100 |} 100 }95-100}95~100} 60-85 | 40-60
i | silty clay i i i ] i i i { i
i { loam. { i i | i i i i |
i i 1 ] i 1 i [} 1 i 1
\ t 1 ] 1 | i [ t 1 1
* See description of the map unit for composition and behavior characteristics of the map unit,
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TABLE 16.--PHYSICAL AND CHEMICAL PROPERTIES OF SOILS

[The symbol < means less than. Entries under "Erosion factors~~(T)" apply to the entire profile. Entries
under "Wind erodibility group" apply only to the surface layer. Absence of an entry indicates data
were not available or were not estimated]

i
t 1

i i 1 i I T “Erosion T
Soil name and | Depth ! Permea- JAvailable! Soil reaction| Shrink-swell | factors { Wind
map symbol i i bility | water | i potential i H terodibility
! i {capacity | | ! K ! T i group
H In T In/hr | In/in | pH i i 1 |
1 - ] k] i -— 1 i i 1
H 1 t 1 | ] ] ]
BaB, BaCeremeame=-| 0-12 { 2.0-6.0 {0.16-0.21} 4.5-6.5 {LOWmrmemmneeeaa! 0.28 i 4 i 5
Barco ! 12-38 ! 0.6-2.0 {0.12-0.16} 4,5-6.5 {Moderates=n=w= t0.28 H i
{ 38-66 N f e ] - e aatatatal BN TS S i
i i ! | i ] ] i
Bememmananemnan=!  0=65 ! 0.6-2.0 {0.20-0.24} 5.6-7.3 {LOWmmmmeneanaei 0.28 | 5 i 6
Blacko ar i | i H i ] 1
] ] i ] : i i i
BOC2mmmmmnmnn .l 011 ! 0.6-2.0 10.19-0.211{ 5.1-6.5 ILOWmmmenmacan— i 0.32 | 4 i 5
Bolivar t 11-29 ! 0.6-2.0 {0.12-0.16} 4.5-6.0 IModeratemmmn=={ 0.32 | {
| 29=36 | mes ] ees - R e L L T BT L |
] ] ] ! i | | |
BOD2wwmmmnmmnanaa!l  0-12 | 2.0-6.0 |0.16-0.18! 5.1-6.5 {LOWmmnmanmanas) 0,32 | 4 i 3
Bolivar I 12-24 ! 0.6-2.0 10.12-0.16} 4.,5-6.0 {Moderatemmwe==! 0,32 | |
| 28=35 |  eee ] eee -——- R el BT T S i
] | | ] | i ] |
Bremmanamaccceans}  0=13 | 0.2-0.6 {0.21-0.23} 5.6-6.5 IModerateramemel  mme | eae | 7
Bremer i 13-50 10.06-0.2 10.15-0.171} 6.1-6.5 IHigheemenanaaa]  cea | !
! 50-63 | 0.2-0.6 {0.18~0.20} 6.1-6.5 tHigh—----«--—~s - !
i [ [} [} 1 [} i
i | | t i L] ! t
DpB, DpC2eamumanai  0=10 | 0.6-2.0 [0.21-0.24} 5.6«7.3 ILOWmemomanananl 0,32 | 54 | 7
Deepwater I 10-75 { 0.6-2.0 {0.18-0.20] 5.1-7.3 {Moderatewnnn=-{ 0.43 ! t
i ] i i ] i ] H
] 1 1 ] t ] ] ]
Dimemcemmaannn aeel  0=9 ! 0.2-2,0 10.20-0.24} 6.1-7.3 {Moderateema==aai 0.37 | 5 i 6
Dockery ! 990 | 0.2-2.0 10.20-0.24] 6.1-~7.3 iModerate~mmemn! 0.37 | ~==
[ i i i 1 i i 1
1 i ] t 1 t L] i
FSmmrmmanmmannnanal  0=17 ! 0.6-2.0 {0.22-0.24] 5.1-7.3 ILOWmwmnanamana! 0,37 | 5 ] 6
Freeburg i 17-82 { 0.2-0.6 {0.16-0.20} 4.5-6.0 iModerateme=e==! 0.37 | i
] i 1 1 1 1 1 i
1 1 ] | 1 | ] ]
GOC2mmmmmmmmmmnnn|  0-5 ! 0.6-2.0 10,22-0,24} 5.6-7.3 jLOWmmmmeanaaaat  0.43 | 3 i 6
Gorin {5215 10.06=0.2 {0.11-0.13} 5.1-6.5 {Highe=mmeeenaa! 0,32 | i
i 15-60 ! 0.2-0.6 }0.18-0.20! 5.6-7.3 IModeratesm=m===! 0.32 | !
i i [} i i i 1 1
t ] 1 i t \ 1 1
R N ! 0.6-2.0 }{0.22-0.24} 5.,6=6.5 {Moderatemmmmmmi 0.32 i 3 i 6
Haig ! 7413} 0.6-2.0 10.21-0.23} 5.1-6.5 lHigheereeneean i 0.32 | i
i 13-38 i <0.2 10.12-0.14} 5.1-6.0 IHigheeoomanaaael 0.32 |
! 38-64 | 0.2-0.6 {0.18~0.20}{ 6.1~7.3 IHighe=emeeeana! 0,32 i i
i ] i | i | ] ]
Hp*: ] ; i i i i i i
Haplaquents. H { i | i ] |
| | ] | | | | i
Urban land. | ' ] i i i i
| i ! | i i ] ]
HfhAmonmamnmnnanne!  0=i2 ! 0,2-0.6 }0.22-0,24{ 5.1-6.5 jLOWmmmmmmowaw=i  0.43 | 3 i 6
Hartwell } 12-33  10.06-0.2 {0,09-0.13} 5.1-6.5 'Highemeaneeaaal  0.32 | i
i 33-78 10.06-0.2 {0.18-0.20} 5.1-7.3 IModeratemmmn==i 0.43 |
{ 1 i [} [} [} 1 1
1 1 i t | ] 1 1
HEB2mmmmonnannnnns 0-7 ! 0.2-0.6 10.22-0.24} 5.1=6.5 jLoWmmemenaamaa] 0.43 i 3 i 6
Hartwell {  7-30 {0.06-0.2 {0.09-0.13}{ 5.1-6.5 {Highmwemremnael 0,32 | |
! 30-60 10.06-0.2 10.18~0.20]| 5.1-7.3 iModeratensmene} 0.43 | H
i i 1 i 1 H i 1
1 ' ] 1 t L] ] ]
HXComonnnnnmmmanal  0=8 § 0.6-2.0 }0.21-0.24} 5.6-7.3 ILOWmmmmnmnene=l  0.37 | 423 | 6
Higginsville { 8-29 | 0.2-0.6 {0.15-0.19} 5.1-6.5 IModeratemm==w=i 0.37 ' '
I 29-69 10.06-0.2 {0.14«0.19} 5.1-6.5 iModeratemmmm==i 0,37 |
i i ) 1 i ] 1 1
t i | 1 L] ! 1 i
Kanmmnmmnnnanmens | 0-7 ! 0.6-6.0 }{0.02-0.15} 4.5-8.4 {LoWnmmnnenaaaat  0.28 ] 4 i -
Kanima I 7-60 | 0.6-6.0 {0.02-0.12} 4.5-8.4 ILOWmmnmnmmmnaa!  0.28 | |
| ] i ] i ] ] i
Lgmemananaeeaanas!  0-8 10.06-0.6 10.16-0.20} 4.5-7.3 iModeratemee==={ 0.49 | 5 ] -
Lightning ' 8-78 { <0.06 10.12-0.201 4,5-8.4 {Highemeeeneeawi 0.37 i i
: : | : ' | |

See footnote at end of table.
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TABLE 16.~-PHYSICAL AND CHEMICAL PROPERTIES OF SOILS~~Continued

SOIL SURVEY

!
i

T T T T T T T
1 ] 1 1 L] ! !
Soil name and | Depth | Permea- |Available}! Soil reaction{ Shrink-swell | i Wind
map symbol i ! bility | water | | potential ! T ierodibility
i i {capacity | i ] K i | group
i In T In/hr { In/7in 1 1 H { H
{ - | ] i i i i i
MaBrenarnrecanana | 0-8 i 0.6-2.0 10.21-0.23| iModeratem=we==| 0,32 i i 6
Macksburg H 8-38 i 0.2-0.6 10.18«0.20} {Higheeeeranaaa) 0,43 i i
| 38-9% | 0.2-0.6 {0.18-0.20 {Highmmmeeeeea=] 0.43 | !
{ 1 ) ] i 1 i
1 1 ] ] 1 i | 1
MdB, MdCewenaaeas| 0-6 i 0.6-2.0 {0.22-0.24} {LoWmmmnnaanana] 0,37 i i 6
Mandeville H 6-29 i 0.6-2.0 {0.17=0.22} {LOWmmmmaeanaaa] 0,37 ! i
{  29=-60 | o= | - { e L L LR - i i
i i i i i i i i
Ndmwmnwanonnemen-= | 0-60 ! 0.6-2.0 }0.20-0.23} iModerate~mm=-={ 0.37 H i 7
Nodaway | i i { 1 ! i {
i i i i i { i i
NoD, NoFwwmonamanal 0-16 1 0.6-2.0 {0.08-0.18} iLOWmmmmnneaana] 0,32 i i 5
Norris I 16=60 ' - | - ] {rmmennnacnnana| —— i i
i 1 [} i 1 1 H 1
1 ] I ] | i ] 1
Pd*%, i i i i i i i i
Pits, quarries | i | i i | 4 !
i i i i i i i i
PoB, PoC2amemnanan| 0~9 { 0.6-2.0 [0.22-0,24} 5.6=6.5 {LOWmmemenaneen] 0,32 i i 6
Polo ! 9-75 i 0.6-2.0 10.12-0.18} 4,5-6.5 {Moderateween==i 0.32 H
i { 1 i 1 1 i ]
i 1 1 ] 1 1 ] ]
SaB, SaCemmmmeees| 0-17 { 0.2-0.6 {0.21-0.24} 5.6-T7.3 |Moderatemmwm==}{ 0.37 | i 4
Sampsel i 17-88 10.06-0.2 }{0.11-0.13}{ 5.6-7.8 IHigheaneeaeaea| 0,37 | i
i 1 1 1 ] [} 1 1
i 1 t i t t 1 1
SaC3mmmmmmanmnnam 0-7 ! 0.2-0.6 10.21-0.24} 5.6«7.3 iModeratememm=={ 0,37 | i 4
Sampsel i 7-91 10.06«0.2 {0.11=0.13} 5.6-7.8 iHigheeeeaeaass| 0,37 i i
! i i ] i i i i
ShBewmmecncacana=!  0=10 ! 0.6-2.0 10.21-0.23}{ 5.1-6.5 {Moderate======{ 0.32 | i 6
Sharpsburg I 10-53 { 0.2-0.6 }0.18-0.20} 5.1-6.0 jHigh=eenaeeeaa] (.43 ] i
i 53-85 i 0.2-0.6 {0.18-0.20f 5.6=6.5 iModerate=mmw~={ 0.43 | !
{ { i i i i i i
SND2wmenmmnenann= | 0-8 { 0,2-0.6 10.21-0,23! 6.1-7.3 {Moderatesme==={ 0.37 i i 6
Snead i 8-23 10.06-0.2 }{0.09-0.13} 6.6-8.4 {Highemeeeaeaaa] 0,37 | i
i 23-60 i ——— ! . i lammnnnnnnenans ] o i
1 ' ' 1 1 i i
i 1 i 1 i 1 1 1
1 1 | 1 t | i {
SoD¥*, SoF*: i { i i | i | i
Sneadmmmeneamnoa] 0-5 { 0.2=0.6 {0.21-0.23} |Moderatemee=ws{ 0,37 i | 6
! 5-24  10.06-0.2 {0.09-0.13] {Highemmaesaesaat 0,37 | i
i 24=-40 | ——- | - i jrmmmmnacncann - i 1
i 1 i 1 i i [} ]
! 1 t 1 1 ] 1 L]
Rock outcrop. ' | ! i i i i i
i i i ] i i ] i
Waw momonanneenans]  0=15 | <0.06 10.12=0,14} iVery highe=ee=| 0.28 ] i 4
Wabash i 15-66 { <0.06 {0.08-0.12] iVery higheea=s| 0.28 i i
i ! i | i i i i
WdBemeanaacanaaas) 0«12 ! 0.6=2.0 10.22-0.24} iLOWmmmmemnanea] 0,43 | i 6
Weller i 12-34 {10.06-0.2 {0.12-0.18} {Highemeneenaeal 0,43 i i
{ 34-76 | 0.2-0.6 10,18-0.20{ iHighmmemmeeee=! 0,43 | !
1 1 H ] ] i 1 1
1 t ] 1 t L] i ]
WEB, WiCemmmmmnnai 0-8 i 0.6-2.0 {0.22-0.24] {LoWmmmmeancaaa] 0,37 | i 6
Winfield | 8-78 } 0.6-2.0 10.18-0.20} {Moderate-—~—--s 0.37 E |
i ] 1 i i ] i i
WEC3mmamamananenns 0-6 ! 0.6-2.0 {0.18-0.20} {Moderate=emme={ 0.37 ] i 7
Winfield 1 6-60 { 0.6-2.0 {0.18-0.20} {Moderatemm=e=={ 0.37 H i
| i ! i i H i i
IKonomnannannmnnne]  0e22 { 0.2-0.6 {0.21-0.23| {High-eeeaeaewst 0.28 | ] 7
Zook i 22-90 10.06-0.2 {0.11-0.13} {Higheeeeneaaeat 0.28 i H
i ] i i | i i

* See description of the map unit

for composition and behavior characteristics of the map unit.
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JOHNSON COUNTY, MISSOURI

TABLE 18.--ENGINEERING INDEX TEST DATA

[Dashes indicate that data were not available]

sunjgsiou
wnwtado

AqTsuap
WNWYXey

TMoisture
density

i
|
1
|
|
1
]
i
i
1
1
|
1
1
t
i

Xaput
£310138RT1d
L e e e e e ————

JTWIY
pInbtT

o
o g
o E

Percentage
smaller than--

+
1
1
|
)
1
T
|
)
|
|
i
1
|

Grain-size distribution
No
20

Percentage
passing sieve
o
0

Classification

report number,

horizon, and
depth in inches

Soil name,

Lb7 1
T3 Pet
LA A

1

-
[}

ol
3}
o

Deepwater silt

(S75M0-101-004)

loam:

[+ ]

—

o

—
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o

=

O

@

D ON

O
oo

—

0 to
B21====~ 16 to

Ap-=mnm-

—

N

[Fa}
a

=

o

=

vvl ,— -~ —— e ———— ————

b rm e e e e

g

Hartwell silt loam:
(S75M0-101-002)

oM O v - oo
NN — O — a N

(ol e NN~ [TaXtyl

O o O OoO O

— — -

wom AN N -
[salsel N — [a\N s 8}

N oy o O — Oy —
MO N N = = o O

O o W FOO tn =t
OO D OV [eaR o))

DO O N O (ool
[eaRe Yoyl NN OO

(=g == [oNoNe) [eX =]
[=No Rl [oNoNe] oo
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oo [eNeNe) o o
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[ a¥e

0 to 2

0 to
6 to 2
B21t=-=--- 20 to 5

0 to 1
Comm==m= 29 to 4

B22t=-=== 12 to 3
(S75M0-101-001)

B3t-=--- 33 to 5
(S75M0~-101-003)

loam:
AO=wmw=m
Blewwae=
loam
Ap-wm===

Ap-wm===
Sampsel silty clay

Mandeville silt
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TABLE 19.--CLASSIFICATION OF THE SOILS
1
Soil name 1 Family or higher taxonomic class

1

1

':
Barco------cccccmmmcmee e { Fine-loamy, mixed, thermic Mollic Hapludalfs
Blackoar--—-—=-—eececcecccmca-- | Fine-silty, mixed, mesic Fluvaquentic Haplaquolls
Bolivare~meeecemmmen e { Fine-loamy, mixed, thermic Ultic Hapludalfs
Bremer-—-——-m=e-—-secccccccax | Fine, montmorillonitic, mesic Typic Argiaquolls
Deepwatere—-ecemcmcccacacax | Fine-silty, mixed, thermic Typic Argiudolls
DocKkeryeeeee=—memmcemeeee e { Fine-silty, mixed, nonacid, mesic Aquic Udifluvents
Freeburg----=---c-ccceeuu- ! Fine-silty, mixed, mesic Aquic Hapludalfs
GOoriNeeeeccecm e { Fine, montmorillonitic, mesic Aquic Hapludalfs
Haigewowomo e ccccc e e { Fine, montmorillonitic, mesic Typic Argiaquolls
Haplaguents-------cece—wa- { Fine, montmorillonitic, mesic Typic Haplaquents
Hartwelle-mcccmcccccceeem \ Fine, mixed, thermic Typic Argialbolls
Higginsville-cmmeeeeaacm—u { Fine-silty, mixed, mesic Aquic Argiudolls
Kanimae-=---=----c—weeuwuo- | Loamy-skeletal, mixed, nonacid, thermic Udalfic Arents
Lightning--=eeccccccacuaa- { Fine, mixed, thermic Typic Ochraqualfs
Macksburg---------ceccecucw=- { Fine, montmorillonitic, mesic Aquic Argiudolls
Mandeville--=mcecccccaccnn= { Fine-loamy, mixed, mesic Typic Hapludalfs
Nodaway----------—————-—--- { Fine-silty, mixed, nonacid, mesic Mollie Udifluvents
NOrrige-—-—e-mcmcccccnccee—— { Loamy, mixed, acid, mesic, shallow Typic Udorthents
POlOo-=emmmm e { Fine, montmorillonitic, mesic Typic Argiudolls
Sampsele-m—mmcmmm s e e ! Fine, montmorillonitic, mesic, sloping Typic Argiaquolls
Sharpsburgr-==—eccccecm—u- { Fine, montmorillonitic, mesic Typic Argiudolls
Sneadee=eem—cmmmm— e m e { Fine, mixed, mesic Aquic Hapludolls
Wabash-=--ewccanmmn e | Fine, montmorillonitic, mesic Vertic Haplaquolls
Weller-eecemcmm e e ncee ! Fine, montmorillonitic, mesic Aquic Hapludalfs
Winfield-=weememecmmcceens | Fine-silty, mixed, mesic Typic Hapludalfs
ZOOK==mmmmmmemmmm e e \ Fine, montmorillonitic, mesic Cumulic Haplaquolls
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