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This is a publication of the National Cooperative Soil Survey, a joint effort of the United States
Department of Agriculture and agencies of the States, usually the Agricultural Experiment Stations, In
some surveys, other Federal and local agencies also contribute. The Soil Conservation Service has lead-
ership 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, regardless of race, color, national origin, sex,
religion, marital status, or age.

Major fieldwork for this soil survey was completed in the period 1969~72. Soil names and descrip-
tions were approved in 1973. Unless otherwise indicated, statements in the publication refer to conditions
in the county in 1972. This survey was made cooperatively by the Soil Conservation Service, the lowa Agri-
culture and Home Economics Experiment Station Cooperative Extension Service, Jowa State University,
and the Department of Soil Conservation, State of Iowa. It is part of the technical assistance furnished
to the Union Soil and Water Conservation District. Funds appropriated by Union County were used to

pay part of the cost of the survey.

Soil maps in this survey may be copied without permission, but any enlargement of these maps could
cause misunderstanding of the detail of mapping and result in erroneous interpretations. Enlarged maps
do not show small areas of contrasting soils that could have been shown at a larger mapping scale.

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains- information

that can be applied in managing farms and
woodlands; in selecting sites for roads, ponds,
buildings, or other structures; and in apprais-
ing the value of tracts of land for agriculture,
industry, or recreation.

Locating Soils

All the soils of Union County are shown on
the detailed map at the back of this survey. This
map consists of many sheets that are made
from aerial photographs. Each sheet is num-
bered to correspond with numbers shown on
the Index to Map Sheets.

On each sheet of the detailed map, soil areas
are outlined and are identified by symbol. All
areas marked with the same symbol are the
same kind of soil. The soil symbo! is inside the
area if there is enough room; otherwise, it is
outside and a pointer shows where the symbol
belongs.

Finding and Using Information

The “Index to Map Units” on page ii can be
used to find information in the survey. It lists
all the soils in the county in numerical order by
map symbol and shows the page where each
soil is described. The capability unit to which
each soil has been assigned is specified at the
end of the soil description.

Individual colored maps showing the relative
suitability or limitations of soils for many spe-
cific purposes can be developed by using the soil
map and information in the text. Interpreta-
tions not included in the text can be developed
by grouping the soils according to their suit-

ability or limitations for a particular use.
Translucent material can be used as an overlay
over the soil map and colored to show soils that
have the same limitation or suitability. For ex-
ample, soils that have a slight limitation for a
given use can be colored green, those with a
moderate limitation can be colored yellow, and
thgse with a severe limitation can be colored
red.

Farmers and those who work with farmers
can learn about use and management of the
soils in the soil descriptions and in the discus-
sions of the interpretive groupings.

Foresters and others can refer to the section
“Woodland Management and Productivity”
where the soils of the county are grouped ac-
cording to their suitability for trees.

Game managers, sportsmen, and others con-
cerned with wildlife will find information about
soils and wildlife in the section “Wildlife Habi-
tat.”

Engineers and builders will find under “En-
gineering”’ tables that give engineering descrip-
tions of the soils in the county and that name
soil features that affect engineering practices
and structures.

Scientists and others can read about how the
soils were formed and how they are classified
in the section ‘“Formation and Classification of
the Soils.”

Students, teachers, and others will find infor-
mation about soils and their management in
various parts of the text.

Newcomers in Union County may be espe-
cially interested in the section “General Soil
Map” where broad patterns of soils are de-
seribed.

Cover picture:

Typical landscape in Gara-Ladoga associa-
tion showing good conservation practices, Ladoga soils are
on the ridgetops and Armstrong and Gara soils are mainly
on the side slopes.
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SOIL SURVEY OF UNION COUNTY, IOWA

By John R. Nixon and Louis E. Boeckman

Fieldwork by John R. Nixon, Louis E. Boeckman, and Brian C. Peterson, Soil Conservation Service

United States Department of Agriculture, Soil Conservation Service, in cooperation with the Iowa Agriculture and Home Economics
Experiment Station Cooperative Extension Service, Iowa State University, and the Department of Soil Conservation, State of Iowa

UNION COUNTY is in the southwestern part of
Iowa (see facing page). It is the second county
north of the State of Missouri and the fourth county
east of the Missouri River. It has a total land area of
about 425 square miles, or 272,000 acres. Creston, the
county seat, is about 55 airline miles southwest of Des
Moines, the State capital.

Most of the acreage is agricultural, and the popula-
tion is rural. Corn, soybeans, hay, and pasture are the
n%airli crops. Much of the corn and forage is fed to live-
stock.

Most soils of Union County formed under prairie
vegetation. Some formed under timber vegetation. The
climate is subhumid and continental, Winters are cold,
and summers are warm. The growing season is long
enough for crops to mature,

How This Survey Was Made

Soil scientists made this survey to learn what kinds
of soil are in Union County, where they are located, and
how they can be used. They went into the county know-
ing they likely would find many soils they had already
seen and perhaps some they had not. As they traveled
over the county, they observed steepness, length, and
shape of slopes; size of streams; kinds of native plants
or crops; kinds of rock, and many facts about the
soils. They dug or bored many holes to expose soil pro-
files. A profile is the sequence of natural layers, or
horizons, in a soil; it extends from the surface down
to the rock material that has not been changed much
by leaching or by roots of plants.

The soil scientists made comparisons among the
profiles they studied, and they compared these profiles
with those in counties nearby and in places more dis-
tant. They classified and named the soils according to
uniform procedures. To use this survey efficiently, it is
necessary to know the kinds of groupings most used in
a local soil classification.

Soils that have profiles almost alike make up a soil
series. Except for different texture in the surface layer,
all the soils of one series have major horizons that are
similar in thickness, arrangement, and other impor-
tant characteristics. Each soil series is named for a
town or other geographic feature near the place where

a soil of that series was first observed and mapped.
Sharpsburg and Macksburg, for example, are the
names of two soil series. All the soils in the United
States having the same series name are essentially
alike in natural characteristics.

Many soil series contain soils that are alike except
for texture of their surface layer. According to this
difference in texture, separations called soil types are
made. Within a series, all the soils having a surface
layer in the same texture belong to one soil type. Wa-
bash silty clay and Wabash silty clay loam are two
soil types in the Wabash series. The difference in tex-
ture of their surface layers is apparent from their
names.

Some soil types have a wide range of slope, degree of
slope, degree of erosion, number and size of stones, or
some other feature affecting their use, that practical
suggestions about their management could not be made
if they were shown on the map as one unit. Such soil
types are divided into soil phases. The name of a soil
phase indicates a feature that affects management.
For example, Shelby clay loam, 9 to 14 percent slopes,
is one of several phases of Shelby clay loam, a soil
type that ranges from sloping to steep.

After a guide for classifying and naming the soils
had been worked out, the soil scientists drew soil
boundaries on aerial photographs. They used photos
for their base map because they show woodlands,
buildings, field borders, trees, and similar detail that
greatly help in drawing boundaries accurately. The
soil map at the back of this survey was prepared from
the aerial photographs.

The areas shown on a soil map are called map units.
On most maps detailed enough to be useful in planning
management of farms and fields, a mapping unit is
nearly equivalent to a soil type or a phase of a soil
type. It is not exactly equivalent because it is not
practical to show on such a map all the small, scattered
bits of soil of some other kind that have been seen
within an area that is dominantly of a recognized soil
type or soil phase.

In preparing some detailed maps, the soil scientist
has a problem of delineating areas where different
kinds of soils are so intricately associated and so
small in size that it is not practical to show them
separately on the map. Therefore, he shows this mix-
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2 SOIL SURVEY

ture of soils as one mapping unit and calls it a soil
complex. Ordinarily, a soil complex is named for
the major soil series in it, for example, Colo-Ely silty
clay loams.

While a soil survey is in progress, samples of soils
are taken, as needed, for laboratory measurements
and for engineering tests. Laboratory data from the
same kinds of soil in other places are assembled. Data
on yields of crops under defined practices are assembled
from farm records and from field and plot experiments
on the same kinds of soil. Yields under defined manage-
ment are estimated for all the soils.

But only part of a soil survey is done when the soils
have been named, described, and delineated on the
map and the laboratory data and yield data have been
assembled. The mass of detailed information then
needs to be organized in such a way that it is readily
useful to different groups of readers, among them
farmers, managers of woodland, engineers, and home
owners. Grouping soils that are similar in suitability
for each specified use is the method of organization
commonly used in the soil surveys. The soil scientists
set up trial groups based on the yield and practice
tables and other data. They test these groups by fur-
ther study and by consultation with farmers, agrono-
mists, engineers, and others; then they adjust the
groups according to the results of their studies and
consultation. Thus, the groups that are finally evolved
reflect methods of use and management.

General Soil Map

The general soil map at the back of this survey
shows, in color, the soil associations in Union County.
A soil association is a landscape that has a distinctive
proportional pattern of soils. It normally consists of
one or more major soils and at least one minor soil,
and it is named for the major soils. The soils in one
association may occur in another, but in a different
pattern. The general soil map of Union County may
not match the general soil maps of adjoining counties
because more recent information about the soils was
available when the Union County map was made.

A map showing soil associations is useful to people
who want a general idea of the soils in a county, who
want to compare different parts of a county, or who
want to know the location of large tracts that are
suitable for planning the management of a farm or
field because the soils in any one association ordinarily
differ in slope, depth, drainage or other characteristics
that affect management. The seven soil associations in
Union County are described in the following para-
graphs.

1. Macksburg-Winterset association

Nearly level to gently sloping, somewhat poorly
drained and poorly drained upland soils that are stlty
clay loam throughout and formed in loess

This soil association is mainly on uplands, on the
wide nearly level ridgetops and the lower convex
slopes. It is also in shallow depressional areas in the
ridges.

This association makes up about 8 percent of the

county. About 50 percent is Macksburg soils, 21 per-
cent Winterset soils, and 29 percent minor soils.

The Macksburg soils, on broad nearly level to gently
sloping divides, are somewhat poorly drained. The sur-
face layer typically is black and very dark grayish
brown silty clay loam about 22 inches thick. The sub-
soil is dark grayish brown grading to grayish brown.
The subsoil is silty clay loam that extends to a depth
of about 5 feet.

The Winterset soils, on broad nearly level upland
divides, are poorly drained. The surface layer typically
is black silty clay loam about 18 inches thick. The
subsoil is very dark gray silty clay loam that extends
to a depth of about 5 feet.

Minor in this association are the Sperry, Sharps-
burg, Nira, and Clearfield soils. The very poorly
drained Sperry soils, which have a lighter colored
surface layer than Macksburg and Winterset soils, are
in depressional areas on the nearly level divides. The
moderately well drained Sharpsburg soils, which
formed in loess, are on high upland convex divides
and the upper side slopes adjacent to the broad
nearly level divides of Macksburg and Winterset soils.
Nira and Clearfield soils, which also formed in loess,
are at the heads of drainageways and on the upper
parts of convex side slopes.

The soils in this association are well suited to crops.
Corn and soybeans are the major crops. Much of the
corn is fed to livestock. Soybeans is a cash crop. Only
a small part of this association is in pasture, generally
the small acreages near farmsteads.

2. Sharpsburg-Shelby-Nira association

Gently sloping to moderately steep, moderately well
drained and well drained upland soils that have a silty
clay loam or clay loam surface layer and formed in
glacial till or loess

This soil association is on ridgetops and divides, on
side slopes, and in drainageways. It makes up about
52 percent of the county. About 19 percent is Sharps-
burg soils (fig. 1), 18 percent Shelby soils, 16 percent
Nira soils, and 47 percent minor soils.

The Sharpsburg soils, on high upland convex divides
and upper side slopes adjacent to the broad nearly
level divides of the Macksburg and Winterset soils,
are moderately well drained. The surface layer typi-
cally is black to very dark grayish brown light silty
clay loam about 13 inches thick. The subsoil is brown
to yellowish brown grading to grayish brown. It is
silty clay loam that extends to a depth of about 4 feet.

The Shelby soils, on convex side slopes and narrow
ridgetops, are moderately well drained or well drained.
The surface layer typically is black to very dark
grayish brown clay loam about 15 inches thick. The
subsoil is dark brown, dark yellowish brown, and
brown clay loam that extends to a depth of about 38
inches.

The Nira soils, on short convex upland side slopes
and slopes bordering drainageways, are moderately
well drained. The surface layer typically is black to
very dark gray silty clay loam about 13 inches thick.
The subsoil is a relict mottled brown that reflects past
drainage conditions. It extends to a depth of about 44
inches.
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Figure 1.—Typical landscape in Sharpsburg-Shelby-Nira association. Sharpsburg soils are on the ridgetops, Nira soils on upper side
slopes and at the heads of drainageways, and Shelby soils on the steeper side slopes.

Minor in this association are the Clearfield, Clar-
inda, Lamoni, Adair, Dickinson, Colo, and Ely soils.
The poorly drained Clearfield soils, which formed in
loess over weathered glacial till, are at the heads of
drainageways, on narrow bands on side slopes, and on
slopes adjacent to Sharpsburg and Nira soils. The
poorly drained Clarinda soils are at the heads of
drainageways, on narrow bands on side slopes, and on
narrow upland convex ridges generally below Clear-
field or Nira soils. The moderately well drained to
somewhat poorly drained Adair soils are on convex
ridgetops, commonly in bands at the shoulders of side
slopes. The somewhat poorly drained Lamoni soils are
at the moderately and strongly sloping heads of
branching waterways, downslope from the Sharps-
burg, Nira, and Clearfield soils. Many areas are adja-
cent to and downslope from the Clarinda soils. Other
areas are upslope from the Shelby soils. The well
drained Dickinson soils are on uplands along major
streams and rivers. The poorly drained to somewhat
poorly drained Colo and Ely soils are in drainageways.

The soils in this association have high available
water capacity. Runoff is rapid in many areas, and
erosion is moderate to severe. The contact zone be-

tween the loess and the glacial till is seasonally wet
and seepy. Interceptor tile can alleviate the wetness.
Terraces reduce erosion. .

Row crops are grown on ridgetops and upper side
slopes. The lower convex slopes are usually in meadow
or permanent pasture.

3. Gara-Ladoga association

Gently sloping to steep, well drained and moderately
well drained upland soils that have a loam or silt loam
surface layer and formed in glacial till or loess

This soil association is along the major streams and
tributaries on narrow, gently and moderately sloping
ridgetops and strongly sloping to steep side slopes.
It is generally covered with mixed timber and grass.
Some areas have been recently cleared.

This association makes up about 10 percent of the
county. About 32 percent is Gara soils, 25 percent
Ladoga soils, and 43 percent minor soils. )

The strongly sloping to steep Gara soils are on side
slopes. They are well drained or moderately well
drained. The surface layer typically is very dark gray
loam about 7 inches thick. The subsurface layer typi-
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cally is dark grayish brown loam about 5 inches thick.
The subsoil is dark yellowish brown loam in the upper
part. Below a depth of 17 inches, it is dark yellowish
brown and yellowish brown clay loam. It extends to a
depth of about 40 inches.

The gently sloping to moderately sloping Ladoga
soils are on ridgetops. The strongly sloping Ladoga
soils are on upper side slopes in the uplands and on
stream benches along the Grand River. All are moder-
ately well drained. They typically have a very dark
gray silt loam surface layer about 7 inches thick. The
subsurface layer, about 8 inches thick, is dark grayish
brown and grayish brown silt loam that is distinetly
light colored when dry. The subsoil, which extends to
a depth of about 4 feet, is mainly brown and dark
yellowish brown silty clay loam.

Minor in this association are the Armstrong, Line-
ville, Caleb, Mystic, Dickinson, and Lindley soils. The
moderately well drained to somewhat poorly drained
Armstrong soils formed in reddish colored late Sanga-
mon paleosols on convex ridgetops and shoulders of
ridgetops. The moderately well drained to somewhat
poorly drained Lineville soils are on ridgetops, down-

" slope from the Ladoga soils and upslope from the Arm-
strong soils. The moderately well drained Caleb soils
formed in pre-Sangamon erosional sediments of glacial
origin. The moderately well to somewhat poorly
drained Mystic soils formed in Sangamon alluvium of
mixed origin during late Sangamon time. Both Mystic
and Caleb soils are on benches along major streams
and tributaries. The moderately well drained, strongly
sloping to steep Lindley soils formed in glacial till.
They are commonly on dissected uplands near major
streams and rivers. Lindley soils formed under timber
vegetation, whereas the other minor soils formed un-
der mixed vegetation of prairie and timber. The mod-
erately well drained and somewhat poorly to poorly
drained Nodaway and Vesser silt loams and some Colo
and Ely silty clay loams are in drainageways. All
formed in local alluvium. Nodaway and Vesser soils
formed under mixed timber and prairie vegetation.
Colo and Ely soils formed under prairie vegetation.

Most soils in this association have a high available
water capacity. Caleb and Mystic soils, however, have
2 moderate available water capacity. Runoff is rapid
and erosion is severe in many areas. The contact zone
between the loess and the glacial till is seasonally wet
and seepy. Many waterways dissect this association.
Therefore, deep active gullies with trees and brush
growing along the side slopes are more numerous than
n other soil associations. Ponds for watering livestock
help to stabilize many of the gullies.

Row crops are grown on the ridgetops and upper
side slopes. A large part of this association is in
meadow, permanent pasture, and woodland.

4. Nodaway-Colo-Wabash association

Nearly level to gently sloping, moderately well drained,
poorly drained, very poorly drained bottom land soils
that have o silt loam and silty clay loam surface layer
and formed in alluvium

This soil association is on bottom land along the
major rivers and creeks and their tributaries. It makes
up about 7 percent of the county. About 49 percent is

Nodaway soils, 22 percent Colo soils, 8 percent Wa-
bash soils, and 21 percent minor soils.

Nodaway soils are moderately well drained. They
are generally adjacent to the present stream channel
but can occur at some distance from where the channel
has been straightened. Some areas are channeled be-
cause of the cutting action of streams and rivers dur-
ing flooding. The Nodaway soils typically are stratified
very dark gray and grayish brown silt loam that ex-
tends to a depth of 80 inches.

Colo soils are poorly drained. They are adjacent to
the Nodaway soils and near the uplands on smooth
bottom land along major rivers, creeks, and their trib-
utaries, and on alluvial fans. They have a thick black
silty clay loam surface layer and a moderately slowly
permeable, very dark gray silty clay loam subsoil.

Wabash soils are on flat areas of the bottom land,
generally within areas of Colo soils, some distance
from the stream channel. They typically have a black
silty clay loam or silty clay surface layer about 40
inches thick. The subsoil is very dark gray silty clay.

Minor in this association are the well drained to
moderately well drained Judson and Olmitz soils on
alluvial fans; the somewhat poorly drained to very
poorly drained Vesser and Humeston soils on second
bottoms, low stream benches, or alluvial fans; and the
moderately well drained Kennebec soils adjacent to
rivers and streams.

The soils in this association have a high available
water capacity. Colo soils generally can be tiled to im-
prove drainage if outlets are available. Nodaway soils
are subject to flooding, but usually no tile drainage is
needed. Wabash soils usually stay wet longer in spring
than Colo and Nodaway soils. Since it usually is not
feasible to tile Wabash soils, surface drainage is used,
depending on the outlets.

Row crops are suited to this soil association if tim-
ber is cleared and drainage and protection from flood-
ing are adequate. Some areas in permanent pasture
and meadow near stream channels or old oxbows are
flooded frequently.

5. Grundy-Haig association

Nearly level to gently sloping, somewhat poorly
drained and poorly drained upland soils that have a silty
clay loam surface layer and a silty clay and silty clay
loam subsoil and formed in loess

This association occupies the nearly level and gently
sloping wide ridgetops and the lower convex slopes in
the uplands. It also occurs as small areas in shallow
depressions in the wide ridges.

This association makes up about 1 percent of the
county. About 49 percent is Grundy soils, 45 percent
Haig soils, and about 6 percent minor soils.

The gently sloping Grundy soils, on ridgetops and
lower convex slopes, are somewhat poorly drained. The
surface layer typically is black silty clay loam about
11 inches thick. The upper part of the subsoil is very
dark gray to grayish brown silty clay loam, the next
part, from 17 to 37 inches is silty clay, and the lower
part, to a depth of about 4 feet, is heavy silty clay loam.

The nearly level to flat Haig soils, on upland divides,
are poorly drained. The surface layer typically is black
silty clay loam about 18 inches thick. The upper part
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of the subsoil is very dark gray silty clay loam. The
next part, below 24 inches, is dark gray silty clay that
grades to olive gray with depth. The lower part is olive
gray silty clay loam.

Minor in this association are the Sperry and Cla-
rinda soils. The very poorly drained Sperry soils are
in the depressional areas of the nearly level divides.
They have a lighter colored surface layer than the
Grundy and Haig soils. The very poorly drained Cla-
rinda soils are at the heads of drainageways adjacent
to the Grundy and Haig soils.

The soils in this association have a high available
water capacity. The Haig soils on the flats may pond
seasonally. Surface drainage can alleviate this prob-
lem if an outlet is available.

The soils in this association are well suited to row
crops. Corn and soybeans are the major crops. Much of
_the corn is fed to livestock. Soybeans is a cash grain
crop. Only a small part of this association is in perma-
nentz1 pasture, generally the small acreage near farm-
steads.

6. Shelby-Grundy association

Gently sloping to strongly sloping, well drained to
somewhat poorly drained upland soils that have a clay
loam dand silty clay loam surface layer and formed in
glacial till or loess

This soil association occupies the gently sloping
lower ridgetops and divides, and the strongly sloping
side slopes. Some areas of this association are in drain-
ageways.

This association makes up about 8 percent of the
county. About 19 percent is Shelby soils, 16 percent
Grundy soils, (fig. 2) and 65 percent minor soils.

The Shelby soils, on convex side slopes and some
narrow ridgetops, are moderately well drained or well
drained. The surface layer typically is black and very
dark grayish brown clay loam about 15 inches thick. The
subsoil is dark brown, dark yellowish brown, and
brown clay loam extending to a depth of about 38
inches.

The gently sloping Grundy soils, on side slopes and
ridgetops that surround nearly level upland divides,
are somewhat poorly drained. The surface layer typi-
cally is black silty clay loam about 11 inches thick. The
upper part of the subsoil is very dark gray to grayish
brown silty clay loam, the next part, from 17 to 47
inches, is silty clay, and the lower part, to a depth of
about 4 feet, is heavy silty clay loam.

Minor in this association are the Clarinda, Lamoni,
Adair, Lineville, Colo, and Ely soils. The very poorly
drained Clarinda soils occupy the heads of drainage-
ways, narrow bands on side slopes, and narrow con-
vex ridgetops on uplands below the Grundy soils. The

Figure 2.—Typical landscape in Shelby-Grundy association. Shelby soils, in pasture, are on the side slopes. Grundy soils are on the
narrow ridgetops.
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moderately well to somewhat poorly drained Adair
soils are on convex ridgetops, commonly in bands at
the shoulders of side slopes. The moderately and
strongly sloping, somewhat poorly drained Lamoni
soils occupy the heads of branching waterways down-
slope from the Grundy soils. The moderately well
drained to somewhat poorly drained Lineville soils, on
ridgetops, are downslope from the Grundy soils and
upslope from the Shelby soils. The poorly drained to
somewhat poorly drained Colo and Ely soils are in
drainageways.

The soils in this association have high available wa-
ter capacity. Runoff is rapid in many areas, and ero-
sion is moderate to severe. The contact zone between
the loess and the glacial till is seasonally wet and
seepy. Interceptor tile can alleviate wetness. Terraces
can reduce the hazard of erosion and thus improve
crop production.

Row crops are grown on ridgetops and upper side
slopes. The lower convex slopes are usually in meadow
or permanent pasture.

7. Gara-Pershing association

Gently sloping to steep, well drained and moderately
well drained upland soils that have a loam and silt
loam swrface layer and formed in glacial till or loess

This soil association is on the hilly, strongly dis-
sected areas along major streams and tributaries. The
main features are narrow convex ridgetops, long steep
convex side slopes, and narrow upland valleys.

This association makes up about 14 percent of the
county. About 35 percent is Gara soils, 28 percent
Pershing soils, and 37 percent minor soils.

The strongly sloping to steep Gara soils are on side
slopes. They are well drained or moderately well
drained. They typically have a very dark gray loam
surface layer about 7 inches thick. The subsurface
layer is dark grayish brown loam about 5 inches thick.
The subsoil is dark yellowish brown loam in the upper
part. Below a depth of 17 inches, it is dark yellowish
brown and yellowish brown clay loam. It extends to a
depth of about 40 inches.

The gently sloping to strongly sloping Pershing soils
are on convex slopes bordering nearly level interstream
divides and on benches along major flood plains. They
are somewhat poorly drained and moderately well
drained. They typically have a very dark grayish
brown silt loam surface layer about 7 inches thick. The
subsurface layer is dark grayish brown silt loam about
3 inches thick. The upper part of the subsoil is brown
silty clay loam, the next part is yellowish brown and
grayish brown silty clay, and the lower part is mottled
yellowish brown and grayish brown silty clay loam.

Minor in this association are the Armstrong, Kes-
wick, Weller, Belinda, Lindley, Mystic, Caleb, Nod-
away, and Vesser soils. The Armstrong and Keswick
soils, on shoulders of side slopes and lower convex
ridgetops in the uplands, are somewhat poorly drained
or moderately well drained. The nearly level Belinda
soils, on terraces near flood plains along major streams,
are poorly drained. The Weller soils, on narrow ridge-
tops, upper side slopes, and benches along major
streams, are moderately well drained. The Lindley
soils, on convex upland side slopes near major streams

and rivers, are moderately well drained. The Caleb and
Mystic soils, on benches along major streams and trib-
utaries, are moderately well drained or somewhat
poorly drained. The Nodaway and Vesser soils in local
alluvium in drainageways are moderately well drained
or somewhat poorly drained to poorly drained.

Most soils in this association formed under mixed
prairie and timber vegetation. Belinda, Weller, Kes-
wick, and Lindley soils formed under timber. Avail-
able water capacity is high in Weller, Lindley, Nod-
away, and Vesser soils; moderately high in Armstrong
and Belinda soils; and moderate in the rest.

Row crops are grown on ridgetops, upper side slopes,
and benches along major streams and rivers. A large
part of this association is in meadow, permanent pas-
ture, and woodland.

Descriptions of the Soils

This section describes the soil series and map units
in Union County, Towa. Each soil series is described
in detail and then, briefly each unit in that series.
Unless specifically stated otherwise, it is to be assumed
that the description of the soil series holds true for
the map units in that series. Thus, to get full infor-
mation about any one map unit, it is necessary to read
both the description of the map unit and the descrip-
tion of the soil series to which it belongs.

An important part of the deseription of each soil
series is the soil profile, the sequence of layers from
the surface downward to rock or other underlying ma-
terial. Each series contains two descriptions of this
profile. The first is brief and in terms familiar to the
layman. The second is more detailed and is for those
who wish to make thorough and precise studies of
soils. Color terms are for moist soil unless otherwise
stated. The profile described in the series is repre-
sentative of map units in that series. If the profile of a
given map unit differs from the profile for the series,
the differences are either stated in describing the map
unit or are apparent in the name of the map unit.

Preceding the name of each map unit is a symbol.
This symbol identifies the map unit on the detailed
soil map. Listed at the end of each description of a
map unit is the capability unit to which the map unit
has been assigned.

The acreage and proportionate extent of each map
unit are shown in table 1. Many of the terms used in
describing soils can be found in the Glossary at the
end of this survey. Detailed information about the
terminology and methods of soil mapping is in
the Soil Survey Manual.

Adair Series

The Adair series consists of soils formed in highly
weathered glacial till. These soils are on uplands. They
are moderately sloping to moderately steep and some-
what poorly drained. They are on narrow convex
ridges and upper side slopes. Slopes are 5 to 18 percent.
The native vegetation was prairie grasses.

The surface layer is very dark gray, friable clay
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TABLE 1.—Acreage and proportionate extent of the soils

s.}/vr[r?lg)ol Soil name Acres | Percent sylr\ilx?l}:)l Soil name Acres | Percent
8B Judson silty clay loam, 2 to 5 1338 Colo silty clay loam, 2 to b
percent slopes — o ______ 421 0.2 percent slopes . _____________ 1,175 0.4
1B Colo-Ely silty clay loams, 2 to 5 175D Dickinson fine sandy loam, 5 to 14
percent slopes . _______ 39,045 14.4 percent slopes . _______ 268 0.1
138 Nodaway-Vesser silt loams, 2 to 5 179D Gara loam, 9 to 14 percent
percent slopes _—_______________ 3,325 1.2 slopes _ 1,088 04
23C Arispe silty clay loam, 5 to 9 17902 Gara loam, 9 to 14 percent
percent slopes . 2,602 1.0 slopes, moderately eroded ._____ 3,760 14
24C Shelby clay loam, 5 to 9 percent 179E Gara loam, 14 to 18 percent
slopes oo __ 395 0.1 slopes —_— 1,475 0.5
24C2 Shelby clay loam, 5 to 9 percent 179E2 Gara loam, 14 to 18 percent
slopes, moderately eroded __.___ 1.475 0.5 slopes, moderately eroded —_____ 6,427 2.4
24D Shelby clay loam, 9 to 14 percent 179F Gara loam, 18 to 25 percent
slopes o~ 2,850 1.0 slopes 3,207 1.2
24D2 Shelby clay loam, 9 to 14 percent 192C Adair clay loam, 5 to 9 percent
slopes, moderately eroded ._—___ 16,007 5.9 slopes ___ 943 0.3
24D3 Shelby clay loam, 9 to 14 percent 192C2 Adair clay loam, 5 to 9 percent
slopes, severely eroded ——_______ 401 0.1 slopes, moderately eroded —_____ 5,450 2.0
24E Shelby clay loam, 14 to 18 192D2 Adair clay loam, 9 to 14 percent
percent slopes _ . ______________ 2,078 0.8 slopes, moderately eroded ____.__ 658 0.2
24E2 Shelby clay loam, 14 to 18 per- 212 Kennebec silt loam, 0 to 2 percent
cent slopes, moderately eroded —_| 3,963 1.5 slopes 1,130 04
24F2 Shelby clay loam, 18 to 25 per- 220 Nodaway silt loam, 0 to 2 percent
cent slopes, moderately eroded —_ 251 0.1 slopes 8,700 3.2
51 Vesser silt loam, 0 to 2 percent C220 Nodaway silt loam, 0 to 2 percent
slopes —___ 9783 0.4 slopes, channeled ______________ 789 0.3
65E Lindley loam, 14 to 18 percent 222C Clarinda silty clay loam, 5 to 9
slopes 382 0.1 percent slopes ___ . ___________ 7,250 2.7
65F Lindley loam, 18 to 25 percent 222C2 Clarinda silty clay loam, 5 to 9
SloPes - e 372 0.1 percent slopes, moderately
69C Clearfield silty clay loam, 5 to 9 eroded _ . _____ 8,879 33
percent slopes ——______________ 6,707 2.5 || 222D Clarinda silty clay loam, 9 to 14
76B Ladoga silt loam, 2 to 5 percent percent slopes __——____________ 1,275 0.5
slopes —___________ _________ 652 0.2 || 222D2 Clarinda silty clay loam, 9 to 14
76C Ladoga silt loam, 5 to 9 percent percent slopes, moderately
slopes - 3,570 1.3 eroded ____. 1,388 0.5
76C2 Ladoga silt loam, 5 to 9 percent 248 Wabash silty clay loam, 0 to 2
slopes, moderately eroded ._.___ 992 04 percent slopes _._ o 1,815 0.7
76D Ladoga silt loam, 9 to 14 percent 269 Humeston silty clay loam, 0 to 2
slopes — - __ 529 0.2 percent slopes _______.________ 599 0.2
T768 Ladoga silt loam, benches, 2 to 5 273B Olmitz loam, 2 to 5 percent
percent slopes ________________ 428 0.2 slopes 669 0.2
T76C Ladoga silt loam, benches, 5 to 9 362 Haig silty clay loam, 0 to 2
percent slopes —_______________ 337 0.1 percent slopes — . ______ 915 0.3
93D Adair-Shelby clay loams, 9 to 14 3648 Grundy silty clay loam, 2 to 5
percent slopes ~_______________ 2,525 0.9 percent slopes . _______ 1,925 0.7
93D2 Adair-Shelby clay loams, 9 to 14 368 Macksburg silty clay loam, 0 to 2
percent slopes, moderately percent slopes . ___._______ 7,960 2.9
eroded —e 13,500 5.0 || 3688 Macksburg silty clay loam, 2 to 5
93E2 Adair-Shelby clay loams, 14 to 18 percent slopes —______________ 3,350 1.2
percent slopes, moderately 369 Winterset silty clay loam, 0 to 2
eroded __ 549 0.2 percent slopes ___ _____________ 4,540 1.7
94D2 Mystic-Caleb complex, 9 to 14 3708 Sharpsburg silty clay loam, 2 to 5
percent slopes, moderately percent slopes _—_____________ 20,054 74
eroded ———{ 1,688 0.6 || 370C Sharpsburg silty clay loam, 5 to 9
122 Sperry silt loam, 0 to 2 percent percent slopes ________________ 7,050 2.6
slopes 189 0.1 | 370C2 Sharpsburg silty clay loam, 5 to 9
TI130 Belinda silt loam, benches, 0 to 2 percent slopes, moderately
percent slopes . ______________ 325 0.1 eroded ________________ — 814 0.3
131C Pershing silt loam, 5 to 9 percent 370D Sharpsburg silty clay loam, 9 to 14
slopes .._ - 4,389 1.6 percent slopes ________________ 994 0.4
131C2 Pershing silt loam, 5 to 9 percent 371C Nira-Sharpsburg silty clay loams,
slopes, moderately eroded ______ 3,000 1.1 5 to 9 percent slopes _.________ 24,500 9.0
131D Pershing silt loam, 9 to 14 percent 371C2 Nira-Sharpsburg silty clay loams,
slopes . _________________ 290 0.1 5 to 9 percent slopes, moderately
TI31B Pershing silt loam, benches, 2 to 5 eroded _._____________________ 748 0.3
percent slopes —_______________ 684 0.3 || 425C Keswick loam, 5 to 9 percent
Ti3IC Pershing silt loam, benches, 5 to 9 slopes 325 0.1
percent slopes ._______________ 750 0.3 || 451C2 Caleb loam, 5 to 9 percent slopes,
132C Weller silt loam, 5 to 9 percent moderately evoded _____________ 249 0.1
slopes ___ 423 0.2 || 451D2 Caleb loam, 9 to 14 percent slopes,
133 Colo silty clay loam, 0 to 2 moderately eroded _____________ 1,407 0.5
percent slopes —_______________ 3,125 1.1 451E2 Caleb loam, 14 to 18 percent slopes,
moderately eroded ____________ 5562 0.2




8 SOIL SURVEY

TABLE 1.—Acreage and proportionate extent of the soils—Continued

S};ﬁ?& 1 Soil name Acres | Percent syl\ilr?g)ol Soil name Acres | Percent
452C Lineville silt loam, 5 to 9 percent 822D Lamoni silty clay loam, 9 to 14
slopes - - emem 226 0.1 percent slopes —o— o ____ 495 0.2
592C2 Mystic silt loam, 5 to 9 percent 822D2 Lamoni silty clay loam, 9 to 14
slopes, moderately eroded ———___ 880 0.3 percent slopes, moderately
592D2 Mystic silt loam, 9 to 14 percent eroded -__ —— 539 0.2
slopes, moderately eroded 423 0.2 i 993D2 Gara-Armstrong loams, 9 to 14
792C Armstrong loam, 5 to 9 percent percent slopes, moderately
slopes —o—mo - 1,250 0.5 eroded ______ 6,860 2.5
792C2 Armstrong loam, 5 to 9 percent 993E2 Gara-Armstrong loams, 14 to 18
slopes, moderately eroded . 3,725 14 percent slopes, moderately
792D2 Armstrong loam, 9 to 14 percent eroded __ 248 0.1
slopes, moderately eroded —.____ 1,215 04 Water, Quarries, and Borrow
822C Lamoni silty clay loam, 5 to 9 areas 1,200 0.4
percent slopes . 404 0.1
822C2 Lamoni silty clay loam, 5 to 9 Total ___ _ 272,000 100.0
percent slopes, moderately
eroded - 2,975 1.1

loam. It has fine granular structure and is about 16
inches thick. The subsoil is a mottled brown and dark
reddish brown light clay that grades to a yellowish
brown, firm clay loam.

These soils are slowly permeable and have a mod-
erately high available water capacity. They have a
deep root zone, but root growth is slow in the clayey,
slowly permeable subsoil. The subsoil is very low in
available phosphorus and very low to low in available
po_t(‘ilssium. Unless limed, the surface layer is medium
acid.

Adair soils are suited to crops, but have severe limi-
tations. They produce good hay and pasture. They are
not too sloping for tillage but are limited by fertility
and the clayey subsoil.

Representative profile of Adair clay loam, 5t 9
percent slopes, 2,505 feet north and 165 feet west of
the southeast corner of sec. 32, T. 71 N., R. 30 W. on a
southeast facing slope of 6 percent:

Ap—O0 to 6 inches; very dark gray (10YR 3/1)
light clay loam; moderate fine subangu-
lar blocky structure parting to weak fine
granular; friable; few large root chan-
nels and worm holes; medium acid;
clear smooth boundary.

A12—6 to 11 inches; very dark gray (10YR 3/1)
light clay loam that has few very dark
grayish brown (10YR 3/2) peds; weak
very fine subangular blocky structure
parting to weak very fine granular; fri-
able; few medium sand grains; few root
channels and worm holes; medium acid;
gradual smooth boundary.

A3—11 to 16 inches; very dark gray (10YR 3/1)
medium clay loam with many peds of
very dark brown (7.5YR 3/2); weak
very fine subangular blocky structure;
friable; few root channels and worm
holes; medium acid; gradual smooth
boundary.

IIB21t—16 to 26 inches; mottled brown (7.5YR
4/4) and dark reddish brown (5YR 3/4)

light clay; few fine dark grayish brown
(10YR 4/2) mottles; fine and medium
subangular blocky structure; very firm;
few very fine pores filled with clay; thin
or medium continuous clay films; few
brown (10YR 4/3) and very dark brown
(10YR 3/2) coatings on peds; common
fine pebbles in upper part of horizon;
medium acid ; gradual smooth boundary.

1IB22t——-26 to 35 inches; dark yellowish brown

(10YR 4/4) light clay; many fine dis-
tinct yellowish brown (10YR 5/6 and
5/8) mottles and few fine distinct dark
reddish brown (5YR 3/4) mottles; mod-
erate medium subangular blocky struc-
ture; very firm; thin or medium
discontinuous clay films; few brown
(10YR 4/3) coatings on peds; few fine
pores; common fine pebbles; few fine
dark bodies; slightly acid; gradual
smooth boundary.

IIB31t—35 to 48 inches; dark yellowish brown

(10YR 4/4) clay loam; many fine and
medium  distinet  yellowish  brown
(10YR 5/6) and grayish brown (2.5Y
5/2) mottles; weak medium prismatic
structure parting to moderate medium
subangular blocky; very firm; few thin
discontinuous brown (7.5YR 4/2) clay
films; some dark stains in root chan-
nels; neutral; gradual smooth bound-

ary.
1IB32t—48 to 60 inches; yellowish brown (10YR

5/6) light clay loam; many medium dis-
tinct light brownish gray (10YR 6/2)
mottles; weak medium prismatic struc-
ture parting to weak medium angular
blocky; firm; few thin discontinuous
grayish brown (10YR 5/2) clay films on
vertical cleavage faces; common fine
dark bodies ; neutral.

The A horizon ranges from black (10YR 2/1) to
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very dark gray (10YR 3/1). It is dominantly clay
loam, but the range includes silt loam. The A horizon
ranges from medium acid to slightly acid.

The IIB2t horizon ranges from clay loam to clay and
from strongly to slightly acid.

The moderately eroded units of Adair clay loam and
Adair-Shelby clay loams are outside the defined range
for the series because they lack a mollic epipedon. This
difference, however, does not alter the use and be-
havior of the soils.

Adair soils are associated on the landscape with
Sharpsburg, Grundy, and Shelby soils. They formed in
parent material similar to that of Armstrong and
Keswick soils. They have more clay in the B horizon
than Sharpsburg, Grundy, and Shelby soils. They have
a thicker A horizon than Armstrong and Keswick
soils.

192C—Adair clay loam, 5 to 9 percent slopes. This
moderately sloping soil is on side slopes and ridges. It
oceurs as long, narrow and irregularly shaped bands in
the uplands. The profile is the one described as repre-
sentative of the series.

Included with this soil in mapping are small areas
of Shelby, Clarinda, and Lineville soils. Also included
are small eroded areas, which are identified by spot
symbols on the soil map.

This Adair soil is suited to cultivated row crops, but
it is susceptible to erosion. Erosion control is needed
if it is used for row crops. The organic-matter content
is 2 to 4 percent. Capability unit I1Te—4.

192C2—Adair clay loam, 5 to 9 percent slopes, mod-
erately eroded. This moderately sloping soil is on side
slopes above Shelby soils or extending ridges below
soils formed in loess. It occurs as long, narrow and
irregularly shaped areas. It has a profile similar to the
one described as representative of the series, but the
surface layer is thinner.

Included with this soil in mapping are small areas
of Shelby, Clarinda, and Lineville soils. Also included
are small eroded areas, which are identified by spot
symbols on the soil map.

This Adair soil is suited to cultivated row crops, but
it is susceptible to further erosion. If it is used for row
crops, erosion control is needed to prevent further ero-
sion and gully formation. The organic-matter content
is 2 to 4 percent. Capability unit I1Te—4.

192D2—Adair clay loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping soil is on
narrow side slopes or long ridges. It has a profile
similar to the one described as representative of the
series, but the surface layer is thinner.

Included with this soil in mapping are small areas
of Shelby and Sharpsburg soils. Also included are
severely eroded areas, which are identified by spot sym-
bols on the soil map.

This Adair soil is better suited to hay and pasture
than to row crops because it is susceptible to further
erosion. Occasionally it can be row cropped. It is row
cropped if it occurs in fields with better suited soils.
Erosion control, such as seeding, terraces, and inter-
ceptor tile, is essential. The organic-matter content is
2 to 4 percent. Capability unit IVe-4,

93D—Adair-Shelby clay loams, 9 to 14 percent
slopes. This strongly sloping map unit is on side

slopes. It is 50 percent Adair soil and 40 percent Shelby
soil. Areas are irregular in size and shape.

Included with this unit in mapping are small areas
of Gara, Clarinda, and Lamoni soils. Gara soils are
on the lower parts of slopes, and Clarinda and Lamoni
soils are on the upper parts.

This map unit is generally better suited to pas-
ture and hay than to cultivated crops. It is susceptible
to erosion. Erosion control is needed. The organic-
matter content is 2 to 4 percent. Capability unit IVe—4.

93D2—Adair-Shelby clay loams, 9 to 14 percent
slopes, moderately eroded. This strongly sloping map
unit is on side slopes. It is 50 percent Adair soil
and 40 percent Shelby soil. It occurs in almost all parts
of the county. Areas are irregular in size and shape.
The clay loam surface layer is less than 7 inches thick.

Included with this unit in mapping are small areas
of Gara, Clarinda, and Lamoni soils. Gara soils are on
the lower parts of slopes, and Clarinda and Lamoni
soils are on the upper parts.

This map unit is generally better suited to pas-
ture and hay than to cultivated crops. It is susceptible
to further erosion. Erosion control is needed. The
organic-matter content is 2 to 4 percent. Capability
unit IVe—4,

93E2—Adair-Shelby clay loams, 14 to 18 percent
slopes, moderately eroded. This moderately steep map
unit is on side slopes. It is 50 percent Adair soils
and 40 percent Shelby soils. The clay loam surface
layer is less than 7 inches thick. Included in mapping
are small areas of Gara and Armstrong soils.

This map unit is generally better suited to hay
and pasture than to cultivated crops. It is susceptible
to erosion because of the moderately steep slopes. The
organic-matter content is 2 to 4 percent. Capability
unit VIe-2,

Arispe Series

The Arispe series consists of moderately well
drained and somewhat poorly drained soils. These
moderately sloping soils are on short side slopes. They
formed in loess under native vegetation of prairie
grasses. Slopes are 5 to 9 percent.

In a representative profile the surface layer is black,
friable silty clay loam about 7 inches thick. The subsoil
is silty clay loam that extends to a depth of 48 inches.
The upper 6 inches is very dark gray and friable, the
next 10 inches is dark grayish brown and firm, and the
lower 25 inches is grayish brown and firm. The sub-
stratum is grayish brown, friable silty clay loam mot-
tled with strong brown.

Arispe soils have moderately slow permeability and
high available water capacity. The available subsoil
phosphorus is very low to low, and available subsoil
potassium is low to medium. Unless limed, these soils
are slightly acid in the surface layer.

The Arispe soils are used primarily for row crops.
The major limitation is erosion.

Representative profile of Arispe silty clay loam, 5 to
9 percent slopes, 360 feet east and 2,390 feet north of
the southwest corner of sec. 31, T. 71 N., R. 28 W.

Ap—0 to 7 inches; black (10YR 2/1) light silty
clay loam; dark gray (10YR 4/1) dry;
weak fine subangular blocky structure
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parting to moderate fine granular; fri-
able; many roots; slightly acid; clear
smooth boundary.

B1—7 to 13 inches; very dark gray (10YR 3/1)
medium silty clay loam; very dark gray-
ish brown (10YR 8/2) crushed; moder-
ate and strong very fine subangular
blocky structure; friable; medium acid;
clear smooth boundary.

B21t—13 to 18 inches; dark grayish brown
(10YR 4/2) medium silty clay loam;
many fine distinct yellowish brown
(10YR 5/4) and olive brown (2.5Y 4/4)
mottles; strong very fine subangular
blocky structure; firm; thin discontinous
clay films; few black (10YR 2/1) coat-
ings on faces of peds; slightly acid; clear
smooth boundary.

B22t—18 to 23 inches; dark grayish brown (2.5Y
4/2) heavy silty clay loam; common fine
distinct yellowish brown (10YR 5/6)
mottles; strong fine and very fine sub-
angular blocky structure; firm; continu-
ous very dark (10YR 8/1) and dark gray
(10YR 4/1) clay films; few dark bodies;
slightly acid; clear smooth boundary.

B23t—23 to 29 inches; grayish brown (2.5Y 5/2)
silty clay loam; common fine distinct
strong brown (7.5YR 5/6) and yellowish
brown (10YR 5/6) mottles; weak me-
dium prismatic structure parting to
moderate fine and very fine subangular
blocky; firm; discontinuous very dark
gray (10YR 3/1) and gray (10YR 4/1)
clay films; common dark bodies; slightly
acid; gradual smooth boundary.

B31t—29 to 34 inches; grayish brown (2.5Y 5/2)
silty clay loam; common fine reddish
brown (YR 4/4) and yellowish brown
(10YR 5/6) mottles; moderate medium
prismatic structure parting to moderate
medium subangular blocky; firm; dis-
continuous dark gray (10YR 4/1) clay
films on vertical faces of peds; few dark
oxides: slightly acid; gradual smooth
boundary.

B32t—34 to 40 inches; grayish brown (2.5Y 5/2)
silty clay loam; common fine yellowish
brown (10YR 5/6 and 5/8) mottles;
moderate medium and fine prismatic
structure; firm; discontinuous gray
(10YR 5/1) clay films on vertical cleav-
age faces; few dark bodies; slightly acid;
gradual smooth boundary.

B33t—40 to 48 inches; grayish brown (2.5Y 5/2)
light silty clay loam; common fine and
medium strong brown (7.5YR 5/6) mot-
tles; massive with some vertical cleavage
faces; friable; thin discontinuous clay
films on vertical cleavage faces; few fine
dark bodies; neutral; gradual smooth
boundary.

C—48 to 60 inches; grayish brown (2.5Y 5/2)
light silty clay loam; common fine and
medium strong brown (7.5YR 5/6) mot-

tles; massive; friable; few fine dark
bodies; neutral.

The Ap horizon ranges from heavy silt loam to light
silty clay loam. It is 6 to 10 inches thick.

Arispe soils are associated on the landscape with
Grundy and Clarinda soils, They formed in parent
material similar to that of Grundy soils. Arispe soils
ha;lfe a less clayey B horizon than Clarinda and Grundy
soils.

23C—Arispe silty clay loam, 5 to 9 percent slopes.
This moderately sloping soil is on side slopes in the
southeastern part of the county. Individual areas vary
in size and shape. Included with this soil in mapping
are small areas of more eroded Arispe soils.

This Arispe soil is well suited to row crops, but it is
susceptible to erosion. The organic-matter content is
2 to 4 percent. Capability unit IITe-1.

Armstrong Series

The Armstrong series consists of upland soils formed
in weathered glacial till. These soils are moderately
well drained to somewhat poorly drained. They are on
narrow convex ridges and upper side slopes. Slopes are
? to 18 percent. The native vegetation was grass and

rees,

The surface layer is very dark gray, friable loam.
It has a fine granular structure and is about 6 inches
thick. The subsurface layer is dark grayish brown,
friable loam about 4 inches thick. It has medium platy
structure parting to fine subangular blocky. The sub-
soil extends to a depth of 60 inches or more. It is dark
yellowish brown and brown clay loam in the upper
part; brown, strong brown, grayish brown, yellowish
red, and light brownish gray light clay in the next
part; and mottled strong brown, light brownish gray,
and yellowish brown clay loam with light gray mottles
in the lower part.

Armstrong soils have slow permeability and a mod-
erately high available water capacity. The subsoil is
very low in available phosphorus and potassium. Unless
limed, the surface layer is generally slightly to medium
acid.

Armstrong soils are suited to crops, but have severe
limitations. They are highly susceptible to erosion
where used for row crops. They produce good hay and
pasture, but they are limited by fertility and the clayey
subsoil.

Representative profile of Armstrong loam, 5 to 9
percent slopes, 330 feet east and 470 feet north of the
southwest corner of sec. 7, T. 73 N,, R. 28 W, on a
narrow 7 percent ridge:

Ap—O0 to 6 inches; very dark gray (10YR 3/1)
loam; dark gray (10YR 4/1) dry; mix-
ing of brown (10YR 4/3) ; weak cloddy
structure breaking to weak fine granu-
lar; friable; slightly acid; abrupt smooth
boundary.

A2 6 to 10 inches; dark grayish brown (10YR
4/2) loam; about 10 percent very dark
grayish brown (10YR 3/2); grayish
brown (10YR 5/2) and light brownish
gray (10YR 6/2) dry; moderate medium
platy structure breaking to moderate fine
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subangular blocky; friable; medium
acid; clear smooth boundary.

B1—10 to 15 inches; dark yellowish brown (10
YR 4/4) light clay loam; few fine faint
yellowish brown (10YR 5/6) mottles;
weak fine subangular blocky structure;
friable; very dark gray (10YR 3/1)
stains on some peds; strongly acid; clear
smooth boundary.

B21t—15 to 18 inches; brown (7.5YR 4/4)
medium clay loam; few fine distinct
reddish brown (5YR 4/4) and yellowish
red (5YR 4/6) mottles; moderate fine
subangular blocky structure; firm; very
dark gray (10YR 3/1) stains on some
peds; few thin discontinuous clay films;
few small pebbles; strongly acid; grad-
ual smooth boundary.

I1B22t—18 to 24 inches; mottled brown (7.5YR
4/4), strong brown (7.5YR 5/6), grayish
brown (10YR 5/2), and yellowish red
(5YR 5/6) light clay; moderate and
strong fine subangular blocky structure:
firm; few dark bodies; few fine pebbles;
thick continuous clay films on peds; very
strongly acid; gradual smooth boundary.

IIB23t—24 to 31 inches; mottled strong brown
(7.5YR 5/6) and light brownish gray
(10YR 6/2) light clay; few fine brown
(7.5YR 4/4) mottles; moderate fine sub-
angular blocky structure; firm; few dark
bodies; few fine pebbles; thick continu-
ous clay films; 'strongly acid; gradual
smooth boundary.

IIB24t—31 to 43 inches: mottled strong brown
(7.5YR 5/6) and light brownish gray
(10YR 6/2) heavy clay loam; moderate
prismatic structure breaking to weak
fine medium subangular blocky; very
firm; few dark bodies; thin discontinu-
ous clay films on peds; common pebbles;
strongly acid; gradual smooth boundary.

ITB3t—43 to 60 inches; yellowish brown (10YR
5/6) clay loam; common fine and medium
distinct light gray (10YR 6/1) mottles;
weak medium prismatic structure break-
ing to weak medium subangular blocky ;
firm; clay flows in some channels;
common fine dark bodies; few pebbles;
medium acid.

The Ap horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2).

The A2 horizon is dark grayish brown (10YR 4/2),
very dark grayish brown (10YR 8/2), or brown
(10YR 5/3). It is 3 to 6 inches thick and is medium to
slightly acid.

The 1IB2t horizon is mottled brown (7.5YR 4/4),
strong brown (7.5YR 5/6), grayish brown (10YR
5/2), and yellowish red (5YR 5/6). It ranges from
heavy clay loam to light clay and from very strongly
acid to medium acid.

Armstrong soils are associated on the landscape
with Pershing and Gara soils. They formed in parent
material similar to that of Keswick and Adair soils.
They have a thicker A1l horizon than Keswick soils

and a thinner A1 horizon than Adair soils. They have
more sand than the loess-derived Pershing soils and a
more clayey B horizon than Gara soils.

792C—Armstrong loam, 5 to 9 percent slopes. This
moderately sloping soil is on narrow ridges and upper
side slopes. It occurs as long, narrow, and irregularly
shaped bands in the uplands. The profile is the one
described as representative of the series.

Included with this soil in mapping are small areas
of Gara and Keswick soils. Some large areas of less
clayey glacial till soils are identified by spot symbols
on the soil map.

This soil is moderately well suited to row crops, but
it is susceptible to erosion. Most areas are in timber
pasture. Some are used for pasture and hay. A small
acreage is in crops. The organic-matter content is 2 to
4 percent. Capability unit ITle-4.

792C2—Armstrong loam, 5 to 9 percent slopes, mod-
erately eroded. This moderately sloping soil is on nar-
row ridges and upper side slopes. It occurs as long,
narrow, and irregularly shaped areas. It has a profile
similar to the one described as representative of the
series, but the surface layer is thinner.

Included with this soil in mapping are small areas
of Gara and Keswick soils. Some large areas of less
clayey glacial till soils are identified by spot symbols
on the soil map.

This soil is moderately well suited to row crops, but
it is susceptible to erosion. Most areas have been
cleared. Organic-matter content is less than one per-
cent, Capability unit I1Te—4.

792D2—Armstrong loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping soil is on side
slopes. It occurs as long, narrow, and irregularly
shaped areas. It has a profile similar to the one de-
scribed as representative of the series, but the surface
layer is thinner. Included with this soil in mapping
are small areas of Gara and Armstrong soils that are
either less eroded or more severely eroded.

This soil is not well suited to row crops but is mod-
erately well suited to pasture. It is susceptible to ero-
sion. The organic-matter content is less than 1 percent.
Capability unit IVe—4.

Belinda Series

The Belinda series consists of poorly drained soils.
These nearly level soils are on high and medium high
benches. They formed in loess under a native vegeta-
tion of prairie grass and trees. Slopes are 0 to 2 per-
cent.

In a representative profile the surface layer is very
dark gray silt loam about 7 inches thick. The subsur-
face layer is grayish brown and light grayish brown
silt loam about 11 inches thick. The subsoil, to a depth
of 80 inches, is dark gray silty clay in the upper part,
grayish brown and light brownish gray silty clay in
the next part, and mottled gray and yellowish brown
silty clay loam in the lower part.

Belinda soils have very slow permeability and a mod-
erately high available water capacity. The subsoil is
low in available phosphorus and very low in available
potassium. Unless limed, the surface layer is generally
medium acid.
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Belinda soils are used primarily for cultivated crops
and hay. The major hazard for crops is wetness.

Representative profile of Belinda silt loam, benches,
0 to 2 percent slopes, 1,850 feet west and 1,150 feet
north of southeast corner of sec. 26, T. 71 N, R. 28
W. in a bluegrass pasture:

Ap—oO0 to 7 inches; very dark gray (10YR 3/1)
silt loam; grayish brown (10YR 5/2)
dry; weak very thin platy structure part-
ing to weak very fine granular; friable;
medium acid; abrupt smooth boundary.

A21—7 to 10 inches; grayish brown (10YR 5/2)
silt loam; light gray (10YR 7/3) dry;
moderate medium platy structure; few
fine faint yellowish brown (10YR 5/4)
mottles; friable; medium acid; clear
smooth boundary.

A22__10 to 14 inches; grayish brown (10YR 5/2)
silt loam: light gray (10YR 7/2) dry;
few fine faint yellowish brown (10YR
5/4) mottles; weak very thin platy struc-
ture; friable; medium acid; clear smooth
boundary.

A93—14 to 18 inches; grayish brown (2.5Y 5/2)
and light brownish gray (2.5Y 6/2) silt
loam; light gray (10YR 7/2) dry; weak
medium platy structure parting to weak
fine subangular blocky; friable; medium
acid; abrupt smooth boundary.

AB--18 to 20 inches; dark grayish brown (10YR
4/2) silty clay loam; common medium
distinct yellowish brown (10YR 5/6 and
5/8) mottles; moderate fine subangular
blocky structure; firm; nearly continuous
grayish brown (10YR 5/2) coatings on
peds; strongly acid; clear smooth bound-

ary.

B21t—20 to 27 inches; dark gray (10YR 4/1)
silty clay; common medium distinct
yellowish brown (10YR 5/6 and 5/8) and
few fine distinet brown (7.5YR 4/4)
mottles; strong fine and very fine sub-
angular blocky structure; firm; thick
nearly continuous very dark gray (10YR
3/1) clay films on peds; few fine dark
bodies; strongly acid; gradual smooth
boundary.

B22t—27 to 35 inches; grayish brown (10YR
5/2) silty clay; common medium distinct
yellowish brown (10YR 5/6 and 5/8) and
few fine distinct brown (7.5YR 4/4)
mottles: strong fine subangular blocky
structure; very firm; thin discontinuous
dark grayish brown (10YR 4/2) clay
films on peds; few fine dark bodies;
strongly acid; gradual smooth boundary.

B23t—35 to 43 inches; light brownish gray
(10YR 6/2) silty clay; common medium
distinct yellowish brown (10YR 5/6
and 5/8) and few fine distinct brown
(7.5YR 4/4) mottles; weak fine pris-
matic structure parting to moderate fine
subangular blocky; firm; thin discontin-
wous grayish brown (2.5Y 5/2) clay

films on peds; few fine dark bodies;
medium acid; gradual smooth boundary.

B31t—43 to 51 inches; mottled gray (5Y 5/1)
and yellowish brown (10YR 5/4, 5/6,
and 5/8) silty eclay loam; common
medium brown (7.5YR 4/4) mottles;
weak medium prismatic structure; dark
gray (10YR 4/1) thin discontinuous clay
films; medium acid; gradual smooth
boundary.

B32t—51 to 80 inches; mottled gray (5Y 5/1)
and yellowish brown (10YR 5/4, 5/6,
and 5/8) silty clay loam; few fine brown
(7.5YR 4/4) mottles; weak medium
prismatic structure; firm; few thin dark
gray (10YR 4/1) discontinuous clay
films; medium acid.

The Ap horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2).

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to light brownish gray (2.5Y 6/2). It is
6 to 14 inches thick.

The B2t horizon ranges from very dark gray (10YR
3/1) to grayish brown (2.5Y 5/2) and light brownish
gray (10YR 6/2). It is 18 to 25 inches thick and ranges
from strongly acid to slightly acid.

The Belinda soils are associated on the landscape
with Weller soils and formed in similar parent mate-
rials. They have a thicker A2 horizon than those soils.

T130—Belinda silt loam, benches, 0 to 2 percent
slopes. This nearly level soil is on low, loess-covered
benches near the major streams. It is underlain by
loamy or sandy alluvial sediments at a depth of 8 to 10
feet. Areas range from 4 to 40 acres in size and are
irregular in shape. Included with this soil in mapping
are small areas of Weller soils.

This Belinda soil is suited to row crops because it is
level. It is susceptible to problems caused by wetness
and poor drainage. Shallow surface ditches remove
excess water and improve drainage. The high clay
content of the subsoil limits effective use of tile lines.
The organic-matter content is 1 to 4 percent. The
potential is low for landfill and sewage lagoon sites
because of the danger of ground water pollution.
Capability unit IITw-2.

Caleb Series

The Caleb series consists of moderately well drained
soils. These moderately sloping to moderately steep
soils are on high upland benches in small areas along
the major streams in the county. They formed in
water-sorted glacial sediments deposited as alluvium
during an earlier geologic period. The native vegetation
was grasses and trees. Slopes are 5 to 18 percent.

In a representative profile the surface layer is very
dark gray loam about 6 inches thick. The subsurface
layer is brown loam about 2 inches thick. The subsoil
extends to a depth of 72 inches. It is brown, firm loam
or light clay loam in the upper part; brown and grayish
brown firm clay loam in the next part; and brown
and yellowish brown friable sandy loam and sandy
clay loam in the lower part.

Caleb soils have moderately slow to slow permeabil-
ity and have a moderate available water capacity.
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The subsoil is very low in available phosphorus and
is very low in available potassium. The surface layer
is medium acid, and the subsoil is strongly acid.

The Caleb soils are used primarily for crops and
pasture. The major limitations are erosion and rapid
runoft.

Representative profile of Caleb loam, 9 to 14 percent
slopes, moderately eroded, 610 feet north and 1,480
feet east of southwest corner of sec. 3, T. 71 N., R.
29 W.

Ap—O0 to 6 inches; very dark gray (10YR 3/1)
loam; grayish brown (10YR 5/2) dry;
weak fine granular structure; friable;
medium acid; abrupt smooth boundary.

A2—6 to 8 inches; brown (10YR 4/3) loam;
weak coarse platy structure parting to
moderate fine subangular blocky; fria-
ble; discontinuous light gray (10YR
7/2) dry silt and fine sand coatings on
faces of peds; very strongly acid; clear
smooth boundary.

B1—8 to 14 inches; brown (10YR 4/3) loam;
strong fine and medium subangular
blocky structure; firm; nearly continuous
light gray (10YR 7/2) dry silt and fine
sand coatings on faces of peds; strongly
acid; clear smooth boundary.

B21t—14 to 20 inches; brown (10YR 4/3) clay
loam; few fine faint yellowish brown
(10YR 5/6) mottles; strong medium
subangular blocky structure; firm; con-
tinuous light gray (10YR 7/2) dry silt
and fine sand coatings on faces of peds;
few clay films on faces of peds; very
strongly acid; clear smooth boundary.

B22t—20 to 32 inches; brown (10YR 4/3) clay
loam; few fine faint yellowish brown
(10YR 5/6 and 5/8) mottles; strong
medium prismatic structure parting to
strong fine angular and subangular
blocky; firm; thick discontinuous dark
brown (7.5YR 3/2) clay films on ped
faces; roots confined mainly along faces
of peds; medium acid; gradual smooth
boundary.

B23t—32 to 41 inches; mottled grayish brown
(10YR 5/2) and brown (10YR 4/3)
Joam ; strong medium prismatic structure
parting to moderate medium subangular
blocky; firm; thick patchy dark brown
(7.5YR 3/2) clay films in upper part and
few patchy clay films on ped faces and
in root channels; medium acid; gradual
smooth boundary. ’

B31t—41 to 47 inches; yellowish brown (10YR
5/4) light sandy clay loam ; few fine faint
yellowish brown (10YR 5/6 and 5/8) and
pale brown (10YR 6/3) mottles; weak
coarse prismatic structure; friable; thin
clay films on horizontal ped faces;
slightly acid; gradual smooth boundary.

B32—47 to 72 inches; brown (10YR 5/3) sandy
loam ; common fine faint yellowish brown
(10YR 5/6 and 5/8) and light brownish
gray (10YR 6/2) mottles; weak coarse

prismatic structure; friable; few thin
discontinuous grayish brown (10YR
5/2) clay films on faces of prisms and in
old channels; slightly acid; a 2-inch
strata of coarse sand is at a depth of
57 inches,

The Ap horizon ranges from very dark gray (10
YR 8/1) to very dark grayish brown (10YR 3/2). It
is dominantly loam but includes silt loam.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to brown (10YR 5/3). It is silt loam to
light clay loam.

The B2t horizon ranges from brown (10YR 4/3) to
yellowish brown (10YR 5/6). It ranges from clay loam
to sandy clay loam in the upper part to coarser
materials below a depth of 3 feet.

Caleb soils are associated on the landscape with
Mystic and Gara soils. They have more sand in the
lower B horizon than Gara soils and have less clay in
the B horizon than Mystic soils.

451C2—Caleb loam, 5 to 9 percent slopes, moder-
ately eroded. This moderately sloping soil is on side
slopes of high benches near major streams and tri-
butaries. Areas are irregular in shape and size.

This soil has a profile similar to the one described as
representative of the series, but the surface layer is
thinner.

Included with this soil in mapping are small areas
of Gara, Armstrong, and Mystic soils. Also included
are small areas of sand and small severely eroded
areas, which are identified by spot symbols on the soil
map.

This Caleb soil is suited to row crops if erosion is
controlled and fertility maintained. It is susceptible
to erosion. Small gullies develop easily. The organic-
?Il?tt%r content is less than 1 percent. Capability unit

e-b,

451D2—Caleb loam, 9 to 14 percent slopes, mod-
erately eroded. This strongly sloping soil is on side
slopes of high benches near major streams and tri-
butaries and on short side slopes near stream bhottoms.
Areas are irregular in size and shape. Most areas are
Iong and narrow.

This soil has a profile similar to the one described
for the series, but the surface layer is very dark grayish
brown loam 3 to 6 inches thick. Erosion has removed
part of the original surface layer, and plowing has
mixed what is left of this layer with the material
from the subsoil. The present plow layer is gray or
grayish brown when dry.

Included with this soil in mapping are small areas
of adjacent soils and some areas that are more sandy
than is typical. These spots are identified by spot
symbols on the soil map if they are significant in
management,

This soil is suited to row crops, but runoff is rapid
and the loamy surface erodes readily if vegetation is
sparse. It has no limitations for pasture, but small
gullies develop in overgrazed spots. Individual areas are
managed with other units. If erosion is controlled, this
soil can be row cropped occasionally. The organic-
{natter content is less than 1 percent. Capability unit

Ve-3.

451E2—Caleb loam, 14 to 18 percent slopes, mod-

erately eroded. This moderately steep soil is on side
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slopes of high benches near major streams and tri-
butaries. Areas are irregular in size and shape. This
soil has a profile similar to the one described as rep-
resentative of the series, but the surface layer is very
dark grayish brown.

Included with this soil in mapping are small areas
of Gara, Armstrong, and Mystic soils; a few areas
of less sloping soils; and small areas of soils that are
either more eroded or less eroded. Also included, if
significant in management, are spots of sand which
are identified by spot symbols on the soil map. Some
areas of severely eroded soils are also indicated by spot
symbols on the soil map.

This Caleb soil is better suited to hay and pasture
than to cultivated crops. It is susceptible to erosion.
There is moderate limitation for pasture. Erosion
control is needed. The organic-matter content is less
than 1 percent. Capability unit VIe-1.

Clarinda Series

The Clarinda series consists of very poorly drained
soils. These moderately sloping to strongly sloping soils
are on short side slopes or around heads of drainage-
ways. They formed in highly weathered glacial till
under a native vegetation of water tolerant prairie
grasses. Slopes are 5 to 14 percent.

In a representative profile the surface layer is very
dark gray, friable silty clay loam and silty clay about
14 inches thick. The subsoil extends to a depth of 65
inches or more. It is dark gray, firm silty clay in the
upper part and gray, very firm silty clay in the middle
and lower part. This very sticky, gray clayey material
is commonly known as “gumbotil.”

Clarinda soils have very slow permeability and a
high available water capacity. The subsoil is low in
available phosphorus and low to medium in_available
potassium. The surface layer is medium acid, and the
subsoil is strongly acid.

Clarinda soils are used primarily for hay and pas-
ture. Some areas are cultivated with more suitable
adjacent soils. The major limitation is wetness caused
by seepiness at the contact of the Clarinda soils and
the soils upslope. The soils are also subject to erosion.

Representative profile of Clarinda silty clay loam,
9 to 14 percent slopes, 2,070 feet north and 150 feet
west of southeast corner of sec. 13, T. 72 N., R. 31 W.
on a northeast facing slope of 10 percent:

Ap—oO0 to 7 inches; very dark gray (10YR 3/1)
heavy silty clay loam; fine granular and
very fine subangular blocky structure;
friable; strongly acid; clear smooth
boundary.

A3—7 to 14 inches; very dark gray (10YR 3/1)
silty clay; moderate fine subangular
blocky structure; friable; medium acid;
clear smooth boundary.

IIB1t—14 to 20 inches; dark gray (10YR 4/1)
silty clay; few fine distinct brown (7.5
YR 4/4) mottles; moderate fine sub-
angular blocky structure; firm; common
thick discontinuous very dark gray (10
YR 3/1) clay films; strongly acid; grad-
ual smooth boundary.

IIB21t—20 to 33 inches; gray (5Y 5/1) silty clay;

few fine distinet brown (7.5YR 4/4)
mottles; weak medium subangular
blocky structure; very firm; thick con-
tinuous gray clay films on peds; common
fine white sand grains; medium acid;
gradual smooth boundary.

1IB22t—33 to 48 inches; gray (5Y 5/1) silty clay;
few fine distinct yellowish brown (10YR
5/6 and 5/8) mottles; weak medium
prismatic structure parting to coarse
subangular blocky; very firm; thick con-
tinuous gray clay films; few white sand
grains; medium acid; gradual smooth
boundary.

IIB23t—48 to 65 inches; gray (5Y 5/1) silty clay;
few fine distinct yellowish brown (10YR
5/6 and 5/8) mottles; weak medium
prismatic structure parting to coarse
subangular blocky; very firm; thick
continuous gray clay films; some dark
organic films on peds and in channels
and crevices; few fine white sand grains;
medium acid.

The A horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1). It is dominantly silty
clay loam, but the range includes silt loam. The A
horizon ranges from strongly acid to medium acid.

The IIB horizon ranges from silty clay to clay. 1t
is slightly to strongly acid. The moderately eroded
units of Clarinda are outside the range defined for
the Clarinda series because they lack a mollic epipedon.
This difference, however, does mnot alter use and
behavior.

Clarinda soils are associated on the landscape with
Clearfield and Lamoni soils. They have a thicker gray,
clayey B horizon than Lamoni and Clearfield soils.

222C—Clarinda silty clay loam, 5 10 9 percent slopes.
This moderately sloping soil is on shoulders of uplands
and in bands around the heads of drainageways. It
occurs as long, irregularly shaped areas. Some areas
are large.

Included with this soil in mapping are small areas
of Clearfield and Lamoni soils. Also included are some
more severely eroded areas.

This Clarinda soil is better suited to hay and pasture
than to cultivated crops. It is susceptible to wetness
and erosion. Erosion control is needed in cultivated
areas. The organic-matter content is 2 to 4 percent.
Capability unit IVw-1.

222C2—Clarinda silty elay loam, 5 to 9 percent
slopes, moderately eroded. This moderately sloping soil
is on shoulders and in heads of drainageways in the
uplands. It occurs as long, narrow, and irregularly
shaped areas. It has a profile similar to the one de-
scribed as representative of the series, but the surface
layer is thinner, about 6 inches thick.

Included with this soil in mapping are small areas
of Clearfield and Nira soils, Also included are less
clayey soils that are identified by spot symbols on the
soil map if the areas are large enough. Because the
surface layer has been mixed with the clay subsoil in
many places by plowing, it is more clayey than the one
described for the series.

This Clarinda soil is better suited to hay and pasture
than to cultivated crops. It is susceptible to wetness
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and erosion. Erosion control is needed in cultivated
areas. The organic-matter content is 2 to 4 percent.
Capability unit IVw-1.

222D—Clarinda silty clay loam, 9 to 14 percent
slopes. This strongly sloping upland soil is in narrow
bands on the shoulders of side slopes and extends
around the heads of drainageways. Areas range from
long and narrow to short and wide, covering the entire
slope. Areas are generally small. The profile of this
soil is the one described as representative of the series.

Included with this soil in mapping are some small
areas of Lamoni and Adair soils that are identified by
spot symbols on the soil map. Generally these areas are
dominantly Lamoni soil. Also included are some eroded
areas, which are also identified by spot symbols on
the soil map.

This Clarinda soil is better suited to hay and pasture
than to row crops. It is susceptible to erosion. Runoff
is excessive because slopes are strong and the subsoil
is very slowly permeable. Erosion control practices and
interceptor tile are needed upslope. The organic-matter
content is 2 to 4 percent. Capability unit IVe—4.

222D2—Clarinda silty clay loam, 9 to 14 perecent
slopes, moderately eroded. This strongly sloping soil is
in narrow bands at the heads of drainageways and
extends to the shoulders of the side slopes. Areas vary
in size and shape but are generally small. This soil
has a profile similar to the one described as representa-
tive of the series, but the surface layer is thinner, about
6 inches thick.

Included with this soil in mapping are small areas
of Lamoni and Adair soils. Generally these areas are
dominantly Lamoni soil. Also included are small
eroded areas, which are identified by spot symbols on
the soil map.

This Clarinda soil is better suited to hay and pasture
than to cultivated crops. It is susceptible to further
erosion and is hard to manage because of the clayey
subsoil and the strong slopes. Erosion control and inter-
ceptor tile are needed upslope to prevent seepage and
erosion. The organic-matter content is 2 to 4 percent.
Capability unit I1Ve-4.

Clearfield Series

The Clearfield series consists of poorly drained to
somewhat poorly drained soils. These moderately slop-
ing soils are on side slopes and coves on uplands. They
formed in loess 3 to 6 feet thick over clayey glacial till,
under native vegetation of prairie grasses tolerant to
wetness. Slopes are 5 to 9 percent.

In a representative profile the surface layer is black
and very dark gray, friable silty clay loam about 17
inches thick. The subsoil extends to a depth of 48
inches. It is dark gray, firm silty clay loam in the
upper part; olive gray, firm silty clay loam in the next
part; and light brownish gray to light gray, friable
silty clay loam in the lower part. The substratum is
dark gray to black, firm heavy silty clay loam that
grades to silty clay.

Clearfield soils have moderately slow permeability
and a high available water capacity. The subsoil is
low in available phosphorus and potassium. Unless
limed, the surface layer is generally slightly acid.

The Clearfield soils are used primarily for cultivated

crops. The major limitation is wetness.caused by drain-
age water, from areas of more permeable loess, which
moves laterally over the compact, very slowly perme-
able underlying clay layer.

Representative profile of Clearfield silty clay loam,
5 to 9 percent slopes, 1,440 feet south and 1,467 feet
east of northwest corner of sec. 21, T. 72 N., R. 30 W.
on a 6 percent west-facing slope:

Ap—0 to 7 inches; black (10YR 2/1) medium
silty clay loam; cloddy structure parting
to weak fine granular; friable; common
roots; slightly acid; abrupt smooth
boundary.

A12—T7 to 13 inches; black (10YR 2/1) light silty
clay loam; moderate fine and very fine
subangular blocky structure; friable;
medium acid; clear smooth boundary.

A8—13 to 17 inches; very dark gray (10YR 3/1)
heavy silty clay loam; few fine faint
yellowish brown (10YR 5/4) mottles;
moderate very fine subangular blocky
structure; friable; medium acid; gradual
smooth boundary.

B21tg—17 to 25 inches; dark gray (10YR 4/1)
medium silty clay loam; dark grayish
brown (2.5Y 4/2) kneaded; many fine
distinet reddish brown (2.5YR 4/4)
mottles; weak medium subangular
blocky structure parting to fine sub-
angular blocky; firm; black (10YR 2/1)
coatings in root channels and pores; thin
discontinuous very dark gray clay films;
few dark bodies; slightly acid; gradual
smooth boundary.

B22tg—25 to 81 inches; olive gray {(5Y 5/2)
medium silty clay loam; common fine
distinet dark gray (10YR 4/1) mottles,
few fine distinect brown (7.5YR 4/4)
mottles, and few fine distinct yellowish
brown (10YR 5/6 and 5/8) mottles;
moderate medium subangular blocky
structure; firm; thin discontinuous clay
films; few dark bodies; medium acid;
gradual smooth boundary.

B23tg—31 to 39 inches; light brownish gray (5Y
5/1) light silty clay loam; many medium
distinct strong brown (7.5YR 5/6 and
5/8) mottles, common medium distinct
yellowish brown (10YR 5/6 and 5/8)
mottles, and few medium distinct gray
(10YR 5/1) mottles; weak medium pris-
matic structure parting to moderate
medium subangular blocky; friable; thin
discontinuous dark gray clay films on
faces of prisms; slightly acid; clear
smooth boundary.

B3—39 to 48 inches; light gray (5Y 6/1) light
silty clay loam; many medium distinct
yellowish brown (10YR 5/6 and 5/8)
mottles and common medium distinct
gray (10YR 5/1) mottles; weak medium
prismatic structure parting to weak fine
subangular blocky; friable; a concen-
trated area of dark bodies in the upper 4
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inches; slightly acid; abrupt smooth
boundary.

IIA1b—48 to 54 inches; dark gray (N 4/0)
medium silty clay loam; many fine prom-
inent brown (7.5YR 4/4) and yellowish
red (5YR 4/8) mottles; massive; firm;
strata less than 2 inches thick of light
gray (10YR 6/1) light silty clay loam
with few fine brownish yellow (10YR
6/6) mottles; medium acid; abrupt
smooth boundary.

IIT1A1b—54 to 64 inches; black (L0YR 2/1) heavy
silty clay loam; massive; firm; few
vertical cleavage faces; slightly acid;
gradual smooth boundary.

TIIA2b—64 to 71 inches; dark gray (10YR 4/ 1)
silty clay; few fine faint dark grayish
brown (10YR 4/2) mottles; massive;
firm; medium acid.

The A horizon ranges from black (N 2/0) to very
dark gray (10YR 3/1). It is 15 to 20 inches thick.

The B2t horizon ranges from dark gray (10YR 4/1)
to light brownish gray (2.5Y 6/2) and from strongly
acid to slightly acid.

The IIAb horizon ranges from black (N 2/0) to
dark gray (10YR 4/1) and from neutral to medium
acid.

Clearfield soils are associated on the landscape with
the Clarinda and Sharpsburg soils. They formed in
parent material similar to that of Nira soils. They have
less clay in the B horizon than Clarinda soils. They
have chroma mottles higher up in the B horizon than
Nira and Sharpsburg soils. The lower part of the solum
formed in a gray paleosol instead of the gray loess
typical of Nira soils.

69C—Clearfield silty clay loam, 5 to 9 percent slopes.
This moderately sloping soil is on side slopes of the
uplands. It generally occurs as broad areas near the
heads of waterways. Areas tend to be long and narrow
on the shoulders of side slopes.

Included with this soil in mapping are small areas
of better drained soils and small areas of the very
slowly permeable Clarinda soils. Significant spots of
the gray clay Clarinda soils are identified by spot
symbols on the soil map.

This Clearfield soil is suited to row crops, but in
many undrained areas it is in pasture. It is seepy and
susceptible to wetness. Runoff down the moderate
slopes makes the soil subject to erosion. The organic-
m?tter content is 4 to 6 percent. Capability unit
I1Tw-1.

Colo Series

The Colo series consists of poorly drained soils. These
nearly level to gently sloping soils are on foot slopes
and bottom lands. They formed in alluvium under
native vegetation of water-tolerant prairie grasses.
Slopes are 0 to 5 percent.

In a representative profile the surface layer is black
silty clay loam about 41 inches thick. The substratum
is very dark gray silty clay loam mottled with brown
and yellowish brown,

These soils have moderately slow permeability
and a high available water capacity. The subsoil is

medium in available phosphorus and potassium. Unless
limed, the surface layer is generally slightly acid.

Colo soils are used primarily for cultivated crops.
The major limitations for crops are wetness and flood-
ing of the bottom land.

Representative profile of Colo silty clay loam, 0 to
2 percent slopes, 210 feet east and 90 feet south of
northwest corner of sec. 2, T. 73 N., R. 29 W. in a
cornfield on the bottom land of the Thompson branch
of the Grand River:

Ap—O0 to 7 inches; black (10YR 2/1) light silty
clay loam; weak medium subangular
blocky structure parting to moderate fine
granular; friable; slightly acid; abrupt
smooth boundary.

A12—7 to 15 inches; black (10YR 2/1) light
silty clay loam; weak fine subangular
blocky structure; friable; slightly acid;
gradual smooth boundary.

A13—15 to 22 inches; black (10YR 2/1) silty
clay loam; moderate fine subangular
blocky structure; friable; slightly acid;
gradual smooth boundary.

A14—22 to 31 inches; black (10YR 2/1) silty
clay loam; moderate fine subangular
blocky structure; firm; few fine and very
fine dark bodies; slightly acid; diffuse
smooth boundary.

AC—31 to 41 inches; black (10YR 2/1) silty clay
loam; weak coarse prismatic structure
parting to moderate medium blocky;
firm; few fine and very fine dark bodies;
slightly acid; diffuse smooth boundary.

C1—A41 to 49 inches; very dark gray (10YR 3/1)
silty clay loam; weak coarse and medium
prismatic structure parting to weak
coarse blocky ; firm; common fine distinct
brown (7.5YR 4/4) mottles; few fine
and very fine dark bodies; slightly acid;
diffuse smooth boundary.

C2--49 to 62 inches; very dark gray (10YR 3/1)
silty clay loam; massive; firm; common
fine distinet brown (7.5YR 4/4) mottles
and few fine distinct yellowish brown
(L0YR 5/4) mottles; slightly acid.

The A horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1) and from neutral to
medium acid.

The C horizon ranges from very dark gray (10YR
3/1) to dark gray (10YR 4/1) and from neutral to
medium acid.

Colo soils are associated on the landscape with
Wabash, Kennebec, and Nodaway soils. Colo soils are
less clayey than Wabash soils but more clayey than
Nodaway and Kennebec soils.

133—Colo silty clay loam, O to 2 percent slopes. This
nearly level soil is on bottom land in the stream valleys.
Areas range widely in size. Some are as large as 80
acres or more. The profile is the one described as
representative of the series. Included in mapping are
small areas of Wabash and Kennebec soils.

This soil is well suited to row crops, but it is
susceptible to flooding and wetness. The organic-matter
content is 4 to 6 percent. Capability unit ITw-1.

133B—Colo silty clay loam, 2 to 5 percent slopes.
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This gently sloping soil is on level to slightly concave
foot slopes of the uplands. Areas are generally not
large. Included in mapping are small areas of Ely and
0.mitz soils.

This soil is well suited to row crops. It is susceptible
to wetness because it receives runoff and seepage from
adjacent uplands. The organic-matter content is 4 to
6 percent. Capability unit IIw—-4.

11B—-Colo-Ely silty clay loams, 2 to 5 percent slopes.
This gently sloping map unit is along narrow drainage-
ways in the uplands. It is 50 percent Colo soils and
35 percent Ely soils. It occurs as long and narrow areas.
Along the narrow drainageways, Colo soils are adja-
cent to the small streams, and Ely soils are near the
base of the uplands. Some gullies have formed. The
profile of the Ely soil is the one described as representa-
tive of the series.

This map unit is well suited to row crops, but it is
susceptible to flooding and wetness. Most of the acreage
is managed with adjacent steeper soils. The organic-
matter content is 4 to 6 percent. Capability unit ITw—4.

Dickinson Series

The Dickinson series consists of well drained soils.
These moderately sloping and strongly sloping soils
are on side slopes in the uplands. Dickinson soils
formed in eolian sands under native vegetation of
grasses or widely spaced trees. Slopes are 5 to 14
percent.

In a representative profile the surface layer is black
to very dark grayish brown and dark brown fine
sandy loam about 23 inches thick. The subsoil, which
extends to a depth of 34 inches, is dark yellowish
brown medium sandy loam. The substratum is yellow-
ish brown medium loamy sand.

Dickinson soils have rapid permeability and a low
to moderate available water capacity. The subsoil is
very low in available phosphorus and available potas-
sium. These soils are neutral to slightly acid.

The Dickinson soils are used primarily for culti-
vated crops and pasture or woodland. Erosion is the
major limitation for crops or pasture.

Representative profile of Dickinson fine sandy loam,
5 to 14 percent slopes, 1,470 feet east and 435 feet
south of northwest corner of sec. 15, T. 72 N., R. 31 W.
on a north-facing slope of 10 percent:

Al—0 to 9 inches; black (10YR 2/1) fine sandy
loam; very weak medium and fine sub-
angular blocky structure; very friable;
neutral; clear smooth boundary.

A12—9 to 15 inches; very dark grayish brown
(10YR 3/2) fine sandy loam; very weak
medium and fine subangular blocky
structure; very friable; slightly acid;
gradual smooth boundary.

A3—15 to 28 inches; very dark grayish brown
(10YR 3/2) fine sandy loam; some dark
yellowish brown (10YR 4/4) fine peds
in lower part; weak medium subangular
blocky structure; friable; slightly acid;
gradual smooth boundary.

B—23 to 34 inches; dark yellowish brown (10YR
4/4) sandy loam; single grained; friable;
slightly acid; gradual smooth boundary.

C—34 to 60 inches; yellowish brown (10YR 5/6)
loamy sand; single grained; friable; a
3-inch pale brown (10YR 6/3) silt stra-
tum at a depth of 48 inches contains few
fine distinct brown (7.5YR 4/4) mottles
and is massive; slightly acid.

Texture of the A horizon ranges from fine sandy
loam to loam.

The B horizon ranges from dark grayish brown
(10YR 3/2) to yellowish brown (10YR 5/4). Texture
ranges from sandy loam to loamy sand.

The C horizon ranges from brown (10YR 4/3) to
yellowish brown (10YR 5/6). Texture ranges from
loamy sand to sand.

Dickinson soils are associated on the landscape with
Sharpsburg and Ladoga soils. They have more sand
throughout the solum than those soils.

175D—Dickinson fine sandy loam, 5 to 14 percent
slopes. This moderately sloping and strongly sloping
soil is on side slopes and points of ridges of the uplands.
It occurs as small and irregularly shaped areas that
are generally associated with larger drainageways.
Included in mapping are small areas of Sharpsburg,
Ladoga, or Shelby soils.

This Dickinson soil is better suited to pasture than
to crops. It is susceptible to erosion. Because it is well
drained and has rapid permeability, the soil tends to
be droughty and may not support crops in dry times.
The organic-matter content is 1 to 2 percent. Capabil-
ity unit IVe-6.

Ely Series

The Ely series consists of somewhat poorly drained
soils. These gently sloping soils are on foot slopes. They
formed in local alluvium under native vegetation of
prairie grasses. Slopes are 2 to 5 percent.

In a representative profile the surface layer is very
dark brown, very dark gray, and black silty clay loam
about 24 inches thick. The subsoil is very dark gray,
dark grayish brown, grayish brown, and brown silty
clay loam with yellowish brown mottles. The substra-
tum is mixed gray and brown silty clay loam mottled
with strong brown.

The Ely soils have moderate permeability and a high
water capacity. The subsoil is very low in available
phosphorus and available potassium. Unless limed, the
surface layer is generally slightly acid.

The Ely soils are used primarily for cultivated crops.
The major hazard for crops is erosion and runoff from
adjacent uplands.

Representative profile of Ely silty clay loam in an
area of Colo-Ely silty clay loams, 2 to 5 percent slopes,
about 570 feet north, 950 feet west of the southeast
corner of sec. 36, T. 71 N., R. 29 W. on a 3 percent
foot slope:

Ap—oO0 to 8 inches; very dark brown (10YR 2/2)
light silty clay loam; dark grayish brown
(10YR 4/2) dry; moderate fine granular
and weak fine subangular blocky struc-
ture; friable; slightly acid; abrupt
smooth boundary.

A1—S8 to 15 inches; black (10YR 2/1) light silty
clay loam; crushes to very dark brown
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(10YR 2/2);
structure; friable; slightly acid;
smooth boundary.

A3—15 to 24 inches; very dark gray (10YR 3/1)
light silty clay loam; crushes to very
dark grayish brown (10YR 3/2) ; weak
fine subangular blocky structure parting
to moderate fine granular; friable;
medium acid; clear smooth boundary.

B1—24 to 32 inches; very dark gray (10YR 3/1)
light silty clay loam; crushed to very
dark grayish brown (10YR 3/2); few
fine faint dark grayish brown (10YR
4/2) and dark yellowish brown (10YR
4/4) mottles; moderate fine and very fine
subangular blocky structure; friable;
medium acid; gradual smooth boundary.

B21—32 to 39 inches; dark grayish brown (10YR
4/2) light silty clay loam; dark gray (10
YR '4/1) coatings on peds; few fine faint
dark brown (10YR 3/3) and few fine
distinct yellowish brown (10YR 5/4)
mottles; weak medium prismatic struc-
ture parting to weak medium and fine
subangular blocky ; friable; slightly acid;
gradual smooth boundary.

B22—-39 to 48 inches; brown (10YR 4/8) silty
clay loam; gray (10YR 5/1) coatings on
peds; brown (10YR 4/3) kneaded; com-
mon fine distinct dark yellowish brown
(10YR 4/4) and yellowish brown (10YR
5/4) and few fine distinct yellowish
brown (1L0YR 5/6) mottles; weak med-
jum prismatic structure parting to weak
medium subangular blocky; friable; few
fine dark bodies; slightly acid; gradual
smooth boundary.

B3_—48 to 55 inches; grayish brown (10YR 5/2)
light silty clay loam; few fine faint gray
(10YR 5/1) mottles; common fine dis-
tinct yellowish brown (10YR 5/4) and
strong brown (7.5YR 5/6) mottles;
brown (10YR 5/3) kneaded; weak med-
ium prismatic structure parting to weak
medium subangular blocky; friable; few
fine dark bodies; neutral ; gradual smooth
boundary.

C—55 to 60 inches; mixed gray (10YR 5/1) and
brown (10YR 5/3) light silty clay loam;
common fine faint strong brown (7.5YR
5/6) mottles; massive; friable; common
fine dark bodies; neutral.

The A horizon ranges from black (10YR 2/1) to
very dark grayish brown (10YR 3/2). It is neutral to
medium acid.

The B horizon ranges from very dark gray (10YR
3/1) in the upper part to brown (10YR 5/3) in the
lower part.

Ely soils are associated on the landscape with Colo
soils and formed in similar parent material. Ely soils
have a silty clay loam B horizon that Colo soils lack.
They are somewhat poorly drained, but Colo soils are
poorly drained.

moderate fine granular
clear

Gara Series

The Gara series consists of well drained to moder-
ately well drained soils. These strongly sloping to steep
soils are on side slopes in the uplands. They formed in
glacial till under native vegetation of trees and grasses.
Slopes are 9 to 25 percent:

In a representative profile the surface layer is very
dark gray loam about 7 inches thick. The subsurface
layer is dark grayish brown and very dark grayish
brown loam about 5 inches thick. The subsoil extends
to a depth of 40 inches. It is dark yellowish brown,
medium loam in the upper part; dark yellowish brown,
medium clay loam in the next part; and yellowish
brown, medium clay loam in the lower part. The sub-
stratum is yellowish brown light clay loam. It is mildly
alkaline.

Gara soils have moderately slow permeability and a
high available water capacity. The subsoil is very low
to low in available phosphorus and very low in available
potassium. Unless limed, the surface layer is generally
medium acid.

The Gara soils are highly erodible if used for row
crops.

Representative profile of Gara loam, 9 to 14 percent
slopes, 960 feet north and 140 feet east of the southwest
corner of sec. 7, T. 73 N., R. 28 W. on a northwest-
facing slope of 12 percent:

A1-—0 to 7 inches; very dark gray (10YR 3/1)
loam; dark gray (10YR 4/1) dry; weak
very fine granular structure; friable;
medium acid; clear smooth boundary.

A2—7 to 12 inches; dark grayish brown (10YR
4/2) and very dark grayish brown (10
YR 3/2) loam; light brownish gray (10
YR 6/2) dry; weak fine subangular
blocky structure; friable; few 14- to 14-
inch pebbles; medium acid; clear smooth
boundary.

B21t—12 to 17 inches; dark yellowish brown (10
YR 4/4) medium loam; brown (10YR
4/3) coatings on peds; few very dark
grayish brown peds; moderate fine sub-
angular blocky structure; friable; thin
discontinuous clay films ; few pebbles and
stones; strongly acid; clear smooth
boundary.

B22t—17 to 24 inches; dark yellowish brown
(10YR 4/4) medium clay loam; brown
(10YR 4/3) coatings on peds; moderate
medium subangular blocky structure;
firm; common fine distinct yellowish
brown (10YR 5/6), few fine faint dark
grayish brown (10YR 4/2) mottles; thin
continuous clay films; few pebbles and
stones; strongly acid; gradual smooth
boundary.

B23t—24 to 33 inches; dark yellowish brown (10
YR 4/4) medium clay loam; few fine
faint grayish brown (10YR 5/2) mottles
and common fine distinct yellowish
brown (10YR 5/6 )mottles; weak med-
ium prismatic structure parting to mod-
erate medium subangular blocky; firm;
thin continuous clay films; few pebbles
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and stones; few fine dark bodies;
strongly acid; gradual smooth boundary.
to 40 inches; yellowish brown (10YR
5/4 and 5/6) medium clay loam ; common
fine distinet grayish brown (2.5Y 5/2)
mottles; weak medium prismatic struec-
ture parting to moderate coarse sub-
angular blocky and angular blocky ; firm;
few thin discontinuous clay films on
vertical faces and in pores; few pebbles
and stones; common dark bodies;
slightly acid; clear smooth boundary.
C—40 to 60 inches; yellowish brown (10YR 5/4
and 5/6) light clay loam; many medium
distinct grayish brown (2.5Y 5/2) mot-
tles; massive and some vertical cleavage;
firm; few dark bodies; few pebbles and
stones; few carbonate concretions; cal-
careous; mildly alkaline.

The A1l horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 8/2). Texture
ranges from loam to silt loam, but loam is the dominant
texture,.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to very dark grayish brown (10YR 3/2).
Texture ranges from loam to silt loam.

The B2 horizon ranges from dark yellowish brown
(10YR 4/4) or brown (10YR 4/3) to yellowish brown
(10YR 5/6). It is slightly acid to strongly acid.

The C horizon is slightly acid to mildly alkaline.

Gara soils are associated on the landscape with Per-
shing and Armstrong soils. They formed in parent
material similar to that of Lindley and Shelby soils.
They have more sand than the Pershing soils and less
clay in the B2 horizon than the Armstrong soils. They
have an A2 horizon that Shelby soils lack and have a
thicker A1l horizon than Lindley soils.

179D—Gara loam, 9 to 14 percent slopes. This
strongly sloping soil is on side slopes. It occurs as long,
wide, and irregularly shaped areas. The profile is the
one described as representative of the series.

Included with this soil in mapping are small areas
of Armstrong and Clarinda soils. The most significant
areas of these soils are identified by symbols on the
soil map. Also included are some Gara soils with a silt
loam surface layer.

This Gara soil is moderately suited to row crops
and is well suited to hay and pasture. Many areas have
been cleared and are used for pasture. The soil is
susceptible to erosion. The organic-matter content in
the plow layer is 2 to 3 percent. Capability unit IVe-3.

179D2—Gara loam, 9 to 14 percent slopes, moder-
ately eroded. This strongly sloping soil is on side slopes.
It occurs as long, wide, and irregularly shaped areas.
This soil has a profile similar to the one described as
representative of the series, but the surface layer is 7
inches thick. In cultivated areas some material from
the subsoil has been mixed with the surface layer.
Erosion has removed the subsurface layer in most
places, and the present plow layer is directly above the
firm, dense subsoil.

Included with this soil in mapping are small areas
of Armstrong and Clarinda soils. Small areas of
severely eroded soils with a clay loam surface layer
are also included.

B3t—33

This Gara soil is moderately suited to row crops
and is well suited to hay and pasture. It becomes cloddy
when tilled. It is more erodible than the uneroded
Gara soil because it is in poorer physical condition. It
crusts after a heavy rain, and seedling emergence is a
problem, The organic-matter content in the plow layer
is 1 to 2 percent. Fertility is more limiting. Seedbed
preparation is more difficult, and a higher level of
management is required.

Erosion from runoff is the main hazard. Good residue
management and applications of manure are needed.
Removing the topsoil causes severe problems because
of the unfavorable subsoil properties. Most areas are
used as pasture. Capability unit IVe-3.

179E—Gara loam, 14 to 18 percent slopes. This
moderately steep soil is on side slopes. It occurs as
small to large, irregularly shaped areas.

Included with this soil in mapping are small areas
of Armstrong soils and less sloping Gara soils. Signi-
ficant spots of the clayey Armstrong soils are identified
by spot symbols on the soil map. Some small areas of
more severely eroded Gara soils are also included.

This Gara soil is not suited to row crops. It is mod-
erately well suited to pasture and is well suited to
woodland or wildlife. Most areas of this soil are wooded
and are used for pasture. The soil is susceptible to
erosion. The organic-matter content is 1 to 2 percent.
Capability unit VIe-3.

179E2—Gara loam, 14 to 18 percent slopes, mod-
erately eroded. This moderately steep soil is on side
slopes. It occurs as individual, small to large, ir-
regularly shaped areas. It has a profile similar to the
one described as representative of the series, but the
surface layer is thinner.

Included with this soil in mapping are small areas
of Armstrong soils and less sloping or stronger sloping
Gara soils. Significant spots of the clayey Armstrong
soils are identified by spot symbols on the soil map.
Some small areas of more severely eroded Gara soils
are also included in mapping. Significant spots of these
severely eroded soils are identified by spot symbols on
the soil map.

This Gara soil is not suited to row crops. It is moder-
ately well suited to pasture and is well suited to wood-
land or wildlife. Many areas are cleared and are used
for pasture. The soil is susceptible to further erosion.
The organic-matter content is 1 to 2 percent. Capability
unit VIe-3.

179F—Gara loam, 18 to 25 percent slopes. This steep
soil is on side slopes. Areas are very irregular in size
and shape. Included in mapping are small areas of
Armstrong soils and less sloping Gara soils. Also in-
cluded are small areas of more severely eroded Gara
soils.

This Gara soil is not suited to crops. It is severely
limited for pasture because of the steep slopes. It is
suited to woodland and wildlife habitat. Most areas
are wooded and are used for pasture. The soil is
susceptible to erosion. The organic-matter content is
1 to 2 percent. Capability unit VIIe-1.

993D2—Gara-Armstrong loams, 9 to 14 percent
slopes, moderately eroded. This strongly sloping map
unit is on side slopes. It is 50 percent Gara soils and
35 percent Armstrong soils. Areas are irregular in size
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and shape. The loam surface layer is less than 7 inches
thick.

Included with this unit in mapping are small areas
of more severely eroded soils, which are identified by
spot symbols on the soil map.

This map unit is very poorly suited to row crops and
is poorly suited to small grain and meadow, It is
moderately well suited to pasture or woodland. It is
susceptible to further erosion. The organic-matter con-
tent is 1 to 2 percent. Capability unit IVe-5.

993E2—Gara-Armstrong loams, 14 to 18 percent
slopes, moderately eroded. This moderately steep map
unit is on side slopes. It is 70 percent Gara soils and
30 percent Armstrong soils. The loam surface layer is
less than 7 inches thick. Included in mapping are small
areas of less eroded soils.

This map unit is not suited to row crops. It is mod-
erately well suited to pasture and is well suited to
woodland or wildlife. It is susceptible to further ero-
sion. The organic-matter content is 1 to 2 percent.
Capability unit VIe-3.

Grundy Series

The Grundy series consists of somewhat poorly
drained soils. These gently sloping soils are on uplands
and narrow convex ridgetops in the southeastern part
of the county. They formed in loess under native vege-
tation of prairie grasses. Slopes are 2 to 5 percent,

In a representative profile the surface layer is black
silty clay loam about 11 inches thick. The subsoil ex-
tends to a depth of 48 inches. It is very dark gray and
dark grayish brown silty clay loam in the upper part,
dark grayish brown and grayish brown silty clay in
the next part, and grayish brown silty clay loam in the
lower part. The substratum is grayish brown silty clay
loam mottled with dark yellowish brown and yellowish
brown. It is neutral.

Grundy soils have slow permeability and a high
available water capacity. The subsoil is very low to
low in available phosphorus and is low to medium
in available potassium. Unless limed, the surface layer
is generally slightly acid.

The Grundy soils are used for crops. They are sub-
ject to erosion.

Representative profile of Grundy silty clay loam, 2
to 5 percent slopes, 180 feet west and 700 feet north of
the southeast corner of sec. 31, T. 71 N,, R. 28 W. on a
ridgetop with 3 percent slopes:

Ap—O0 to 7 inches; black (10YR 2/1) light silty
clay loam; very dark brown (10YR 2/2)
when crushed; strong medium granular
structure; friable; slightly acid; abrupt
smooth boundary.

A1—7 to 11 inches: black (10YR 2/1) light silty
clay loam; very dark brown (10YR 2/2)
when crushed; moderate fine and very
fine granular structure; friable; slightly
acid; clear smooth boundary.

B1—11 to 17 inches; very dark gray (10YR 3/1)
silty clay loam; very dark grayish brown
(10YR 3/2) when crushed; strong very
fine subangular blocky structure; fri-
able; medium acid; clear smooth bound-
ary.

B21t—17 to 24 inches; mixed very dark gray
(10YR 3/1) and dark grayish brown
(10YR 4/2) silty clay loam; strong very
fine subangular blocky structure; firm;
thin very dark grayish brown (10YR
8/2) and very dark gray (10YR 3/1)
clay films; common dark reddish brown
oxide stains; medium acid; clear smooth
boundary.

B22t—24 to 30 inches; dark grayish brown
(10YR 4/2) silty clay; few fine promi-
nent reddish brown (5YR 4/4) and yel-
lowish red (BYR 4/6) and few fine
distinet- dark yellowish brown (10YR
4/4) mottles; fine and very fine subangu-
lar blocky structure; firm; thick contin-
uous very dark gray (10YR 3/1) clay
films; few dark bodies; medium acid;
clear smooth boundary.

B23t—30 to 37 inches; grayish brown (10YR
5/2) light silty clay; yellowish brown
(10YR 5/4) kneaded; many medium
distinet dark yellowish brown (10YR
4/4) and few fine distinet brown
(7.5YR 4/4) mottles; moderate medium
to coarse prismatic structure parting to
weak medium subangular blocky; firm;
continuous very dark gray (10YR 3/1)
and dark grayish brown (10YR 4/2)
clay films; few dark bodies; medium
acid; gradual smooth boundary.

B31t—37 to 48 inches; grayish brown (2.5Y 5/2)
heavy silty clay loam; many fine promi-
nent dark yellowish brown (10YR 4/4)
and many medium prominent strong
brown (7.5YR 5/6) mottles; weak me-
dium to coarse prismatic structure part-
ing to weak medium subangular blocky;
firm; discontinuous clay films on cleav-
age faces; few dark bodies; neutral;
gradual smooth boundary.

C—48 to 63 inches; grayish brown (2.5Y 5/2)
light silty clay loam; brown (10YR 5/3)
when kneaded; many medium distinet
dark yellowish brown (10YR 4/4) and
yellowish brown (10YR 5/6) mottles;
massive with some vertical cleavage
faces; firm; many medium dark bodies;
neutral.

The Ap horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1). Texture is light silty clay
loam, but the range includes heavy silt loam. The Ap
horizon ranges from medium acid to slightly acid.

The B2t horizon ranges from very dark gray (10YR
8/1) and dark grayish brown (10YR 4/2) to light
brownish gray (10YR 6/2). It is 38 to 42 percent clay.
Th?i B2t horizon ranges from medium acid to slightly
acid.

The C horizon ranges from grayish brown (2.5Y
5/2) to light olive gray (5Y 6/2). Reaction ranges
from neutral to slightly acid.

Grundy soils are associated on the landscape with
Shelby and Haig soils. They formed in parent material
similar to that of Pershing soils. They have less sand
than Shelby soils and are not so gray in the B horizon
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as Haig soils. They have a thicker, darker A horizon
than Pershing soils.

364B—Grundy silty clay loam, 2 to 5 percent slopes.
This gently sloping soil is on ridgetops in the uplands.
Areas vary greatly in size and shape. Included in map-
ping are small areas of nearly level Haig soils.

This Grundy soil is well suited to row crops. The
hazard of erosion is slight because of the gentle slopes.
The organic-matter content is 2 to 4 percent. Capa-
bility unit IIe-3.

Haig Series

The Haig series consists of poorly drained soils.
These nearly level soils are on upland flats. They
formed in loess under native vegetation of prairie
grasses. Slopes are 0 to 2 percent.

In a representative profile the surface layer is black
silty clay loam about 18 inches thick. The subsoil ex-
tends to a depth of 65 inches. It is very dark gray, firm
heavy silty clay loam in the upper part; dark gray to
olive gray, firm silty clay in the next part; and olive
gray, friable silty clay loam in the lower part.

Haig soils have slow to very slow permeability and
a high available water capacity. The subsoil is low in
available phosphorus and available potassium. Unless
limed, the surface layer is slightly acid.

The Haig soils are used primarily for cultivated
crops. The major limitation is wetness.

Representative profile of Haig silty clay loam, 0 to
2 percent slopes, 630 feet west and 1,140 feet south of
northeast corner of sec. 29, T. 71 N, R. 29 W. on a
nearly level divide:

Ap—0 to 7 inches; black (10YR 2/1) light silty
clay loam; cloddy structure parting to
weak fine granular; friable; slightly
acid; abrupt smooth boundary.

A12—7 to 13 inches; black (10YR 2/1) light silty
clay loam; moderate very fine subangu-
lar blocky structure parting to weak fine
granular; friable; slightly acid; gradual
smooth boundary.

A3—13 to_18 inches; black (10YR 2/1) medium
silty clay loam; few fine faint very dark
gray (10YR 3/1) mottles; weak fine sub-
angular blocky structure; friable; me-
dium acid; gradual smooth boundary.

B1t—18 to 24 inches; very dark gray (10YR 3/1)
heavy silty clay loam; few fine distinct
yellowish brown (10YR 5/4) mottles;
continuous clay films; strong fine sub-
angular blocky structure; firm; medium
acid; clear smooth boundary.

B21t—24 to 30 inches; dark gray (10YR 4/1)
light silty clay; common fine distinct
yellowish brown (10YR 5/6 and 5/8)
mottles; continuous ped coatings of
(10YR 3/1) clay films; moderate fine
subangular blocky structure: firm; me-
dium acid; gradual smooth boundary.

B22t—30 to 35 inches: dark gray (bY 4/1) me-
dium silty clay; many fine distinct yel-
lowish brown (10YR 5/4) and few fine
distinct brown (7.5YR 4/4) mottles;
weak fine subangular blocky structure;

firm; discontinuous very dark gray
(10YR 3/1) coatings on some peds;
thick continuous clay films; few fine
dark bodies; medium acid; gradual
smooth boundary.

B23t—35 to 44 inches; olive gray (5Y 5/2) light
silty clay; many fine distinct strong
brown (7.5YR 5/6) and gray (10YR
5/1) mottles; weak fine prismatic struc-
ture parting to moderate medium sub-
angular blocky ; firm; discontinuous very
dark gray (10YR 3/1) and dark gray
(10YR 4/1) clay films mainly on prisms;
few fine dark bodies; slightly acid; grad-
ual smooth boundary.

B31t—44 to 54 inches; olive gray (5Y 5/2) me-
dium silty clay loam; many fine distinct
brown (7.5YR 4/4) mottles; weak me-
dium prismatic structure; friable; very
dark gray (10YR 3/1) clay films on
prisms; many fine dark bodies; slightly
acid; gradual smooth boundary.

B32t—54 to 65 inches; olive gray (5Y 5/2) me-
dium silty clay loam; common fine dis-
tinct yellowish brown (10YR 5/6 and
5/8) mottles; weak medium prismatic
structure; friable; thin discontinuous
clay films on prisms; few dark bodies ;
slightly acid.

The Ap horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1). Texture is dominantly
light silty clay loam but ranges to include silt loam. It
is 6 to 10 inches thick.

The B horizon ranges from very dark gray (10YR
3/1) to light olive gray (5Y 6/2). It ranges from
slightly acid to strongly acid. Texture of the B2 hori-
zon ranges from heavy silty clay loam to silty clay.

Haig soils are associated on the landscape with
Grundy and Sperry soils and formed in similar parent
materials. They are darker and deeper and have more
clay in the B2 horizon than Grundy soils. Haig soils
lack the A2 horizon that Sperry soils have.

362—Haig silty clay loam, O to 2 percent slopes. This
nearly level soil is on broad flat uplands. It generally
occurs in long and wide areas. The profile of this soil is
the one described as representative of the series. In-
cluded in mapping are small areas of Sperry soils and
Grundy soils.

This Haig soil is well suited to cultivated crops. It is
susceptible to wetness unless drained. The organic-
matter content is 4 to 6 percent. Capability unit ITw-2.

Humeston Series

The Humeston series consists of poorly drained to
very poorly drained soils that formed in alluvium.,
These soils are nearly level. The native vegetation was
wet prairie grasses. Areas of these soils range from 5
to 20 acres in size. Slopes are 0 to 2 percent.

In a representative profile, the surface layer extends
to a depth of about 18 inches. The upper 8 inches is
black silty clay loam, and the lower 5 inches is very
dark gray to dark gray silt loam. The subsurface layer
is dark gray silt loam 9 inches thick and mottled very
dark gray and dark gray silty clay loam about 4 inches
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thick. The subsoil is black, very dark gray, and dark
grayish brown silty clay and silty clay loam. It ex-
tends to a depth of 5 feet or more. .

Humeston soils have moderately slow permeability
in the upper part and very slow permeability in the
lower part. Available water capacity is high. The sub-
soil is medium to low in available phosphorus and very
low in available potassium. Unless limed, the surface
layer is slightly acid. ) i

The Humeston soils are used primarily for culti-
vated crops. The major limitation is wetness. The
Humeston soils are seasonally wet because the water
table is high or the soils are flooded. Drainage and
protection from flooding are needed.

Representative profile of Humeston silty clay loam,
0 to 2 percent slopes, 2,190 feet south and 1,970 feet
west of the northeast corner of sec. 30, T. 71 N., R. 31
W. on nearly level alluvium:

A11—0 to 8 inches; black (10YR 2/1) light silty
clay loam; moderate fine subangular
blocky structure; friable; slightly acid;
clear smooth boundary.

A12—8 to 13 inches; very dark gray (10YR 3/1)
silt loam; weak fine subangular blocky
structure parting to fine granular; fri-
able; discontinuous gray (10YR 6/1)
and light gray (10YR 7/1) ped coatings
when dry; medium acid; clear smooth
boundary.

A21—18 to 16 inches; dark gray (10YR 4/1) silt
loam; moderate thin platy structure;
friable; discontinuous light gray (10YR
7/1) ped coatings when dry; strongly
acid; clear smooth boundary.

A22—16 to 22 inches; dark gray (10YR 4/1) silt
loam; moderate thin platy structure;
friable; continuous light gray (10YR
7/1) ped coatings when dry; medium
acid; clear smooth boundary.

A23_99 to 26 inches; mottled very dark gray
(10YR 3/1) and dark gray (10YR 4/1)
light silty clay loam; weak medium sub-
angular blocky structure; friable; dis-
continuous light gray (10YR 7/1) ped
coatings when dry; medium acid; clear
smooth boundary.

B1—26 to 30 inches; black (10YR 2/1) heavy
silty clay loam; weak medium subangu-
lar blocky structure; friable; strongly
acid; clear smooth boundary.

B21t—30 to 40 inches; black (10YR 2/1) light
silty clay; weak medium prismatic struc-
ture; firm; thin clay films; slightly acid;
gradual smooth boundary.

B22tg—40 to 50 inches; very dark gray (10YR
3/1) light silty clay; weak medium pris-
matic structure; firm; few thin discon-
tinuous clay films; some gray (10YR
5/1) coatings; slightly acid; gradual
smooth boundary.

B3tg—50 to 63 inches; mottled very dark gray
(10YR 3/1) and dark grayish brown
(10YR 4/2) heavy silty clay loam; weak
medium prismatic structure; firm;
slightly acid.

The A1l horizon ranges from black (10YR 2/1) to
very dark grayish brown (10YR 3/1). Texture is dom-
inantly light silty clay loam but ranges to include
heavy silt loam.

‘The A2 horizon ranges from dark gray (10YR 4/1)
to gray (10YR 5/1).

The B2t horizon ranges from black (N 2/0) to very
dark gray (10YR 3/1). The texture ranges from heavy
silty clay loam to silty clay.

Humeston soils are associated on the landscape with
Colo, Nodaway, and Wabash soils. They formed in par-
ent material similar to that of Vesser soils. Humeston
soils have a dark gray silt loam A2 horizon that is
lacking in Colo, Nodaway, and Wabash soils. They
have a thinner A2 horizon and a more clayey B horizon
than Vesser soils.

269—Humeston silty clay loam, 0 to 2 percent slopes.
This nearly level soil is on low bottom land benches
and alluvial areas in larger drainageways. Areas are
generally 5 to 20 acres in size and vary in shape. In-
clqlcled in mapping are small areas of Colo and Wabash
soils.

This Humeston soil is suited to row crops or pasture.
It is susceptible to wetness. Drainage is needed because
the soil generally dries out slowly in spring and after
rains. The organic-matter content is 2 to 4 percent.
Capability unit IITw-3.

Judson Series

The Judson series consists of gently sloping, well to
moderately well drained soils on alluvial fans and foot
slopes. The soils formed in noncalcareous, moderately
fine textured alluvial sediments under native vegeta-
tion of prairie grasses. Slopes are 2 to 5 percent.

In a representative profile the surface layer is black,
dark brown, very dark brown, and very dark grayish
brown silty clay loam about 28 inches thick. The sub-
soil extends to a depth of 46 inches. It is dark brown
silty clay loam in the upper part and brown silty clay
loam in the lower part. The substratum is brown light
silty clay loam mottled with grayish brown and yel-
lowish brown.

Judson soils have moderate permeability and a high
available water capacity. The subsoil is low in avail-
able phosphorus and available potassium. TUnless
limed, the surface layer is generally slightly acid.

The Judson soils are used primarily for cultivated
crops. The hazard of erosion is slight.

Representative profile of Judson silty clay loam, 2 to
5 percent slopes, 2,450 feet south and 1,560 feet east of
northwest corner of sec. 12, T. 73 N.,, R. 29 W,

Ap—oO0 to 9 inches; black (10YR 2/1) light silty
clay loam; very dark grayish brown
(I0YR 3/2) when kneaded; dark gray-
ish brown (10YR 4/2) when dry; cloddy
structure parting to weak medium gran-
ular; friable; slightly acid; clear smooth
boundary.

A12—9 to 15 inches; very dark brown (10YR
2/2) light silty clay loam; very dark
grayish brown (10YR 3/2) kneaded;
dark grayish brown (10YR 4/2) dry;
weak fine granular and weak fine sub-
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angular blocky structure; friable;
slightly acid; clear smooth boundary.

A13—15 to 22 inches; mixed very dark brown
(10YR 2/2) and very dark grayish
brown (10YR 3/2) light silty clay loam;
very dark grayish brown (10YR 3/2)
kneaded; grayish brown (10YR 5/2)
dry; weak fine subangular blocky struc-
ture; friable; slightly acid; gradual
smooth boundary.

A3—22 to 28 inches; mixed very dark grayish
brown (10YR 3/2) and dark brown
(10YR 3/3) silty clay loam; dark brown
(10YR 3/3) kneaded; brown (10YR
5/3) dry; weak fine subangular blocky
structure; friable; medium acid; grad-
ual smooth boundary.

B2—28 to 35 inches; dark brown (10YR 3/3)
silty clay loam; dark yellowish brown
(10YR 4/4) kneaded; few fine faint
dark yellowish brown (10YR 4/4) mot-
tles; moderate medium subangular
blocky structure; friable; very few thin
clay coats; few fine dark bodies; slightly
acid; gradual smooth boundary.

B3—35 to 46 inches; brown (10YR 4/3) silty clay
loam; dark yellowish brown (10YR 4/4)
kneaded; few fine faint grayish brown
(10YR 5/2) and few fine distinct yel-
lowish brown (10YR 5/6) mottles;
weak coarse and medium subangular
blocky structure; friable; common fine
dark bodies; slightly acid; gradual
smooth boundary.

C—46 to 60 inches; brown (10YR 4/3) light silty
clay loam; dark yellowish brown (10YR
4/4) kneaded; common fine faint gray-
ish brown (10YR 5/2) and common fine
distinct yellowish brown (10YR 5/6)
mottles; massive; friable; common fine
dark bodies; neutral.

The A horizon is dominantly silty clay loam but
ranges to silt loam. It is neutral to medium acid.

%he B horizon ranges from slightly acid to medium
acid.

Judson soils are associated on the landseape with
Sharpsburg and Macksburg soils. They formed in par-
ent material similar to that of Olmitz and Ely soils.
They have less sand than the Olmitz soils. Judson soils
are well drained to moderately well drained, but Ely
soils are somewhat poorly drained. Judson soils formed
in alluvial sediments, and Sharpsburg and Macksburg
soils formed in loess.

8B—Judson silty clay loam, 2 to 5 percent slopes.
This gently sloping soil is on fan-shaped alluvial de-
posits at the mouth of small hillside waterways and
on narrow depositional foot slopes. It occurs as small
areas in many parts of the county along the streams.
These areas are typically adjacent to and between the
steeper side slopes and the alluvial first and second
bottoms.

Included with this soil in mapping are small areas
of gently sloping, more poorly drained alluvial soils
ne;ir the lower border at the lower elevations of this
soil,

This soil is well suited to row crops. Most areas are
used for row crops. Some are used for pasture and
hay. The soil is susceptible to erosion. The organic-
matter content is 4 to 6 percent. Capability unit IIe-2.

Kennebec Series

The Kennebec series consists of moderately well
drained soils. These nearly level soils are on bottom
land. The Kennebec soils formed in alluvium under
vegetation of tall prairie grasses. Slopes are 0 to 2
percent.

In a representative profile the surface layer is black
to very dark gray silt loam about 30 inches thick. The
substratum is very dark gray silt loam with few dark
brown mottles.

The Kennebec soils have moderate permeability and
a high available water capacity. The subsoil is low in
available phosphorus and is very low to low in avail-
able potassium. Unless limed, the surface layer is gen-
erally slightly acid.

The Kennebec soils are used primarily for cultivated
crops. The major hazard for crops is occasional flood-
ing,

Representative profile of Kennebec silt loam, 0 to 2
percent slopes, 610 feet west and 2,500 feet south of
the northeast corner of sec. 24, T. 73 N., R. 29 W. in a
pasture on the bottom land of the Thompson branch of
the Grand River:

A11—0 to 2 inches; very dark gray (10YR 3/1)
silt loam; weak fine subangular blocky
structure; friable; slightly acid; abrupt
smooth boundary.

A12—2 to 12 inches; black (10YR 2/1) silt loam;
very dark brown (10YR 2/2) kneaded;
weak fine subangular blocky structure;
friable; slightly acid; diffuse smooth
boundary.

A13—12 to 21 inches; black (10YR 2/1) silt
loam; very dark brown (10YR 2/2)
kneaded; weak fine subangular blocky
structure; friable; slightly acid; diffuse
smooth boundary. -

A14—21 to 30 inches; very dark gray (10YR
3/1) silt loam; very dark gray (10YR
2/2) kneaded; weak fine subangular
blocky structure parting to fine granu-
lar; friable; slightly acid; diffuse
smooth boundary.

C1—30 to 40 inches; very dark gray (10YR 3/1)
silt loam; very dark grayish brown
(10YR 3/2) kneaded; massive; friable;
slightly acid; diffuse smooth boundary.

C2—40 to 60 inches; very dark gray (10YR 3/1)
silt loam; very dark grayish brown
(L0OYR 3/2) kneaded; few fine dark
brown (10YR 3/3) mottles; weak fine
subangular blocky structure parting to
fine granular; friable; slightly acid.

The Ap or A1l horizon ranges from black (10YR
2/1) to very dark gray (10YR 3/1). The A horizon is
neutral or slightly acid.

The C horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2).

Kennebec soils are associated on the landscape with



24 SOIL SURVEY

Colo and Nodaway soils. They are less clayey than Colo
soils. In contrast with Nodaway soils, they are not
stratified.

212—Kennebec silt loam, 0 to 2 percent slopes. This
nearly level soil is on bottom land in the stream
valleys. Areas vary widely in size, and some are as
large as 60 inches or more. Included in mapping are
small areas of Colo and Nodaway soils.

This Kennebec soil is well suited to row crops. It is
subject to common flooding, The organic-matter con-
tent is 4 to 6 percent. Capability unit I-2.

Keswick Series

The Keswick series consists of moderately well
drained soils. These moderately sloping soils are on
upper side slopes and narrow ridges of the uplands.
They formed in highly weathered glacial till under
native vegetation of trees. Slopes are 5 to 9 percent.

In a representative profile the surface layer is very
dark gray friable loam about 3 inches thick. The sub-
surface layer is grayish brown to brown friable loam
about 8 inches thick. The subsoil extends to a depth of
64 inches. It is brown, firm clay loam in the upper
part; brown, strong brown, grayish brown, and red-
dish brown, very firm clay in the next part; and mot-
tled yellowish brown, grayish brown, and brown, firm
clay loam in the lower part.

Keswick soils have slow permeability and a moder-
ate available water capacity. The subsoil is very low in
available phosphorus and available potassium. Unless
limed, the surface layer is slightly acid.

The Keswick soils are used primarily for timber and
pasture. The major limitations are low fertility and
the clay subsoil.

Representative profile of Keswick loam, 5 to 9 per-
cent slopes, 660 feet north and 3,240 feet west of the
southeast corner of sec. 12, T. 71 N., R. 28 W. on an
east-facing ridgetop of 7 percent:

A1—0 to 3 inches; very dark gray (10YR 3/1)
loam ; weak fine granular and weak very
thin platy structure; friable; slightly
acid; abrupt smooth boundary.

A21—3 to 7 inches; grayish brown (10YR 5/2)
loam ; pale brown (10YR 6/3) dry; weak
thin platy and weak fine granular struc-
ture; friable; very strongly acid; clear
smooth boundary.

A22— 7 to 11 inches; brown (10YR 5/3) loam;
weak fine subangular blocky structure;
friable; thin discontinuous light gray
(10YR 7/2) coatings; strongly acid;
clear smooth boundary.

IIB21t—11 to 17 inches; brown (7.5YR 4/4) clay
loam; medium subangular blocky struc-
ture; firm; thin discontinuous light gray
(10YR 7/2) coatings; very strongly
acid; clear smooth boundary.

1IB22t—17 to 24 inches; brown (7.5YR 4/4) clay;
common fine distinct red (2.5YR 4/6)
and brown (7.5YR 5/2) mottles; me-
dium subangular blocky structure; very
firm; thin continuous clay films on most
peds; very strongly acid; clear smooth
boundary.

1IB23t—24 to 29 inches; mottled brown (7.5YR
5/4) and reddish brown (5YR 4/4)
clay; medium subangular blocky struc-
ture; very firm; thin continuous clay
films on some peds; very strongly acid;
clear smooth boundary.

1IB24t—29 to 35 inches; mottled strong brown
(7.5YR 5/6), grayish brown (10YR
5/2), and yellowish brown (10YR 5/4)
clay; medium prismatic structure part-
ing to weak fine subangular blocky ; very
firm; few soft dark bodies; few thin dis-
continuous clay films on peds and old
root channels; strongly acid; clear
smooth boundary.

T1B31—35 to 45 inches; mottled yellowish brown
(10YR 5/6), grayish brown (10YR
5/2), and brown (7.5YR 4/2) clay loam;
medium prismatic structure parting to
weak medium subangular blocky; very
firm; few soft dark bodies; few thin dis-
continuous clay films in some old root
channels; slightly acid; gradual smooth
boundary.

1IB32—45 to 64 inches; yellowish brown (10YR
5/6) clay loam; brown (10YR 5/3) coat-
ings on peds; weak medium prismatic
structure parting to medium angular
blocky; firm; few thin discontinuous
clay films in root channels; some dark
coatings on prism and cleavage faces;
neutral.

The A1l horizon ranges from very dark brown
(10YR 2/2), and very dark gray (10YR 3/1) to very
dark grayish brown (10YR 3/2). Texture is typically
loam but ranges to include silt loam.

The A2 horizon ranges from grayish brown (10YR
5/2) to yellowish brown (10YR 5/4). Texture ranges
from loam to silt loam.

Keswick soils are associated on the landscape with
Lindley and Weller soils. They formed in parent ma-
terial similar to that of Adair and Armstrong soils.
They have a thicker A2 horizon than Armstrong soils.
In contrast with Adair soils, they have an A2 horizon.
They are more clayey than Lindley soils. Keswick soils
are more sandy and clayey than Weller soils formed in
different parent material,

425C—Keswick loam, 5 to 9 percent slopes. This
moderately sloping soil is on side slopes and on the
ends of ridges in the timbered uplands. Areas are ir-
regular in shape and size.

Included with this soil in mapping are small areas
of Weller and Lindley soils. Also included are small,
severely eroded areas.

This Keswick soil is suited to row crops if erosion is
controlled. It is susceptible to erosion. Runoff is rapid.
Tilth is poor in some places. Tile helps control water
seepage from soils upslope. The organic-matter content
is less than 1 percent. Capability unit I11e-6.

Ladoga Series

The Ladoga series consists of gently sloping to
strongly sloping, moderately well drained soils. These
soils formed in loess on uplands under prairie grass



UNION COUNTY, IOWA 25

and timber vegetation. They occupy a transitional
area adjacent to the Sharpsburg soils, which developed
under prairie vegetation. Ladoga soils are on ridgetops
with 2 to 5 percent slopes and upper side slopes with
5 to 14 percent slopes. They are also gently sloping
and moderately sloping on high benches next to
streams. In some areas they occupy entire side slopes
and merge with alluvial soils at the base of the slope.

The surface layer is very dark gray silt loam about
7 inches thick. The subsurface layer is dark grayish
brown and grayish brown silt loam 4 inches thick. The
subsoil is firm, brown and dark yellowish brown light
silty clay loam and silty clay about 46 inches thick.
The substratum is a friable, grayish brown silty clay
loam.

Ladoga soils have moderately slow permeability and
a high available water capacity. Fertility is moderate.
The subsoil is medium in available phosphorus, but is
very low in available potassium. Runoff is moderate to
rapid, depending on steepness of slope. Unless limed,
the surface layer is typically slightly acid.

These soils are fertile and are easily tilled. They are
suited to crops, and most of the acreage is in crops.
A small acreage, however, is managed with more slop-
ing adjacent soils as pasture or woodland. The steeper
Ladoga soils have moderate and severe limitations.
The major management problem is erosion.

Representative profile of Ladoga silt loam, 5 to 9
percent slopes, 2,140 feet north and 1,830 feet east of
the southwest corner of sec. 84, T. 71 N., R. 31 W. on a
north-facing slope of 6 percent near a cemetery:

A1—0 to 7 inches; very dark gray (10YR 3/1)
silt loam; moderate fine subangular
blocky structure parting to weak fine
granular; friable; neutral; clear smooth
boundary.

A2—7 to 11 inches; mixed grayish brown (10YR
5/2) and dark grayish brown (10YR
4/2) silt loam; light gray (10YR 7/2)
and light brownish gray (10YR 6/2)
dry; weak medium platy structure part-
ing to moderate very fine subangular
blocky; friable; neutral; clear smooth
boundary.

B1—11 to 15 inches; brown (10YR 4/3) light
silty clay loam; weak fine subangular
blocky structure; friable; common fine
brown (10YR 5/3) silt coatings; slightly
acid; clear smooth boundary.

B21t—15 to 19 inches; brown (10YR 4/3) me-
dium silty clay loam; weak medium sub-
angular blocky structure parting to
strong fine subangular blocky; friable;
common dark grayish brown (10YR
4/2) silt coatings; thin discontinuous
clay films; strongly acid; clear smooth
boundary.

B22t—19 to 25 inches; dark yellowish brown
(10YR 4/4) light silty clay; brown
(10YR 4/3) coatings on peds; moderate
medium and fine subangular and angu-
lar blocky structure; firm; few grayish
brown (10YR 5/2) silt coatings; nearly
continuous clay films; very strongly
acid; gradual smooth boundary.

B23t—25 to 33 inches; brown (10YR 4/3) light
silty clay; few fine faint brown (7.5YR
4/4) and few fine faint grayish brown
(2.5Y 5/2) mottles; fine subangular and
angular blocky structure; firm; few
grayish brown (10YR 5/2) silt coatings;
thick discontinuous clay films; very
strongly acid; gradual smooth boundary.

B31t—33 to 45 inches; brown (10YR 5/3) me-
dium silty clay loam; common fine yel-
lowish red (5YR 4/6) and grayish
brown (2.5Y 5/2) mottles that increase
in number with depth; weak medium
prismatic structure parting to weak fine
and medium angular blocky; friable;
few thin discontinuous clay films; com-
mon fine dark bodies; strongly acid;
gradual smooth boundary.

B32t—45 to 57 inches; brown (10YR 5/3) light
silty clay loam; common fine and me-
dium faint grayish brown (2.5Y 5/2)
mottles; weak medium prismatic struc-
ture; friable; few thin discontinuous
clay films and flows in pores; medium
acid; gradual smooth’ boundary.

C—57 to 65 inches; grayish brown (2.5Y 5/2)
light silty clay loam; common medium
distinet yellowish brown (10YR 5/6 and
5/8) mottles; massive; friable; common
dark bodies; neutral.

The Al horizon ranges from black (10YR 2/1) to
very dark grayish brown (10YR 3/2).

The A2 horizon ranges from very dark grayish
brown (10YR 3/2) to grayish brown (10YR 5/2). Tt
ranges from slightly acid to neutral.

The B2t horizon is 36 to 42 percent clay.

The C horizon ranges from brown (10YR 5/3) and
grayish brown (2.5Y 5/2) to yellowish brown (10YR
5/4). Texture ranges from silty clay loam to silt loam.

Ladoga soils are associated on the landscape with
Gara and Armstrong soils. They formed in parent mate-
rial similar to that of Sharpsburg soils. They have an
A2 horizon that Sharpsburg soils lack. They have less
cla}]y than Armstrong soils and less sand than Gara
soils.

76B—Ladoga silt loam, 2 to 5 percent slopes. This
gently sloping soil is on convex ridgetops near the
larger streams in the western part of the county. It
occurs as small, narrow, and irregularly shaped areas.

Included with this soil in mapping are small areas
of loamy sand. If large enough to affect management,
these sandy areas are identified by spot symbols on the
soil map.

This Ladoga soil is well suited to cultivated crops.
Erosion is a hazard. The organic-matter content is 2
to 4 percent. Capability unit ITe-1.

76C—Ladoga silt loam, 5 to 9 percent slopes. This
moderately sloping soil is on sharply convex ridgetops
and upper side slopes near the larger streams in the
western part of the county. It occurs as small, narrow,
and irregularly shaped areas. The profile of this soil is
the one described as representative of the series. The
plow layer contains 2 to 3 percent organic matter.

Included with this soil in mapping are small areas
of gray clay, reddish clay, sandy spots, and undiffer-
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entiated glacial till. If large enough to affect manage-
ment, these areas are identified by spot symbols on the
soil map.

This Ladoga soil is suited to cultivated crops if ero-
sion is controlled. Erosion is a hazard. Capability unit
IIIe-2.

76C2-—Ladoga silt loam, 5 to 9 percent slopes, mod-
erately eroded. This moderately sloping soil is on high,
convex ridgetops and in narrow bands downslope from
the gently sloping Ladoga soils. The slopes are domi-
nantly complex because side slope drainageways run
into this soil. This soil has a profile similar to the one
described as representative of the series, but it has a
7-inch plow layer. Erosion has removed part of the
surface and subsurface layers. In places plowing has
mixed what is left of these layers with material from
the subsoil. The present plow layer is generally very
dark grayish brown silt loam but ranges to light silty
clay loam. It contains 1 to 3 percent organic matter.
The subsurface layer has been lost in most places.

Included with fhis soil in mapping are very small
areas of less sloping Ladoga soils and areas of adjacent
Gara soils.

This soil is suited to crops. Most of the acreage is
cultivated. Some areas are managed with adjacent pas-
ture. The thin surface layer and moderate slopes slow
the water absorption rate and increase runoff. Sheet
erosion is the major management problem. The rapid
runoff forms small gullies in areas where heads of
drainageways extend into this soil. Tilth is poor in a
few areas, and the plow layer becomes cloddy if the
brown subsoil is exposed. Good residue management,
such as returning crop residues to the soil and applica-
tions of manure, is needed to maintain tilth and crop
production. Management of pasture requires greater
application of fertilizer and erosion control practices
than on the uneroded soils. Capability unit IIle-2.

76D—Ladoga silt loam, 9 to 14 percent slopes. This
strongly sloping soil is on side slopes in the timbered
areas in the western two-thirds of the county. Areas
are small and vary in size and shape.

Included with this soil in mapping are small areas
of less sloping or more eroded Ladoga soils and adja-
cent Gara soils on similar slopes. Also included are
small areas of gray clay, reddish clay, sand, and undif-
ferentiated glacial till. These small areas are identified
by spot symbols on the soil map.

This Ladoga soil is suited to occasional row crops if
erosion is controlled. It is susceptible to sheet and gully
erosion if cropped. The organic-matter content is 2 to
4 percent. Capability unit IITe-2.

T76B—Ladoga silt loam, benches, 2 to 5 percent
slopes. This gently sloping soil is on benches that ex-
tend into the bottom land. The loess on benches differs
from that on uplands. It is underlain at a depth of 8
to 10 feet by sandy alluvial sediments. Areas are gen-
erally small, but some are large.

This Ladoga soil is very well suited to row crops,
but it is susceptible to slight erosion. Management is
difficult because of the short, irregular slopes. The soil
has low potential for landfill and sewage lagoon sites
because of the hazard of ground water pollution. The
organic-matter content is 2 to 4 percent. Capability
unit ITe-1.

T76C—Ladoga silt loam, benches, 5 to 9 percent
slopes. This moderately sloping soil is on benches that

extend into the bottom land. The loess on benches dif-
fers from that on uplands. It is underlain at a depth of
6 to 8 feet by sandy alluvial sediments. Areas are
generally small.

This Ladoga soil is suited to cultivated crops if ero-
sion is controlled. Erosion is a hazard. Management
is difficult because of the short, irregular slopes. The
soil has low potential for landfill and sewage lagoon
sites because of the danger of ground water pollution.
The organic-matter content is 2 to 4 percent. Capa-
bility unit IIle-2.

Lamoni Series

The Lamoni series consists of somewhat poorly
drained soils. These moderately sloping and strongly
sloping soils are on side slopes. The Lamoni soils
formed in weathered glacial till under native vegeta-
tion of prairie grasses. Slopes are 5 to 14 percent.

In a representative profile the surface layer is black
and very dark grayish brown, friable silty clay loam
about 12 inches thick. The subsoil extends to a depth
of 52 inches. It is brown and dark grayish brown to
grayish brown, firm clay in the upper part; grayish
brown, very firm clay in the next part; and light gray,
yellowish brown and light brownish gray, very firm
clay loam in the lower part. The substratum is mottled
strong brown and light gray, firm medium clay loam.

Lamoni soils have slow to very slow permeability
and a high available water capacity. The subsoil is low
in available phosphorus and low to medium in avail-
able potassium. Unless limed, the surface layer is me-
dium acid.

The Lamoni soils are used primarily for row crops
in the moderately sloping areas and for hay and pas-
ture on the strongly sloping side slopes. The major
limitation for crops or pasture is erosion, but wetness
can also be a problem.

Representative profile of Lamoni silty clay loam, 5
to 9 percent slopes, 750 feet south and 270 feet east of
the northwest corner of sec. 10, T. 71 N., R. 30 W.:

Ap—0 to 8 inches; black (10YR 2/1) silty clay
loam; dark gray (10YR 4/1) dry; very
fine subangular blocky structure parting
to very fine granular; friable; medium
acid; clear smooth boundary.

A8—8 to 12 inches; very dark grayish brown
(10YR 3/2) light silty clay loam; few
black (10YR 2/1) peds; very fine to fine
subangular blocky structure; friable;
medium acid; clear smooth boundary.

1IB1t—12 to 15 inches; brown (10YR 4/3) light
clay; dark grayish brown (10YR 4/2)
coatings on peds; few fine distinet
strong brown (7.5YR 5/6) mottles;
strong fine subangular blocky structure;
firm; few thin discontinuous clay films;
strongly acid; gradual smooth boundary.

IIB21t—15 to 19 inches; dark grayish brown to
grayish brown (10YR 4/2 and 5/2)
clay; many fine distinet strong brown
(7.5YR 5/6) mottles; strong fine suban-
gular blocky structure; very firm; thin
discontinuous clay films; medium acid;
gradual smooth boundary.

1IB22t—19 to 25 inches; grayish brown (2.5Y
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5/2) clay; common fine distinct yellow-
ish brown (10YR 5/6) and few fine
distinet strong brown (7.5YR 5/6) mot-
tles; strong fine and medium subangular
blocky structure; very firm; thick con-
tinuous clay films; medium acid; grad-
ual smooth boundary.

I1IB23t—25 to 31 inches; grayish brown (10YR
5/2) light clay; common fine distinct
yellowish brown (10YR 5/6) and few
fine distinct strong brown (7.5YR 5/6)
mottles; strong fine and medium suban-
gular blocky structure; very firm; thin
discontinuous clay films; dark apparent
organic-matter stains in old root chan-
nels; medium acid; gradual smooth
boundary.

IIB31t-——31 to 38 inches; mottled grayish brown
(2.5Y 5/2), light gray (5Y 6/1), and
yellowish brown (10YR 5/6) heavy clay
loam ; moderate medium prismatic struec-
ture parting to weak medium subangu-
lar blocky; few fine dark bodies; very
firm; thin discontinuous clay films; few
pebbles; medium acid; gradual smooth
boundary.

1IB32t—38 to 52 inches; light brownish gray
(2.5Y 6/2) medium clay loam; common
fine distinet yellowish brown (10YR
5/6) and strong brown (7.5YR 5/6)
mottles; moderate medium prismatic
structure parting to weak medium sub-
angular blocky; very firm; thin discon-
tinuous grayish brown (2.5Y 5/2) clay
films; medium acid; gradual smooth
boundary.

IIC—52 to 71 inches; mottled strong brown
(7.5YR 5/6) and light gray (5Y 6/1)
medium clay loam; massive; firm; few
pebbles; soft dark bodies; some white
weathered minerals ; medium acid.

The texture of the Ap horizon is typically silty clay
loam but ranges to loam. The Ap horizon ranges from
medium to strongly acid.

The IIC horizon ranges from strong brown (7.5YR

5/6) to yellowish brown (10YR 5/6), with light gray
(5Y 6/1) mottles. The texture ranges from heavy loam
to clay loam. The moderately eroded Lamoni soils are
outside the range defined for the series because they
lack a mollic epipedon. This difference, however, does
not alter the use and behavior of the soils.
" Lamoni soils are associated on the landscape with
Clarinda and Shelby soils. They formed in parent ma-
terial similar to that of Clarinda soils. They have a
thinner clay layer and more sand in the lower sub-
stratum than Clarinda soils and have more clay in the
B horizon than Shelby soils.

822C—Lamoni silty clay loam, 5 to 9 percent slopes.
This moderately sloping soil is on short side slopes,
narrow ridges, and at the heads of upland drainage-
ways. Areas are small in size and irregular in shape.
The profile of this soil is the one described as repre-
sentative of the series.

Included with this soil in mapping are small areas
of Clarinda and Shelby soils. In many places the sur-
face layer is more clayey than the one in the represen-

tative profile because it has been mixed with the clay
subsoil.

This Lamoni soil is suited to occasional row crops if
erosion is controlled, but it is better suited to hay and
pasture. Erosion is a hazard. Wetness is a problem in
some areas because the soil is slowly permeable. The
organic-matter content is 2 to 4 percent. Capability
unit I1Te—4.

822C2—Lamoni silty clay loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping soil is on
short side slopes, narrow ridges, and at the heads of
upland drainageways. Areas are small in size and ir-
regular in shape. This soil has a profile similar to the
one described as representative of the series, but the
surface layer is only 8 to 7 inches thick.

Included with this soil in mapping are small areas
of Clarinda and Shelby soils. In many places the sur-
face layer is more clayey than the one in the represen-
tative profile because it has been mixed with the clay
subsoil. Also included are small, severely eroded areas.

This Lamoni soil is suited to occasional row crops
if erosion and seepy spots are controlled. Erosion and
wetness are hazards because of the very slow perme-
ability of the subsoil. Tiling works well in some areas.
The organic-matter content is 2 to 4 percent. Capa-
bility unit IIle—4.

822D—Lamoni silty clay loam, 9 to 14 percent
slopes. This strongly sloping soil is on short convex
slopes along waterways and around heads of drainage-
ways of the uplands. Areas are irregular in shape and
are 5 to 25 acres in size.

Included with this soil in mapping are small areas
of Clarinda, Adair, and Shelby soils. Also included are
some small severely eroded areas, which are identified
by spot symbols on the soil map.

This Lamoni soil is better suited to pasture than
row crops. Erosion is a hazard because of the strong
slopes. Because the soil is somewhat poorly drained
and has a very slowly permeable subsoil, some areas
are wet. The organic-matter content is 2 to 4 percent.
Capability unit IVe—4.

822D2—Lamoni silty clay loam, 9 to 14 percent
slopes, moderately eroded. This strongly sloping soil is
on short rounded slopes along waterways and around
heads of drainageways in uplands. Areas are 5 to 25
acres in size and irregular in shape. This soil has a
profile similar to the one described as representative
of the series, but the surface layer is thinner.

Included with this soil in mapping are small areas
of Clarinda and Shelby soils. Also included are small
sandy areas that are identified by spot symbols on the
soil map if they are large enough.

This Lamoni soil is better suited to hay or pasture
than to row crops. Erosion is a hazard. Because the
soil is somewhat poorly drained and has a very slowly
permeable subsoil, some areas are wet. The organic-
matter content is 2 to 4 percent, Capability unit IVe-4.

Lindley Series

The Lindley series consists of moderately well
drained upland soils that formed in clay loam glacial
till under native vegetation of trees. These soils have a
thin surface layer and a grayish subsurface layer. If
cultivated, they have a distinct, light colored surface
layer when dry. Slopes are 9 to 25 percent but are
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mostly 15 percent or steeper. The strongly sloping soils
are on ridges, and the moderately steep to steep soils
are on side slopes. Areas are large and occur mostly in
the steeper, more densely timbered areas. The present
vegetation is dominantly oak timber.

The surface layer is very dark grayish brown, fri-
able loam about 2 inches thick. The subsurface layer
is dark grayish brown, friable loam about 4 inches
thick. The subsoil is firm, brown and yellowish brown
clay loam, It is about 26 inches thick. The lower part
is mixed with grayish brown and mottled with con-
trasting brown and gray. It is mostly firm. The sub-
stratum is yellowish brown, firm clay loam mottled
with grayish brown. Calcium carbonates are at a depth
of about 32 inches.

Lindley soils have a high available water capacity
and moderately slow permeability. If the timber is
removed, runoff severely erodes the surface layer un-
less grass vegetation is established. The subsoil is very
low in available phosphorus and low in available po-
tassium. Unless limed, the surface layer is medium to
strongly acid.

The less sloping Lindley soils are suited to limited
use as cropland. The steeper areas are in timber. Roots
can penetrate these soils, but root growth is limited by
the slow absorption of water and low available plant
nutrients.

Representative profile of Lindley loam, 14 to 18
percent slopes, 210 feet west and 610 feet south of the
northeast corner of sec. 25, T. 72 N,, R. 29 W.

A1l—0 to 2 inches; very dark grayish brown
(10YR 3/2) loam; moderate very fine
granular structure; friable; medium
acid; abrupt smooth boundary.

A2--2 to 6 inches; dark grayish brown (10YR
4/2) loam; weak thin platy structure
parting to weak fine granular; friable;
strongly acid; clear smooth boundary.

B1—6 to 10 inches; brown (10YR 4/3) heavy
loam; moderate fine granular and mod-
erate fine subangular blocky structure;
friable; strongly acid; clear smooth
boundary.

B21t—10 to 15 inches; yellowish brown (10YR
5/6) light clay loam; moderate fine and
very fine subangular blocky structure;
firm; few thin discontinuous clay films;
strongly acid; clear smooth boundary.

B22t—15 to 26 inches; yellowish brown (10YR
5/4) clay loam; moderate fine angular
blocky structure; firm; thin continuous
dark yellowish brown (10YR 4/4) clay
films; strongly acid; clear smooth
boundary.

B23t—26 to 32 inches; yellowish brown (10YR
5/6) clay loam; common fine distinct
grayish brown (10YR 5/2) mottles;
weak medium and fine subangular
blocky structure; firm; thin discontinu-
ous clay films; medium acid; clear
smooth boundary.

C—32 to 60 inches; yellowish brown (10YR 5/4)
clay loam; common medium faint gray-
ish brown (2.5Y 5/2) mottles; some
pebbles; massive with some cleavage

planes; firm; calcareous; calcium car-
bonate concretions; mildly alkaline,

The A1l horizon ranges from very dark gray (10YR
3/1) to dark grayish brown (10YR 4/2). Texture of
the A1l horizon is typically loam but ranges to include
light clay loam.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to light brownish gray (10YR 6/2).

The B2 horizon ranges from dark yellowish brown
(10YR 4/4) to yellowish brown (10YR 5/6). The tex-
ture ranges from light to heavy clay loam. The reac-
tio.rél of the solum ranges from medium to very strongly
acid.

Lindley soils are associated on the landscape with
Keswick and Weller soils. They have less clay in the
subsoil than Keswick soils and have more sand than
the loess-derived Weller soils.

65E—Lindley loam, 14 to 18 percent slopes. This
moderately steep soil is on irregular side slopes in
timbered areas. It occurs as narrow, irregular bands
that form the sides of valleys. Areas extend downslope
to the alluvial soils in the narrow drainageways or
stream bottoms.

This soil has the profile described as representative
of the series. The surface layer is typically dark gray-
ish brown.

Included with this soil in mapping are small areas
of adjacent soils and more severely eroded areas. Some
severely eroded areas are identified by spot symbols
on the soil map.

This soil is not suited to row crops because of the
steep slope and the severe erosion hazard. At one time,
much of the original timber was cleared, and some
areas were cropped. Now, only a small acreage man-
aged with adjacent better soils is cropped. Most of the
acreage has been converted to pasture, Some areas
now have a second growth of timber. Eroded areas
have poor tilth, which makes establishment of new
stands of grasses and legumes difficult. Tree growth is
usually slow.

The surface layer absorbs water slowly. The rapid
runoff creates a serious erosion hazard, and drainage-
ways in side slopes are gullied easily. Organic-matter
content is less than 1 percent. Capability unit Vie-3.

65F—Lindley loam, 18 to 25 percent slopes. This
steep soil is on side slopes in the timbered areas along
major streams and tributaries. It is commonly along
the Grand River and its tributaries. A small acreage is
along the Platte River. Areas generally extend down
the hillside to the alluvial soils near or in the stream
bottom. Where slope breaks are very sharp, some of
the acreage is adjacent to the high, narrow ridges.
Areas are small to large and are irregular in shape.

This soil has a thinner subsoil than the less sloping
Lindley soils, and free lime or carbonates are closer to
the surface.

Included with this soil in mapping are small areas of
other Lindley soils. Also included are areas where the
surface layer is very thin. These severely eroded areas
are identified by spot symbols on the soil map.

Almost all the acreage is in timber. Most areas are
used as pasture. They furnish little livestock feed un-
less they are renovated. Small, cleared areas are
readily eroded, and the plant cover reverts to weeds or
scrubby, second growth timber. Fewer gullies form
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than in the uncleared areas because of the tree cover.
The organic-matter content is less than 1 percent.

Pastured areas of this soil generally are not pro-
ductive. The soil is best suited to woodland and wild-
life habitat. Tree growth is slow. Some areas in
pasture would be more productive if they were reno-
vated. Operating farm machinery is hazardous because
of the steep slopes, gullies, and generally rough terrain.
Capability unit VIIe-1.

Lineville Series

The Lineville series consists of soils that are mod-
erately well drained in the upper part and somewhat
poorly drained in the lower part. These moderately
sloping soils are on narrow ridgetops. Lineville soils
formed in loess over pedisediment, which overlies a
highly weathered glacial till, under native vegetation
of prairie grasses and trees. Slopes are 5 to 9 percent.

In a representative profile the surface layer is very
dark brown silt loam about 7 inches thick. The sub-
surface layer is brown silt loam about 4 inches thick.
The subsoil extends to a depth of 44 inches. It is brown
silty clay loam in the upper part; brown, grayish
brown, yellowish brown, and dark yellowish brown
clay loam in the next part; and strong brown clay
loam in the lower part.

Lineville soils have moderately slow to very slow
permeability and a high available water capacity. The
subsoil is low in available phosphorus and very low
in available potassium, Unless limed, the surface layer
is slightly acid.

The Lineville soils are used primarily for row crops,
but they have severe limitations. The major limita-
tions for row crops are the moderate slopes and the
clayey subsoil.

Representative profile of Lineville silt loam, 5 to 9
percent slopes, 590 feet north and 20 feet west of the
southeast corner of sec. 4, T. 71 N.,, R. 29 W. on a
north-facing slope of 6 percent:

Ap—0 to 7 inches; very dark brown (10YR 2/2)
silt loam; grayish brown (10YR 5/2)
dry; weak fine subangular blocky struc-
ture parting to weak fine granular and
thin platy; friable; slightly acid; abrupt
smooth boundary.

A2—7 to 11 inches; brown (10YR 4/3) silt loam,
light brownish gray (10YR 6/2) dry;
weak very fine subangular blocky struc-
ture parting to weak thin platy; friable;
some very dark brown (10YR 2/2) and
very dark grayish brown (10YR 3/2)
peds and coatings; strongly acid; clear
smooth boundary.

B1—11 to 17 inches; brown (10YR 4/3) light
silty clay loam; few light gray (10YR
7/2) dry coatings and few very dark
grayish brown (10YR 3/2) peds; mod-
erate very fine subangular blocky struc-
ture; friable; strongly acid; -clear
smooth boundary.

IIB21—17 to 23 inches; brown (10YR 4/3) silty
clay loam; few fine faint yellowish
brown (10YR 5/4 and 5/6) mottles;
many light gray (10YR 7/2) silt coat-

ings; moderate fine subangular blocky
structure; friable; many sand grains;
few dark bodies; strongly acid; clear
smooth boundary.

ITB22t—23 to 28 inches; brown (10YR 4/3) light
clay loam; common medium faint dark
yellowish brown (10YR 4/4), yellowish
brown (10YR 5/6), and grayish brown
(10YR 5/2) mottles; many light gray
(10YR 7/2) silt coatings; moderate me-
dium subangular blocky structure; fri-
able; hard when dry; few discontinuous
clay films; many dark bodies; medium
acid; gradual smooth boundary.

ITB23t—28 to 36 inches; mottled grayish brown
(10YR 5/2), yellowish brown (10YR
5/6), and dark yellowish brown (10YR
4/4) light clay loam; light gray
(10YR 7/2) dry sand and silt coatings
on peds; moderate medium subangular
blocky structure; firm, hard when dry;
many dark bodies and increasing sand
content with increasing depth; medium
acid; gradual smooth boundary.

ITIB24t—36 to 44 inches; brown (7.5YR 4/4)
heavy clay loam; few fine faint grayish
brown (10YR 5/2), common fine dis-
tinet strong brown (7.5YR 5/6 and
5/8), and common fine distinct yellowish
red (5YR 5/8) mottles; weak medium
subangular blocky structure; firm; thin
clay films; many sand grains and small
pebbles; medium acid; gradual smooth
boundary.

IIIB25t—44 to 50 inches; brown (7.5YR 4/4)
clay loam; common fine distinet strong
brown (7.5YR 5/6 and 5/8) mottles;
moderate fine subangular blocky strue-
ture; firm; few brown (10YR 4/8) clay
films; many pebbles; slightly acid; grad-
ual smooth boundary.

ITIIB26t—50 to 58 inches; strong brown (7.5YR
5/6) clay loam; moderate fine subangu-
lar blocky structure; firm; thick discon-
tinuous dark brown (7.5YR 4/2) clay
films on vertical faces; few pebbles and
rocks; slightly acid; gradual smooth
boundary.

ITIB3t—58 to 72 inches; mottled strong brown
(7.5YR 5/6) and yellowish brown
(10YR 5/4) clay loam; moderate fine
subangular blocky structure; dark
brown (10YR 38/3) thick discontinuous
clay films; black (N 2/0) coatings on
faces of peds; neutral.

The Ap horizon ranges from very dark brown
(10YR 2/2) to very dark grayish brown (10YR 3/2).
Texture of Ap horizon is typically silt loam but ranges
to include loam.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) and brown (10YR 4/3) to grayish brown
(10YR 5/2). Texture of the A2 horizon ranges from
silt loam to loam.

Texture of the IIB2t horizon ranges from heavy
silty clay loam to loam.
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The ITIB horizon ranges from brown (7.5YR 4/4)
to strong brown (7.5YR 5/6). Texture ranges from
heavy clay loam to clay.

Lineville soils are associated on the landscape with
Armstrong and Pershing soils. They have less sand in
the A horizon then Armstrong soils and have more
sand in the B horizon than Pershing soils.

452C—Lineville silt loam, 5 to 9 percent slopes. This
moderately sloping soil is on narrow ridgetops.

Included with this soil in mapping are some small
areas of Armstrong, Ladoga, Pershing, Weller, Adair,
and Clarinda soils. Also included are small, severely
eroded areas that are identified by spot symbols on the
soil map.

This Lineville soil is suited to crops, but it is severely
limited by low fertility and the clayey subsoil. 1t pro-
duces average hay and pasture. It is not too sloping
for tillage, but erosion is a hazard. The organic-matter
content is 1 to 2 percent. Capability unit I1Ie-5.

Macksburg Series

The Macksburg series consists of somewhat poorly
drained soils. These nearly level and gently sloping
soils are on divides and wide ridges in the uplands. The
Macksburg soils formed in loess under native vegeta-
tion of prairie grasses. Slopes are 0 to 5 percent.

In a representative profile the surface layer is black
to very dark grayish brown silty clay loam about 22
inches thick. The subsoil extends to a depth of 55
inches. It is dark grayish brown silty clay loam in the
upper part and grayish brown silty clay loam in the
lower part. The substratum is grayish brown silty clay
loam with strong brown and yellowish brown mottles.

Macksburg soils have moderately slow permeability
and a high available water capacity. The subsoil is low
in available phosphorus and is medium in available
potassium. Unless limed, the surface layer is generally
slightly acid.

The Macksburg soils are used primarily for culti-
vated crops. The hazard of erosion is shight on the
gently sloping soils.

Representative profile of Macksburg silty clay loam,
0 to 2 percent slopes, 770 feet east and 2,400 feet south
of the northwest corner of sec. 27, T. 72 N., R. 30 W.
northeast of buildings in an alfalfa field:

Ap—O0 to 7 inches; black (10YR 2/1) silty clay
loam; weak medium subangular blocky
structure parting to weak fine granular;
friable; slightly acid; abrupt clear
boundary.

A12—T to 14 inches; black (10YR 2/1) silty clay
loam ; weak fine subangular blocky struc-
ture; friable; medium acid; clear smooth
boundary.

AS3—14 to 22 inches; very dark grayish brown
(10YR 3/2) silty clay loam; very dark
gray (10YR 8/1) coatings on peds; mod-
erate very fine subangular blocky struc-
ture and moderate fine granular struc-
ture; friable; medium acid; clear smooth
boundary.

B1-—22 to 28 inches; dark grayish brown (10YR
4/2) silty clay loam; very dark brown
(10YR 2/2) and very dark grayish

brown (10YR 3/2) coatings on peds;
moderate very fine subangular blocky
structure; friable; medium acid; grad-
ual smooth boundary.

B21t—28 to 37 inches; dark grayish brown
(10YR 4/2) heavy silty clay loam; weak
medium prismatic structure parting to
moderate fine subangular blocky; firm;
few to common fine distinct yellowish
brown (10YR 5/4) mottles; few fine
black (10YR 2/1) bodies; thin discon-
tinuous clay films; medium acid; gradual
smooth boundary.

B22t—37 to 43 inches; grayish brown (2.5Y 5/2)
heavy silty clay loam; weak medium
prismatic structure parting to moderate
medium subangular blocky; firm; com-
mon fine faint brown (10YR 4/3) and
yellowish brown (10YR 5/4) mottles;
common fine black (10YR 2/1) bodies;
thin discontinuous eclay films; slightly
acid; gradual smooth boundary.

B3t—43 to 55 inches; grayish brown (2.5Y 5/2)
silty clay loam; weak coarse prismatic
structure parting to weak medium and
coarse subangular blocky; friable; many
fine faint yellowish brown (10YR 5/4
and 5/6) mottles; very thin discontinu-
ous clay films; slightly acid; gradual
smooth boundary.

C—55 to 67 inches; grayish brown (2.5Y 5/2)
silty clay loam; massive; friable; many
fine distinct strong brown (7.5YR 5/6)
and common fine distinct yellowish
brown (10YR 5/6) mottles; many fine
soft bodies; slightly acid.

The Ap or Al horizon ranges from black (10YR
2/1) to very dark gray (10YR 8/1). The A horizon
ranges from neutral to medium acid. The B horizon is
24 to 48 inches thick.

Macksburg soils formed in parent material similar
to that of Winterset and Sharpsburg soils. Macksburg
soils have more clay in the B horizon than Sharpsburg
soils and darker colors are deeper. In contrast with
Winterset soils, they have less clay in the B horizon.
They have two chroma colors in the upper B horizon;
Winterset soils have only one.

368—Macksburg silty clay loam, 0 to 2 percent
slopes. This nearly level soil is on divides between the
major streams in the uplands. Areas vary in size but
range to large and regular in shape. The profile of this
soil is the one described as representative of the series.

Included with this soil in mapping are small areas
of Winterset and Sharpsburg soils. Small poorly
drained areas that are significant in size are identified
by spot symbols on the soil map.

This Macksburg soil is well suited to row crops. The
organic-matter content is 4 to 6 percent. Capability
unit I-1.

368B—Mackshurg silty clay loam, 2 to 5 percent
slopes. This gently sloping soil is on ridgetops in the
uplands. Areas vary from small to large in size.

Included with this soil in mapping are small areas
of nearly level Macksburg soils and Sharpsburg soils.

This Macksburg soil is well suited to row crops.
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Erosion is a slight hazard because of the gentle slopes.
The organic-matter content is 4 to 6 percent. Capabil-
ity unit Ile-1.

Mystic Series

The Mpystic series consists of moderately well
drained and somewhat poorly drained soils. These mod-
erately sloping and strongly sloping soils are on high
terraces along major streams. Mystic soils formed in
water-sorted glacial sediment, deposited as alluvium
during an earlier geologic period, under a native veg-
etation of grass and forest vegetation. Slopes are 5 to
14 percent.

In a representative profile the surface layer is very
dark grayish brown, very friable silt loam about 7
inches thick. The subsurface layer is dark grayish
brown, very friable loam about 5 inches thick. The
subsoil extends to a depth of 54 inches. It is brown
clay loam in the upper part; reddish brown and brown
clay in the next part; and brown, light brown, and
reddish brown clay loam in the lower part. The sub-
stratum is mottled brown, light brown, and reddish
brown, friable sandy clay loam.

Mystic soils have slow permeability and a moderate
available water capacity. The subsoil is very low in
available phosphorus and potassium. Unless limed, the
surface layer is medium acid.

The Mystic soils are used primarily for hay and
pasture. They are seasonally wet and seepy. Erosion
and seasonal wetness are the major limitations for
crops, hay, and pasture.

Representative profile of Mystic silt loam, 5 to 9
percent slopes, moderately eroded, 3,680 feet north and
320 feet west of southeast corner of sec. 34, T. 71 N.,
R. 28 W. on a 6 percent east-facing slope in an un-
eroded area:

Ap—O to 7 inches; very dark grayish brown
(10YR 3/2) silt loam; grayish brown
(10YR 5/2) dry; granular to thin platy
structure; very friable; medium acid;
clear smooth boundary.

A2—T to 12 inches; dark grayish brown (10YR
4/2) loam; grayish brown (10YR 5/2)
and light brownish gray (10YR 6/2)
dry; thin to very thin platy structure;
very friable; strongly acid; clear smooth
boundary.

B1t—12 to 16 inches; brown (10YR 4/3) light
clay loam; fine and very fine subangular
blocky structure; friable; few light gray
silt coatings; strongly acid; gradual
smooth boundary.

B21t—16 to 21 inches; brown (7.5YR 4/4) clay
loam; fine subangular blocky structure;
firm; few light gray (10YR 7/2) silt
coatings and mottles; very strongly acid;
gradual smooth boundary.

B22t—21 to 27 inches; reddish brown (5YR 4/4)
light clay; few fine faint yellowish red
(5YR 4/6) mottles and few fine distinct
light gray (10YR 7/2) mottles; strong
fine blocky structure; firm; thin clay
films; very strongly acid; clear smooth
boundary.

B23t—27 to 33 inches; brown (7.5YR 4/4) light
clay; common fine distinct yellowish red
(5YR 4/8) and grayish brown (10YR
5/2) mottles; brown (10YR 5/3) clay
films and ped coats; moderate medium
and fine angular blocky structure; firm;
very strongly acid; clear smooth bound-
ary.

to 47 inches; brown (7.5YR 4/4) me-
dium clay loam; few fine distinct yellow-
ish red (5YR 4/6 and 4/8) and dark
reddish gray (5YR 4/2) mottles; mas-
sive parting to weak medium angular
blocky structure; firm; very strongly
acid; gradual smooth boundary.

B32—47 to 54 inches; mottled brown (7.5YR
5/4), light brown (7.5YR 6/4), and red-
dish brown (5YR 4/4) clay loam; mas-
sive; friable; strongly acid; gradual
smooth boundary.

C—54 to 62 inches; mottled brown (7.5YR 5/4),
light brown (7.5YR 6/4), and reddish
brown (5YR 4/4) sandy clay loam ; mas-
sive; friable; strongly acid.

The Ap horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2). It is
dominantly silt loam, but ranges to light clay loam.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to brown (10YR 5/3) and from silt loam
to loam.

The C horizon ranges from sandy loam to sandy
clay loam.

Mystic soils are associated on the landscape with
Caleb, Gara, Armstrong, and Pershing soils. They
formed in parent material similar to that of Caleb
soils. They have more clay in the B horizon than Caleb,
Gara, and Pershing soils. Mystic soils have more sand
in the C horizon than Armstrong soils.

592C2—Mpystic silt loam, 5 to 9 percent slopes, mod-
erately eroded. This moderately sloping soil is on high
terraces near major streams. It occurs as long and nar-
row to short and wide areas. It has a profile similar to
the one described as representative of the series, but
this soil is eroded and the surface layer is thinner. In-
cluded in mapping are small areas of Caleb, Pershing,
and Gara soils.

This Mystic soil is better suited to hay and pasture
than to row crops. Erosion control is needed if row
crops are grown. The organic-matter content is 1 to 2
percent. Capability unit I1Ie-4.

592D2—Mpystic silt loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping soil is on high
terraces near major streams. It occurs as long and
narrow to short and wide areas. The profile is similar
to the one described as representative of the series,
but the dark surface layer is thinner. Included in map-
ping are small areas of Caleb, Pershing, and Gara soils.

This Mystic soil is better suited to hay and pasture
than to row crops. It is susceptible to erosion. The
organic-matter content is 1 to 2 percent. Capability
unit IVe—4.

94D2—Mystic-Caleb complex, 9 to 14 percent slopes,
moderately eroded. This strongly sloping map unit is
on short side slopes of benches near the major streams
and tributaries. It is 55 percent Mystic soil and 30
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percent Caleb soil. Included in mapping are small areas
of Ladoga, Pershing, Armstrong, and Gara soils and
small sandy areas.

If well managed, this map unit is suited to row crops.
If used for row crops, it is susceptible to erosion. It is
usually managed with other soils as cropland or pas-
ture. Gullies form readily in some waterways. The
organic-matter content is 1 to 2 percent. Capability
unit IVe-4.

Nira Series

The Nira series consists of moderately well drained
soils. These moderately sloping soils are on upper side
slopes and narrow ridgetops of the uplands. Nira soils
formed in loess under native vegetation of prairie
grasses. Slopes are 5 to 9 percent.

In a representative profile the surface layer is black
and very dark gray silty clay loam about 13 inches
thick. The subsoil extends to a depth of 44 inches. It
is brown silty clay loam in the upper part and grayish
brown silty clay loam in the lower part. The substra-
tum is grayish brown silty clay loam mottled with
brown.

Nira soils have moderately slow permeability and a
high available water capacity. The subsoil is very low
in available phosphorus and available potassium. Un-
less limed, the surface layer is generally slightly acid.

The Nira soils are used primarily for crops. The
major hazard is erosion. Erosion control is needed.

Representative profile of Nira silty clay loam in an
area of Nira-Sharpsburg silty clay loams, 5 to 9 per-
cent slopes, about 2,140 feet west, 1,490 feet south of
northeast corner of sec. 23, T. 73 N, R. 31 W, just
west of the park road:

A1—0 to 8 inches; black (10YR 2/1) silty clay
loam; moderate fine and very fine sub-
angular blocky structure parting to weak
fine subangular blocky; friable; slightly
acid; clear smooth boundary.

A3—8 to 13 inches; very dark gray (10YR 3/1)
silty clay loam; weak fine and very fine
subangular blocky structure; friable;
few brown (10YR 4/3) peds in lower
part of horizon; medium acid; clear
smooth boundary.

B1—13 to 19 inches; brown (10YR 4/3) silty
clay loam; common very dark gray
(10YR 3/1) coats on faces of peds; mod-
erate fine subangular blocky structure;
friable; few fine faint dark yellowish
brown (10YR 4/4) mottles; medium
acid; clear smooth boundary.

B21t—19 to 25 inches; brown (10YR 4/3) silty
clay loam; some grayish brown (2.5Y
5/2) peds; moderate fine subangular
blocky structure; friable; few thin dis-
continuous clay films; few fine dark
bodies; medium acid; clear smooth
boundary.

B22t—25 to 30 inches; grayish brown (2.5Y 5/2)
silty clay loam; brown (10YR 4/3) coat-
ings on peds; weak medium prismatic
structure parting to moderate medium
subangular blocky ; friable; few fine dark

bodies; thin discontinuous clay films;
medium acid; gradual smooth boundary.

B3t—30 to 44 inches; grayish brown (2.5Y 5/2)
silty clay loam; weak medium prismatic
to moderate coarse subangular blocky
structure; friable; common medium dis-
tinct brown (7.5YR 4/4) and strong
brown (7.5YR 5/6) mottles; few dark
bodies; thin discontinuous clay films;
medium acid; gradual smooth boundary.

C—44 to 60 inches; grayish brown (2.5Y 5/2)
silty clay loam; massive; friable; com-
mon medium distinet brown (7.5YR
4/4) mottles; medium acid.

The A1l horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1). The A horizon ranges
from neutral to medium acid.

Eroded units of Nira-Sharpsburg silty clay loams
are outside the range defined for their respective se-
ries because they lack a mollic epipedon.

Nira soils formed in parent material similar to that
of Sharpsburg and Clearfield soils. They have grayer
colors in the lower part of the B horizon than Sharps-
burg soils. The lower part of the solum formed in gray
]oglss instead of the gray paleosol typical of Clearfield
soils.

371C—Nira-Sharpsburg silty clay loams, 5 to 9 per-
cent slopes. This moderately sloping map unit is on
short, convex to straight side slopes surrounding the
nearly level, stable upland divides. It is 60 percent
Nira soil and 35 percent Sharpsburg soil. Areas are
large in size and irregular in shape. The Nira soil has
the profile described as representative of the series.
The plow layer is 3 to 4 percent organic matter.

Included with this unit in mapping are small areas
of Clearfield soils. Also included are some areas of
gray clay, glacial till, reddish clay, sandy areas, and
wet spots. These areas are identified by spot symbols
on the soil map.

This unit is well suited to crops. It is susceptible to
(Iafi)si%n. Erosion control is needed. Capability unit

e—2.

371C2—Nira-Sharpsburg silty clay loams, 5 to 9 per-
cent slopes, moderately eroded. This moderately sloping
map unit is on shorf, convex to straight side slopes
surrounding nearly level, stable upland divides. It is
60 percent Nira soils and 35 percent Sharpsburg soils.
Areas are large in size and irregular in shape. The sur-
face layer is very dark grayish brown silty clay loam
7 inches thick. It is 2 to 3 percent organic matter.
Erosion has removed part of the original surface
layer, and plowing has mixed what is left with mate-
rial from the subsoil. The present plow layer rests
directly above the firm subsoil. The subsoil may be
exposed at the surface at the shoulder of slopes or
near drains in sidehills. Included in mapping are small
areas of Clearfield soils.

This map unit is moderately suited to row crops and
well suited to hay and pasture. Most areas are used for
those purposes. The soils become cloddy when tilled.
They are more erodible than the uneroded soils because
they are in poorer physical condition. Fertility is more
limiting. Seedbed preparation is more difficult, and a
higher level of management is required. Erosion from
runoff is the main hazard. Capability unit ITle-2.
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Nodaway Series

The Nodaway series consists of stratified and mod-
erately well drained soils. These nearly level soils are
on first bottoms along rivers and streams. Nodaway
soils formed in silty alluvium under a native vegeta-
tion of prairie grasses and trees. Slopes are 0 to 2
percent.

In a representative profile the soil is stratified very
dark gray and grayish brown silt loam about 80 inches
thick. It has medium platy structure and some coarse
sand strata below a depth of 70 inches.

Nodaway soils have moderate permeability and a
high available water capacity. The subsoil is medium
in available phosphorus and available potassium. Un-
less limed, the surface layer is slightly acid to neutral.

The Nodaway soils are used primarily for row crops.
The major limitation is wetness from stream overflow.

Representative profile of Nodaway silt loam, 0 to 2
percent slopes, 2,450 feet north and 80 feet west of the
southeast corner of sec, 24, T. 78 N., R. 29 W. on nearly
level bottom land:

C—0 to 80 inches; stratified very dark gray
(10YR 3/1) and grayish brown (10YR
5/2) silt loam; light gray (10YR 7/1)
when dry; few fine distinet brown
(7.5YR 4/4) mottles that increase with
depth; medium platy structure; friable;
common thin light brownish gray
(10YR 6/2) and pale brown (10YR 6/3)
sand strata; coarse sand strata at a
depth of 70 inches and calcareous sand
at a depth of 78 inches; yellowish
brown (10YR 5/4) silt and sand strata
below 63 inches; slightly acid to neutral.

The C horizon ranges from stratified, very dark
gray (10YR 3/1) to light gray (10YR 7/2).

Nodaway soils are associated on the landscape with
Colo and Coppock soils. They formed in parent mate-
rial similar to that of Kennebec soils. They are lighter
colored than Colo and Kennebec soils. Nodaway soils
are less clayey than Coppock and Colo soils.

220—Nodaway silt loam, 0 to 2 percent slopes. This
nearly level soil is on first bottoms near major streams
and tributaries. It occurs as large to small areas near
the stream channels. The profile of this soil is the one
described as representative of the series.

Included with this soil in mapping are small areas
of Kennebec, Coppock, and Colo soils. Also included
are small sandy areas, which are identified by spot
symbols on the soil map.

This Nodaway soil is well suited to row crops, but
some small areas are managed as pasture or woodland
with adjacent soils. Flooding is a hazard. The organic-
ir%atter content is less than 1 percent. Capability unit

w-3.

C220—Nodaway silt loam, 0 to 2 percent slopes,
channeled. This nearly level soil is on first bottoms with
many old stream channels. It occurs as long, narrow,
and irregularly shaped areas that are cut by old chan-
nels of meandering streams. In many places the oxbow
channels are filled with water.

Included with this soil in mapping are soils in old
streambeds, which vary from sand to clay in texture,
and some areas of Colo and Wabash soils.

This Nodaway soil is usually in pasture or is left idle.
It is susceptible to flooding. The organic-matter con-
tent is less than 1 percent. Capability unit Vw-1.

13B—Nodaway-Vesser silt loams, 2 to 5 percent
slopes. This map unit is in narrow upland drainage-
ways. It is 60 percent Nodaway soil and 30 percent
Vesser soil. Areas are long and narrow.

Along narrow drainageways, the Nodaway soil is
adjacent to the streams and the Vesser soil is at the
base of the upland slopes. Some areas are dissected by
gullies and cannot be crossed by machinery. This map
unit commonly occurs in areas where the side slope
soils formed under trees.

Most areas are managed along with the adjacent
soils as pasture, woodland, or row crops. They can be
used for intensive roweropping if runoff from steeper
soils is controlled and drainage is provided. The
organic-matter content is less than 1 percent to 4 per-
cent. Capability unit IIw-3.

Olmitz Series

The soils of the Olmitz series formed in loamy allu-
vial material washed off the adjacent slopes. These
moderately well drained to well drained, gently slop-
ing soils are on narrow foot slopes of 2 to 5 percent,
below the steeper glacial till soils upslope and above
the more level alluvial soils. They also occur on alluvial
fan positions at the mouth of drainageways. They are
near streams and tributaries in all parts of the county
but are most common along the major streams. The
native vegetation was prairie grasses.

The surface layer is black and dark brown, friable
loam and light clay loam about 33 inches thick. It
grades to very dark grayish brown in the lower part.
The subsoil is dark brown, friable light clay loam.

Olmitz soils are moderately to moderately slowly
permeable and have a high available water capacity.
They absorb water readily, but they carry excessive
runoff from the steeper side slopes. They have a deep,
favorable root zone. Unless limed, the surface layer is
typically medium acid. These soils are moderately fer-
tile and easy to cultivate. The subsoil is low in available
phosphorus and medium in available potassium.

Olmitz soils are subject to erosion. Although water
is absorbed rapidly, the runoff from the adjacent
slopes washes away some of the finer soil particles.
Some deposition occurs on the gentle slopes.

These soils are suited to crops. They dry out readily,
even after heavy rains, and in most places are in ex-
cellent tilth.

Representative profile of Olmitz loam, 2 to 5 percent
slopes, 1,330 feet south and 260 feet west of the north-
east corner of sec. 2, T. 71 N, R. 29 W. on gently slop-
ing alluvium:

Ap—o0 to 8 inches; black (10YR 2/1) loam; weak
fine granular structure; friable; medium
acid; abrupt smooth boundary.

Al12—8 to 16 inches; black (10YR 2/1) loam;
weak fine subangular blocky structure
parting to weak very fine subangular
blocky; friable; medium acid; gradual
smooth boundary.

A13—16 to 24 inches; dark brown (10YR 2/2)
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light clay loam; very dark grayish brown
(I0YR 3/2) when kneaded; moderate
very fine and fine subangular blocky
structure; friable; slightly acid; gradual
smooth boundary.

to 33 inches; very dark grayish brown
(10YR 3/2) light clay loam; very dark
grayish brown (10YR 3/2) when
kneaded ; moderate fine and medium sub-
angular blocky structure; friable; con-
centration of small pebbles at a depth of
97 inches; neutral; gradual smooth
boundary.

to 46 inches; dark brown (10YR 3/3)
licht clay loam that is the same color
when kneaded ; moderate coarse prisma-
tic structure parting to weak fine sub-
angular blocky ; friable; very dark gray-
ish brown (10YR 8/2) coats on peds;
few pebbles; neutral; gradual smooth
boundary.

to 52 inches; dark brown (10YR 3/3)
licht clay loam; brown (10YR 4/3)
when kneaded; moderate coarse prisma-
tic structure parting to weak fine sub-
angular blocky; friable; few pebbles;
neutral; gradual smooth boundary.

to 63 inches; dark brown (10YR 3/3)
licht clay loam; brown (10YR 4/3)
when kneaded; coatings on peds are
brown (10YR 4/3) and are grayish
brown (10YR 5/2) when dry; moderate
coarse prismatic structure; friable; neu-
tral.

The Ap horizon ranges from black (10YR 2/1) to
very dark brown (10YR 2/2). The texture of the Ap
horizon is typically loam but ranges to include light
clay loam.

The B horizon ranges from dark brown (10YR 3/3)
to brown (10YR 4/3).

The Olmitz soils are similar to the Colo soils but
contain less clay and more sand than those soils.

273B—OIlmitz loam, 2 to 5 percent slopes. This
gently sloping soil is on fan-shaped alluvial deposits
at the mouth of small hillside waterways and on nar-
row depositional foot slopes. The depositional areas
typically lie adjacent to and between the steeper gla-
cial side slopes and the more poorly drained, dark
colored alluvial soils on first and second bottom lands.
This soil occurs as small areas in all parts of the
county along major streams and tributaries.

Included with this soil in mapping are small areas
of gently sloping, more poorly drained alluvial soils
near the lower border of the county.

This soil is suited to row crops if runoff and silta-
tion are controlied. Most areas are small and are man-
aged with adjacent soils as cropland or pasture.
Erosion is a slight hazard because of rapid runoff
from the adjacent, more sloping Shelby and Gara
soils. Some depositions occur in the less sloping areas.
Slowing runoff from the adjacent Shelby and Gara
soils is the most effective way of controlling erosion.
Most areas are in good tilth. The organic-matter
content is 4 to 6 percent. Capability unit IIe-2.

A3—24

B1—33

B2—46

B3—52

Pershing Series

The Pershing series consists of moderately well
drained to somewhat poorly drained soils. These gently
to strongly sloping soils are on narrow ridgetops and
convex side slopes of the uplands. They formed in loess
under native vegetation of prairie grasses and trees.
Slopes are 2 to 14 percent.

In a representative profile the surface layer is very
dark grayish brown silt loam about 7 inches thick.
The subsurface layer is dark grayish brown silt loam
8 inches thick. The subsoil extends to a depth of 48
inches. It is brown silty clay loam in the upper part,
mottled yellowish brown and grayish brown silty clay
in the next part, and mottled yellowish brown and
grayish brown silty clay loam in the lower part. The
substratum is grayish brown silt loam with yellowish
brown mottles.

The Pershing soils have slow permeability and a
high available water capacity. The subsoil is high in
available phosphorus and very low in available potas-
sium. Unless limed, the surface layer is generally
neutral or slightly acid.

The Pershing soils are used primarily for cultivated
crops and pasture. Erosion is the major hazard for
crops or pasture.

Representative profile of Pershing silt loam, 5 to 9
percent slopes, 1,910 feet east and 890 feet north of
the southwest corner of sec. 18, T. 71 N., R. 28 W.on a
T percent slope in a hayfield:

Ap—0 to 7 inches; very dark grayish brown
(10YR 3/2) silt loam; grayish brown
(10YR 5/2) when dry; weak medium
cloddy to weak fine granular structure;
friable; neutral; abrupt smooth bound-
ary.

A2—7 to 10 inches; dark grayish brown (10YR
4/2) silt loam; light brownish gray
{10YR 6/2) when dry; weak thin platy
to moderate very fine subangular blocky
structure; friable; medium acid; clear
smooth boundary.

B1—10 to 14 inches; brown (10YR 4/3) silty
clay loam; light brownish gray (10YR
6/2) when dry; moderate fine and very
fine subangular blocky structure; fri-
able; medium acid; clear smooth bound-
ary.

B21t—14 to 21 inches; grayish brown (10YR 5/2)
silty clay loam; moderate fine and very
fine subangular blocky structure; firm;
few fine distinet yellowish brown (10YR
5/6), and few fine faint grayish brown
(2.5Y 5/2) mottles; thin discontinuous
clay films; common gray silt coatings on
peds; medium acid; clear smooth bound-
ary.

B22t—21 to 29 inches; mottled grayish brown
(2.5Y 5/2) and yellowish brown (10YR
5/6) silty clay; strong fine and medium
subangular blocky structure; firm; some
dark gray (10YR 4/1) coatings on peds;
thick continuous eclay films; few black
bodies; medium acid; gradual smooth
boundary.
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B23t—29 to 34 inches; mottled grayish brown
(2.5Y 5/2) and yellowish brown (10YR
5/6) silty clay; weak fine prismatic
structure parting to strong fine suban-
gular blocky; firm; some dark gray
(10YR 4/1) coatings on peds; few dis-
continuous clay films; common dark
bodies; slightly acid; gradual smooth
boundary.

B31t—34 to 41 inches; mottled grayish brown
(2.5Y 5/2) and yellowish brown (10YR
5/6) silty clay loam; weak fine prismatic
structure parting to strong fine subangu-
lar blocky; firm; some dark gray (10YR
4/1) coatings on peds; few discontinuous
clay films; common dark bodies; slightly
acid; gradual smooth boundary.

B32t—41 to 48 inches; mottled grayish brown
(2.5Y 5/2) and yellowish brown (10YR
5/6) silty clay loam; weak fine prisma-
tic structure; friable; thin discontinuous
clay films on vertical cleavage faces; few
dark bodies; slightly acid; gradual
smooth boundary.

C—48 to 61 inches; grayish brown (2.5Y 5/2)
silt loam ; massive; friable; common fine
distinct yellowish brown (10YR 5/6)
mottles; few fine dark bodies; slightly
acid.

The Ap horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2). It is
slightly acid to neutral.

The A2 horizon ranges from dark grayish brown
(10YR 4/2) to grayish brown (10YR 5/2). It is
medium to slightly acid.

Pershing soils are associated on the landscape with
Armstrong and Gara soils. They formed in parent ma-
terial similar to that of Weller and Grundy soils. They
have an A2 horizon, which the Grundy soils lack. They
have a thinner A2 horizon than Weller soils. They
ha_\lze less sand in the solum than Armstrong and Gara
soils.

131C—Pershing silt loam, 5 to 9 percent slopes. This
moderately sloping soil is on narrow ridges and upper
side slopes of the uplands. It occurs as long, narrow,
and irregularly shaped areas. The profile of this soil is
the one described as representative of the series.

Included with this soil in mapping are small areas of
Weller and Armstrong soils. Small significant areas of
other soils are identified by spot symbols on the soil
map.

This Pershing soil is suited to cultivated crops and
pasture. Because the soil areas are small, this soil is
generally managed with other adjacent soils. It is sus-
ceptible to erosion. The organic-matter content is 2 to 4
percent, Capability unit IITe-38.

131C2—Pershing silt loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping soil is on
narrow ridgetops and upper side slopes in the uplands.
It occurs as long, narrow, and irregularly shaped areas.
This soil has a profile similar to the one described as
representative of the series, but the surface layer is
thinner, about 5 inches thick.

Included with this soil in mapping are small areas of
Weller and Armstrong soils. Small significant areas of

other soils are identified by spot symbols on the soil
map.

This Pershing soil is suited to cultivated crops and
pasture. Because the soil areas are small, this soil is
generally managed with other adjacent soils. It is sus-
ceptible to erosion. The organic-matter content is 1 to
2 percent. Capability unit 11Ie-3.

131D—Pershing silt loam, 9 to 14 percent slopes.
This strongly sloping soil is on side slopes of the up-
lands. It occurs as wide and irregularly shaped areas.
Included in mapping are small areas of Gara soils.

This soil is better suited to pasture or hay crops
than to row crops because of its strong slopes. It is.
susceptible to erosion. Erosion control is needed. The
organic-matter content is 2 to 4 percent. Capability
unit IVe-1.

T131B—Pershing silt loam, benches, 2 to 5 percent
slopes. This gently sloping soil is on high, loess-covered
terraces along some of the major streams in the county.
Areas vary in size and shape. The profile of this soil
is similar to the one described as representative of the
series, but the underlying material is more variable.

The surface layer is very dark gray and is 6 to 10
inches thick. The silty clay subsoil is somewhat less
mottled than in Pershing soils of the uplands. The
underlying material, at a depth of 6 to 10 feet, is
commonly stratified, dominantly sandy alluvial sedi-
ments. Some of the loess parent material may have
come from adjacent stream valleys. Included in map-
ping are a few small areas of Weller soils.

Most of the acreage is cultivated. Erosion is a hazard
in cultivated areas. If tilth is poor, the soil should be
kept in meadow for a year.

This soil is seepy and has varied textures in deep
cuts and fills, It has low potential for landfill and
sewage lagoon sites because of the danger of ground
water pollution. The organic-matter content is 2 to 4
percent, Capability unit I1Te-3.

T131C~—Pershing silt loam, benches, 5 to 9 percent
slopes. This moderately sloping soil is on high, loess-
covered terraces along some of the major streams in
the county. Areas vary in size and shape. The profile
of this soil is similar to the one described as represen-
tative of the series, but the underlying material is
more variable. The surface layer is very dark gray and
is 6 to 10 inches thick. The silty clay subsoil is some-
what less mottled than the upland Pershing soils. The
underlying material, at a depth of 6 to 8 feet, is mainly
stratified, dominantly sandy alluvial sediments. Some
of the loess parent material may have come from ad-
jacent stream valleys. Included in mapping are a few
small areas of Weller soils.

Most of the acreage is cultivated. Erosion is a hazard
in cultivated areas. If tilth becomes poor, the soil
should be kept in meadow for an additional year. Seep-
age and variable textures can be expected in deep cuts
and fills., The soil has low potential for landfill and
sewage lagoon sites because of the danger of ground
water pollution. The organic-matter content is 2 to 4
percent, Capability unit 11Te-3.

Sharpsburg Series

The Sharpsburg series consists of moderately well
drained soils. These gently sloping to strongly sloping
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soils are on divides and side slopes of the uplands.
They formed in loess under native vegetation of
prairie grasses. Slopes are 2 to 14 percent.

In a representative profile the surface layer is black,
very dark brown, and very dark grayish brown silty
clay loam about 13 inches thick. The subsoil extends to
a depth of 50 inches. It is brown silty clay loam in the
upper part, mottled brown and dark yellowish brown
silty clay loam in the next part, and grayish brown and
dark yellowish brown silty clay loam in the lower part.
The substratum is mottled grayish brown and yellow-
ish brown light silty clay loam.

Sharpsburg soils have moderately slow permeability
and a high available water capacity. The subsoil is
low in available phosphorus and medium in available
potassium. Unless limed, the surface layer is generally
slightly acid.

The Sharpsburg soils are used primarily for culti-
vated crops. The major hazard for crops is erosion on
the sloping Sharpsburg soils. Erosion control is
needed.

Representative profile of Sharpsburg silty clay
loam, 2 to 5 percent slopes, 1,790 feet east, 160 feet
south of the northwest corner of sec. 30, T. 73 N,,
R. 31 W. in a pasture on a west-facing ridge of 3 per-
cent:

Ap—O0 to 9 inches; black (10YR 2/1) and very
dark brown (10YR 2/2) light silty clay
loam; weak cloddy structure parting to
weak fine granular; friable; slightly
compacted at 0 to 3 inches; slightly acid;
abrupt smooth boundary.

A3—9 to 13 inches; very dark grayish brown
(10YR 3/2) silty clay loam; moderate
fine subangular blocky structure; fri-
able; few brown (10YR 4/3) peds;
slightly acid; clear smooth boundary.

B21t—13 to 23 inches; brown (10YR 4/3) silty
clay loam; dark yellowish brown (10YR
4/4) when kneaded ; few very dark gray-
ish brown (10YR 3/2) faces of peds in
upper part of the horizon; weak medium
prismatic structure parting to moderate
fine and very fine subangular blocky;
friable; thin discontinuous clay films;
slightly acid; gradual smooth boundary.

B22t— 23 to 31 inches ; mottled brown (10YR 4/3)
and dark yellowish brown (10YR 4/4)
silty clay loam; weak medium prismatic
structure parting to moderate fine sub-
angular blocky; firm; common fine dis-
tinet grayish brown (2.6 5/2) and
common fine faint brown (7.5YR 4/4)
mottles; thin discontinuous clay films;
few dark bodies; slightly acid; gradual
smooth boundary.

B23t—31 to 40 inches; mottled dark yellowish
brown (10YR 4/4) and grayish brown
(2.5Y 5/2) silty clay loam; weak me-
dium prismatic structure parting to weak
medium and fine subangular blocky;
firm; few fine faint brown (7.5YR 4/4)
and few fine faint yellowish brown
(10YR 5/6) mottles; few thin discon-

tinuous clay films; common dark bodies;
slightly acid; gradual smooth boundary.

B3t—40 to 50 inches; grayish brown (2.5Y 5/2)
silty clay loam; massive, with some ver-
tical cleavage; friable; common medium
distinet yellowish brown (10YR 5/6)
and brown (7.5YR 4/4) mottles; few
thin discontinuous clay films on vertical
cleavage faces; slightly acid; gradual
smooth boundary.

C—50 to 62 inches; mottled grayish brown (2.5Y
5/2) and yellowish brown (10YR 5/4)
light silty clay loam; massive; friable;
common fine faint yellowish brown
(10YR 5/6) and brown (7.5YR 4/4)
mottles; few fine dark stains in bands;
slightly acid.

The Ap or Al horizon ranges from black (10YR
2/1) to very dark grayish brown (10YR 3/2).

The B2t horizon ranges from brown (10YR 4/3)
to dark yellowish brown (10YR 4/4). Clay content of
the B2t horizon ranges from 36 to 40 percent. It is
medium to slightly acid. Texture of the C horizon
ranges from light silty clay loam to heavy silt loam.

Eroded units of Sharpsburg soils are outside the
range defined for the series because they lack a mollic
epipedon. This difference, however, does not alter the
use and management of the soils.

Sharpsburg soils formed in parent material similar
to that of Macksburg and Nira soils. In contrast with
Macksburg soils, they have less clay and a thinner
dark colored surface layer. Gray mottles are deeper in
Sharpsburg soils than in Nira soils.

370B—Sharpsburg silty clay loam, 2 to 5 percent
slopes. This soil is on narrow gently sloping upland
divides and on side slopes. Where ridges are narrow,
it occupies the entire ridgetop. The profile of this soil
is the one described as representative of the series.

Included with this soil in mapping are small areas of
the gently sloping, more poorly drained Macksburg
soils and very narrow areas of poorly drained alluvial
soils along hillside waterways. If these areas are dis-
tinetly wet and up to about 2 acres in size, they are
identified by wet spot symbols on the soil map. Signifi-
cant areas of glacial till, gray clay, and reddish clay
are also identified by spot symbols.

This soil is suited to row crops if erosion is con-
trolled. Most of the acreage is in crops, but a small
acreage is in pasture or farmsteads. Erosion is a slight
hazard because of the gentle and in places long slopes.
Waterways are wide and crossable by machinery. The
organic-matter content is 3 to 4 percent. Capability
unit Tle-1.

370C—Sharpsburg silty clay loam, 5 to 9 percent
slopes. This moderately sloping soil is on narrow ridge-
tops and upper side slopes of high loess divides. Areas
are irregular in size and shape. The plow layer contains
3 to 4 percent organic matter.

Included with this soil in mapping are small areas of
poorly drained Clearfield soils near the lower boundary
and around small, concave, bowl-like areas near up-
land waterways. Also included are small areas of more
eroded and gently sloping Sharpsburg soils. Significant
seepy areas or glacial till outcrops are identified by
spot symbols on the soil map.
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This soil is suited to row crops if erosion is con-
trolled. It is generally managed with other soils. Ero-
sion is a moderate hazard. Capability unit ITle-2.

370C2—Sharpsburg silty clay loam, 5 to 9 percent
slopes, moderately eroded. This moderately sloping soil
occupies narrow divides and upper side slopes of broad
upland divides. In most areas it is downslope from the
Adair and Clarinda soils and the Adair-Shelby com-
plex. This soil is adjacent to the Ladoga soil in areas
where ridgetops extend toward major streams. Its pro-
file is similar to the one described as representative of
the Sharpsburg series, but the surface layer is very
dark grayish brown silty clay loam, is 6 inches thick,
and is 2 to 3 percent organic matter. Erosion has re-
moved part of the original surface layer, and plowing
has mixed what is left with material from the subsoil.
The plow layer rests directly on the firm subsoil.

Included with this soil in mapping are small areas of
Nira soils and some small slightly or severely eroded
areas. Significant areas of glacial till, gray clay, red-
dish clay, or sand are identified by spot symbols on the
soil map.

This soil is suited to row crops if erosion is con-
trolled. It tends to be cloddy when tilled. Because of
poorer physical condition, it is more erodible than the
uneroded soil. Fertility is more limiting. Seedbed pre-
paration is more difficult, and a higher level of man-
agement is required. The main hazard is erosion from
runoff. Capability unit I1Te-2.

370D—Sharpsbhurg silty clay loam, 9 to 14 percent
slopes. This strongly sloping soil is on the upper part
of side slopes below narrow divides and forms part of
the valley slopes.

Included with this soil in mapping are some small
areas of Ladoga and Nira soils, Significant areas of
glacial till, gray clay, and sand are identified by spot
symbols on the soil map.

This Sharpsburg soil is suited to row crops if well
managed. It is susceptible to erosion. Erosion control
is needed in cultivated areas. The organic-matter con-
tent is 2 to 4 percent. Capability unit I1Ie-2.

Shelby Series

The Shelby series consists of well drained to mod-
erately well drained soils. These soils are moderately
sloping on ridgetops and strongly sloping to steep on
slopes of the uplands. The Shelby soils formed in
glacial till under native vegetation of prairie grasses.
Slopes are 5 to 25 percent.

In a representative profile the surface layer is black
to very dark grayish brown light clay loam about 15
inches thick. The subsoil extends to a depth of 38
inches. It is dark brown, medium clay loam in the
upper part; dark yellowish brown, medium to heavy
clay loam in the next part; and brown light clay loam
in the lower part. The substratum is mottled grayish
brown and dark yellowish brown clay loam and is
mildly alkaline.

Shelby soils have moderately slow permeability and
a high available water capacity. The subsoil is low in
available phosphorus and high in available potassium.
Ur_l(liess limed, the surface layer is generally medium
acid,

The Shelby soils are used primarily for row crops
and pasture. The major limitation is erosion.

Representative profile of Shelby clay loam, 9 to 14
percent slopes, 1,110 feet north and 80 feet east of the
southwest corner of sec. 10, T. 72 N, R. 30 W.

Ap—o0 to 8 inches; black (10YR 2/1) light clay
loam; very fine subangular blocky and
fine granular structure; friable; medium
acid; clear smooth boundary.

A3—8 to 15 inches; very dark grayish brown
(10YR 3/2) and some very dark brown
(10YR 2/2) light clay loam; very fine
subangular blocky structure; friable;
medium acid; clear smooth boundary.

B21t—15 to 22 inches; dark brown (10YR 4/8)
medium clay loam; very dark grayish
brown (10YR 3/2) coating on peds; few
fine distinct very dark gray (10YR 3/1)
mottles; very fine and fine subangular
blocky structure; friable; thin discon-
tinuous clay films; medium acid; clear
smooth boundary.

B22t—22 to 381 inches; dark yellowish brown
(10YR 4/4) medium to heavy clay loam;
few medium faint dark grayish brown
(10YR 4/2) mottles; very dark gray
(10YR 3/1) flows along root channels;
strong fine subangular blocky structure;
firm; few thin continuous clay films;
few fine pebbles; slightly acid; clear
smooth boundary.
to 38 inches; brown (10YR 4/3) light
clay loam; very dark gray (10YR 3/1)
along root channels; common fine dis-
tinet strong brown (7.5YR 5/6 and 5/8)
and few fine faint grayish brown (10YR
5/2) mottles; weak medium and coarse
subangular blocky structure; firm; few
thin discontinuous clay films; neutral;
abrupt smooth boundary.

C—38 to 65 inches; mottled grayish brown (2.5Y
5/2) and dark yellowish brown (10YR
4/4) heavy clay loam; few medium dis-
tinct strong brown (7.5YR 5/6 and 5/8)
mottles; massive; some weak vertical
cleavage; firm; thin discontinuous clay
films decreasing with depth; few small
stones and pebbles; common soft and
hard carbonate nodules less than 1/-inch
in diameter; mildly alkaline,

B3t—31

The Ap or Al horizon ranges from black (10YR
2/1) to very dark gray (10YR 3/1). Texture of the Ap
horizon is typically light clay loam, but ranges to
include loam.

The A3 horizon ranges from very dark grayish
brown (10YR 3/2) to very dark brown (10YR 2/2)
and from light clay loam to loam.

The B2t horizon ranges from dark brown (10YR
3/3) to dark yellowish brown (10YR 4/4).

Shelby soils are associated on the landscape with
Sharpsburg and Lamoni soils. They formed in parent
material similar to that of Gara and Lindley soils.
They are more sandy than Sharpsburg soils and have
less clay in the B2 horizon than Lamoni soils. They
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have a thicker A1l horizon than Gara and Lindley
soils.

24C—Shelby clay loam, 5 to 9 percent slopes. This
moderately sloping soil is on low ridges and side slopes.
1t occurs as narrow and irregularly shaped areas that
are 2 to 10 acres in size. The plow layer contains 3 to
4 percent organic matter.

Included with this soil in mapping are small areas
of Adair and Lamoni soils and small areas of Shelby
soils with a thinner surface layer.

This Shelby soil is suited to row crops and pasture
(I)fI ha5y. It is susceptible to erosion. Capability unit

e-b.

24C2—Shelby clay loam, 5 to 9 percent slopes, mod-
erately eroded. This moderately sloping soil is on low
ridges and side slopes. It occurs as narrow and ir-
regularly shaped areas that are 2 to 10 acres in size.
Its profile is similar to the one described as represen-
tative of the series, but the surface layer is very dark
grayish brown clay loam, is about 7 inches thick, and
is 1 to 3 percent organic matter. A darker, thicker
surface layer occurs near the base of slopes next to
waterways. Erosion has removed part of the original
surface layer, and plowing has mixed what is left with
material from the subsoil. The plow layer rests di-
rectly on the subsoil. The subsoil is exposed in places
at the surface at the shoulders of slopes or near drains
in sidehills.

Included with this soil in mapping are small areas
of Adair and Lamoni soils and some small, severely
and slightly eroded areas.

This soil is moderately suited to row crops and is
well suited to hay and pasture. It becomes cloddy if
tilled. Because of poorer physical condition, it is more
erodible than the uneroded Shelby soil. Fertility is
more limiting. Seedbed preparation is more difficult,
and a higher level of management is required.

The main hazard is further erosion from runoff.
Removing the topsoil causes severe problems because
of the unfavorable subsoil properties. Most areas are
managed with adjacent soils. Capability unit I1Te-5.

24D—Shelby clay loam, 9 to 14 percent slopes. This
strongly sloping soil is on side slopes directly down-
slope from Sharpsburg, Grundy, Adair, Clarinda, or
Lamoni soils. It occurs as long, wide, and irregularly
shaped areas. The profile of this soil is the one de-
scribed as representative of the series. The plow layer
contains 3 to 4 percent organic matter.

Included with this soil in mapping are small areas of
Clarinda, Lamoni, and Adair soils. The more signifi-
cant areas of Adair and Clarinda soils are identified
by spot symbols on the soil map. A darker, thicker
surface layer occurs near the base of some slopes or
next to waterways.

This Shelby soil is suited to row crops. It is sus-
ceptible to erosion. Capability unit IlIe-5.

24D2-—Shelby clay loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping soil is on side
slopes directly downslope from Sharpsburg, Grundy,
Adair, Clarinda, and Lamoni soils. It occurs as long,
wide, and irregularly shaped areas. This soil has a
profile similar to the one described as representative of
the series, but the surface layer is very dark grayish
brown clay loam, is about 6 inches thick, and is 1 to 3
percent organic matter. Erosion has removed part of

the original surface layer, and plowing has mixed
what is left with material from the subsoil. The present
plow layer rests directly on the firm, dense subsoil. The
subsoil is exposed in places at the shoulder of slopes or
near drains in sidehills.

Included with this soil in mapping are small areas
of Clarinda, Adair, and Lamoni soils. Many areas of
Adair and Clarinda soils are identified by symbols on
the soil map.

This Shelby soil is moderately suited to row crops
and well suited to hay and pasture. Because of poorer
physical condition, it is more erodible than the un-
eroded Shelby soil. It becomes cloddy if tilled. Fertility
is more limiting. Seedbed preparation is more difficult,
and a higher level of management is required. Most of
the acreage is used for hay and pasture.

The main hazard is further erosion from runoff.
Removing the topsoil causes severe problems because
(I)flthg unfavorable subsoil properties. Capability unit

e-b.

24D3—Shelby clay loam, 9 to 14 percent slopes,
severely eroded. This strongly sloping soil is on side
slopes. It occurs as small, wide and irregularly shaped
areas. Its profile is similar to the one described as
representative of the series, but the surface layer is
dark brown or brown clay loam, about 6 inches thick,
that is less than 1 percent organic matter. Erosion has
;‘emoved part of the original surface layer, and plow-
ing has mixed what is left with material from the
subsoil. The present plow layer rests directly on the
firm, dense subsoil. The subsoil is exposed at the sur-
face at the shoulder of slopes or near drains in side-
hills. Included in mapping are small areas of Adair,
Clarinda, and Lamoni soils.

This Shelby soil is suited to hay and pasture. It
tends to be cloddy if tilled. Because of poorer physical
condition, it is more erodible than the uneroded Shelby
soil. Fertility is more limiting. Seedbed preparation
is more difficult, and a higher level of management is
required.

The main hazard is further erosion. Most of the
il%reazge is used for hay and pasture. Capability unit

e-2,

24E—Shelby clay loam, 14 to 18 percent slopes.
This moderately steep soil is on side slopes. It occurs
as small and irregularly shaped areas. The plow layer
contains 8 to 4 percent organic matter.

Included with this soil in mapping are small areas
of Adair, Clarinda, and less sloping Shelby soils. Sig-
nificant areas of the Adair and Clarinda soils are iden-
tified by spot symbols on the soil map.

This Shelby soil is better suited to small grain, hay,
or permanent pasture than to row crops. It is suscepti-
ble to erosion. Capability unit IVe-2.

24E2—Shelby clay loam, 14 to 18 percent slopes,
moderately eroded. This moderately steep soil is on side
slopes. It occurs as small and irregularly shaped areas.
It has a profile similar to the one described as repre-
sentative of the series, but the surface layer is very
dark grayish brown clay loam, is about 6 inches thick,
and is 1 to 3 percent organic matter. Erosion has re-
moved part of the original surface layer, and plowing
has mixed what is left with material from the subsoil.
The plow layer rests directly on the firm, dense subsoil.
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The subsoil is exposed in places at the shoulder of
slopes or near drains in sidehills.

Included with this soil in mapping are small areas of
Adair, Clarinda, and less sloping Shelby soils. If they
are of significant size, the Adair and Clarinda soils
are identified by symbols on the soil map.

This Shelby soil is moderately suited to row crops
and is well suited to hay and pasture crops. It becomes
cloddy if tilled. Because of poorer physical condition,
it is more erodible than the uneroded Shelby soil. Fer-
tility is more limiting, Seedbed preparation is more
difficult, and a higher level of management is required.

The main hazard is further erosion from runoff. Re-
moving the topsoil causes severe problems because of
the unfavorable subsoil properties. Most of the acreage
is used for hay and pasture. Capability unit IVe-2.

24F2—Shelby clay loam, 18 to 25 percent slopes,
moderately eroded. This steep soil is on side slopes.
Areas are very irregular in size and shape. This soil
has a profile similar to the one described as representa-
tive of the series, but the surface layer is very dark
grayish brown clay loam, is about 6 inches thick, and

. is 1 to 3 percent organic matter. Erosion has removed
part of the original surface layer, and plowing has
mixed what is left with material from the subsoil. The
plow layer rests directly on the firm, dense subsoil. The
subsoil is exposed in places at the shoulder of slopes
or near drains in the hillsides.

Included with this soil in mapping are small areas
of Adair and Gara soils,

This Shelby soil is poorly suited to row crops. It is
suited to hay and pasture. Most of the acreage is used
for hay and pasture. The main hazard is further ero-
sion. Because of poorer physical condition, this soil is
more erodible than the uneroded Shelby soil. Removing
the topsoil causes severe problems because of the un-
favorable subsoil properties. Capability unit Ve-1.

Sperry Series

The Sperry series consists of very poorly drained
soils. These soils are on broad, nearly level upland
divides. The Sperry soils formed in loess under native
vegetation of water-tolerant prairie grasses. Slopes are
0 to 2 percent.

In a representative profile the surface layer is black
silt loam about 11 inches thick. The subsurface layer
is dark gray silt loam about 9 inches thick. The subsoil
extends to a depth of 51 inches. It is dark gray silty
clay in the upper part, grayish brown silty clay loam in
the next part, and olive gray silty clay loam in the
lower part. The substratum is mottled grayish brown
and light brownish gray silty clay loam.

Sperry soils have very slow permeability and a high
available water capacity. The subsoil is very low in
available phosphorus and available potassium. Unless
limed, the surface layer is slightly acid.

The Sperry soils are used primarily for crops. They
are managed with the adjacent Winterset and Macks-
burg soils. The major limitation is wetness.

Representative profile of Sperry silt loam, 0 to 2
percent slopes, 1,790 feet east and 450 feet north of
the southwest corner of sec. 31, T. 73 N., R. 30 W., on
a level divide:

Ap—~0 to 11 inches; black (10YR 2/1) silt loam;
weak fine granular structure; friable;
slightly acid; clear smooth boundary.

A2—11 to 20 inches; dark gray (10YR 4/1) silt
loam; light gray (10YR 6/1) dry silt
coats; weak fine subangular blocky strue-
ture parting to thin fine platy; friable;
slightly acid; abrupt smooth boundary.

B21tg—20 to 28 inches; dark gray (10YR 4/1)
silty clay, very dark gray (10YR 3/1)
coatings on peds, common fine distinct
dark yellowish brown (10YR 4/4) mot-
tles; strong fine subangular blocky
structure; firm; continuous clay films;
medium acid; clear smooth boundary.

B22tg—28 to 35 inches; dark gray (10YR 4/1)
light silty clay; few very dark gray
(10YR 3/1) coatings on peds, many fine
and medium distinet yellowish brown
(10YR 5/4 and 5/6) and dark yellowish
brown (10YR 4/4) mottles; moderate
fine and medium subangular blocky
structure; firm; thick continuous clay
films; slightly acid; gradual smooth
boundary.

B23tg—35 to 43 inches; grayish brown (2.5Y
5/2) heavy silty clay loam; common fine
distinct yellowish brown (10YR 5/6 and
5/8) and few distinet dark yellowish
brown (10YR 4/4) and faint dark gray
(10YR 4/1) mottles; moderate medium
subangular blocky structure; firm; thin
discontinuous very dark gray (10YR
3/1) clay films; few fine dark bodies;
neutral; clear smooth boundary.

B3tg—43 to 51 inches; olive gray (5Y 5/2) me-
dium silty clay loam; few distinct strong
brown (7.5YR 5/6 and 5/8) mottles;
weak medium prismatic structure part-
ing to medium subangular blocky; fria-
ble; thin discontinuous very dark gray
(10YR 3/1) clay films in root channels
and on faces of peds; few fine dark
bodies; neutral; gradual smooth bound-

ary.
Clg—b1 to 63 inches; mottled grayish brown
(2.5Y 5/2) and light brownish gray
(2.5Y 6/2) silty clay loam; common fine
distinet strong brown (7.5YR 5/6 and
5/8) mottles; massive parting to weak
medium prismatic structure; friable;
thin discontinuous clay films on vertical
cleavage faces; dark organic-matter
stains in root channels; neutral; gradual
smooth boundary.
C2—63 to 72 inches; light brownish gray (2.5Y
6/2) silt loam; common fine distinct
yellowish brown (10YR 5/6 and 5/8)
mottles; massive; friable; dark organic-
matter stains in old root channels; neu-
tral.
The Ap horizon ranges from black (10YR 2/1) to
very dark gray (10YR 3/1).
Sperry soils are associated on the landscape with
Winterset and Macksburg soils and formed in similar
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parent material. They have an A2 horizon that those
soils lack.

122—Sperry silt loam, 0 to 2 percent slopes. This
nearly level to depressional soil is on broad upland
divides. It occurs as small and irregularly shaped areas.

Included with this soil in mapping are very small
areas of adjacent Winterset and Macksburg soils.
Where associated with Haig soils, it has a higher clay
content in the subsoil.

This Sperry soil is suited to row crops. It is generally
farmed with adjacent Winterset and Macksburg soils.
It is susceptible to wetness. The organic-matter con-
tent is 2 to 4 percent. Capability unit IITw-2.

Vesser Series

The Vesser series consists of somewhat poorly
drained to poorly drained soils. These soils are nearly
level on bottom land and gently sloping on foot slopes.
They formed in alluvium. The native vegetation was
forest and prairie grasses. Slopes are 0 to 5 percent.

In a representative profile the surface layer is about
10 inches thick and consists of very dark gray friable
silt loam. The subsurface layer is 15 inches thick and
consists of dark gray friable silt loam. Mottling begins
at a depth of 14 inches and continues through the sub-
soil. Mottles are predominantly reddish brown. The
subsoil, which extends to a depth of about 70 inches, is
dark gray, and very dark gray, dominantly firm silty
clay loam.

Vesser soils have moderate permeability and a high
available water capacity. The subsoil is medium in
available phosphorus and low in available potassium.
Unless limed, the surface layer is slightly acid.

Vesser soils are used primarily for cultivated crops
and pasture. The major limitation is wetness.

Representative profile of Vesser silt loam, 0 to 2
percent slopes, 2,160 feet north and 150 feet east of
the southwest corner of sec. 12, R. 71 N, R. 28 W. on
nearly level bottom land:

Ap—o0 to 10 inches; very dark gray (10YR 3/1)
silt loam; dark gray (10YR 4/1) dry;
moderate fine subangular blocky struc-
ture parting to weak fine granular; fri-
able; slightly acid; abrupt smooth
boundary.

A21—10 to 14 inches; dark gray (10YR 4/1)
silt loam; light gray (10YR 7/1) dry
silt coatings; weak fine subangular
blocky structure; friable; medium acid;
clear smooth boundary.

A22—14 to 25 inches; dark gray (10YR 4/1) silt
loam; light gray (10YR 6/1 and 7/1)
dry silt coatings; few fine distinct red-
dish brown (2.5YR 4/4) mottles; few
thin black (10YR 2/1) coatings on peds;
weak medium platy and weak medium
subangular blocky structure; friable;
strongly acid; gradual smooth boundary.

B21t—25 to 33 inches; mixed very dark gray
(10YR 8/1) and dark gray (10YR 4/1)
silty clay loam; few fine distinct reddish
brown (2.5YR 4/4) mottles; gray
(10YR 5/1) silt coatings; moderate to

fine medium prismatic structure; firm;
thin discontinuous black (10YR 2/1)
clay films; strongly acid; gradual smooth
boundary.

B22t—33 to 45 inches; dark gray (10YR 4/1)
silty clay loam; few fine distinct reddish
brown (2.5YR 4/4), brown (7.5YR
4/4) and strong brown (7.5YR 5/6)
mottles; moderate medium prismatic
structure parting to moderate medium
subangular blocky; common very dark
gray (10YR 3/1) coatings on faces of
peds; firm; medium acid; gradual
smooth boundary.

B23t—45 to 70 inches; dark gray (10YR 4/1)
silty clay loam; common fine faint brown
(LOYR 4/8), distinct dark yellowish
brown (10YR 4/4) and distinct strong
brown (7.5YR 5/6) mottles; moderate
medium prismatic structure parting to
weak and moderate medium subangular
blocky ; firm ; medium acid.

The Ap horizon ranges from black (10YR 2/1) to
very dark gray (10YR 8/1). The Ap horizon is typi-
1cally silt loam but ranges to include light silty clay
oam.

The A2 horizon ranges from dark gray (10YR 4/1)
to very dark grayish brown (10YR 5/2) and is 12 to
20 inches thick.

The B2t horizon ranges from very dark gray (10YR
8/1) to very dark grayish brown (10YR 5/2).

Vesser soils are associated on the landscape with
Nodaway, Colo, and Olmitz soils. Vesser soils have a
thick, gray A2 horizon that Nodaway, Colo, and Ol-
mitz soils lack. Vesser soils generally contain less clay
in the subsoil than Humeston soils.

51—Vesser silt loam, 0 to 2 percent slopes. This
nearly level soil is on low second bottoms. It has the
profile described as representative of the series.
Some areas, however, have slightly more clay in the
subsoil and are less permeable and more poorly drained
than this soil.

Included with this soil in mapping are small areas
of adjacent and associated alluvial soils. Also included
are small areas of Humeston soils.

Wetness is the only limitation. The soil is suited to
crops if adequately drained. Most areas are in crops
and are managed with adjacent soils. In low level
areas, water stands for moderately long periods. It
overflows only when floodwaters are very high. Tilth
is generally good, except where water stands. The soil
can be row cropped often if it is tilled and surface
drained. The organic-matter content is 2 to 4 percent.
Capability unit 1Tw-1,

Wabash Series

The Wabash series consists of very poorly drained
soils. These nearly level soils are on stream bottom
land. They formed in alluvium under a native vegeta-
tion of water-tolerant grasses. Slopes are 0 to 2 per-
cent.

In a representative profile the surface layer is black
silty clay loam about 17 inches thick and black silty
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clay to a depth of 40 inches. The subsoil, which extends
to a depth of 50 inches, is very dark gray silty clay.
The substratum is dark gray light silty clay that
grades to gray in the lower part.

Wabash soils have very slow permeability and a
moderate available water capacity. The subsoil is high
in available phosphorus and medium in available sub-
soil potassium. Unless limed, the surface layer is
slightly acid.

The Wabash soils are used primarily for cultivated
crops and hay or pasture. The major hazard is wetness
because of the slow permeability and occasional flood-
ing.

Representative profile of Wabash silty clay loam,
0 to 2 percent slopes, 1,000 feet south and 870 feet
west of the northeast corner of sec. 31, T. 71 N,, R.
31 W. on a nearly level bottom land and in a pasture:

Ap—0 to 8 inches; black (10YR 2/1) silty clay
loam; moderate medium and very fine
subangular blocky and fine granular
structure; friable; slightly acid; clear
smooth boundary.

A12—8 to 17 inches; black (10YR 2/1) silty clay
loam; moderate very fine subangular
blocky and fine granular structure; fri-
able; slightly acid; gradual smooth
boundary.

A13—17 to 28 inches; black (N 2/0) silty clay;
moderate fine subangular blocky strue-
ture; firm; sheen on ped faces; neutral;
gradual smooth boundary.

A3—28 to 40 inches; black (10YR 2/1) silty clay:
moderate medium subangular blocky
structure parting to fine subangular
blocky; firm; sheen on faces of peds;
neutral; gradual smooth boundary.

Bg—40 to 50 inches; very dark gray (10YR 3/1)
silty clay; moderate medium subangular
blocky structure; firm; sheen on faces of
peds; neutral; gradual smooth boundary.

Cg—50 to 72 inches, dark gray (10YR 4/1) light
silty clay; grading to gray (10YR 5/1)
in 1the lower part; massive; firm; neu-
tral.

The A horizon ranges from black (N 2/0) to very
dark gray (10YR 3/1) and from silty clay loam to
silty clay. It is neutral to medium acid.

The B horizon ranges from very dark gray (10YR
3/1) to very dark grayish brown (10YR 3/2).

The C horizon ranges from dark gray (10YR 4/1)
to light gray (10YR 6/1) and from slightly acid to
neutral.

Wabash soils are associated on the landscape with
Colo, Nodaway, Humeston, and Kennebec soils. Wa-
bash soils are more clayey than Colo, Nodaway, and
Kennebec soils. They lack the A2 horizon that Humes-
ton soils have.

248—Wabash silty clay loam, 0 to 2 percent slopes.
This nearly level soil is on low bottom lands that are
sometimes flooded. It occurs as irregularly shaped
areas that are from 5 to 50 acres in size.

Included with this soil in mapping are small areas
of Humeston, Colo, and Wabash silty clay soils.

This Wabash soil is used for pasture and hay. If

drained, it can be used for crops. It is susceptible to
wetness, and artificial drainage is needed to remove
excess water, The organic-matter content is 4 to 6 per-
cent. Capability unit IIIw-3.

Weller Series

The Weller series consists of moderately well
drained soils. These moderately sloping soils are on
side slopes in the uplands. Weller soils formed in loess
under a native vegetation of trees. Slopes are 5 to 9
percent.

In a representative profile the surface layer is very
dark grayish brown silt loam about 4 inches thick. The
subsurface layer is dark grayish brown silt loam about
8 inches thick. The subsoil extends to a depth of 63
inches. It is yellowish brown silty clay loam in the
upper part; yellowish brown silty clay in the next
part; and mottled grayish brown, light brownish gray,
and yellowish brown silty clay loam in the lower part.

Weller soils have slow permeability and a high avail-
able water capacity. The subsoil is medium in avail-
able phosphorus and very low in available potassium.
Unless limed, the surface layer is slightly acid.

Cleared areas are in row crops. The rest of the acre-
age is timber pasture. The major limitation is erosion.

Representative profile of Weller silt loam, 5 to 9
percent slopes, located 2,080 feet south and 2,640 feet
east of northwest corner of sec. 34, T. 71 N., R. 28 W.

Al—0 to 4 inches; very dark grayish brown

(I0OYR 3/2) silt loam; grayish brown
(10YR 5/2) dry; weak thin platy struc-
ture; very friable; slightly acid; clear
smooth boundary.

A2—4 to 12 inches; dark grayish brown (10YR
4/2) and brown (10YR 5/3) silt loam;
light brownish gray (10YR 6/2) and
very pale brown (10YR 7/3) dry; mod-
erate medium platy structure; very
friable; medium acid; clear smooth
boundary.
to 19 inches; yellowish brown (10YR
5/4) silty clay loam, grayish brown
(10YR 5/2) coatings on peds; strong
moderate subangular and angular blocky
structure; firm; light gray (10YR 7/1)
dry silt coatings on peds; very strongly
acid; clear smooth boundary.

B21t—19 to 25 inches; yellowish brown (10YR
5/4) silty clay; strong fine subangular
and angular blocky structure; firm; light
gray (10YR 7/1) silt coatings; continu-
ous clay films; very strongly acid; grad-
ual smooth boundary.

B22t—25 to 31 inches; yellowish brown (10YR
5/4) silty clay; few fine grayish brown
(2.5Y 5/2) mottles and brown (7.5YR
4/4) mottles; weak very fine subangular
blocky structure; firm; common dark
bodies; very strongly acid; gradual
smooth boundary.

B31t—31 to 41 inches; mottled grayish brown
(1OYR 5/2) and yellowish brown
(10YR 5/4) heavy silty clay loam; few

B1t—12
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fine distinct brown (7.5Y 4/4) mottles;
weak medium and fine subangular blocky
structure; firm; light gray (10YR 7/1)
silt coatings; common dark bodies;
strongly acid; gradual smooth boundary.

B32t—41 to 48 inches; mottled yellowish brown
(10YR 5/4) and light brownish gray
(10YR 6/2) medium silty clay loam; few
fine distinct brown (7.5YR 4/4) mottles;
weak medium subangular blocky struc-
ture; firm; common dark bodies ; medium
acid; gradual smooth boundary.

B33—48 to 63 inches; mottled yellowish brown
(10YR 5/4) and light brownish gray
(10YR 6/2) light silty clay loam; few
fine distinct brown (7.5YR 4/4) mottles;
weak medium subangular blocky struc-
ture; friable; common dark bodies; me-
dium acid.

The A1l horizon ranges from very dark gray (10YR
3/1) to grayish brown (10YR 4/2).

The B2t horizon ranges from dark yellowish brown
(10YR 4/4) to yellowish brown (10YR 5/4). Because
the Weller soils in Union County lack mottles with
chroma of 2 or less within 10 inches below the top of
the argillic horizon, they are outside the range defined
for the series.

Weller soils are associated on the landscape with the
Lindley and Keswick soils. They formed in parent ma-
terial similar to that of Pershing and Grundy soils.
They have a thicker A2 horizon than Pershing and
Grundy soils. Weller soils have less sand throughout
the profile than Lindley and Keswick soils.

132C—Weller silt loam, 5 to 9 percent slopes. This
moderately sloping soil is on narrow ridges and upper
side slopes. It occurs as long and narrow and irregu-
larly shaped areas.

Included with this soil in mapping are small areas
of less sloping Weller soils and small areas of eroded
soils. Also included are small areas of Keswick and
Lindley soils.

This Weller soil is suited to row crops but is sus-
ceptible to erosion in cleared and row cropped areas.
SQome areas are in timber. The organic-matter content
is 1 to 2 percent. Capability unit IITe-3.

Winterset Series

The Winterset series consists of poorly drained soils.
These nearly level soils are on broad upland ridgetops.
They formed in loess under native vegetation of prai-
rie grasses. Slopes are 0 to 2 percent.

In a representative profile the surface layer is black
silty clay loam about 18 inches thick. The subsoil ex-
tends to a depth of 52 inches. It is very dark gray
heavy silty clay loam in the upper part; dark grayish
brown heavy silt clay loam in the next part; and gray-
ish brown silty clay loam in the lower part. The sub-
stratum is mottled grayish brown and light olive
brown light silty clay loam.

Winterset soils have moderately slow to slow per-
meability and a high available water capacity. The
available subsoil is low to medium in available phos-
phorus and medium in available potassium. Unless
limed, the surface layer is slightly acid.

The Winterset soils are used primarily for row
crops. The major limitation is wetness.

Representative profile of Winterset silty clay loam,
0 to 2 percent slopes, 100 feet north and 1,620 feet
east of the southwest corner of sec. 31, T. 73 N., R. 30
W. on a level upland divide:

Ap—0 to 8 inches; black (10YR 2/1) light silty
clay loam; weak medium subangular
blocky structure; friable; slightly acid;
clear smooth boundary.

A12—8 to 18 inches; black (10YR 2/1) silty clay
loam ; weak fine subangular blocky struc-
ture; friable; slightly acid; gradual
smooth boundary.

B21—18 to 26 inches; very dark gray (10YR 3/1)
heavy silty clay loam; common fine faint
dark grayish brown (10YR 4/2) and
few fine distinct yellowish brown (10YR
5/6 and 5/8) mottles; moderate fine sub-
angular blocky structure parting to very
fine subangular blocky; friable to firm;
slightly acid; clear smooth boundary.

B22tg—26 to 33 inches; dark grayish brown
(10YR 4/2) heavy silty clay loam; few
dark gray (10YR 4/1) coatings on peds;
weak medium prismatic structure part-
ing to moderate fine subangular blocky;
firm ; thin discontinuous clay films; com-
mon fine dark oxides; slightly acid;
gradual smooth boundary.

B23tg—33 to 42 inches; grayish brown (2.5Y
5/2) silty clay loam; common fine dis-
tinct dark yellowish brown (10YR 4/4)
and yellowish brown (10YR 5/6 and
5/8) mottles; moderate medium prisma-
tic structure parting to moderate fine
subangular blocky; firm; thin discontin-
uous very dark gray clay films on faces
of peds; slightly acid; gradual smooth
boundary.

B3tg—42 to 52 inches; grayish brown (2.5Y 5/2)
silty clay loam; common fine distinet
yellowish brown (10YR 5/6 and 5/8)
mottles; moderate medium prismatic
structure parting to moderate fine sub-
angular blocky; friable; slightly acid;
gradual smooth boundary.

Clg—52 to 61 inches; mottled grayish brown
(2.5Y 5/2) and light olive brown
(2.5Y b5/4) light silty clay loam; com-
mon fine distinct yellowish brown
(10YR 5/6 and 5/8) mottles; massive;
friable; thin discontinuous clay films on
vertical cleavage faces; dark organic-
matter stains in old root channels;
slightly acid; gradual smooth boundary.

C2—61 to 75 inches; mottled grayish brown
(2.5Y 5/2) and light olive brown (2.5Y
5/6) light silty clay loam; massive; fri-
able; few fine dark bodies; neutral.

The B horizon ranges from very dark gray (10YR
8/1) to light brownish gray (2.5Y 6/2). The clay con-
tent of the B horizon ranges from 36 to 42 percent.

Texture of the C horizon ranges from silty clay loam
to silt loam.
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Winterset soils are associated on the landscape with
Macksburg and Sperry soils and formed in similar
parent material. Winterset soils have more clay in the
B2 horizon than Macksburg soils. In contrast with
Sperry soils, they have a thicker dark A1 horizon and
lack an A2 horizon.

369—Winterset silty clay loam, O to 2 percent slopes.
This nearly level soil is on broad upland ridgetops. It
occurs as broad and irregularly shaped areas.

Included with this soil in mapping are small areas of
Macksburg and Sperry soils. Some small areas of
Sperry soils are identified by spot symbols on the soil
map.

This Winterset soil is well suited to row crops. It is
susceptible to wetness. The organic-matter content is
4 to 6 percent. Capability unit IIw-2.

Use and Management of the Soils

The soil survey is a detailed inventory and evalua-
tion of the most basic resource of the survey area—
the soil. It is useful in adjusting land use, including
urbanization, to the limitations and potentials of nat-
ural resources and environment. Also, it can help avoid
soil-related failures in uses of the land.

While a soil survey is in progress, soil scientists,
conservationists, engineers, and others keep extensive
notes about the nature of the soils and about unique
aspects of behavior of the soils. These notes include
data on erosion, drought damage to specific crops,
yield estimates, flooding, the functioning of septic tank
disposal systems, and other factors affecting the pro-
ductivity, potential, and limitations of the soils under
various uses and management. In this way, field ex-
perience and measured data on soil properties and per-
formance are used as a basis for predicting soil
behavior.

Information in this section is useful in planning use
and management of soils for crops and pasture, range-
land, and woodland, as sites for buildings, highways
and other transportation systems, sanitary facilities,
and parks and other recreation facilities, and for wild-
life habitat. From the data presented, the potential of
each soil for specified land uses can be determined,
soil limitations to these land uses can be identified,
and costly failures in houses and other structures,
caused by unfavorable soil properties, can be avoided.
A site where soil properties are favorable can be se-
lected, or practices that will overcome the soil limita-
tions can be planned.

Planners and others using the soil system can evalu-
ate the impact of specific land uses on the overall
productivity of the survey area or other broad plan-
ning area and on the environment, Productivity and
the environment are closely related to the nature of
the soil. Plans should maintain or create a land-use
pattern in harmony with the natural soil.

Contractors can find information that is useful in
locating sources of sand and gravel, roadfill, and
topsoil. Other information indicates the presence of
bedrock, wetness, or very firm soil horizons that cause
difficulty in excavation.

Health officials, highway officials, engineers, and
many other specialists also can find useful information

in this soil survey. The safe disposal of wastes, for

example, is closely related to properties of the soil.

Pavements, sidewalks, campsites, playgrounds, lawns,

?}Illd txjiees and shrubs are influenced by the nature of
e soil.

Crops and Pasture

About 110,269 acres in Union County is used for
crops. About 115,000 acres is used for pasture. Much of
the approximately 22,000 acres that is wooded is also
used for pasture and is included in the pasture acreage.

Corn, soybeans, legumes, and legume-grass hay are
the main crops. Oats and sorghums occupy a smaller
acreage.

Many pastures in the county are in permanent blue-
grass. Some have been renovated, and other pasture
species have been introduced, for example, grasses
and legumes, such as bromegrass, orchardgrass, birds-
foot trefoil, and other pasture plants.

Many soils in the county are subject to erosion. The
erosion hazard is most severe on the Adair, Caleb,
Gara, Grundy, Ladoga, Lamoni, Pershing, Sharpsburg,
and Shelby soils. These soils erode easily because
runoff is rapid on the steeper slopes. The moderately
sloping Clarinda and Nira soils are also susceptible to
erosion. Gullying is a serious hazard on the Adair,
Caleb, Gara, and Shelby soils, particularly on the
steeper slopes. If gullying is not controlled, the gullies
rapidly work their way upslope.

Graded and tile outlet terraces are commonly used
to control erosion. Tilling on the contour is also a com-
mon erosion control practice. Grade stabilization struc-
tures, farm ponds, and grassed waterways are used to
control gullying. Farm ponds also provide water for
livestock and recreation.

Wetness is a limitation on some of the bottom land
soils. Colo soils, the Colo-Ely silty clay loams, and
Humeston, Vesser, and Wabash soils are subject to
excess wetness because of a high water table or runoff
from adjacent uplands, or both. Wetness is a particular
problem on these soils because of the moderately slowly
or slowly permeable subsoil.

Diversion terraces divert runoff from bottom land
soils. Tile drainage and surface drains also are used to
remove excess water from the bottom land soils.

Flooding is a hazard on some of the bottom land in
periods of high rainfall.

Capability grouping

Capability classification is the grouping of soils to
show, in a general way, their suitability for most kinds
of farming. It is a practical classification based on
limitations of the soils, the risk of damage when they
are used, and the way they respond to treatment. The
classification does not apply to most horticultural
crops, or other crops having special requirements.

The soils are classified according to degree and kinds
of permanent limitations but without consideration of
major and generally expensive landforming that
would change the slope, depth, or other characteristics
of the soils and without consideration of possible
major reclamation.

Those familiar with the capability classification can
infer from it much about the behavior of soils when
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used for other purposes, but this classification is not
a substitute for interpretations designed to show suit-
ability and limitations of groups of soils for woodland
or engineering.

In the capability system, all soils are grouped at
three levels: the capability class, the subclass, and the
unit. These are described in the following paragraphs.

CAPABILITY CLASSES, the broadest grouping, are
designated by Roman numerals, I through VIIL. The
numerals indicate progressively greater limitations
and narrower choices for practical use, defined as
follows:

Class I soils have few limitations that restrict
their use.

Class II soils have moderate limitations that re-
duce the choice of plants or require moderate
conservation practices.

Class III soils have severe limitations that reduce
the choice of plants, require special conserva-
tion practices, or both,

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

Class V soils are subject to little or no erosion
but have other limitations, impractical to re-
move, that limit their use largely to pasture or
range, woodland, or wildlife food and cover.

Class VI soils have severe limitations that make
them generally unsuitable for cultivation and
limit their use largely to pasture or range, wood-
land, or wildlife food and cover.

Class VII soils have very severe limitations that
make them unsuitable for cultivation and that
restrict their use largely to pasture, woodland,
or wildlife.

Class VIII soils and landforms have limitations
that preclude their use for commercial crop
production and restrict their use to recreation,
wildlife, or water supply, or to esthetic pur-
poses. (None in Union County.)

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 ITe. The
letter ¢ shows the main limitation is risk of erosion
unless close plant cover is maintained; w shows that
water in or on the soil interferes with plant growth or
cultivation (in some soils, the wetness can be partly
corrected by artificial drainage) ; s shows that the soil
is limited mainly because it is shallow, droughty, or
stony; and ¢, used in only some parts of the United
States, but not in Union County, shows that the chief
limitation is climate that is too cold or too dry.

In class I there are no subclasses, because the soils
of this class have few limitations. Class V can contain,
at the most, only subclasses indicated by w, s, or ¢,
because the soils are subject to little or no erosion,
though they have other limitations that restrict their
use largely to pasture, woodland, wildlife, or recrea-
tion.

CAPABILITY UNITS are soil groups within subclasses.
The soils in one capability unit are enough alike to be
suited to the same crops and pasture plants, to require
similar management, and to have similar productivity
and other responses to management. Thus, the capabil-

ity unit is a convenient grouping for making many
statements about management of soils. Capability
units are generally designated by adding an Arabic
numeral to the subclass symbol, for example, Ile-1 or
IIIe-2. Thus, in one symbol, the Roman numeral desig-
nates the capability class or degree of limitation, and
the small letter indicates the subclass, or kind of limi-
tation, as defined in the foregoing paragraph. The
Arabic numeral specifically identifies the capability
unit within each subclass.

The names of soil series represented in a capability
unit are named in the description of the capability
unit, but this does not mean that all the soils of a
given series appear in the unit. To find the names of all
the soils in any given capability unit, refer to the
“Guide to Map Units” at the back of this survey.

In the following pages the capability units in Union
County are described, and use and management of the
soils is suggested.

CAPABILITY UNIT I-1

The one soil in this unit, Macksburg silty clay loam,
0 to 2 percent slopes, is a nearly level, somewhat
poorly drained soil on uplands.

This soil has a friable silty clay loam surface layer
and a firm to friable silty clay loam subsoil. It has a
high available water capacity and is moderately slowly
permeable. 1t absorbs much of the rain that falls, and
it holds much of this moisture available for plants. It
has properties favorable for good root development.

The organic-matter content is high. Unless limed,
the surface layer is slightly acid. The subsoil is low in
a_vailable phosphorus and medium in available potas-
sium.

This soil warms up quickly in spring and can be
worked soon after a rain. It is easy to keep in good
tilth. It is not subject to significant erosion. Surface
iirailnage is adequate even though the soil is nearly
evel,

Nearly all the acreage is used for row crops. Small
areas are usually farmed with more sloping or some-
what poorly drained acreages of adjacent soils. Corn,
soybeans, small grain, hay, and pasture grasses are
grown. Corn and soybeans are the major crops.

This soil is suited to row crops year after year if
fertility and tilth are maintained and weeds and in-
sects are controlled. An occasional year of meadow or
a green manure crop can be grown if tilth becomes
poor or weeds or insects are problems.

CAPABILITY UNIT I-2

The one soil in this unit, Kennebec silt loam, 0 to 2
percent slopes, is a nearly level, moderately well
drained soil of the bottom land and benches.

This soil has a silt loam surface layer and substra-
tum. It has a high available water capacity and is
moderately permeable. It absorbs all rainfall when
rain falls in normal amounts and holds most of it
available for plants. It can usually be tilled earlier in
spring than the wetter associated soils.

This soil is slightly acid. The organic-matter con-
tent is high. The subsoil is low in available phosphorus
and very low to low in available potassium.

Flooding can occur during periods of high rainfall
or in spring during snowmelt. Most flooding occurs in
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spring before crops are planted. The slope is enough
to prevent ponding, and there is no hazard of erosion.

Most of the acreage is used for cultivated crops.
Some areas are pasture or woodland. Some are large
enough to be farmed separately, but most are managed
along with adjacent soils. Corn, soybeans, grain sor-
ghum, small grain, and hay are grown. Corn and soy-
beans are the main crops.

These soils are suited to row crops year after year if
fertility and tilth are maintained and weeds and in-
sects are controlled. An occasional meadow or green
manure crop can be grown if tilth becomes poor or
weeds or insects are problems. Some areas may need
lime. All areas need additions of fertilizer if high
yields are to be obtained under a cropping system that
is mostly row crops.

Some areas need protection from overflow. Old bay-
ous can be filled and stream channels straightened to
reduce flooding. Diversion terraces protect areas at
the base of slopes from runoff,

CAPABILITY UNIT Ile-1

This unit consists of gently sloping Ladoga, Macks-
burg, and Sharpsburg soils of the uplands and benches.
Macksburg soils are somewhat poorly drained. Ladoga
and Sharpsburg soils are moderately well drained.

These soils have a friable surface layer of silt loam
and silty clay loam. The subsoil is friable or firm,
moderately slowly permeable silty clay loam. The soils
absorb most of the rain that falls and have properties
favorable for good root development,

These soils have a high available water capacity.
The organic-matter content is moderate to high. Un-
less limed, these soils are slightly acid to medium acid.
The subsoil is low to medium in available phosphorus
and very low to medium in available potassium.

These soils are well suited to row crops but are sub-
ject to sheet erosion because of the slope. They dry
quickly in spring and after a rain. They are easy to
keep in good tilth.

Many areas are large enough to be farmed separately
but are irregular in shape. They are normally man-
aged with small areas of nearly level or moderately
sloping acreages of adjacent soils. Nearly all the acre-
age is used for cultivated crops. Corn and soybeans are
the main crops. Part of the acreage is in small grain
or in hay and pasture.

Runoff is medium. Erosion control is needed for
maximum yields and intensive production of row
crops. If terraced, these soils can be safely used for
row crops year after year. An occasional year of mea-
dow or a green manure crop can be grown if tilth
becomes poor or weeds or insects become problems.

Some areas of these soils are difficult to terrace be-
cause of irregular slopes. A system of tile outlet ter-
races may be needed to protect these soils from erosion.
Contour tillage and less intensive use of row crops may
be more practical. Soils in this group usually stay in
good tilth if crop residue is returned to the soil.

CAPABILITY UNIT Ile-2

This unit consists of gently sloping, well drained to
moderately well drained Judson and Olmitz soils on
low foot slopes or alluvial fans.

These soils have a very thick, friable loam and silty

clay loam surface layer and a friable to firm clay loam
to silty clay loam subsoil. Permeability is moderate to
moderately slow in most places, and available water
capacity is high. These soils absorb much of the rain-
fall. They have properties favorable for good root de-
velopment.

The organic-matter content is high. Unless limed,
the surface layer ranges from medium to slightly acid.
The subsoil is low in available phosphorus and medium
to low in available potassium.

These soils are well suited to row crops and other
crops commonly grown in the county. They warm up
easily in spring and dry out quickly after a rain. Tilth
is generally good.

Erosion is a slight problem. These soils receive some
deposition from the steeper soils upslope. These de-
posits are less fertile and lower in organic matter than
the original topsoil. A new seeding may occasionally be
lost because of these deposits. Wetness is not a problem
in most places because of the slope, but some small
areas bordering poorly drained soils need tile.

Areas of these soils are generally small. When they
are managed with the steeper, adjacent soils upslope
they are used for hay or pasture. Other areas are in-
tensively row cropped with more poorly drained al-
luvial soils downslope.

Diversion terraces are used to intercept runoff from
steeper soils upslope and to reduce the deposition.
Farming on the contour reduces runoff and the hazard
of erosion. If these practices are used, row crops can
be safely grown year after year. An occasional
meadow or a green manure crop can be grown if tilth
becomes poor or weeds or insects are problems. Tilth
is generally easy to maintain if crop residue is re-
turned to the soil.

CAPABILITY UNIT Ile-3

The one soil in this unit, Grundy silty clay loam, 2
to 5 percent slopes, is a gently sloping, somewhat
poorly drained soil on uplands.

This soil has a friable light silty clay loam surface
layer and a firm to friable light silty clay subsoil that
is slowly permeable. Runoff is medium. The subsoil
has a high available water capacity. This soil has prop-
erties favorable to good root development.

The organic-matter content is moderate. Unless
limed, the surface layer is slightly acid. The subsoil is
very low to low in available phosphorus and low to
medium in available potassium.

This soil is well suited to row crops but is subject to
sheet erosion because of the slope. It dries out fairly
soon after a rain. It is easy to keep in good tilth.

Many areas are large enough to be managed sep-
arately but are irregular in shape. The entire acreage
is managed with adjacent nearly level or moderately
sloping soils. Nearly all the acreage is used for culti-
vated crops, mainly corn and soybeans. Part of the
acreage is in small grain, hay, or pasture.

Runoff is medium. Erosion control is needed for
maximum yields and intensive production of row
crops. If erosion is controlled, this soil can be used for
row crops year after year. An occasional year of
meadow or a green manure crop can be grown if tilth
becomes poor or weeds or insects are problems.

Some areas are difficult to terrace because of irregu-



46 SOIL SURVEY

lar slopes. A system of tile outlet terraces may be
needed to protect this soil from erosion. Contour til-
lage and intensive use of row crops may be more prac-
tical.

This soil stays in fairly good tilth if crop residue is
returned. Additional manure is beneficial in some
small moderately eroded areas.

CAPABILITY UNIT 1Iw-1

This unit consists of level, somewhat poorly to poorly
drained Colo and Vesser soils on bottom land. Colo
soils have a thick, friable to firm silty clay loam sur-
face layer, and Vesser soils have a silt loam surface
layer. The subsoil is silty clay loam.

These soils are wet because of flooding or a high
water table, or both. They dry out slowly in spring
and must be worked later than the better drained
associated bottom land soils. Some areas tend to be
cloddy, especially if worked wet. Available water ca-
pacity is high. Excessive wetness sometimes restricts
plant growth and root development unless the soils
are drained.

These soils are moderate to high in organic matter.
Unless limed, the surface layer is slightly to medium
acid in most soils. The subsoil is medium in available
phosphorus and medium to low in available potassium.

These soils are well suited to row crops, but require
artificial drainage or protection from overflow. Most
areas are large enough to be managed separately. Corn
and soybeans are the major crops in drained areas. The
risk of crop loss is greater in undrained areas than in
drained areas. Part of the acreage is in small grain,
hay or pasture.

Colo soils are sometimes flooded and receive damag-
ing sediment. Reseeding or replanting may be neces-
sary. Erosion is not a hazard, but active gullies or
stream channels may form. Runoff from steeper soils
upslope collects on soils in this unit during heavy rains
or drains across them before entering a stream or
river.

These soils are suited to row crops year after year
if drainage is provided. An occasional meadow or
green manure crop can be grown if tilth becomes poor
or if weeds or insects are problems.

Tile drains, which are commonly used, work well in
these soils. Outlets are not difficult to locate, Grassed
waterways are used in some areas to drain excess
surface water. Excess water from runoff to adjacent
slopes is controlled in some areas by diversion terraces
at the base of upland slopes. Fall plowing is practical
when wetness normally delays spring planting.

CAPABILITY UNIT 1Iw-2

This unit consists of mearly level, poorly drained
Winterset and Haig soils on uplands.

These soils have a thick, friable silty clay loam sur-
face layer. Permeability is very slow to moderately
slow in the subsoil. Available water capacity is high.
Runoff is slow. The water table is high during periods
of high rainfall. These soils warm up more slowly than
the better drained soils on the uplands, but they cannot
be worked so soon after a rain because the natural
drainage is poor.

These soils puddle if worked when wet and become
cloddy when dry. Adequate artificial drainage 1s

needed to provide proper aeration and a deep rooting
zone for plants.

Organic-matter content is high. Unless limed, the
surface layer is typically slightly acid. The subsoil is
low to medium in available phosphorus and medium
to low in available potassium.

These soils are well suited to row crops if drained.
Erosion is not a hazard. In years of high rainfall, the
poor drainage and slow runoff may delay planting and
cause crops to mature late. Almost all the acreage has
some type of artificial drainage and is in row crops.
Average crop yields are low unless the soils are
drained. Many areas are large enough to be managed
separately, but some are cropped with the better
drained adjacent soils.

Corn and soybeans are the main crops. Part of the
acreage is in grain sorghum, small grain, and hay.

Wetness and tilth are the major management prob-
lems. The soil is suited to row crops year after year
if adequately drained. An occasional year of meadow
or a green manure crop can be grown if tilth becomes
poor or weeds or insects are problems.

Tile works well in the Winterset soil but not so well
in the Haig soil. Providing suitable outlets is difficult
in some areas because of the broad, nearly level ridge-
ops.

CAPABILITY UNIT Ilw-3

This unit consists of nearly level to gently sloping,
moderately well drained and somewhat poorly to
poorly drained Nodaway and Vesser soils on low bot-
tom land adjacent to stream channels.

These soils have a friable silt loam surface layer.
The Nodaway soil has a silt loam subsoil, and the
Vesser soil has a silty clay loam subsoil. Both have a
high water table during periods of high rainfall and
are subject to frequent flooding. Tilth is generally good
if wetness is controlled. The available water capacity
is high.

The organic-matter content is moderate to low. The
surface layer is slightly acid to neutral. The subsoil is
medium in available phosphorus and medium to low
in available potassium.

These soils are well suited to row crops but need to
be protected from overflow. Some areas are large
enough to be managed separately, but many are man-
aged with adjacent soils.

Corn and soybeans are the major crops. Part of the
acreage is in small grain, hay, or pasture.

Erosion is not a hazard, but runoff from other soils
may collect on the soils during heavy rains or drain
across them before entering a stream or river.

These soils are suited to row crops year after year
if fertility and tilth are maintained and if flooding is
prevented. An occasional year of meadow or a green
manure crop can be grown if tilth becomes poor or
weeds or insects are problems.

CAPABILITY UNIT IIw—4

This unit consists of gently sloping, somewhat
poorly drained to poorly drained Colo and Ely soils
on narrow valleys, low foot slopes, and benches.

These soils have a thick, friable to firm silty clay
loam surface layer and a silty clay loam subsoil.

These soils are wet because of flooding from adja-



UNION COUNTY, IOWA 47

cent uplands, or a high water table, or both. They dry
out slowly in spring and must be worked later than
the better drained associated bottom land soils. Some
areas tend to be cloddy, especially if worked when wet.
Available water capacity is high. Excessive wetness
sometimes restricts plant growth and root development
unless the soils are drained.

Organic-matter content is high. Unless limed, the
surface layer is slightly acid. The subsoil is very low
to medium in available phosphorus and medium to low
in available potassium.

These soils are well suited to row crops but require
artificial drainage or protection from overflow. Few
areas are managed separately. Many are narrow and
are generally not planted to crops. Corn and soybeans
are the major crops in drained areas. The risk of crop
loss is greater in undrained areas than in drained
areas. Part of the acreage is in hay or pasture.

These soils sometimes receive runoff and damaging
sediment from adjacent upland soils, and reseeding or
replanting is necessary. Erosion is a major hazard,
and active gullies or stream channels can form. Runoff
from steeper soils upslope drains across these soils be-
fore entering a stream or river.

These soils are suited to row crops year after year if
drained. An occasional meadow or green manure crop
can be grown if tilth becomes poor or weeds or insects
are problems.

Tile drains, which are commonly used, work well in
these soils. Outlets are not difficult to locate. Grassed
waterways are used in some areas to drain excess sur-
face water. Excess water from runoff of adjacent
slopes is controlled in some areas by diversion terraces
at the base of upland slopes. Fall plowing is practical
if wetness delays spring planting.

CAPABILITY UNIT Ile~1

The one soil in this unit, Arispe silty clay loam, 5
to 9 percent slopes, is a moderately sloping, moderately
;zvel(li drained to somewhat poorly drained soil on up-
ands.

This soil has a friable silty clay loam surface layer
and a friable to firm silty clay loam subsoil. It is mod-
erately slowly permeable. It has a high available wa-
ter capacity and medium to high runoff.

Fertility is average. The organic-matter content is
moderate. Unless limed, the surface layer is slightly
acid. The subsoil is very low to low in available phos-
phorus and low to medium in available potassium.

This soil is well suited to row crops. Areas are gen-
erally large enough to be managed separately but are
sometimes farmed with less sloping soils or with
steeper soils.

The major limitation is erosion. Row crops can be
grown if erosion is controlled and grass waterways
are maintained to prevent gully formation. If only con-
touring is used in erosion control, more meadow and
fewer row crops should be grown. Many areas of this
soil need additional lime. Row crops require additional
fertilization.

CAPABILITY UNIT IIle-2
This unit consists of moderately and strongly slop-
ing, moderately well drained Nira, Ladoga, and
Sharpsburg soils on uplands and high benches.

These soils have a friable light silty clay loam or
silt loam surface layer and a friable or firm silty clay
loam subsoil. Permeability is moderately slow in the
subsoil.

These soils are moderately well drained and well
aerated. Runoff is medium to rapid. Erosion ranges
from slight to moderate, depending on past use and
management. The available water capacity is high to
medium. Properties are favorable for good, deep root
development.

These soils have average fertility. The organic-
matter content is moderate. The subsoil is very low to
medium in available phosphorus and available potas-
sium. Unless limed, the surface layer is slightly to me-
dium acid in most soils. Tilth is good in most places
but is poor in small, severely eroded areas where the
subsoil is exposed. These eroded soils are hard and
cloddy when dry.

These soils are well suited to crops. Most of the
acreage is cropped to corn, soybeans, small grain, and
hay. If managed with soils of lower capabilities, these
soils are also well suited to pasture grasses, trees, or
wildlife habitat.

These soils are subject to erosion unless protected
by vegetation or soil conservation practices. Winter
cover crops, manure, and crop residue increase the
organic-matter content, improve tilth, and help con-
trol erosion. Row crops can be grown occasionally if
terraces are used. If only contouring is used, more
meadow and fewer row crops should be grown. Grassed
waterways are needed in many places.

Spreading barnyard manure and returning crop
residue to the soil are especially beneficial on eroded
soils. Many areas need lime. Additional fertilization is
needed if row crops are grown. Green manure crops
can provide some of the needed nitrogen.

CAPABILITY UNIT Ille-3

This unit consists of gently and moderately sloping,
moderately well drained to somewhat poorly drained
Pershing and Weller soils on uplands and high benches.

These soils have a friable silt loam surface layer
and a light colored, platy subsurface layer. The subsoil
is firm silty clay. Permeability is slow. The available
water capacity is high.

Runoff is rapid. Erosion is slight to severe, depend-
ing on past use and management.

Fertility is below average. Organic-matter content
is moderately low to moderate. The subsoil is high to
medium in available phosphorus and very low in avail-
able potassium. Unless limed, the surface layer is me-
dium to strongly acid. Tilth is poor in eroded areas,
and the soils are somewhat cloddy when dry.

These soils are moderately well suited to row crops
and well suited to small grain, alfalfa, pasture grasses,
and woody vegetation. Areas are irregular in size and
shape. Most are managed with adjacent soils. In some
places these soils are wooded.

Erosion is a severe hazard in cultivated areas. Win-
ter cover crops, manure, and crop residue on the soil
increase the absorption rate and slow runoff, increase
the organic-matter content, improve tilth, and help con-
trol erosion.

These soils are suited to row crops occasionally if
erosion is controlled and grassed waterways are main-
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tained to prevent gullying. If only contouring is used
to control erosion, more meadow and fewer crops
should be grown. Additional fertilization is needed if
row crops are grown because of the low natural fertil-
ity.

CAPABILITY UNIT 1Ile—4

This unit consists of moderately well drained and
somewhat poorly drained, moderately sloping Mystic,
Adair, Lamoni, and Armstrong soils on uplands.

The surface layer is friable silty clay loam, clay
loam, or loam. The subsoil is clay loam and silty clay
or clay and is very slowly to slowly permeable. Avail-
able water capacity is moderate to high. Runoff is
rapid if the subsoil is saturated.

These soils have average fertility. Organic-matter
content is low to moderate. Unless limed, the surface
layer is medium to strongly acid. The subsoil is low to
very low in available phosphorus and very low to me-
dium in available potassium. In eroded areas tilth is
poor and the surface layer is very hard and cloddy
when dry.

This unit is moderately well suited to crops com-
monly grown in the county. Yields range widely, de-
pending on the frequency, amount, and intensity of
rainfall, Areas are small and are managed with other
soils as cropland or pasture.

The major limitations are the hazard of erosion and
poor tilth. In some places the slowly permeable subsoil
of Lamoni and Adair soils causes seepy spots in adja-
cent areas upslope, and the water seeps over the La-
moni and Adair soils.

If erosion is controlled, these soils are suited to oc-
casional row crops. Lamoni and Adair soils are mnot
generally terraced because they are seepy, and their
firm, clayey subsoil is difficult to work and vegetate.
Contour tillage is used to control erosion, Terraces are
generally built on the soils upslope or downslope that
are more suitable for terrace construction.

Manure, cover crops, and crop residue improve tilth
and help control weeds and maintain organic matter.
Grassed waterways prevent gullying from the rapid
runoff. Many areas of these soils need lime. Additional
fertilization is needed if row crops are grown.

CAPABILITY UNIT Ille-5

This unit consists of moderately and strongly slop-
ing, well drained to moderately well drained and some-
what poorly drained Caleb, Lineville, and Shelby soils
on uplands and high benches.

These soils have a silt loam, clay loam, and loam
surface layer. The subsoil is clay loam in the Shelby
soils and silty clay in the Lineville soils. Caleb soils
hlave a variable subsoil of loam, clay loam, or sandy
clay.

Permeability ranges from moderately slow in the
Caleb and Shelby soils to very slow in the Lineville
soils. Runoff is medium to rapid, depending on the
slope and vegetation. Erosion is slight to moderate
depending on past use and management. The available
water capacity is high to moderate.

Organic-matter content ranges from low to moder-
ate. The subsoil is low to very low in available phos-
phorus. In Caleb and Lineville soils it is very low in
available potassium, but in Shelby soils it is high. Un-
less limed, the surface layer is medium to slightly acid.

Tilth is good in most areas but is poor in small,
severely eroded areas where the subsoil is exposed.
These eroded soils have poor tilth and are hard and
cloddy when dry.

This unit is moderately well suited to most crops in
the county. Yields range widely depending on the fre-
quency, amount, and intensity of rainfall. Areas are
small and are generally managed with other soils as
cropland or pasture. Some of the acreage is wooded.

The major limitations are the hazard of erosion and
poor tilth, In some areas the Lineville soil is wet be-
cause of the very slowly permeable subsoil.

If erosion is controlled, these soils are suited to oc-
casional row crops. Contour tillage and terraces are
often used in erosion control.

Manure, cover crops, and crop residue improve tilth
and help control weeds and maintain the organic-
matter content. Grass waterways can be used to
prevent gullying from runoff. Some additional fertili-
zation may be needed if these soils are used for row
crops.

CAPABILITY UNIT Ille-6

The one soil in this unit, Keswick loam, 5 to 9 percent
slopes, is a moderately sloping, moderately well
drained soil on upper side slopes and at the ends of
ridges.

This soil has a surface layer of friable loam. It has
a gray, platy subsurface layer and a firm clay or clay
loam subsoil that is slowly permeable. Available water
capacity is moderate. Runoff is medium to high.

The organic-matter content is low. Unless limed, the
surface layer is strongly acid. The soil is very low to
low in available nitrogen. The subsoil is very low in
available phosphorus and very low in available potas-
sium. In eroded areas tilth is poor and the surface
layer is very hard and cloddy when dry.

This soil can be used for crops but it is limited by
the slope, low fertility, and slow permeability. Yields
range widely depending on the frequency, amount, and
intensity of rainfall. Areas are generally small and are
managed with other soils as cropland or pasture. In
many places this soil is wooded.

This soil is subject to erosion unless protected by
vegetation or soil conservation practices. Winter cover
crops, manure, and crop residue increase the organic-
matter content, improve tilth, and help control erosion.
Additional fertilization is needed if row crops are
grown.

CAPABILITY UNIT IIIw-1

The one soil in this unit, Clearfield silty clay loam,
5 to 9 percent slopes, is a poorly drained to somewhat
poorly drained, moderately sloping soil on uplands.

This soil has a friable silty clay loam surface layer
and a firm silty clay loam subsoil. It is poorly aerated
and moderately slowly permeable. At a depth of 3 to 6
feet is a very firm, very slowly permeable, gray clay.

The subsoil becomes quickly saturated because water
movement is slowed by the more impervious substrata,
resulting in seepiness and wetness during periods of
normal or above average rainfall. The root zone is
limited and drainage is poor because of the underlying
strata.

This soil is fertile and is well suited to row crops if
the wetness is corrected. Tilth is good in most places
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and organic-matter content is high. Unless limed, the
surface layer is slightly acid. The subsoil is low in
available phosphorus and available potassium. Corn
and soybeans are the main crops. Part of the acreage
is in small grain, hay, and pasture. Undrained areas
are best suited to hay and pasture.

This soil is generally managed with gently sloping
and moderately sloping, adjacent soils. Interceptor tile
placed just above the clayey substrata corrects the
seepiness and wetness.

This soil is subject to moderate erosion because of
the slope. It is suited to occasional row crops if tile and
erosion control practices are used. Grassed waterways
are needed in many places to control gullying.

CAPABILITY UNIT IIw-2

This unit consists of very poorly drained to poorly
drained Sperry and Belinda soils in nearly level to
depressional areas on broad upland divides and ter-
races along the major streams.

These soils have a friable silt loam surface layer
and a thick, distinet gray subsurface layer. The sub-
soil is firm silty clay that is very slowly permeable.

These soils dry out slowly. Water ponds and stands
for long periods after a heavy rain. Good tilth is diffi-
cult to maintain. Available water capacity is high to
moderately high, but the root zone is somewhat re-
stricted by the firm subsoil and by wetness.

If the wetness is corrected, these soils are suited
to row crops. They are moderately well suited to small
grain and meadow. They are moderately fertile and
are low to moderate in organic matter. The subsoil is
very low to low in available phosphorus and very low
in available potassium. Unless limed, the surface layer
is slightly or medium acid.

Areas are mostly small and are managed as crop-
land with other better drained soils on the level ridge-
tops and level terraces. If drained, these soils are
suited to row crops year after year. An occasional year
of meadow or a green manure crop can be grown if
tilth becomes poor or weeds or insects are problems.

Properly spaced drain tile may work in some areas
of these soils, but others may need surface drains.
Manure and crop residue improve tilth and maintain
the supply of organic matter.

CAPABILITY UNIT IlIw-3

This unit consists of level, fine textured, very poorly
drained to poorly drained Wabash and Humeston soils
on bottom lands.

These soils have a silty clay loam surface layer that
dries out very slowly and is normally cloddy and very
hard when dry. Large cracks form during extended
dry periods. The Humeston soil has a gray silt loam
subsurface layer that does not crack so much during
dry periods. The subsoil is a very firm and compact,
slowly to very slowly permeable heavy silty clay loam
or silty clay. The available water capacity is moderate
to high. A fluctuating water table and the clayey sub-
soil restrict root development.

These soils are moderately well suited to most crops
but are poorly suited to crops that must be planted
early in spring. They are fertile and are moderate to
high in organic matter, but preparing a good seed bed
is difficult. Power requirements to till the soils are
generally high. Unless the soil is limed, reaction ranges

from slightly acid to medium acid. The subsoil is low
to high in available phosphorus and very low to me-
dium in available potassium.

Areas range widely in size and shape, but most are
large. Many are managed separately. Others are man-
aged with better drained adjacent soils, Most of the
acreage is in crops.

Tile drainage does not work well on these soils. If
good surface drainage is provided, these soils are suited
to row crops year after year. Corn and soybeans are
the principal crops. Yields depend on drainage and the
frequency and amount of rainfall. Some areas are sub-
ject to overflow, Fall plowing and the return of crop
residue improve the tilth.

CAPABILITY UNIT 1Ve-1

The one soil in this unit, Pershing silt loam, 9 to 14
percent slopes, is a moderately well drained to some-
what poorly drained, strongly sloping soil on uplands
in the southeastern part of the county.

This soil has a silt loam surface layer and a light
colored, platy, grayish subsurface layer. The subsoil is
blocky, firm silty clay. Permeability is slow. The avail-
able water capacity is high. The root zone is deep. Run-
off is rapid. Erosion is slight to severe, depending on
past use and management.

This soil is moderate to moderately low in organic
matter. The subsoil is high in available phosphorus
and very low in available potassium. Unless limed, the
surface layer is medium to slightly acid. In eroded
areas, tilth is poor and the soil is somewhat cloddy
when dry.

This soil is generally in crops or pasture. It is better
suited to small grain, meadow, or permanent pasture
than to row crops. Some of the acreage is best suited
to.icrees or wildlife habitat, depending on the adjacent
soils.

This soil is subject to erosion unless protected by
vegetation or soil conserving practices. Winter cover
crops, manure, and crop residue increase the organic-
matter content, improve tilth, and help control erosion.
Grassed waterways are needed in some areas.

CAPABILITY UNIT IVe-2

This unit consists of well drained to moderately
well drained, strongly sloping and moderately steep
Shelby soils on uplands. These soils have a clay loam
surface layer and a firm clay loam subsoil that is mod-
erately slowly permeable.

These soils are well drained to moderately well
drained. Surface runoff is high to very high because of
the strong and moderately steep slopes. They have
properties favorable for good root development and
a high available water capacity. They are subject to
erosion and gullying.

These soils are somewhat below average in fertility.
They are low to moderate in organic matter. The sub-
soil is low in available phosphorus and high in avail-
able potassium. Severely eroded areas are sticky when
wet and become hard and cloddy when dry. Small
stones and pebbles occur in some areas.

These soils are better suited to small grain, meadow,
or permanent pasture than to row crops. Most of the
acreage is in crops or pasture. Some areas are better
suited to trees or wildlife habitat, depending on the
adjacent soils.
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These soils are subject to erosion and are highly
susceptible if row crops are grown. They should be
kept in hay or pasture most of the time. A corn crop
can be grown on the contour when the stands of
legumes and grasses need reseeding, generally after 4
years or more. Permanent pasture and woodland are
alternate uses. Terrace construction is difficult in many
places because of the irregular slopes. Even if the soils
are terraced, row crops should be grown infrequently.

Most of the acreage that is used for crops is man-
aged separately or with soils that are better sult.ed.
Areas used as permanent pasture, woodland, or wild-
life habitat are generally managed with soils of lower
capabilities.

CAPABILITY UNIT IVe-3

This unit consists of well drained to moderately well
drained, strongly sloping Caleb and Gara soils on up-
lands and high benches.

The surface layer is loam. It is friable in most places.
In some eroded areas where the subsoil has been
mixed with the surface layer and is exposed by plow-
ing, this layer is sticky when wet and hard when dry.
The subsoil is clay loam to loam and sandy clay. It is
friable to firm. Permeability is slow to moderately
rapid.

I%{unoﬂ" is rapid in most places because of the slope.
Properties are favorable for good root development.
The available water capacity is high to moderate.

These soils are not well suited to row crops but are
moderately well suited to pasture. Natural fertility is
low, and tilth is poor in most areas. The organic-
matter content is moderate to low. The subsoil is very
low to low in available phosphorus and very low in
available potassium. Unless limed, the surface layer is
strongly acid. Erosion is a serious problem, and gullies
form easily.

Most of the acreage is in crops, chiefly row crops,
small grain, and grasses and legumes for hay and
pasture. Contour tillage is a common practice, and
grassed waterways are maintained to prevent gully
formation. Terracing is practical in some areas. Even
if erosion is controlled, these soils are suited to row
crops only occasionally. They should be kept in hay or
pasture most of the time. A year of row crops can be
grown on the contour when stands of grasses and
legumes need reseeding, usually after 4 years or more.

Some small areas managed with the better suited
adjacent soils can be cropped more intensively. Others,
with less suitable soils, should be managed as pasture
or woodland.

CAPABILITY UNIT IVe-4

This unit consists of moderately well drained to very
poorly drained, strongly sloping Mystic, Caleb, La-
moni, Adair, Shelby, Clarinda, and Armstrong soils
on uplands and high benches.

The surface layer is silty clay loam, clay loam, or
loam. It is friable in most places. In some eroded areas
where the subsoil has been mixed with the surface
layer and exposed by plowing, this layer is sticky
when wet and hard when dry. The subsoil is heavy
clay loam to clay. It is firm to very firm and is mod-
erately to very slowly permeable. )

Runoff is rapid in most places. In most of the soils
the movement of air and water is somewhat restricted.

Saturation in the Lamoni and Clarinda soils causes
narrow seepy areas upslope in the more permeable
loess soils. Available water capacity is moderate to
high. Root penetration is restricted in the subsoil in
most of these soils.

These soils are not well suited to row crops but are
moderately well suited to pasture. Natural fertility is
low and tilth is poor in most areas. The organic-matter
content is low to moderate. The subsoil is very low to
low in available phosphorus and very low to medium
in available potassium. Unless limed, the soils are me-
dium to strongly acid. Erosion is a serious problem.
Gullies form easily.

Most of the acreage is in crops, chiefly row crops,
small grain, and grasses and legumes for hay and
pasture. Contour tillage is a common practice. Grassed
waterways are maintained to prevent gully forma-
tion. Terracing is practical in some areas. Because the
subsoil is mostly clayey and dense, good management
is needed to restore productivity in the terrace chan-
nels. Even if erosion is controlled, these soils are sel-
dom suited to row crops. They should be kept in hay
or pasture most of the time. A year of row crops can
be grown on the contour when stands of grasses and
legumes need reseeding, usually after 4 years or more.

Some small areas can be cropped more intensively
with better suited adjacent soils. Others, with less
lsuiiiiable soils, should be managed as pasture or wood-
and.

CAPABILITY UNIT IVe-5

This unit consists of Gara-Armstrong loams, 9 to 14
percent slopes, moderately eroded. These soils are
strongly sloping, moderately well drained to somewhat
poorly drained soils on uplands.

The surface layer is thin, friable, and loamy. The
subsoil is firm clay and clay loam that is slowly to
moderately slowly permeable. Runoff is rapid. The
available water capacity is high and moderately high.

These soils are very poorly suited to row crops and
are poorly suited to small grain and meadow. They are
moderately well suited to pasture or woodland.
Organic-matter content is low to moderate. The sub-
soil is very low to low in available phosphorus and
available potassium. Unless limed, the surface layer is
strongly acid.

Areas are small, and most of the acreage is man-
aged with steeper adjacent soils as permanent pasture
or woodland. In some areas a row crop can be grown
on the contour when stands of grasses and legumes
need reseeding, usually after 4 years or more of pas-
ture and hay. Some of the existing permanent pasture
can be renovated and more productive pasture plants
introduced.

Fencing out livestock and good woodland manage-
ment help increase the productivity of many areas
presently in woodland.

CAPABILITY UNIT 1Ve-6

The one soil in this unit, Dickinson fine sandy loam,
5 to 14 percent slopes, is a thin, moderately sloping
and strongly sloping, well drained soil on ridges or
side slopes of the uplands or high benches.

This soil has a friable fine sandy loam surface layer
that absorbs water readily. The subsoil is a friable to
loose, rapidly permeable loamy sand or sandy loam.
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The available water capacity is low to moderate. The
root zone is favorable.

The organic-matter content is moderately low, and
the supply of available plant nutrients is very low. Un-
les'i1 limed, the surface layer is medium acid to slightly
acid.

This soil is droughty. It readily absorbs rainfall but
holds little moisture available for plants. It warms up
quickly in spring and can be worked soon after a rain.
Tilth is generally good.

This soil is generally used for row crops because it
occurs as small areas within larger areas of more suit-
able soils. It is susceptible to soil blowing and sheet
erosion. Blowing sand sometimes damages new seed-
ings on this soil or on adjacent soils. Good management
is needed. Leaving crop residue on the surface helps
control soil blowing.

CAPABILITY UNIT IVw-1

This unit consists of moderately sloping, very poorly
drained Clarinda soils on uplands near the heads of
drainageways.

The surface layer is silty clay loam. It is generally
friable and absorbs water well. In eroded areas, how-
ever, the surface layer is somewhat firm, and runoff is
more rapid. The subsoil is a very firm gray silty clay.
It has a high available water capacity but is very
slowly permeable, very poorly drained, and poorly aer-
ated. These factors severely limit root growth.

These soils remain wet and saturated for long pe-
riods. Because of the very slow permeability, seepy
areas occur where these soils are adjacent to the more
permeable soils upslope. Seepage water moves down-
slope and increases the wetness of the Clarinda soils.

These soils are poorly suited to crops and are only
moderately well suited to pasture because of the wet-
ness. They are slightly to medium acid. Fertility is
low, and the organic-matter content is moderate. The
subsoil is low in available phosphorus and low to me-
dium in available potassium.

Areas of these soils are small and irregular. They
are managed with other soils as cropland or pasture.
Lglany small areas within cultivated acreages are left
idle,

Tile drains are not effective. In some areas, inter-
ceptor tile placed in the more permeable soils upslope
hastens drying, allows for more timely tillage, and
promotes the growth of more suitable grasses. If
cropped, these soils are subject to erosion.

These soils are best suited to hay or pasture. Unless
wetness is too serious a problem, a row crop can be
grown when stands of hay or pasture crops become
poor and need reseeding. These soils are generally so
wet that alfalfa does not grow well. Other more water-
tolerant legumes are better suited to the wetter areas.

Terraces are not suitable because the fine textured
subsoil is exposed in terrace channels and is very diffi-
cult to vegetate. Terraces should be constructed in soils
above or below these soils.

CAPABILITY UNIT Vw-1

The one soil in this unit, Nodaway silt loam, 0 to 2
percent slopes, channeled, is an alluvial soil along small
intermittent streams and their branches, which form
in the uplands, and along the major streams and tribu-
taries. It is subject to frequent overflow. Areas along

the major streams and tributaries are nearly level and
have a larger number of meandering stream channels
and surface drains.

On the narrow stream bottoms, the surface layer is
lighter colored and coarse textured. Near the larger
streams the major limitations are longer periods of
flooding, streambank erosion, ponding in low areas,
and deposition of sandy material.

Most of the acreage along small intermittent streams
and small branching waterways is in pasture. A small
part is managed as cropland with adjacent soils. Areas
near the larger streams are in trees and brush.

This soil is not suited to crops because of flooding,
gullying, or channels. Stream straightening, channel
filling and shaping, tree and brush clearing, and drain-
age are used in some areas to convert this soil to
cropland or improved pasture. Reclaimed areas are
{r_lanaged with adjacent soils better suited to cultiva-
ion.

CAPABILITY UNIT Vle-1

This unit consists of well drained to moderately well
drained, moderately steep and steep Shelby and Caleb
soils on uplands and high benches.

In most places the surface layer is loam to light clay
loam. In severely eroded areas it is mixed with the
lighter colored subsoil material, which has been ex-
posed by plowing. The subsoil is light to heavy clay
loam. It is moderately slowly permeable and slowly
permeable and well aerated.

Runoff is rapid because of the steep slopes. Unless
protected, these soils are subject to erosion. Gullies
form easily in waterways.

These soils are somewhat low in fertility. The sub-
soil is very low to low in available phosphorus and very
low to high in available potassium. Organic-matter
content is low to moderate. Unless limed, most areas
are strongly to medium acid.

Because of the slope and very high runoff, these
soils are not suited to row crops. They are well suited
to pasture, trees, or wildlife habitat.

Most areas are in bluegrass pasture. Farm machin-
ery can be used in many areas to prepare a seedbed
for more productive grasses and legumes. Mowing
weeds and controlling grazing increase the production
of existing pastures.

CAPABILITY UNIT VIe-2

This unit consists of moderately steep, moderately
eroded, well drained to somewhat poorly drained
Adair-Shelby clay loams on uplands.

These soils have a friable to firm clay loam surface
layer. The subsoil is firm clay loam to clay. It is mod-
erately slowly to slowly permeable and poorly aerated.

These soils have a moderately high and high avail-
able water capacity. In places root development is re-
stricted by the clayey, impermeable subsoil. In eroded
areas the surface layer is mixed with subsoil material,
which has been exposed by plowing. The soils in these
areas are sticky when wet and hard when dry.

Most of these soils have low fertility. The subsoil is
very low to low in available phosphorus and very low
to high in available potassium. Organic-matter con-
tent is low to moderate. Unless limed, the surface
layer is typically medium acid.
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These soils are not suited to row crops. They are
moderately well suited to pasture and are well suited
to wildlife habitat. The most serious limitation is ero-
sion. In some areas wetness and seepage from more
permeable soils upslope limit the choice of plants and
management.

Most areas are in pasture. Some small areas within
areas of more suitable soils are managed as cropland.

Mowing weeds, controlling grazing, and seeding to
more productive grasses and legumes increase the car-
rying capacity of pasture. Interceptor tile placed in
adjacent soils upslope reduces wetness in some areas
and helps to establish deep rooted legumes.

Most of the acreage is suitable for farm pond con-
struction. Many sites are available.

CAPABILITY UNIT VIe-3

This unit consists of moderately steep, well drained
to somewhat poorly drained Gara and Lindley soils
and Gara-Armstrong loams on uplands.

These soils have a friable loam surface layer. The
subsoil is firm clay and clay loam. It is moderately
slowly to slowly permeable.

These soils have moderately high to high available
water capacity. Runoff is very high because of the
slope.

These soils are low in natural fertility and moderate
to low in organic-matter content. The subsoil is very
low to low in available phosphorus and available potas-
sium. Unless limed, the surface layer is strongly acid
to medium acid.

These soils are not suited to row crops. They are
moderately well suited to pasture and well suited to
woodland or wildlife. The most serious limitation is
erosion.

Most areas are pasture or woodland pasture. Some
within areas of more suitable soils are managed as
cropland.

Mowing weeds, controlling grazing, and seeding to
more productive grasses and legumes increase the car-
rying capacity of pastures. Many areas in woodland
pasture would be more productive if livestock were
fenced out and the woodland well managed.

Most of the acreage is suitable for farm pond con-
struction. Many sites are available.

CAPABILITY UNIT VIle-1

This unit consists of well drained to moderately well
drained, steep, moderately eroded Gara and Lindley
soils on uplands.

In most areas the surface layer is friable loam. In
severely eroded areas it is light colored, firm clay loam
that is hard when dry. The subsoil is mainly firm clay
loam.

These soils are moderately slowly permeable. Run-
off is very rapid because of the steep slopes. Gullies
form rapidly. The available water capacity is high,
and properties are favorable for deep root development
of grasses and trees.

Fertility is very low to medium. The subsoil is very
low to low in available phosphorus and available potas-
sium. The organic-matter content is low to moderate
in the surface layer. The soils are typically medium or
strongly acid.

These soils are not suited to crops and are severely

limited for pasture because of the steep slopes. They
are suited to woodland and wildlife habitat.

Areas range from large to small. They are mainly
pasture, wooded pasture, or woodland. In areas that
are not too steep for farm machinery, mowing and
seeding the more productive grasses and legumes in-
crease the capacity of pastures.

Selective cutting and removal of undesirable trees
and brush improve the yield of woodland products.
Many timbered areas that are now pasture would be
more productive of wood crops if livestock were fenced
out and the woodland well managed. Properties are
favorable for pond construction, gully control, water
supply, and wildlife and recreation areas.

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 2. 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. Absence of an estimated yield indicates that
the crop is not suited to or not commonly grown on
the soil or that a given crop is not commonly irrigated.

The estimated yields were based mainly on the ex-
perience and records of farmers, conservationists, and
extension agents, Results of field trials and demonstra-
tions and available yield data from nearby counties
were also considered.

The yields were estimated assuming that the latest
soil and crop management practices were used. Hay
and pasture yields were estimated for the most pro-
ductive varieties of grasses and legumes suited to the
climate and the soil. A few farmers may be obtaining
average yields higher than those shown in table 2.

The management needed to achieve the indicated
yields of the various crops depends on the kind of soil
and the crop. Such management provides drainage,
erosion control, and protection from flooding; the
proper planting and seeding rates; suitable high-
vielding crop varieties; appropriate tillage practices,
including time of tillage and seedbed preparation and
tilling when soil moisture is favorable; control of
weeds, plant diseases, and harmful insects; favorable
soil reaction and optimum levels of nitrogen, phospho-
rus, potassium, and trace elements for each crop; ef-
fective use of crop residues, barnyard manure, and
green-manure crops; harvesting crops with the small-
est possible loss; and timeliness of all fieldwork.

The estimated yields reflect the productive capacity
of the soils 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 2 are grown
in the survey area, but estimated yields are not in-
cluded because the acreage of these crops is small. The
local offices of the Soil Conservation Service and the
Cooperative Extension Service can provide informa-
tion about the management concerns and productivity
of the soils for these crops.

Woodland Management and Productivity
Table 3 contains information useful to woodland
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TABLE 2.—Yelds per acre of crops and pasture

[All yields were estimated for a high level of management in 1975. Absence of a yield figure indicates the crop is seldom grown
or is not suited]

. Grass- Smooth Kentucky
Soil name and map symbol Corn Soybeans Oats legume hay | bromegrass | bluegrass
Bu Bu Bu Ton AUM1 AUM 1
Judson:
8B 114 43 65 4.8 8.0 4.2
Colo:
2118B 105 40 60 44 6.0 41
Nodaway:
2138 89 34 b5 3.7 5.8 3.6
Arispe:
23C 105 40 57 44 6.3 3.8
Shelby:
24C 93 35 51 3.9 5.3 3.7
24C2 90 34 50 3.8 5.3 3.5
24D 84 32 46 3.6 5.0 3.3
24D2 81 31 44 34 49 3.3
24D3 5 29 41 3.2 4.5 2.7
24E 69 26 38 2.9 41 2.3
24E2 66 25 36 2.7 4.0 2.1
24F2 1.7
Vesser:
51 95 36 52 4.0 5.0 3.7
Lindley:
65E 2.0 84 |
65F 20 |
Clearfield:
69C 91 3b 50 3.6 5.9 3.5
Ladoga:
76B, T76B 113 43 62 4.7 7.8 4.3
76C, T76C 108 41 59 4.5 7.5 4.0
76C2 105 40 b7 44 73 3.9
76D 99 38 b4 4.2 7.0 3.8
Adair:
293D __ 78 28 40 31 42 2.7
293D2 68 26 37 2.9 4.0 2.7
293E2 - 2.5 3.2 2.0
Mystie:
294D2 59 22 32 2.4 31 2.0
Sperry:
p|22 y 97 37 53 3.5 5.1 3.6
Belinda:
T130 87 33 48 3.7 6.2 3.7
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TABLE 2.—Yields per acre of crops and pasture—Continued
. Grass- Smooth Kentuck
Soil name and map symbol Corn Soybeans Oats legume hay | bromegrass bluegrasSS,
Bu Bu Bu Ton AUM? AUM

Pershing:

131C, TI13I1C 96 36 b3 4.0 6.7 3.5

131C2 91 33 50 3.8 6.4 3.4

131D 86 33 46 3.6 6.0 3.4

TI31B 101 38 56 4.2 7.0 3.8
Weller:

132C 90 34 50 3.8 6.4 3.7
Colo:

133 104 40 78 4.2 5.5 4.2

(33B 102 39 76 4.0 5.3 42
Dickinson:

175D 617 25 50 23 4.0 2.0
Gara:

179D 78 30 43 3.3 4.7 2.9

17902 75 28 41 3.1 4.5 2.5

[79E e | e 25 3.3 1.7

1 79E2 e 22\ . 1.5

1 79F | [ B 2 1.3
Adair:

192C 73 28 40 3.1 4.0 2.7

192C2 65 25 36 2.7 3.5 2.3

192D2 54 20 30 2.3 2.9 1.9
Kennebec:

212 118 45 67 5.0 7.0 41
Nodaway:

220 v 110 42 60 4.6 6.5 4.0

€220 3.0 5.5 4.0
Clarinda:

222C 63 24 34 2.6 3.7 2.7

222C2 55 21 30 2.2 3.3 2.3

222D 54 20 30 2.1 3.1 2.1

222D2 46 17 25 1.8 2.9 1.7
Wabash:

248 86 33 47 2.5 4.1 8.3
Humeston:

269 88 33 48 3.7 5.0 3.3
Olmitz:

2738 100 38 55 4.2 6.0 3.9
Haig:

362 105 40 58 4.2 7.0 3.8
Grundy:

3648 107 41 59 4.5 6.6 3.6
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TABLE 2.—Yields per acre of crops and pasture—Continued

55

. Grass- Smooth Kentucky
Soil name and map symbol Corn Soybeans Oats legume hay | bromegrass | bluegrass
Bu Bu Bu Ton AUM1 AUM1

Macksburg:

368 121 46 67 51 8.4 4.5

368B 117 44 64 4.9 8.2 4.2
Winterset:

369 117 44 64 49 8.2 4.3
Sharpsburg:

370B 113 43 62 4.7 7.8 4.2

370C 108 41 59 4.5 7.3 4.1

370C2 108 40 58 44 7.0 4.0

370D 99 38 54 4.2 6.8 3.9
Nira:

¥371C 110 42 61 4.6 7.6 4.1

¥371C2 107 40 59 4.5 74 4.0
Keswick:

425C 61 23 33 2.6 3.7 2.1
Caleb:

451C2 76 29 41 3.1 44 2.7

451D2 66 25 36 2.8 4.0 2.1

451F2 20 1.9 3.3 1.7
Lineville:

452C 70 27 38 2.9 3.6 2.5
Mystic:

592C2 60 23 33 2.5 3.0 2.1

592D2 b1 19 28 2.0 2.3 1.9
Armstrong:

792C 67 25 36 2.7 3.3 23

792C2 59 22 33 2.5 3.1 2.1

792D2 50 19 28 2.0 2.9 1.7
Lamoni:

822C 76 29 42 8.2 4.5 3.0

822C2 71 27 39 3.0 4.3 2.7

822D 66 25 36 2.7 4.0 2.3

822D2 61 23 33 2.6 3.7 21
Gara:

2993D2 67 25 37 2.8 3.9 2.3

*993F2 60 23 33 1.8 3.0 1.6

* Animal-unit-month: The amount of forage or feed required to feed
sheep, or five goats) for a period of 30 days.
*This mapping unit is made up of two or more dominant kinds of soil

behavior of the whole mapping unit.

one animal unit (one cow, one horse, one mule, five

. See mapping unit description for the composition and



TABLE 3.—Woodland management and productivity

[Only the soils suitable for production of commercial trees are listed in this table. Absence of an entry in a column means the information was not available]

Management concerns

Potential productivity

: Ordi-
Soil namegrid nation Trees to plant
map symbo symbol | Erosion | Equipment | Seedling Plant Important trees Site
hazard limitation mortality competition P index
Judson:
8B 20 Slight —__—— Slight —.—— Slight —____ Moderate __| Black walnut ________ 73 | Black walnut, eastern
White oak cottonwood, green ash.
Northern red oak —_____| _______
Ngdaway:
138B:
Nodaway part —_—__ 20 Slight _____ Slight ———— Slight —____ Moderate __| White oak . _____ 65 | Eastern white pine, red
Vesser part. pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
Lindley:
65E, 65F 4r Moderate -} Moderate __| Slight —____ Slight —____ White oak — oo _ 60 | White oak, green ash,
Post oak yellow-poplar, post
Blackjack oak oak, blackjack oak,
Black oak ——— - black oak.
Ladoga:
76B, 76C, 76C2, 76D,
T76B, T76C e 20 Slight —____ Slight —____ Slight —_—__ Moderate __| White oak ___.________ 65 | Eastern white pine, red
Northern red oak ____ 65 pine, Norway spruce,
Scotch pine, European
larch, eastern red-
cedar, sugar maple,
white spruce.
Mystic:
194D2:
Mystic part ——_____ 30 Slight -~ Slight ___-_ Slight - Slight —____ White oak ———_______ 55 | Eastern white pine, red
Northern red oak ____ 55 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
Caleb part —_______ 30 Slight —____ Slight _____ Slight _____ Slight —.___ White oak —__________ 55 | Eastern white pine, red
Northern red oak ____ 55 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
Belinda:
T30 5w Slight _____ Moderate __| Moderate -_|Severe _____ Whiteoak . ______ 45 | Eastern cottonwood,

silver maple, laurel
willow, American
sycamore, green ash,
northern white-cedar.
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Pershing:

131C, 131C2, 131D, TI3IB,

TI3I1C

Weller:
132C

Dickinson:
175D

4c

4c

Gara:

179E, 179E2, 179F

Kennebec:
212

Nodaway:
220, C220

Wabash:

248

Grundy:
3648

3r

20

20

4w

Moderate _..

Moderate __

Slight —____

Moderate __

Moderate _.

Moderate __

Moderate —_

Severe

Sharpsburg:
3708, 370C, 370C2, 370D ___

Nira:
1371C:

Nira part.

Sharpsburg part

40

40

White oak —_.__________ 55
White oak —____________ 55
White oak _____________ 55
Northern red oak .. ___ 55
Black walnut _______.__ 79
Bur oak ______________ 63
Hackberry

Greenash _____________|——_.__
Eastern cottonwood ____|-———————
White oak _____________ 65
Pinoak .. __________ 75
Black oak ____________ 60
Black walnut __________ 60
White oak

Hackberry

Green ash

Black oak _____________ 60
Black walnut __________ 60
White oak

Hackberry

Green ash

Eastern white pine,
Scotch pine, Norway
spruce, red pine, white
spruce.

Eastern white pine,
Scotch pine, Norway
spruce, white spruce,
red pine, European
larch, black walnut,
sugar maple.

Eastern white pine, red
pine, jack pine.

Eastern white pine, red
pine, Norway spruce,
Scotch pine.

Black walnut, bur oak,
hackberry, green ash,
eastern cottonwood,
American sycamore.

Eastern white pine, red
pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.

Pin oak, pecan, eastern
cottonwood.

Eastern cottonwood,
pin oak.

Black walnut, hack-
berry, green ash.

Black walnut, hack-
berry, green ash.
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TABLE 3.—Woodland management and productivity—Continued

Management concerns

Potential productivity

: Ordi-
Soil name g.rid nation Trees to plant
map symbo symbol Erosion Equipment Seedling Plant Important trees Site
hazard limitation mortality competition p index
1371C2:
Nira part.
Sharpsburg part __..__ 4o Slight ____ Slight —_—___ Slight .- Slight _____ Black oak - 60 | Black walnut, hack-
Black walnut __________ 60 berry, green ash.
White oak
Hackberry
Green ash
Keswick:
425C 3¢ Slight ————— Slight ——___ Slight ——_—- Slight _____ White oak . _________ 55 | Eastern white pine, red
Northern red oak —_____ 55 pine, Norway spruce,
Scotch pine, European
larch, white spruce,
sugar maple.
Caleb:
451D2 30 Slight _____ Slight —___ Slight ——._-| Slight _____ White oak - ______ 55 | Eastern white pine, red
Northern red oak —_____ 55 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
4512 3r Moderate __| Moderate __| Slight .- Slight ____ White oak . _____ 55 | Eastern white pine, red
Northern red oak —____ b5 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
Mystic:
592C2, 592D2 ____________ 30 Slight —____ Slight —____ Slight ——_—— Slight —___ White oak —— . ——__ 55 | Eastern white pine, red
Northern red oak ______ 55 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple.
Armstrong:
792C, 792C2, 792D2 e 4c Slight _____ Slight ____ Slight . Slight ——.—_ White oak - _____ 55 | Eastern white pine, red
Northern red oak —.——__ 55 pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple, poplars.
Gara:
1993D2:
Gara part __________ 3o Slight _____ Slight —_—_— Slight - Slight _____ White oak o _ 55 | Eastern white pine, red
Northern red oak —_—.__ 55 pine, Norway spruce,
Scotch pine.
Armstrong part —_____ 4c Slight —____ Slight —__—_ Slight —-_-- Slight _____ White oak 55 | Eastern white pine, red
Northern red oak - 55 pine, Norway spruce,

Scotch pine, white
spruce, European
larch, black walnut,
sugar maple, poplars.
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AFA¥NS TIOS



1993F2:
Gara part . ____ 3r Moderate __| Moderate __| Slight ——___| Slight _____

Armstrong part ______ 4c Slight _____ Slight ____. Slight —.___ Slight ___._

Whiteoak _____________ 55
Northern red oak —_____ 55
Whiteoak _____________ 55
Northern red oak ______ 55

Eastern white pine, red
pine, Norway spruce,
Scotch pine.

Eastern white pine, red
pine, Norway spruce,
Scotch pine, white
spruce, European
larch, black walnut,
sugar maple, poplars.

* This mapping unit is made up of two or more dominant kinds of soil. See mapping unit
mapping unit.

description for the composition and behavior of the whole
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60 SOIL SURVEY

owners or forest managers planning use of soils for
wood crops. Map unit symbols for soils suitable for
wood crops are listed, and the ordination (woodland
suitability) symbol for each soil is given. All soils
bearing the same ordination symbol require the same
general kinds of woodland management and have
about the same potential productivity.

The first part of the symbol, a number, indicates
the potential productivity of the soils for important
trees. The number 1 indicates very high productivity;
2, high; 3, moderately high; 4, moderate; and 5, low.
The second part of the symbol, a letter, indicates the
major kind of soil limitation. The letter z indicates
stoniness or rockiness; w, excessive water in or on the
soil; t, toxic substances in the soil; d, restricted root
depth; ¢, clay in the upper part of the soil; s, sandy
texture; f, high content of coarse fragments in the
soil profile; and 7, steep slopes. The letter o indicates in-
significant limitations or restrictions. If a soil has more
than one limitation, priority in placing the soil into a
limitation class is in the following order: x, w, t, 4, c,
s, f, and r.

In table 3 the soils are also rated for a number of
factors to be considered in management. Slight, mod-
erate, and severe are used to indicate the degree of
major soil limitations.

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
some measures are needed to control erosion during
logging and road construction, and severe if inten-
sive management or special equipment and methods
are needed to prevent excessive loss of soil.

Ratings of equipment limitation reflect the charac-
teristics and conditions of the soil that restrict use of
the equipment generally needed in woodland manage-
ment 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
management or equipment; severe indicates a seasonal
limitation, a need for special equipment or manage-
ment, or a hazard in the use of equipment.

Seedling mortality ratings indicate the degree that
the soil affects expected mortality of planted tree seed-
lings. Plant competition is not considered in the rat-
ings. Seedlings from good planting stock that are
properly planted during a period of sufficient rainfall
are rated. A rating of slight indicates that the expected
mortality of the planted seedlings is less than 25 per-
cent; moderate, 25 to 50 percent; and severe, more
than 50 percent.

Ratings of plant competition indicate the degree to
which undesirable plants are expected to invade or
grow if openings are made in the tree canopy. The
invading plants compete with native plants or planted
seedlings by impeding or preventing their growth. A
rating of slight indicates little or no competition from
other plants; moderate indicates that plant competi-
tion is expected to hinder the development of a fully
stocked stand of desirable trees; severe means that
plant competition is expected to prevent the establish-
ment of a desirable stand unless the site is intensively
prepared, weeded, or otherwise managed for the con-
trol of undesirable plants.

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

Trees to plant are those that are suitable for com-
mg,]rmal wood production and that are suited to the
soils.

Engineering

This section provides information about the use of
soils for building sites, sanitary facilities, construction
material, and water management. Among those who
can benefit from this information are engineers, land-
owners, community planners, town and city managers,
land developers, builders, contractors, and farmers and
ranchers,

The ratings in the engineering tables are based on
test data and estimated data in the “Soil properties”
section. The ratings were determined jointly by soil
scientists and engineers of the Soil Conservation Ser-
vice using known relationships between the soil prop-
erties and the behavior of soils in various engineering
uses.

_Among the §oil properties and site conditions iden-
tified by a soil survey and used in determining the
ratings in this section were grain-size distribution,
liquid limit, plasticity index, soil reaction, depth to
bedrock, hardness of bedrock that is within 5 or 6
feet of the surface, soil wetness, depth to a seasonal
high water table, slope, likelihood of flooding, natural
soil structure or aggregation, in-place soil density, and
geologic origin of the soil material. Where pertinent,
data about kinds of clay minerals, mineralogy of the
sand and silt fractions, and the kind of absorbed cat-
ions were also considered.

On the basis of information assembled about soil
properties, ranges of values can be estimated for
erodibility, permeability, corrosivity, shrink-swell po-
tentla'l,.a.vailable water capacity, shear strength, com-
pressibility, slope stability, and other factors of
expected soil behavior in engineering uses. As appro-
priate, these values can be applied to each major
horizon of each soil or to the entire profile.

These factors of soil behavior affect construction
and maintenance of roads, airport runways, pipelines,
foundations for small buildings, ponds and small
dams, irrigation projects, drainage systems, sewage
and refuse disposal systems, and other engineering
works. The ranges of values can be used to (1) select
potential residential, commercial, industrial, and rec-
reational uses; (2) make preliminary estimates per-
tinent to construction in a particular area; (3)
evaluate alternative routes for roads, streets, high-
ways, pipelines, and underground cables; (4) evaluate
alternative sites for location of sanitary landfills,
onsite sewage disposal systems, and other waste dis-
posal facilities; (5) plan detailed onsite investigations
of soils and geology; (6) find sources of gravel, sand,
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clay, and topsoil; (7) plan farm drainage systems,
irrigation systems, ponds, terraces, and other struc-
tures for soil and water conservation; (8) relate per-
formance of structures already built to the properties
of the kinds of soil on which they are built so that
performance of similar structures on the same or a
similar soil in other locations can be predicted; and
(9) predict the trafficability of soils for cross-country
movement of vehicles and construction equipment.

Data presented in this section are useful for land-use
planning and for choosing alternative practices or
general designs that will overcome unfavorable soil
properties and minimize soil-related failures. Limita-
tions to the use of these data, however, should be well
understood. First, the data are generally not presented
for soil material below a depth of 5 or 6 feet. Also,
because of the scale of the detailed map in this soil
survey, small areas of soils that differ from the domi-
nant soil may be included in mapping. Thus, these data
do not eliminate the need for onsite investigations,
testing, and analysis by personnel having expertise in
the specific use contemplated.

The information is presented mainly in tables. Table
4 shows, for each kind of soil, the degree and kind of
limitations for building site development; table 5, for
sanitary facilities; and table 7, for water management.
Table 6 shows the suitability of each kind of soil as a
source of construction materials.

The information in the tables, along with the soil
map, the soil descriptions, and other data provided in
this survey, can be used to make additional interpreta-
tions and to construct interpretive maps for specific
uses of land.

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

Building site development

The degree and kind of soil limitations that affect
shallow excavations, dwellings with and without base-
ments, small commercial buildings, and local roads
and streets are indicated in table 4. A slight limitation
indicates that soil properties generally are favorable for
the specified use; any limitation is minor and is easily
overcome. A moderate limitation indicates that soil
properties and site features are unfavorable for the
specified use, but the limitations can be overcome or
minimized by special planning and design. A severe
limitation indicates that one or more soil properties
or site features are so unfavorable or difficult to over-
come that a major increase in construction effort,
special design, or intensive maintenance is required.
For some soils rated severe, such costly measures may
not be feasible.

Shallow excavations are made for pipelines, sewer-
lines, communications and power transmission lines,
basements, and open ditches. Such digging or trench-
ing is influenced by soil wetness caused by a seasonal
high water table; the texture and consistence of soils;
the tendency of soils to cave in or slough; and the
presence of very firm, dense soil layers, bedrock, or
large stones. In addition, excavations are affected by
slope of the soil and the probability of flooding. Rat-
ings do not apply to soil horizons below a depth of 6
feet unless otherwise noted.

In the soil series descriptions, the consistence of
each soil horizon is given, and the presence of very
firm or extremely firm horizons, usually difficult to
excavate, is indicated.

Duwellings and small commercial buildings referred
to in table 4 are built on undisturbed soil and have
foundation loads of a dwelling no more than three
stories high. Separate ratings are made for small com-
mercial buildings without basements and for dwellings
with and without basements. For such structures, soils
should be sufficiently stable that cracking or subsidence
of the structure from settling or shear failure of the
foundation does not occur. These ratings were deter-
mined from estimates of the shear strength, compres-
sibility, and shrink-swell potential of the soil. Soil
texture, plasticity and in-place density, potential frost
action, soil wetness, and depth to a seasonal high water
table were also considered. Soil wetness and depth to a
seasonal high water table indicate potential difficulty
in providing adequate drainage for basements, lawns,
and gardens. Depth to bedrock, slope, and large stones
in or on the soil are also important considerations in
the choice of sites for these structures and were con-
sidered in determining the ratings. Susceptibility to
flooding is a serious hazard.

Local roads and streets referred to in table 4 have
an all-weather surface that can carry light to medium
traffic all year. They consist of a subgrade of the un-
derlying soil material; a base of gravel, crushed rock
fragments, or soil material stabilized with lime or ce-
ment; and a flexible or rigid surface, commonly as-
phalt or concrete. The roads are graded with soil
material at hand, and most cuts and fills are less than 6
feet deep.

The load supporting capacity and the stability of
the soil as well as the quantity and workability of fill
material available are important in design and con-
struction of roads and streets. The classifications of
the soil and the soil texture, density, shrink-swell po-
tential, and potential frost action are indicators of the
traffic supporting capacity used in making the ratings.
Soil wetness, flooding, slope, depth to hard rock or
very compact layers, and content of large stones af-
fect stability and ease of excavation.

Sanitary facilities

Favorable soil properties and site features are
needed for proper functioning of septic tank absorp-
tion fields, sewage lagoons, and sanitary landfills. The
nature of the soil is important in selecting sites for
these facilities and in identifying limiting soil prop-
erties and site features to be considered in design and
installation. Also, those soil properties that affect ease
of excavation or installation of these facilities will be
of interest to contractors and local officials. Table 5
shows the degree and kind of limitations of each soil
for such uses and for use of the soil as daily cover for
landfills. It is important to observe local ordinances
and regulations.

If the degree of soil limitation is expressed as slight,
soils are generally favorable for the specified use and
limitations are minor and easily overcome; if moder-
ate, soil properties or site features are unfavorable for
the specified use, but limitations can be overcome by
special planning and design; and if severe, soil prop-
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TABLE 4.—Building site development

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,”

and *“‘severe”]

Soil name and Shallow Dwellings without Dwellings with Small commercial Local roads
map symbol excavations basements basements buildings and streets
Judson:
8B e Slight oo Moderate: Moderate: Moderate: Severe:
shrink-swell. shrink-swell. shrink-swell. frost action,
low strength.
quo:
1[B:
Colo part —————- Severe: wetness, | Severe: floods, Severe: floods, Severe: floods, Severe: floods,
floods. frost action, frost action, frost action, low strength,
wetness. wetness. wetness. frost action.
Ely part —————— Severe: wetness ——| Moderate: Severe: wetness, Moderate: Severe:
wetness, shrink-swell. wetness, frost action,
shrink-swell. shrink-swell, low strength.
Ngdaway:
13B:
Nodaway part __| Severe: floods ___| Severe: floods ___| Severe: floods _--| Severe: floods -__| Severe: floods,
frost action.
Vesser part ____| Severe: wetness, | Severe: floods, Severe: floods, Severe: floods, Severe: floods,
floods. wetness. wetness. wetness. wetness,
frost action.
Arispe:
23C e Moderate: Severe: Severe: Severe: Severe:
wetness. shrink-swell. shrink-swell, shrink-swell. shrink-swell,
wetness. low strength.
Shelby:
24C, 24C2 - Moderate: too Modeyate: Moderate: Moderate: Severe:
clayey. shrink-swell, shrink-swell, shrink-swell, low strength.
low strength. low strength. low strength,
slope.
24D, 24D2, 24D3 __._| Moderate: slope, Moderate: slope, Moderate: slope, Severe: slope ..__| Severe:
too clayey. shrink-swell, shrink-swell, low strength.
low strength. low strength.
24F, 24E2, 24F2 ____| Severe: slope -.__| Severe: slope ____| Severe: slope __-. Severe: slope __--| Severe: low
strength, slope.
Vesser:
5] e Severe: wetness, Severe: floods, Severe: floods, Severe: floods, Severe: floods,
floods. wetness. wetness. wetness. wetness,
frost action.
Lindley:
&5EF, 65F e Severe: slope —___| Severe: slope —.__| Severe: slope ——-_| Severe: slope —___| Severe: low
strength, slope.
Clearfield:
69C e Severe: wetness .| Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
wetness, low wetness, wetness, low strength.
strength. low strength. low strength.
Ladoga:
76B, T76B ______ Moderate: Moderate: Moderate: Moderate: Severe:
wetness. shrink-swell. shrink-swell. shrink-swell. frost action.
76C, 76C2, T76C _-__| Moderate: Moderate: Moderate: Moderate: Severe:
wetness. shrink-swell, shrink-swell. s{u‘ink-swell, frost action.
slope.
76D o Moderate: slope, Moderate: Moderate: Severe: Severe:
wetness. shrink-swell, shrink-swell, shrink-swell, frost action.
slope. slope. slope.
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TABLE 4.—Building site development—Continued
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Soil name and Shallow Dwellings without Dwellings with Small commercial Local roads

map symbol excavations basements basements buildings and streets
Adair:
193D:

Adair part ——__ Severe: wetness, Severe: Severe: Severe: Severe:
too clayey. shrink-swell. shrink-swell, shrink-swell. shrink-swell,

wetness. low strength.

Shelby part —___| Moderate: slope, Moderate: slope, Moderate: slope, Severe: slope ____| Severe:
too clayey. shrink-swell, shrink-swell, low strength.

low strength. low strength.
193D2:

Adair part —____ Severe: wetness, Severe: Severe: Severe: Severe:
too clayey. shrink-swell. shrink-swell, shrink-swell. shrink-swell,

wetness. low strength.

Shelby part —.__| Moderate: slope, Moderate: slope, Moderate: slope, Severe: slope —___| Severe:
too clayey. shrink-swell, shrink-swell, low strength.

low strength. low strength.
193E2:

Adair part ____. Severe: wetness, Severe: Severe: Severe: Severe:
too clayey. shrink-swell. shrink-swell, shrink-swell. shrink-swell,

wetness. low strength.

Shelby part .___| Severe: slope -_—_| Severe: slope ____| Severe: slope —___| Severe: slope _._.| Severe: low

strength, slope.
Mystic:
194D2: )

Mystic part —___| Moderate: Moderate: Moderate: Severe: slope —___| Severe:
wetness, slope, wetness, shrink- wetness, low strength,
too clayey. swell, slope. shrink-swell, frost action.

slope.

Caleb part _____ Moderate: Moderate: slope, Moderate: Severe: slope ____| Severe:
wetness. shrink-swell. wetness, slope. low strength.

Sperry:
122 e Severe: too Severe: wetness, Severe: Severe: Severe:
clayey, wetness. shrink-swell. shrink-swell, shrink-swell, frost action,
wetness. wetness. wetness,
shrink-swell.
Belinda
TI30 e Severe: wetness __| Severe: shrink- Severe: Severe: Severe:
swell, wetness. shrink-swell, shrink-swell, shrink-swell,
wetness. wetness. wetness.
Pershing:
131C, 131C2, TI3IB,
TI3C e Moderate: Severe: Severe: Severe: Severe:
wetness. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength. low strength,
low strength. frost action.
131D e Moderate: Severe: Severe: Severe: Severe:
wetness, slope. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength, low strength,
low strength. frost action.
Weller
132C Severe: wetness __| Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell, shrink-swell. shrink-swell,
wetness. frost action,
low strength.
Colo:
133, 133B Severe: wetness, Severe: floods, Severe: floods, Severe: floods, Severe: floods,
floods. frost action, frost action, frost action, low strength,
wetness. wetness. wetness. frost action.
Dickinson:
175D e Severe: cutbanks | Moderate: slope —_| Moderate: slope —_| Severe: slope ____| Moderate: slope.

cave,
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TABLE 4.—Building site development—Continued

Soil name and Shallow Dwellings without Dwellings with Small commercial Local roads
map symbol excavations basements basements buildings and streets
Gara:
179D, 17902 e Moderate: slope, Moderate: slope, Moderate: slope, Severe: slope —.__| Severe:
too clayey. shrink-swell, shrink-swell, low strength.
low strength. low strength,

179E, 179E2, 179F —__| Severe: slope __-- Severe: slope ____| Severe: slope -_-—| Severe: slope —_—- Severe: low

strength, slope.
Adair:
192C, 192C2, 192D2.—| Severe: wetness, Severe: Severe: Severe: Severe:
too clayey. shrink-swell. shrink-swell, shrink-swell. shrink-swell,
wetness. low strength.
Kennebec:

212 e Severe: floods __-| Severe: floods _--| Severe: floods —_—_—_| Severe: floods _--| Severe: floods,
frost action,
low strength.

Nodaway:
220, C220 — oo Severe: floods ___| Severe: floods ___| Severe: floods _—_| Severe: floods —-_| Severe: floods,
frost action.
Clarinda:
222C, 222C2, 222D,
22202 oo Severe: wetness, Qevere: wetness, | Severe: wetness, | Severe: wetness, | Severe: wetness
too clayey. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. low strength. low strength, low strength.
Wabash
248 e Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness
floods, too clayey. floods, floods, floods, floods,
shrink swell. shrink-swell. shrink-swell. shrink-swell.
Humeston:

269 e Severe: wetness _-| Severe: floods, Severe: floods, Severe: floods, Severe: wetness
wetness, wetness, wetness, low strength,
shrink-swell. shrink-swell. shrink-swell. shrink-swell.

Olmitz
273B e Moderate: too Moderate: Moderate: Moderate: Severe:
clayey. shrink-swell. shrink-swell. shrink-swell. low strength.
Haig:
362 e Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe:
too clayey. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. low strength. low strength. wetness,
low strength.
Grundy

3648 e Severe: wetness —_| Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength. low strength.

low strength.
Macksburg:

368, 3688 oo Severe: wetness ~—| Moderate: Severe: Moderate: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
wetness, low wetness, wetness, low strength,
strength. low strength. low strength. frost action.

Winterset:
369 e Severe: wetness, Severe: wetness, | Severe: wetness, Severe: wetness, Severe: wetness,
too clayey. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. low strength. low strength. low strength.
Sharpsburg:
3708, 370C, 370C2 —_| Slight e Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell. shrink-swell. shrink-swell,
low strength.
370D e Moderate: slope —_| Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell. shrink-swell, shrink-swell,
slope. low strength.
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TABLE 4.—Building site development—Continued
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Soil name and Shallow Dwellings without Dwellings with Small commercial Local roads
map symbol excavations basements basements buildings and streets
Nira:
*371C:
Nira part ______ Slight . ________ Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell. shrink-swell. frost action,
low strength,
shrink-swell.
Sharpsburg
part. Slight ____________ Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell. shrink-swell. shrink-swell,
low strength.
1371C2:
Nira part .—-___ Slight e Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell. shrink-swell. frost action,
low strength,
shrink-swell.
Sharpsburg
part. Slight _ . _____ Severe: Severe: Severe: Severe:
shrink-swell. shrink-swell. shrink-swell. shrink-swell,
low strength.
Keswick:
425C Severe: wetness ..| Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, low strength,
wetness, wetness, wetness, shrink-swell,
low strength, low strength. low strength. frost action.
Caleb:

451C2 e Moderate: Moderate: Moderate: Moderate: slope, Severe:
wetness. shrink-swell. wetness. shrink-swell. low strength.

45102 Moderate: Moderate: slope, Moderate: Severe: slope ____| Severe:
wetness. shrink-swell. wetness, slope. low strength.

451E2 e Severe: slope ____| Severe: slope ____| Severe: slope —___| Severe: slope —___| Severe: low

strength, slope.
Lineville:
452C Severe: wetness __| Severe: Severe: Severe: wetness, Severe:
low strength, shrink-swell, low strength. low strength,
wetness. wetness, frost action.
low strength.
Mystic

592C2 o ____ Moderate: Moderate: Moderate: Moderate: Severe:
wetness, too wetness, wetness, wetness, low strength,
clayey. shrink-swell. shrink-swell. shrink-swell, frost action.

slope.

§92D2 o __ Moderate: Moderate: Moderate: Severe: slope —___| Severe:
wetness, slope, wetness, wetness, low strength,
too clayey. shrink-swell, shrink-swell, frost action.

slope. slope.
Armstrong:
792C, 792C2 _______ Severe: wetness .| Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength. low strength,
low strength. frost action.
79202 Severe: wetness —_| Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength, low strength,
low strength. slope. frost action.
Lamoni:

822C, 822C2, 822D,

82202 ____ . ___ Severe: wetness, Severe: Severe: Severe: Severe:
too clayey. shrink-swell, shrink-swell, shrink-swell, shrink-swell,

low strength, wetness, wetness, wetness,
wetness. low strength. low strength. low strength.
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map symbol excavations basements basements buildings and streets
Gara:
1993D2:
Gara part —--- Moderate: slope, Moderate: slope, Moderate: slope, Severe: slope ____| Severe:
too clayey. shrink-swell, shrink-swell, low strength.
low strength. low strength.

Armstrong part_| Severe: wetness | Severe: Severe: Severe: Severe:
shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength. wetness, low strength, low strength,

low strength. slope. frost action.
1993E2:

Gara part —____ Severe: slope ——__| Severe: slope —__—| Severe: slope __-_| Severe: slope -___| Severe: low

strength, slope.

Armstrong part-| Severe: wetness, Severe: Severe: Severe: Severe:

slope. shrink-swell, shrink-swell, shrink-swell, shrink-swell,
low strength, wetness, low strength, low strength,
slope. low strength. slope. frost action.

* This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

behavior of the whole mapping unit.

erties or site features are so unfavorable or difficult
to overcome that major soil reclamation, special de-
signs, or intensive maintenance is required. Soil
suitability is rated by the terms good, fair, or poor,
which, respectively, mean about the same as the terms
slight, moderate, and severe.

Septic tank absorption fields are subsurface systems
of tile or perforated pipe that distribute effluent from a
septic tank into the natural soil. Only the soil horizons
between depths of 18 and 72 inches are evaluated for
this use. The soil properties and site features consid-
ered are those that affect the absorption of the effluent
and those that affect the construction of the system.

Properties and features that affect absorption of the
effluent are permeability, depth to seasonal high water
table, depth to bedrock, and susceptibility to flooding.
Stones, boulders, and shallowness to bedrock interfere
with installation. Excessive slope can cause lateral
seepage and surfacing of the effluent. Also, soil erosion
and soil slippage are hazards if absorption fields are
installed on sloping soils.

In some soils, loose sand and gravel or fractured
bedrock is less than 4 feet below the tile lines. In these
soils the absorption field does not adequately filter the
effluent, and ground water in the area may be con-
taminated.

On many of the soils that have moderate or severe
limitations for use as septic tank absorption fields, a
system to lower the seasonal water table can be in-
stalled or the size of the absorption field can be in-
creased so that performance is satisfactory.

Sewage lagoons are shallow ponds constructed to
hold sewage while aerobic bacteria decompose the
solid and liquid wastes. Lagoons have a nearly level
floor and cut slopes or embankments of compacted soil
material. Aerobic lagoons generally are designed to
hold 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. Soils that are very high in content of
organic matter and those that have cobbles, stones, or
boulders are not suitable. Unless the soil has very slow
permeability, contamination of ground water is a haz-
ard where the seasonal high water table is above the
level of the lagoon floor. In soils where the water table
is seasonally high, seepage of ground water into the
lagoon can seriously reduce the lagoon’s capacity for
liquid waste. Slope, depth to bedrock, and suscepti-
bility to flooding also affect the suitability of sites for
sewage lagoons or the cost of construction. Shear
strength and permeability of compacted soil material
affect the performance of embankments.

Sanitary landfill is a method of disposing of solid
waste by placing refuse in successive layers either in
excavated trenches or on the surface of the soil. The
waste is spread, compacted, and covered daily with a
thin layer of soil material. Landfill areas are subject
to heavy vehicular traffic. Risk of polluting ground
water and trafficability affect the suitability of a soil
for this use. The best soils have a loamy or silty tex-
ture, have moderate to slow permeability, are deep to a
seasonal water table, and are not subject to flooding.
Clayey soils are likely to be sticky and difficult to
spread. Sandy or gravelly soils generally have rapid
permeability, which might allow noxious liquids to
contaminate ground water. Soil wetness can be a
limitation, because operating heavy equipment on a
wet soil is difficult. Seepage into the refuse increases
the risk of pollution of ground water.

Ease of excavation affects the suitability of a soil
for the trench type of landfill. A suitable soil is deep
to bedrock and free of large stones and boulders. If
the seasonal water table is high, water will seep into
trenches.

Unless otherwise stated, the limitations in table 5
apply only to the soil material within a depth of about
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[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,”
“good,” “fair,” and other terms used to rate soils]

Soil name and Septic tank Sewage lagoon Trench sanitary Area sanitary Daily cover
map symbol absorption fields areas landfill landfill for landfill
Judson:
] Slight ____________ Moderate: slope, Moderate: too Slight ___________ Fair: tooclayey.
seepage. clayey.
Colo:
111B:
Colo part —_____ Severe: percs Severe: excess Severe: wetness, Severe: wetness, Poor: wetness.
slowly, wetness, humus, wetness, floods. floods.
floods. floods.
Ely part ______ Severe: wetness | Moderate: excess | Severe: wetness —_| Moderate: Fair: tooclayey.
humus, seepage, wetness.
wetness.
Nodaway:
1 13B:
Nodaway part —_| Severe: floods ___| Severe: floods ___| Severe: floods ___| Severe: floods .. Good.
Vesser part ____| Severe: floods, Severe: floods __-_| Severe: floods, Severe: floods, Poor: wetness.
wetness. wetness. wetness.
Arispe:
23C Severe: Severe: slope -._.| Moderate: too Moderate: Fair: tooclayey.
perces slowly. clayey, wetness. wetness.
Shelby:
24C, 24C2 oo Severe: Severe: slope ____| Moderate: too Slight - _______ Fair: too clayey,
percs slowly. clayey. slope.
24D, 24D2, 24D3 ____| Severe: Severe: slope ____| Moderate: too Moderate: slope __| Fair: toe clayey,
percs slowly. clayey. slope.
24E, 24E2, 24F2 —.___ Severe: peres Severe: slope -___| Moderate: too Severe: slope —___| Poor: slope.
slowly, slope. clayey, slope.
Vesser:
L) U Severe: floods, Severe: floods ___| Severe: floods, Severe: floods, Poor: wetness.
wetness. wetness. wetness.
Lindley:
65E, 65F . Severe: percs Severe: slope ____| Moderate: slope __| Severe: slope ____| Poor: slope.
slowly, slope.
Clearfield:
69C Severe: percs Severe: slope —___| Severe: wetness __| Severe: wetness —_| Fair: too clayey.
slowly, wetness.
Ladoga: )
768, T76B Severe: Moderate: slope —-_| Moderate: too Slight ____________ Fair: too clayey.
percs slowly. clayey.
76C, 76C2, T76C —.__| Severe: Severe: slope ____| Moderate: too Slight - ________ Fair: too clayey.
percs slowly. clayey.
76D e Severe: Severe: slope -__.| Moderate: too Moderate: slope —-| Fair: too clayey,
percs slowly. clayey. slope.
Adair:
193D:
Adair part ——__ Severe: Severe: slope _-___| Severe: wetness, Moderate: slope —__| Poor: area
percs slowly. too clayey. reclaim,
Shelby part —-_-| Severe: Severe: slope ____| Moderate: too Moderate: slope -_| Fair: too clayey,
percs slowly. clayey. slope.
193D2:
Adair part ——___ Severe: Severe: slope ____| Severe: wetness, Moderate: slope —__{ Poor: area
peres slowly. too clayey. reclaim.
Shelby part —___| Severe: Severe: slope -___| Moderate: too Moderate: slope .| Fair: too clayey,
percs slowly. clayey. slope.
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Soil name and

Septic tank

Sewage lagoon

Trench sanitary

Area sanitary

Daily cover

map symbol absorption fields areas landfill landfill for landfill
1 93E2:
Adair part ———— Severe: percs Severe: slope _.__| Severe: wetness, Severe: slope ____| Poor: area
slowly, slope. too clayey. reclaim.
Shelby part —_-—| Severe: percs Severe: slope —--.| Moderate: too Severe: slope --—-| Poor: slope.
slowly, slope. clayey, slope.
Mystic:
194D2:
Mystic part —--—| Severe: percs Severe: slope, Severe: seepage, Moderate: Fair: area
slowly, wetness. wetness, seepage. wetness. wetness. reclaim.
Caleb part —_——- Moderate: Severe: slope _._.| Severe: wetness —..| Severe: wetness - Poor: area
wetness, slope. reclaim.
Sperry:
[ 2 — Severe: percs Severe: wetness —_| Severe: wetness | Severe: wetness __ Poor: wetness,
slowly, wetness. area reclaim.
Belinda: )
I ——— Severe: percs Slight - Severe: wetness —_| Severe: wetness —_| Poor: wetness,
slowly, wetness. too clayey.
Pershing:
131C, 131C2, TI3IC-~| Severe: percs Severe; slope -—-_| Moderate: too Moderate: Fair: too clayey.
slowly, wetness. clayey, wetness. wetness.
T 1> J S — Severe: percs Severe: slope _-—-| Moderate: too Moderate: Fair: too clayey,
slowly, wetness. clayey, wetness. wetness, slope. slope.
T — Severe: percs Moderate: slope _—| Moderate: too Moderate: Fair: too clayey.
slowly, wetness. clayey, wetness. wetness.
Weller
[V o — Severe: Severe: slope —__-| Severe: wetness | Moderate: Fair: too clayey.
percs slowly. wetness.
Colo:
133, 133B e Severe: percs Severe: excess Severe: wetness, Severe: wetness, Poor: wetness,
slowly, wetness, humus, wetness, floods. floods.
floods. floods.
Dickinson:
770 S — Moderate: slope _.| Severe: seepage, Severe: seepage --| Severe: seepage --| Fair: slope,
slope. thin layer.
Gara: .
179D, 179D2 e Severe: Severe: slope --——| Moderate: too Moderate: slope —-| Fair: too clayey,
percs slowly. clayey. slope.
179E, 179E2, 179F ___| Severe: vercs Qevere: slope —-—_| Moderate: too Severe: slope _.__| Poor: slope,
slowly, slope. clayey, slope. area reclaim.
Adair:
192C, 192C2 e Severe: Severe: slope ____| Severe: wetness, Slight oo Poor: area
percs slowly. too clayey. reclaim,
(oY ]>Y S — Severe: Severe: slope __—_| Severe: wetness, Moderate: slope __| Poor: area
percs slowly. too clayey. reclaim.
Kennebec:
212 e Severe: floods, Severe: floods -__| Severe: floods, Severe: floods, Good.
wetness. wetness. wetness.
Nodaway:
220, C220 ccem—meeem Severe: floods _—__| Severe: floods .| Severe: floods __.| Severe: floods ___| Good.
Clarinda:
222C, 222C2, 222D,
222D2 e Severe: percs Severe: slope —_—-| Severe: too Severe: wetness —_| Poor: area

slowly, wetness.

clayey, wetness.

reclaim, too
clayey.
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Soil name and Septic tank Sewage lagoon Trench sanitary Area sanitary Daily cover
map symbol absorption fields areas landfill landfill for landfill
Wabash:

248 __ o ____ Severe: peres Severe: floods, Severe: floods, Severe: floods, Poor: wetness,
slowly, floods, wetness. wetness, too wetness. too clayey.
wetness. clayey.

Humeston:
269 e Severe: wetness —_| Severe: floods, Severe: wetness _| Severe: wetness __| Poor: wetness.
wetness.
Olmitz . . .

2738 e Moderate: Moderate: slope, Moderate: too Slight e _____ Fair: thinlayer.

percs slowly. seepage. clayey.
Haig

362 Severe: percs Moderate: excess | Severe: wetness, Severe: wetness .| Poor: wetness,

slowly, wetness. humus, wetness. too clayey. too clayey.
Grundy .

364B Severe: peres Moderate: slope —_| Moderate: too Moderate: Fair: too clayey.
slowly, wetness. clayey, wetness. wetness.

Macksburg: .

368 e Severe: percs Moderate: Moderate: Moderate: Fair: too clayey.
slowly, wetness. wetness, excess wetness. wetness.

humus.

3688 Severe: percs Moderate: slope, Moderate: Moderate : Fair: too clayey.
slowly, wetness. wetness, excess wetness. wetness.

humus.
Winterset:

369 = Severe: percs Moderate: Severe: wetness, Severe: wetness -_| Poor: wetness,

slowly, wetness. wetness, excess too clayey. too clayey.
humus.
Sharpsburg: .

3708 oo Severe: Moderate: slope --| Moderate: too Slight ___________ Fair: too clayey.
percs slowly. clayey.

370C, 370C2 _______ Severe: Severe: slope —___| Moderate: too Slight . ________ Fair: too clayey.
peres slowly. clayey.

370D Severe: Severe: slope ____| Moderate: too Moderate: slope _.| Fair: slope,
peres slowly. clayey. too clayey.

Nira:

1371C: . .

Nira part . Severe: Severe: slope ____| Moderate: too Slight . ______ Fair: too clayey.
percs slowly. clayey.

Sharpsburg

part . ________ Severe: Severe: slope ____| Moderate: too Slight ____________ Fair: too clayey.
percs slowly. clayey.

1371C2:

Nira part —____.. Severe: Severe: slope ____| Moderate: too Slight —eee Fair: too clayey.
percs slowly. clayey.
Sharpsburg
part ___________ Severe: Severe: slope ____| Moderate: too Slight . ______ Fair: too clayey.
percs slowly. clayey.
Keswick:

425C Severe: Severe: slope ____] Severe: wetness —.| Severe: wetness —_| Poor: area

percs slowly. reclaim.
Caleb:

451C2 Moderate: Severe: slope ____| Severe: wetness —_| Severe: wetness __| Poor: area
wetness. reclaim,

451D2 Moderate: Severe: slope ____| Severe: wetness __| Severe: wetness __| Poor: area
wetness, slope. reclaim.
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Soil name and Septic tank Sewage lagoon Trench sanitary Area sanitary Daily cover
map symbol absorption fields areas landfill landfill for landfill
481E2 e Severe: slope -.__| Severe: slope ____{ Severe: wetness .| Severe: slope, Poor: area
wetness. reclaim, slope.
Lineville:
452C oo Severe: percs Severe: slope —_--| Severe: wetness __| Severe: wetness .| Poor: area
slowly, wetness. reclaim.
Mystic:
592C2, 592D2 - Severe: percs Severe: slope, Severe: seepage, Moderate: Fair: area
slowly, wetness. wetness, seepage. wetness., wetness. reclaim.
Armstrong:
792C, 792C2, 792D2__| Severe: Severe: slope —___| Severe: wetness __| Severe: wetness __| Poor: area
percs slowly. reclaim.
Lamoni:
822C, 822C2, 822D,
82202 e Severe: Severe: slope ..__| Severe: wetness, Severe: wetness | Poor: area
perces slowly. too clayey. reclaim, too
clayey.
Gara:
1993D2:
Gara part —————_ Severe: Severe: slope —___| Moderate: too Moderate: slope —_| Fair: too clayey,
peres slowly. clayey. slope.
Armstrong
part Severe: Severe: slope ____| Severe: wetness ._| Severe: wetness -.| Poor: area
percs slowly. reclaim.
2 993E2:
Gara part ——___ Severe: peres Severe: slope —_—_| Moderate: too Severe: slope —__.| Poor: slope,
slowly, slope. clayey, slope. area reclaim,
Armstrong
Part Severe: percs Severe: slope —_.-| Severe: wetness —_| Severe: wetness, Poor: area
slowly, slope. slope. reclaim, slope.

* This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

behavior of the whole mapping unit.

6 feet. If the trench is deeper, a limitation of slight or
moderate may not be valid. Site investigation is needed
before a site is selected.

Daily cover for landfill should be soil that is easy to
excavate and spread over the compacted fill in wet and
dry periods. Soils that are loamy or silty and free of
stones or boulders are better than other soils. Clayey
soils may be sticky and difficult to spread; sandy soils
may be subject to soil blowing.

The soils selected for final cover of landfills should
be suitable for growing plants. Of all the horizons, the
A horizon in most soils has the best workability, more
organic matter, and the best potential for growing
plants. Thus, for either the area- or trench-type land-
fill, stockpiling material from the A horizon for use as
the surface layer of the final cover is desirable.

Where it is necessary to bring in soil material for
daily or final cover, thickness of suitable soil material
available and depth to a seasonal high water table in
soils surrounding the sites should be evaluated. Other
factors to be evaluated are those that affect reclama-
tion of the borrow areas. These factors include slope,
erodibility, and potential for plant growth.

Construction materials

The suitability of each soil as a source of roadfill,
sand, gravel, and topsoil is indicated in table 6 by
ratings of good, fair, or poor. The texture, thickness,
and organic-matter content of each soil horizon are
important factors in rating soils for use as construc-
tion materials. Each soil is evaluated to the depth
observed, generally about 6 feet.

Roadfill is soil material used in embankments for
roads. Soils are evaluated as a source of roadfill for
low embankments, which generally are less than
6 feet high and less exacting in design than high
embankments. The ratings reflect the ease of excavat-
ing and working the material and the expected per-
formance of the material where it has been compacted
and adequately drained. The performance of soil after
it is stabilized with lime or cement is not considered
in the ratings, but information about some of the soil
properties that influence such performance is given
in the descriptions of the soil series.

The ratings apply to the soil material between the
A horizon and a depth of 5 to 6 feet. It is assumed that
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[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “good,” “fair,” “poor,”

and “unsuited”]

Soil name and

map symbol Roadfill Sand Gravel Topsoil
Judson:
8B Poor: frostaction, Unsuited —ae . Unsuited oo Good.
low strength.
Colo:
*11B:
Colo part ——______ Poor: wetness, Unsuited —_____ Unsuited Poor: wetness.
shrink-swell,
low strength.
Ely part ———____ Poor: frost action, Unsuited - oo~ Unsuited - oo Good.
low strength.
Nodaway:
1 138:
Nodaway part —_-——_ Poor: frost action _.__| Unsuited . _______ Unsuited — e Good.
Vesser part ... Poor: frost action ____| Unsuited _____________ Unsuited ——ceme Poor: wetness.
Arispe:
23C Poor: shrink-swell, Unsuited . ________ Unsuited - Fair: too clayey.
low strength.
Shelby:
24C, 24C2 . ________ Poor: low strength ___| Unsuited - ___ Unsuited ~———__ Fair: thinlayer.
24D, 24D2, 24D3 ________ Poor: low strength .__| Unsuited -~ Unsuited Fair: thin layer, slope.
24E, 24E2, 24F2 o _ Poor: low strength ___| Unsuited o _—_ Unsuited — - ____ Poor: slope.
Vesser:
51 _ Poor: frost action ._—_| Unsuited e Unsuited - ____ Poor: wetness.
Lindley:
65E, 65F e~ Poor: low strength __| Unsuited o .—_ Unsuited — oo Poor: slope.
Clearfield:
69C Poor: shrink-swell, Unsuited oo Unsuited o ____ Fair: thinlayer.
low strength,
Ladoga:
768, 76C, 76C2, T768,
T76C Poor: frost action _-—_| Unsuited __—_________ Unsuited - _ Fair: thinlayer.
76D Poor: frost action ____| Unsuited _ .~ Unsuited - ____ Fair: thin layer, slope.
Adair:
+93D:
Adair part ———______ Poor: low strength, Unsuited - ____ Unsuited —ee Poor: area reclaim.
area reclaim.
Shelby part —_______ Poor: low strength ___| Unsuited _____.________ Unsuited —____________ Fair: thinlayer, slope.
193D2:
Adair part ——_______ Poor: low strength, Unsuited -~ Unsuited ~———— o __ Poor: area reclaim.
area reclaim.
Shelby part ——————__ Poor: low strength ___| Unsuited - e Unsuited . ______ Fair: thin layer, slope.
193E2:
Adair part . .._ Poor: low strength, Unsuited .. _ Unsuited ——_____ Poor: area reclaim.
area reclaim.
Shelby part ———_____ Poor: low strength ___| Unsuited ___ o __._ Unsuited o= Poor: slope.
Mystic:
194D2:
Mystic part ._______ Poor: low strength ___| Unsuited ____________ Unsuited ————________ Poor: areareclaim.
Caleb part —______ Fair: area reclaim ___| Unsuited _____________ Unsuited ——cmome o Poor: area reclaim.
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Sperry: . .
122 -{ Poor: areareclaim, Unsuited — e Unsuited - Poor: area reclaim,
shrink-swell, wetness. wetness.
Belinda:
o — Poor: shrink-swell, Unsuited o= Unsuited oo Fair: area reclaim.
wetness.
Pershing:
131C, 131C2, 131D,
TI3IB, TI3C e Poor: shrink-swell, Unsuited oo Unsuited ————_______ Fair: area reclaim,
low strength. thin layer.
Weller:
132C Poor: shrink-swell, Unsuited - Unsuited —— e Fair: area reclaim,
low strength. thin layer.
Colo:
133, 133B o Poor: wetness, Unsuited - Unsuited o __ Poor: wetness.
shrink-swell,
low strength,
Dickinson:
175D Good e Fair: excess fines —.__| Unsuited -~ Fair: slope.
Gara:
179D, 17902 - Poor: low strength ___| Unsuited ____________ Unsuited . ______ Fair: thin layer, slope,
179E, 179E2, 179F wmee— Poor: low strength ...| Unsuited e __ Unsuited o ___ Poor: slope.
Adair:
192C, 192C2, 192D2_____ Poor: low strength, Unsuited - __ Unsuited — oo __ Poor: area reclaim.
area reclaim,
Kennebec:
212 Poor: excess humus, Unsuited _ o~ Unsuited — e Good.
frost action,
low strength.
Nodaway:
220, €220 - Poor: frost action ____| Unsuited —————____ Unsuited .~ Good.
Clarinda:
222C, 222C2, 222D,
22202 Poor: shrink-swell, Unsuited - ___ Unsuited - ___ Poor: area reclaim,
wetness, low strength. too clayey.
Wabash: )
248 Poor: wetness, Unsuited oo __ Unsuited —_————_______ Poor: wetness, too
shrink-swell, clayey.
low strength.
Humeston: .
269 Poor: low strength, Unsuited __—_______ Unsuited —«ccemmmeeeoo Poor: area reclaim,
shrink-swell.
Olmitz:
2738 Poor: low strength ___| Unsuited -~ Unsuited - ________ Good.
Haig: .
362 e Poor: shrink-swell, Unsuited - —_ Unsuited ———_______ Poor: wetness.
wetness, low strength.
Grundy: .
3648 Poor: low strength, Unsuited - ————____ Unsuited o _____ Fair: thinlayer.
shrink-swell,
Macksburg:
368, 3688 Poor: shrink-swell, Unsuited Unsuited —— e Good.
low strength.
Winterset: . .
369 Poor: shrink-swell, Unsuited . _______ Unsuited oo _ Poor: wetness,.
wetness, low strength,
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map symbol Roadfill Sand Gravel Topsoil
Sharpsburg:
3708, 370C, 370C2 ______ Poor: shrink-swell, Unsuited o __ Unsuited oo __ Fair: thinlayer.
low strength.
370D Poor: shrink-swell, Unsuited o ____ Unsuited — oo Fair: slope, thin layer.
low strength.
Nira:
1371C: ) ) )
Nira part ——————____ Poor: frost action, Unsuited ————________ Unsuited - ______ Fair: thinlayer.
low strength,
shrink-swell.
Sharpsburg part —.__ Poor: shrink-swell, Unsuited . _____ Unsuited oo~ Fair: thinlayer.
low strength,
1371C2:
Nira part —________ Poor: frostaction, Unsuited __._________ Unsuited - Fair: thinlayer.
low strength,
shrink-swell.
Sharpsburg part —___| Poor: shrink-swell, Unsuited __ o _._____ Unsuited —ooee Fair: thinlayer.
low strength.
Keswick:
425C Poor: low strength ___| Unsuited _____________ Unsuited - _____ Poor: area reclaim.
Caleb:
451C2, 45ID2 . Fair: area reclaim ___| Unsuited . __.__ Unsuited weeoooomo o Poor: area reclaim.
451E2 Fair: area reclaim ___| Unsuited . .__ Unsuited - _____ Poolr: area reclaim,
slope.
Lineville:
452C Poor: low strength, Unsuited oo _ Unsuited ____________ Poor: areareclaim,.
frost action.
Mystic:
592C2, 592D2 ——________ Poor: low strength —__| Unsuited _____________ Unsuited . _______ Poor: area reclaim,
Armstrong:
792C, 792C2, 79202 ———__ Poor: low strength, Unsuited . ______ Unsuited — o _____ Poor: area reclaim.
shrink-swell,
frost action.
Lamoni:
822C, 822C2, 822D,
822D2 Poor: low strength, Unsuited - _____ Unsuited - _____ Poor: areareclaim.
shrink-swell.
Gara:
1993D2:
Gara part _________ Poor: lowstrength ___| Unsuited _____________ Unsuited — e ___ Fair: thin layer, slope.
Armstrong part ____| Poor: low strength, Unsuited Unsuited ————________ Poor: area reclaim.
shrink-swell,
frost action.
1993E2:
Gara part —________ Poor: low strength ..__| Unsuited _____________ Unsuited —________.____ Poor: slope.
Armstrong part _.._| Poor: low strength, Unsuited . ______ Unsuited —eo o _ Poor: area reclaim.

shrink-swell,
frost action.

* This mapping unit is made u

behavior of the whole mapping unit.

p of two or more dominant kinds of soil. See mapping unit description for the composition and
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soil horizons will be mixed during excavation and
spreading. Many soils have horizons of contrasting
suitability within their profile. The estimated engineer-
ing properties in table 6 provide specific information
about the nature of each horizon. This information can
help determine the suitability of each horizon for road-
fill.

Soils rated good are coarse grained. They have low
shrink-swell potential, low potential frost action, and
few cobbles and stones. They are at least moderately
well drained and have slopes of 15 percent or less.
Soils rated fair have a plasticity index of less than 15
and have other limiting features, such as moderate
shrink-swell potential, moderately steep slopes, wet-
ness, or many stones. If the thickness of suitable
material is less than 3 feet, the entire soil is rated
POOT.

Sand and gravel are used in great quantities in
many kinds of construction. The ratings in table 6
provide guidance as to where to look for probable
sources and are based on the probability that soils in
a given area contain sizable quantities of sand or
gravel. A soil rated good or fair has a layer of suitable
material at least 8 feet thick, the top of which is within
a depth of 6 feet. Coarse fragments of soft bedrock
material, such as shale and siltstone, are not considered
to be sand and gravel. Fine-grained soils are not suit-
able sources of sand and gravel.

The ratings do not take into account depth to the
water table or other factors that affect excavation of
the material. Descriptions of grain size, kinds of min-
erals, reaction, and stratification are given in the soil
series descriptions and in table 10.

Topsoil is used in areas where vegetation is to be
established and maintained. Suitability is affected
mainly by the ease of working and spreading the soil
 material in preparing a seedbed and by the ability of
the soil material to support plantlife. Also considered
is the damage that can result at the area from which
the topsoil is taken.

The ease of excavation is influenced by the thickness
of suitable material, wetness, slope, and amount of
stones. The ability of the soil to support plantlife is
determined by texture, structure, and the amount of
soluble salts or toxic substances. Organic matter in
the Al or Ap horizon greatly increases the absorption
and retention of moisture and nutrients. Therefore,
the soil material from these horizons should be care-
fully preserved for later use.

Soils rated good have at least 16 inches of friable
loamy material at their surface. They are free of stones
and cobbles, are low in content of gravel, and have
gentle slopes. They are low in soluble salts that can
limit or prevent plant growth. They are naturally
fertile or respond well to fertilizer. They are not so
wet that excavation is difficult during most of the year.

Soils rated fair are loose sandy soils or firm loamy
or clayey soils in which the suitable material is only
& to 16 inches thick or soils that have appreciable
amounts of gravel, stones, or soluble salt.

Soils rated poor are very sandy soils and very firm
clayey soils; soils with suitable layers less than 8 inches
thick; soils having large amounts of gravel, stones, or
soluble salt; steep soils; and poorly drained soils.

Although a rating of good is not based entirely on

high content of organic matter, a surface horizon is
generally preferred for topsoil because of its organic-
matter content. This horizon is designated as Al or
Ap in the soil series descriptions. The absorption and
retention of moisture and nutrients for plant growth
are greatly increased by organic matter.

Water management

Many soil properties and site features that affect
water management practices have been identified in
this soil survey. In table 7 the degree of soil limitation
and soil and site features that affect use are indicated
for each kind of soil. This information is significant
in planning, installing, and maintaining water control
structures.

Pond reservoir areas hold water behind a dam or
embankment. Soils best suited to this use have a low
seepage potential, which is determined by permeability
and the depth to fractured or permeable bedrock or
other permeable material.

Embankments, dikes, and levees require soil material
that is resistant to seepage, erosion, and piping and has
favorable stability, shrink-swell potential, shear
strength, and compaction characteristics. Large stones
and organic matter in a soil downgrade the suitability
of a soil for use in embankments, dikes, and levees.

Drainage of soil is affected by such soil properties
as permeability; texture; depth to bedrock, hardpan,
or other layers that affect the rate of water movement;
depth to the water table; slope; stability of ditch-
banks; susceptibility to flooding; salinity and alkalin-
ity ; and availability of outlets for drainage.

Irrigation is affected by such features as slope, sus-
ceptibility to flooding, hazards of water erosion and
soil blowing, texture, presence of salts and alkali,
depth of root zone, rate of water intake at the surface,
permeability of the soil below the surface layer, avail-
able water capacity, need for drainage, and depth to
the water table.

Terraces and diversions are embankments or a com-
bination of channels and ridges constructed across a
slope to intercept runoff. They allow water to soak into
the soil or flow slowly to an outlet. Features that af-
fect suitability of a soil for terraces are uniformity
and steepness of slope; depth to bedrock, hardpan, or
other unfavorable material; large stones; permeabil-
ity; ease of establishing vegetation; and resistance to
water erosion, soil blowing, soil slipping, and piping.

Grassed waterways are constructed to channel run-
off to outlets at a nonerosive velocity. Features that
affect the use of soils for waterways are slope, per-
meability, erodibility, wetness, and suitability for per-
manent vegetation.

Recreation

The soils of the survey area are rated in table 8
according to limitations that affect their suitability for
recreation uses. The ratings are based on such restric-
tive soil features as flooding, wetness, slope, and tex-
ture of the surface layer. Not considered in these
ratings, but important in evaluating a site, are location
and accessibility of the area, size and shape of the
area and its scenic quality, the ability of the soil to
support vegetation, access to water, potential water
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. Pond Embankments, Terraces
Soil namel?;lld reservoir dikes, and Drainage Irrigation and Str:rssed
map sym areas levees diversions w ways
Judson: )
8B Seepage . ___ Compressible, Not needed —___| Favorable _____ Favorable _____ Favorable.
low strength,
shrink-swell.
Colo:
1B
Colo part __________ Favorable —_.___ Compressible, Floods, Floods, Not needed —___| Wetness.
low strength, wetness. wetness.
hard to pack.
Ely part - ______ Favorable _._.._ Low strength, |Favorable _____ Favorable _____ Wetness —__.__ Favorable.
compressible,
shrink-swell.
N 9daway :
13B:
Nodaway part _.___ Seepage ——————- Low strength __|Floods —_.____ Floods - Not needed ____| Not needed.
Vesser part —_____._ Favorable _____ Low strength, |Floods —_______ Floods ———__.__ Erodes easily, | Erodes easily,
shrink-swell. wetness. wetness.
Arispe: .
23C Favorable _____ Compressible, |Slope _________ Slope, Erodes easily -_| Erodes easily.
shrink-swell. slow intake.
Shelby: .
24C, 24C2 o ________ Slope —— e Low strength, | Not needed ____| Slow intake, Favorable ___.__ Erodes easily,
shrink-swell. slope, slope.
erodes easily.
24D, 24D2, 24D3,
24E, 24E2, 24F2 ________ Slope ————_____ Low strength, Not needed --_-| Slow intake, Erodes easily, Erodes easily,
shrink-swell. slope. slope. slope.
erodes easily.
Vesser:
51 Favorable —____ Low strength, Floods ——______ Floods —_—___.. Erodes easily, Erodes easily,
shrink-swell. wetness. wetness.
Lindley:
65E, 65F o __ Slope - Favorable _____ Not needed —___| Slope ——_____._. Slope, Erodes easily,
percs slowly, percs slowly,
erodes easily. slope.
Clearfield:
69C Favorable _____ Compressible, Favorable —____ Wetness, Wetness, Wetness,
low strength, percs slowly. percs slowly. percs slowly.
shrink-swell.
Ladoga:
76B, 76C, 76C2,
76D, T76B, T76C o Favorable —.___ Compressible, Not needed __._| Erodes easily -.| Favorable _____ Favorable.
low strength,
shrink-swell.
Adair:
193D:
Adair part ~________ Slope weoee Shrink-swell, Percs slowly .| Erodes easily, Complex Percs slowly.
erodes easily. peres slowly, slope.
slow intake.
Shelby part ________ Slope _________ Low strength, | Not needed —___| Slow intake, Erodes easily, Erodes easily,
shrink-swell. slope, slope. slope.
erodes easily.
193D2: .
Adair part _________ Slope .. Shrink-swell, Percs slowly —__| Erodes easily, Complex Percs slowly.
erodes easily. percs slowly, slope.
slow intake.
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. Pond Embankments, Terraces
Sgll; nimrgfgid reservoir dikes, and Drainage Irrigation and - Grassed
P sy areas levees diversions waterways
Shelby part Slope Low strength, | Not needed —.__| Slow intake, Erodes easily, Erodes easily,
shrink-swell. slope, slope. slope.
erodes easily.
1 93E2:
Adair part Slope Shrink-swell, Percs slowly ———_| Erodes easily, Complex Percs slowly.
erodes easily. percs slowly, slope.
slow intake.
Shelby part ——e——— Slope e Low strength, | Not needed —-.__| Slow intake, Erodes easily. Erodes easily,
shrink-swell. slope, slope. slope.
erodes easily.
Mystic:
194D2:
Mystic part .- Slope, Low strength __| Peres slowly, Slow intake, Slope, complex | Erodes easily,
seepage. slope. slope. slope, wetness. | percs slowly.
Caleb part Slope Unstable fill —_..| Not needed —___| Erodes easily, Erodes easily, Erodes easily,
slope. slope. slope.
Sperry:
122 Favorable —___ Compressible, Percs slowly, Percs slowly, Not needed .___| Not needed.
low strength, poor outlets, slow intake,
shrink-swell. wetness. wetness.
Belinda:
TI30 Not needed _...| Compressible, Peres slowly _.__| Wetness, Not needed ___-_| Not needed.
low strength, slow intake.
shrink-swell.
Pershing:
131C, 131C2, 131D,
TI3IB, TI3IC e Favorable —___— Compressible, Percs slowly, Wetness, Percs slowly .—-| Favorable.
low strength, slope. slow intake.
shrink-swell.
Weller:
132C Favorable —___ Compressible, Not rieeded —.._| Erodes easily, Percs slowly ---| Percs slowly,
low strength, slow intake. erodes easily.
shrink-swell.
Colo:
§33, 1338 oo Favorable _____ Compressible, | Floods, Floods, Not needed —___| Wetness.
low strength, wetness. wetness.
hard to pack.
Dickinson:
175D Seepage ————-—- Seepage, Not needed ____| Soil blowing, Too sandy, Droughty.
piping. droughty, soil blowing,
fast intake. complex slope.
Gara:
179D, 179D2, 179E,
179E2, 179F Slope Low strength, | Not needed ___.-| Erodes easily, Erodes easily, Erodes easily,
shrink-swell, slope. slope. slope.
Adair:
192C, 192C2, 192D2 Slope Shrink-swell, Percs slowly -.-_| Erodes easily, Complex Percs slowly.
erodes easily. percs slowly, slope.
slow intake.
Kennebec:
212 Seepage ———___. Low strength, Floods, FloodS —ceeee Favorable —___- Favorable.
compressible, frost action.
excess humus.
Nodaway:
220, C220 o Seepage - Low strength .._| Floods ———— - Floods e Not needed —--_| Not needed.
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. Pond Embankments, Terraces
Sgll; nastmrggglld reservoir dikes, and Drainage Irrigation and Gf assed
P Sy areas levees diversions walerways
Clarinda:

222C, 222C2, 222D,

22202 e Slope ———_-_ Unstable fill, Percs slowly, Slow intake, Erodes easily, Erodes easily,
low strength, slope, wetness. | erodes easily, peres slowly, percs slowly.
shrink-swell. percs slowly. slope.

Wabash:

248 Favorable _____ Shrink-swell, Floods, percs Slow intake, Percs slowly, Percs slowly,
compressible, slowly, wetness, wetness. wetness.
low strength. wetness. floods.

Humeston:
269 Favorable _____ Low strength, Percs slowly, Slow intake .__| Percsslowly, Peres slowly,
shrink-swell. wetness. wetness. wetness.
Olmitz:
2738 Favorable ___.__ Favorable _..___ Not needed —.—.| Favorable ____._ Erodes easily —-| Erodes easily.
Haig:

362 Favorable ____ Compressible, |Percsslowly __.| Wetness ___—__ Not needed —___| Not needed.
low strength,
shrink-swell.

Grundy: .

3648 Favorable —____ Low strength, | Peres slowly, Slow intake, Percs slowly, Percs slowly,

shrink-swell. wetness. percs slowly. wetness. wetness.
Macksburg:

368, 3688 - Favorable _____ Compressible, | Favorable _____ Wetness —__——_ Favorable _____ Favorable.
low strength,
shrink-swell.

Winterset:

369 Favorable _.___ Compressible, Peres slowly _.._| Wetness, Not needed _-__| Not needed.
low strength, percs slowly,
shrink-swell. slow intake.

Sharpsburg:

3708, 370C, 370C2, )

370D Favorable _____ Compressible, |Not needed —-___| Erodes easily -_| Favorable _____ Favorable.
low strength,
shrink-swell.

Nira:

1371C:

Nira part . _____ Favorable _____ Compressible, Not needed ___-_| Erodes easily ._| Favorable _____ Favorable.
low strength,
shrink-swell.

Sharpsburg part ——__| Favorable _____ Compressible, Not needed —_—_| Erodes easily —.| Favorable _____ Favorable.
low strength,
shrink-swell.

1371C2:

Nira part . _______ Favorable _____ Compressible, Not needed —-___| Erodes easily —_| Favorable ._.___ Favorable.
low strength,
shrink-swell,
Sharpsburg part —-__| Favorable _____ Compressible, Not needed —___| Erodes easily ._| Favorable _.___ Favorable.
low strength,
shrink-swell.
Keswick:

425C Slope . ___ Shrink-swell, Percs slowly __-_! Erodes easily, Percs slowly -._| Erodes easily,
erodes easily, slope. percs slowly,
low strength. slope,

Caleb:
451C2, 451D2, 451E2 _.__ Slope o Unstable fill __| Not needed —..-—| Erodes easily, Erodes easily, Erodes easily,

slope.

slope.

slope.
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TABLE 7.—Water management—Continued

. Pond Embankments, Terraces
Soil name&ﬁd reservoir dikes, and Drainage Irrigation and G:'assed
map Sym areas levees diversions waterways
Lineville: . .

452C Favorable —___ Shrink-swell, Percs slowly .__| Slow intake _-_| Erodes easily —_| Erodes easily.
low strength.

Mystic: .

592C2, 592D2 e Slope, Low strength __| Percs slowly, Slow intake, Slope, complex | Erodes easily,

seepage. slope. slope. slope, wetness. percs slowly.
Armstrong: )

792C, 792C2, 792D2 - Slope - Shrink-swell, Peres slowly ___| Erodes easily, Erodes easily, Erodes easily,

erodes easily. slope. percs slowly. percs slowly.
Lamoni:

822C, 822C2, 822D, . .

82202 e Slope e Shrink-swell, Percs slowly, Erodes easily, Erodes easily, Erodes easily,
erodes easily, slope. slope. peres slowly. percs slowly.
low strength.

Gara:

1693D2: .

Gara part .. Slope Low strength, Not needed ____| Erodes easily, Erodes easily, Erodes easily,
shrink-swell. slope. slope. slope.

Armstrong part __—_|Slope ————___ Shrink-swell, Percs slowly ___| Erodes easily, Erodes easily, Erodes easily,
erodes easily. slope. peres slowly. percs slowly.

1 993E2:

Gara part —_—______ Slope - Low strength, Not needed —___| Erodes easily, Erodes easily, Erodes easily,
shrink-swell. slope. slope, slope.

Armstrong part —.__| Slope Shrink-swel}, Percs slowly _.-_| Erodes easily, Erodes easily, Erodes easily,
erodes easily. slope. percs slowly. peres slowly.

! This mapping unit is made up of two or more domniant kinds of soil. See mapping unit description for the composition and

behavior of the whole mapping unit.

impoundment sites available, and either access to
public sewerlines or capacity of the soil to absorb
septic tank effluent. Soils subject to flooding are
limited, in varying degree, for recreation use by the
duration and intensity of flooding and the season when
flooding occurs. Onsite assessment of height, duration,
intensity, and frequency of flooding is essential in
planning recreation facilities.

The degree of the limitation of the soils is expressed
as slight, moderate, or severe. Slight means that the
soil properties are generally favorable and that the
limitations are minor and easily overcome. Moderate
means that the limitations can be overcome or allevi-
ated by planning, design, or special maintenance.
Severe means that soil properties are unfavorable and
that limitations can be offset only by costly soil recla-
mation, special design, intensive maintenance, limited
use, or by a combination of these measures.

The information in table 8 can be supplemented by
information in other parts of this survey. Especially
helpful are interpretations for septic tank absorption
fields, given in table 5, and interpretations for dwel-
lings without basements and for local roads and streets,
given in table 4.

Camp areas require such site preparation as shaping
and leveling for tent and parking areas, stabilizing
roads and intensively used areas, and installing sani-

tary facilities and utility lines. Camp areas are sub-
ject to heavy foot traffic and some vehicular traffic.
The best soils for this use have mild slopes and are
not wet or subject to flooding during the period of use.
The surface has few or no stones or boulders, absorbs
rainfall readily but remains firm, and is not dusty
when dry. Strong slopes and stones or boulders can
greatly increase the cost of constructing camping sites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas. The best soils for use as 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 will increase the cost
of shaping sites or of building access roads and park-
ing areas.

Playgrounds require soils that can withstand inten-
sive 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 or boulders, is firm
after rains, and is not dusty when dry. If shaping is
required to obtain a uniform grade, the depth of the
soil over bedrock or hardpan should be enough to allow
necessary grading.

Paths and trails for walking, horseback riding, bi-
cycling, and other uses should require little or no cut-
ting and filling. The best soils for this use are those
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[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of “slight,” “moderate,”

and “severe’’]

Sg;;:;nrgliﬁd Camp areas Picnic areas Playgrounds Paths and trails
Judson:
8B Moderate: too Moderate: too Moderate: slope, Moderate: too clayey.
clayey. clayey. too clayey.
Colo:
1118
Colo part —_________ Severe: floods, Severe: wetness, Severe: wetness, Severe: wetness.
wetness. floods. floods.
Ely part .. ________ Moderate: wetness, Moderate: wetness, Moderate: wetness, Moderate: wetness,
too clayey. too clayey. too clayey, slope. too clayey.
Nodaway:
1 |3B:
Nodaway part —_._.__ Severe: floods ___.__. Severe: floods ... Severe: floods _______ Severe: floods.
Vesser part ________ Severe: floods, Severe: wetness, Severe: wetness, Severe: wetness,
wetness. floods. floods. floods.
Arispe:
23C Moderate: percs Moderate: too Severe: slope —_______ Moderate: too clayey.
slowly. clayey.
Shelby:
24C, 24C2 o __ Moderate: percs Slight Severe: slope ________ Slight.
slowly.
24D, 24D2, 24D3 _______ Moderate: percs Moderate: slope ____.. Severe: slope ________ Slight.
slowly, slope.
24E, 24E2, 24F2 ... Severe: slope _._____ Severe: slope —m—e__ Severe: slope ___.___ Moderate: slope.
Vesser:
51 Severe: floods, Severe: wetness, Severe: wetness, Severe: wetness,
wetness. floods. floods. floods.
Lindley:
65E, 65F e __ Severe: slope ____.___ Severe: slope —_____.__ Severe: slope ________ Severe: slope.
Clearfield:
69C Severe: wetness, Moderate: too Severe: percs slowly, Moderate: too clayey.
percs slowly. clayey. slope.
Ladoga: . .
768, T76B e __ Moderate: percs Slight o ___ Moderate: peres Slight.
slowly. slowly, slope.
76C, 76C2, T76C e ___ Moderate: percs Slight - ________ Severe: slope weeee___ Slight.
slowly.
76D Moderate: percs Moderate: slope ..____ Severe: slope —_______ Slight.
slowly, slope.
Adair:
193D:
Adair part _________ Moderate: percs Moderate: wetness, Severe: slope —_______ Moderate: wetness,
slowly, slope. slope.
Shelby part —___.__. Moderate: percs Moderate: slope -___. Severe: slope —.—_____ Slight.
slowly, slope.
193D2:
Adair part . ___ Moderate: percs Moderate: wetness, Severe: slope ——______ Moderate: wetness.
slowly, slope. slope.
Shelby part . ____ Moderate: peres Moderate: slope ___.__ Severe: slope ——————_ Slight.
slowly, slope.
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map symbol Camp areas Picnic areas Playgrounds Paths and trails
193E2:
Adair part o~ Severe: slope - Severe: slope ————____ Severe: slope ———————_ Moderate: wetness.
Shelby part ——————— Severe: slope —e—e—— Severe: slope —————.._ Severe: slope ————__— Moderate: slope.
Mystic:
194D2:
Mystic part —o————- Moderate: percs Moderate: wetness, Severe: slope ————o—- Moderate: wetness.
slowly, wetness, slope. slope.
Caleb part ——— - Moderate: percs Moderate: slope ———-. Severe: slope —————_—- Slight.
slowly, slope.
Sperry:
122 Severe: percs slowly, Severe: wetness _____ Severe: percs slowly, Severe: wetness.
wetness. wetness.
Belinda:
T130 e Severe: wetness __—__ Severe: wetness —._—_ Severe: wetness __-—- Severe: wetness.
Pershing:
131C, 131C2, 131D,
TIBC e Moderate: percs Moderate: wetness —-.| Severe: slope Moderate: wetness.
slowly, wetness.
TIB e Moderate: percs Moderate: wetness -—.| Moderate: wetness, Moderate: wetness.
slowly, wetness. percs slowly.
Weller .
(Yo — Moderate: wetness, Slight oo - Severe: slope ———————_ Slight.
percs slowly.
Colo:
133, 1338 e Severe: floods, Severe: wetness, Severe: wetness, Severe: wetness.
wetness. floods. floods.
Dickinson:
175D Moderate: slope ————-- Moderate: slope ————- Severe: slope ———o——o Slight.
Gara:
179D, 179D2 e Moderate: peres Moderate: slope —-——- Severe: slope ————___— Slight.
slowly, slope.
179E, 179E2, 179F Severe: slope ———.———- Severe: slope ——— e Severe: slope ————ce—o Moderate: slope.
Adair:
192C, 192C2 mmeeeee Moderate: percs Moderate: wetness —__| Severe: slope oo Moderate: wetness.
slowly.
192D2 e Moderate: percs Moderate: wetness, Severe: slope ———_—__ Moderate: wetness.
slowly, slope. slope.
Kennebec:
212 Severe: floods —————_ Moderate: floods —---- Moderate: floods —_.-_ Slight.
Nodaway:
220, C220 —ceem Severe: floods ——__——- Severe: floods —————-- Severe: floods —_._—___ Severe: floods.
Clarinda:
222C, 222C2, 222D,
22202 e Severe: percs slowly, Severe: wetness ———_- Severe: wetness, Severe: wetness.
wetness. percs slowly.
Wabash:
248 Severe: floods, Severe: wetness, Severe: wetness, Severe: wetness,
wetness, percs slowly. floods, too clayey. floods, percs slowly. too clayey.
Humeston:
269 Severe: wetness —____ Severe: wetness —____ Severe: wetness —.——— Severe: wetness.
Olmitz:
2738 Slight - _ Slight -~ Moderate: slope ————__ Slight.
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map symbol Camp areas Picnic areas Playgrounds Paths and trails
Haig:
362 Severe: wetness _____ Severe: wetness _.__. Severe: wetness _____ Severe: wetness.
Grundy:
3648 Moderate: peres Moderate: wetness ___.| Moderate: peres Moderate: wetness,
slowly, wetness. slowly, wetness.
Macksburg:
368 Moderate: wetness, Moderate: wetness, Moderate: wetness, Moderate: wetness,
too clayey, percs too clayey. too clayey. too clayey.
slowly.
368B Moderate: wetness, Moderate: wetness, Moderate: wetness, Moderate: wetness,
too clayey, percs too clayey. slope. too clayey.
slowly.
Winterset:
369 Severe: wetness .__.__ Severe: wetness ____. Severe: wetness o—.__ Severe: wetness.
Sharpsburg:
3708 Moderate: percs Moderate: too Moderate: tooclayey, | Moderate: too clayey.
slowly, too clayey. clayey. percs slowly.
370C, 370C2 e Moderate: percs Moderate: too Severe: slope ._______ Moderate: too clayey.
slowly, too clayey. clayey.
370D Moderate: peres Moderate: slope, Severe: slope ________ Moderate: too clayey.
slowly, too clayey. too clayey.
Nira:
1371C:
Nira part ——_____ Moderate: percs Moderate: too Severe: slope ——____.__ Moderate: too clayey.
slowly, too clayey. clayey.
Sharpsburg part ——__| Moderate: percs Moderate: too Severe: slope —————___ Moderate: too clayey.
slowly, too clayey. clayey.
1371C2:
Nira part o _______ Moderate: percs Moderate: too Severe: slope ————_.. Moderate: too clayey.
slowly, too clayey. clayey.
Sharpsburg part ____| Moderate: percs Moderate: too Severe: slope _.______ Moderate: too clayey.
slowly, too clayey. clayey.
Keswick:
425C Moderate: peres Moderate: wetness ___| Severe: slope —————___ Moderate: wetness.
slowly, wetness.
Caleb:
451C2 Moderate: percs Slight —_____________ Severe: slope _____.___ Slight.
slowly.
451D2 Moderate: peres Moderate: slope - Severe: slope —_______ Slight.
slowly, slope.
451E2 Severe: slope —_______ Severe: slope ——_.____ Severe: slope . _____ Moderate: slope.
Lineville:
452C Moderate: percs Moderate: wetness ___| Severe: slope ——_——.__ Moderate: wetness.
slowly, wetness.
Mystic:
592C2 Moderate: percs Moderate: wetness ___| Severe: slope ——______ Moderate: wetness.
slowly, wetness.
59202 o ____ Moderate: perecs Moderate: wetness, Severe: slope —meoo_- Moderate: wetness.
slowly, wetness, slope. slope.
Armstrong:
792C, 792C2 o __ Moderate: percs Moderate: wetness _—__| Severe: slope __——____ Moderate: wetness.
slowly, wetness.
792D2 o ___ Moderate: percs Moderate: wetness, Severe: slope -_______ Moderate: wetness.

slowly, wetness, slope.

slope.
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TABLE 8.—Recreational development—Continued

Soil name and A .
map symbol Camp areas Picnic areas Playgrounds Paths and trails
Lamoni:
822C, 822C2 e Severe: percsslowly —_| Moderate: wetness, Severe: percs slowly, Moderate: wetness,
too clayey. slope. too clayey.
822D, 822D2 — e Severe: percsslowly --| Moderate: slope, Severe: percs slowly, Moderate: wetness,
too clayey. slope. too clayey.
Gara:
993D2: .
Gara part ———-e—————— Moderate: percs Moderate: slope ———_- Severe: slope ——————_~ Slight.
slowly, slope.
Armstrong part —___| Moderate: peres Moderate: wetness, Severe: slope ————o—___ Moderate: wetness.
slowly, wetness, slope. slope.
1993E2:
Gara part ——————__—- Severe: slope ——— - - Severe: slope ——————__ Severe: slope ———————_ Moderate: slope.
Armstrong part ____| Severe: slope . _____ Severe: slope ———____ Severe: slope ———————_ Mocllerate: wetness,
slope.

1 This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

behavior of the whole mapping unit.

that are not wet, are firm after rains, are not dusty
when dry, and are not subject to flooding more than
once during the annual period of use. They should have
moderate slopes and have few or no stones or boulders
on the surface.

Wildlife Habitat

Soils directly affect the kind and amount of vegeta-
tion that is available to wildlife as food and cover, and
they affect the construction of water impoundments.
The kind and abundance of wildlife that populate an
area depend largely on the amount and distribution
of food, cover, and water. If any one of these elements
is missing, is inadequate, or is inaccessible, wildlife
either are scarce or do not inhabit the area.

If the soils have the potential, wildlife habitat can
be created or improved by planting appropriate vege-
tation, by maintaining the existing plant cover, or by
helping the natural establishment of desirable plants.

In table 9, the soils in the survey area are rated
according to their potential to support the main kinds
of wildlife habitat in the area. This information can
be used in planning for parks, wildlife refuges, nature
study areas, and other developments for wildlife; se-
lecting areas that are suitable for wildlife; selecting
soils that are suitable for creating, improving, or
maintaining specific elements of wildlife habitat; and
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 means that the element of
wildlife habitat or the kind of habitat is easily created,
improved, or maintained. Few or no limitations affect
management, and satisfactory results can be expected
if the soil is used for the designated purpose. A rating
of fair means that the element of wildlife habitat or
kind of habitat can be created, improved, or main-

tained in most places. Moderately intensive manage-
ment is required for satisfactory results. A rating of
poor means that limitations are severe for the desig-
nated element or kind of wildlife habitat. Habitat
can be created, improved, or maintained in most places,
but management is difficult and must be intensive. A
rating of very poor means that restrictions for the
element of wildlife habitat or kind of wildlife are
very severe, and that unsatisfactory results can be
expected. Wildlife habitat is impractical or even im-
possible to create, improve, or maintain on soils having
such a rating.

The elements of wildlife habitat are briefly de-
scribed in the following paragraphs.

Grain and seed crops are seed-producing annuals
used by wildlife. The major soil properties that affect
the growth of grain and seed crops are depth of the
root zone, texture of the surface layer, available water
capacity, wetness, slope, surface stoniness, and flood
hazard. Soil temperature and soil moisture are also
considerations. Examples of grain and seed crops are
corn, wheat, oats, and barley.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes that are planted for wildlife
food and cover. Major soil properties that affect the
growth of grasses and legumes are depth of the root
zone, texture of the surface layer, available water ca-
pacity, wetness, surface stoniness, flood hazard, and
slope. Soil temperature and soil moisture are also con-
siderations. Examples of grasses and legumes are
fescue, orchardgrass, bromegrass, clover, and alfalfa.

Wild herbaceous plants are native or naturally
established grasses and forbs, including weeds, that
provide food and cover for wildlife. Major soil prop-
erties that affect the growth of these plants are depth
of the root zone, texture of the surface layer, available
water capacity, wetness, surface stoniness, and flood
hazard. Soil temperature and soil moisture are also
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Soil name and

Potential for habitat elements

Potential as habitat for—

Grain Wild :
map symbol Grasses Hard- Conif- Shallow | Open- Wood-
s e | ) S e SH S T v
crops legumes plants trees plants areas wildlife | wildlife
Judson:
8B Good __-| Good ——_| Good _-_| Good —__] Good ——-] Poor ___| Poor ___] Good —-_| Good ___| Poor.
Colo:
1418
Colo part cem Good __._| Fair _-_|Good ___| Fair ___[Poor _-_|Fair ___[ Very Fair ___| Fair ___| Poor.
poor.
Elypart . _______ Fair ___| Good _-.| Good .-_[Good ___[Good ___| Fair ___[ Very Good -—_[Good ___| Poor.
poor.
Ncl)daway:
13B:
Nodaway part ———_—_—_ Good _—--| Good _-..| Good ___| Good ___{ Fair ___| Fair ___| Poor ___| Fair ___| Good ___] Fair.
Vesser part —— . Good ___|Pair ___| Fair ___|Fair _._| Poor ___| Good —-.| Good __-{ Fair __._|Fair ___| Good.
Arispe:
23C Good ___| Good ___| Good ___| Good -__| Good .__{ Very Poor ___| Good -__|Good ___| Very
poor. poor.
Shelby:
24C, 24C2, 24D, 24D2, 24D3 __| Fair ___| Good ___| Fair ___| Good ___| Good _-_{ Poor ___[ Poor ___| Fair ___|Good ___| Poor.
24E, 24E2, 24F2 ____________ Poor .__|Fair ___| Fair ___[Fair ___|Fair —__|Poor -_-|Poor ___{Fair ___|Fair ___| Poor.
Vesser:
51 Good .__|Fair ___| Fair ___|Fair ___{ Poor —__| Good -__| Good ___} Fair .__|Fair ___| Good.
Lindley:
65E, 65F Poor ——_| Fair ___|Good --.| Good ___| Good _-_| Very Very Fair ___|Good ___| Very
poor. poor. poor.
Clearfield:
69C Fair ___|Fair ___|Fair ___| Fair ___|Poor ___| Good __.| Good ___| Fair ___| Fair ___{ Good.
Ladoga:
768, T76B Good ___| Good ___| Fair ___| Good ..__| Good _--| Poor ___|Poor ___| Good ___| Good -__| Poor.
76C, 76C2, 76D, T76C ______ Fair ___| Good ___| Fair __.| Good ___| Good .__| Very Poor ___| Fair ___| Good ___| Very
poor. poor.
Adair:
193D:
Adair part —___________ TFair ___| Good __.|Fair ___| Fair ___|Fair ___{Poor ___{Poor ___| Good .__| Fair ___| Poor.
Shelby part ——________ Fair ___| Good _._| Fair ___| Good ___| Good _-.{ Poor ___{Poor ___| Fair __.|Good _-_| Poor.
193D2:
Adair part - __________ Fair ___| Good ___| Fair ___| Fair ___|Fair __._|Poor _._|Poor ___|Good ___| Fair ___[ Poor.
Shelby part - Fair ___| Good ___| Fair ___| Good ___{ Good —__|Poor ___{Poor ___jFair ___| Good ___| Poor.
1 93E2:
Adair part ____________ Fair ___| Good ___| Fair ___| Fair ___|Fair ___|Poor ___|Poor —__|Good —._| Fair ___| Poor.
Shelby part . _____ Poor _..|Fair ___| Fair __.|Fair ___|Fair _—_{Poor ___|Poor ___|Fair ___{ Fair ___| Poor.
Mystic:
194D2:,
Mystic part . _______ Fair ___| Good ___| Fair ___| Good ___| Fair ___|Poor ___{ Poor ___| Fair ___| Good ___| Poor.
Caleb part ____________ Fair ___| Good —__| Fair __.| Good .__| Fair ___|Poor _..|Poor ___| Fair ___| Good —__| Poor.
Sperry:
122 Fair _._{Fair ___| Fair ___| Fair ___{|Poor ___| Good _—_| Good ——_| Fair ___| Fair ___| Good.
Belinda:
Ti30 Good ___| Fair ___| Fair ___| Fair ___{Poor ___| Good _-_| Good _—_} Fair ___| Fair .__| Good.
Pershing:
131C, 131C2, T131C, Fair ___|Fair ___[ Fair ___| Fair —__| Fair ___| Very Poor ——_|Fair ___| Fair ___| Very
131D. poor. poor.
TI3IB ——| Good ___|{ Good ___| Fair ___|{Fair __._| Fair .__|Poor ___|Poor ___|Good _-_| Fair ___| Poor.
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TABLE 9.—Wildlife habitat potentials—Continued

Potential for habitat elements

Potential as habitat for—

Soil name and Grain wild Hard .
map symbol g | Crasmes | pora. | Hard | Conif | wesana | Shalloy | Qpen | Vool | wettand
csrops legumes plants trees plants p areas wildlife | wildlife | Widile
Weller: . .
132C __.. Fair ___| Fair ___|Fair ___| Fair ___| Fair ___| Very Poor ___| Fair __.| Fair ___| Very
poor. poor.
Colo:
133 Good __.| Fair —__| Good __.| Fair ___|{Poor .._|Good .__|Good —__| Fair ___| Fair ___| Good.
133B _| Good —__| Fair _._|Good .__| Fair ___|Poor ___| Fair ___| Very Fair .__| Fair ___| Poor.
poor.
Dickinson:
175D __|Fair ___|Fair ___|Fair ___| Fair ___| Fair ___| Very Very Fair ___| Fair ___| Very
poor. poor. poor.
Gara:
179D, 179D2 o am Fair _-_|Good ___| Fair _..|Good —__{ Good ___| Very Poor ___| Fair ___|{ Good ___| Poor.
poor.
179E, 179E2, 179F oo Poor ___|Fair ___|Fair ___| Fair _.__| Fair _-__| Very Very Fair ___|Fair _.__| Very
poor. poor. poor.
Adair:
192C, 192C2, 192D2 o Fair _._{Good ___| Fair ___| Fair ___|Fair ___|Poor ___|Poor ___{ Good —-_{ Fair ___{ Poor.
Kennebec:
212 Good ___|Good ___| Good --_| Good ___|Good ——_|Poor ___|Poor ___| Good -~_| Good ___| Poor.
Nodaway: .
220, €220 e Good __.|Good ——_| Good ——_{ Good ——_|Fair ___|Fair ___[Poor ___| Fair _._|Good —__| Fair.
Clarinda: )
222C, 222C2, 222D, 222D2 ___|Poor ___|Fair __.|Poor ___|Fair ___|Poor ___|Poor _._|Poor ___[Fair _..|Fair ._.| Poor.
Wabash:
248 Poor ___|Poor —__| Poor ——_|Poor —._|Poor _._{Good _._| Good —__| Poor ___|Poor ___| Good.
Humeston:
269 Good ___| Fair _..|Fair ___| Pair ___|Poor ___|Good _-.| Good _-.| Fair ___jFair _-_| Good.
Olmitz:
2738 Good ___| Good ___| Fair ___| Good _-_}{ Good _._| Poor .__|{Poor ___| Good ___[ Good ___{ Poor.
Haig:
362 Good ___| Fair ___|Fair ___|Fair .__|Poor ___|Good —-—_| Good ___| Fair ___|Fair ___| Good.
Grundy: .
3648 Fair ___|Good __| Fair ___|Good ——_| Good ___| Fair —__| Fair ___| Fair ___[Good __.| Fair.
Macksburg:
368, 368B Good ___| Good _—_| Good _—_| Good .__|Good —__| Fair _._|Fair ___| Good _—_-{ Good ___| Fair.
Winterset:
369 Good ___| Fair ___| Fair ___| Fair ___|Poor —-.|Good —-_| Good —__| Fair __-|Fair ___| Good.
Sharpsburg:
3708 Good ___| Good _—_| Good ___| Good -__|Good ___|{ Poor ___| Poor ___[ Good _—-| Good ___| Poor.
370C, 370C2, 370D e Fair ___| Good —__| Good ___| Good —._|Good ___| Poor ___|Poor ___| Good ___{ Good ___} Poor,
Nira:
371C:
Nira part ——_______ Fair _-.|Good _—_| Fair ___| Good -__| Good .__| Very Poor ___{ Fair ___| Good -__| Very
poor. poor.
Sharpsburg part — .- Fair ___| Good ___|Good ___| Good —__| Good ___|{ Poor ___|Poor ___| Good ___| Good ___{ Poor.
1371C2:
Nira part - Fair _._| Good ___| Fair __.|Good ___[ Good ___| Very Poor __._|Fair ___| Good ___| Very
poor. poor.
Sharpsburg part ——____ Fair ——_| Good —__| Good —__| Good ___| Good _...|Poor ___{Poor __._| Good ___} Good _—-| Poor.
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TABLE 9.—Wildlife habitat potentials—Continued

Potential for habitat elements Potential as habitat for—
Soil name and . :
Grain Wild .
map symbol and Grasses | y 3. | Hard- Conif- Wetland | Shallow | Open- Wood- Wetland
seed and ceous wood erous lants water land land wildlife
crops legumes plants trees plants p areas wildlife | wildlife
Keswick:
425C Fair ___|Good —__| Fair ___| Good ___| Fair ___|Poor ___|Poor ___{ Fair ___| Good —__| Poor.
Caleb:
451C2, 451D2 o ___ Fair ___|Good ___| Fair ___| Good —__| Fair _..|Poor ___|{Poor ___{ Fair ___| Good ___| Poor.
451E2 Poor ___| Good ___| Fair ___| Good ___| Fair .__| Very Very Poor —__| Good —-_| Very
poor. poor. poor.
Lineville:
452C Fair ___[Good ___|Fair ___| Good _-.| Fair ___|Poor .__|Poor ___|Fair ___| Good ___| Poor.
Mystic:
592C2, 59202 oo Fair ___| Good ___| Fair ___[Good ___| Fair ___[Poor ___|[Poor __.|Fair ___| Good —__|{ Poor.
Armstrong:
792C, 792C2, 792D2 o __ Fair ___|Good ___| Fair ___{Good _-._| Fair .__| Very Poor —__| Fair ___| Good ._-_| Very
poor. poor.
Lamoni:
822C, 822C2, 822D, 82202 —__| Fair _-_| Good ___! Fair ___{ Fair ___|Fair .__|Poor ___| Poor ___| Good ——_| Fair ___| Poor.
Gara:
1993D2:
Gara part —___________ Fair ___| Good ___| Fair ___| Good ___| Good ___| Very Poor ___| Fair __._|Good -__} Poor.
poor.
Armstrong part —___.___ Fair ___| Good ___| Fair ___| Good ___| Fair ___| Very Poor ___|Fair ___| Good ___| Very
poor. poor.
1 993E2:
Gara part . _________ Poor ___|Fair ___|Fair ___|Fair ___|Fair ___| Very Very Fair ___| Fair ___| Very
poor. poor. poor.
Armstrong part _______ Poor ___| Fair ___| Fair ___| Fair ___|Fair -._| Very Very Fair .__| Fair .__| Very
poor. poor. poor.

* This mapping unit is made up of two or more dominant kinds of soil.

behavior of the whole mapping unit.

considerations. Examples of wild herbaceous plants are
bluestem, goldenrod, beggarweed, wheatgrass, and
grama.

Hardwood trees and the associated woody under-
story provide cover for wildlife and produce nuts or
other fruit, buds, catkins, twigs, bark, or foliage that
wildlife eat. Major soil properties that affect growth
of hardwood trees and shrubs are depth of the root
zone, available water capacity, and wetness. Examples
of native plants are oak, poplar, cherry, apple, haw-
thorn, dogwood, hickory, and elderberry. Examples of
fruit-producing shrubs that are commercially available
and suitable for planting on soils rated good are
Russian-olive, autumn-olive, and crabapple.

Coniferous plants are cone-bearing trees, shrubs, or
ground cover plants that furnish habitat or supply
food in the form of browse, seeds, or fruitlike cones.
Soil properties that have a major effect on the growth
of coniferous plants are depth of the root zone, avail-
able water capacity, and wetness. Examples of coni-
ferous plants are pine, spruce, fir, cedar, and juniper.

Wetland plants are annual and perennial wild her-
baceous plants that grow on moist or wet sites, ex-
clusive of submerged or floating aquatics. They

See mapping unit description for the composition and

produce food or cover for wildlife that use wetland as
habitat. Major soil properties affecting wetland plants
are texture of the surface layer, wetness, reaction,
salinity, slope, and surface stoniness. Examples of
wetland plants are smartweed, wild millet, wildrice,
saltgrass, and cordgrass and rushes, sedges, and reeds.

Shallow water areas are bodies of water that have
an average depth of less than 5 feet and that are useful
to wildlife. They can be naturally wet areas, or they
can be created by dams or levees or by water-control
structures in marshes or streams. Major soil properties
affecting shallow water areas are depth to bedrock,
wetness, surface stoniness, slope, and permeability.
The availability of a dependable water supply is im-
portant if water areas are to be developed. Examples
of shallow water areas are marshes, waterfowl feeding
areas, and ponds.

The kinds of wildlife habitat are briefly desecribed
in the following paragraphs.

Openland habitat consists of cropland, pasture,
meadows, and areas that are overgrown with grasses,
herbs, shrubs, and vines. These areas produce grain
and seed crops, grasses and legumes, and wild herba-
ceous plants. The kinds of wildlife attracted to these
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areas include bobwhite quail, pheasant, meadowlark,
field sparrow, cottontail rabbit, and red fox.

Woodland habitat consists of areas of hardwoods or
conifers, or a mixture of both, and associated grasses,
legumes, and wild herbaceous plants. Wildlife at-
tracted to these areas include wild turkey, ruffed
grouse, woodcock, thrushes, woodpeckers, squirrels,
gray fox, raccoon, deer, and bear.

Wetland habitat consists of open, marshy or
swampy, shallow water areas where water-tolerant
plants grow. Some of the wildlife attracted to such
areas are ducks, geese, herons, shore birds, muskrat,
mink, and beaver.

Soil Properties

Extensive data about soil properties are summarized
on the following pages. The two main sources of these
data are the many thousands of soil borings made dur-
ing the course of the survey and the laboratory analy-
ses of selected soil samples from typical profiles.

In making soil borings during field mapping, soil
scientists can identify several important soil proper-
ties. They note the seasonal soil moisture condition or
the presence of free water and its depth. For each
horizon in the profile, they note the thickness and
color of the soil material; the texture, or amount of
clay, silt, sand, and gravel or other coarse fragments;
the structure, or the natural pattern of cracks and
pores in the undisturbed soil; and the consist_ence 'of
the soil material in place under the existing soil mois-
ture conditions. They record the depth of plant roots,
determine the pH or reaction of the soil, and identify
any free carbonates.

Samples of soil material are analyzed in the labora-
tory to verify the field estimates of soil properties and
to determine all major properties of key soils, espe-
cially properties that cannot be estimated accurately
by field observation. Laboratory analyses are not con-
ducted for all soil series in the survey area, but
laboratory data for many soil series not tested are
available from nearby survey areas.

The available field and laboratory data are summa-
rized in tables. The tables give the estimated range of
engineering properties, the engineering classifications,
and the physical and chemical properties of each ma-
jor horizon of each soil in the survey area. They also
present data about pertinent soil and water features,
engineering test data, and data obtained from physi-
cal and chemical laboratory analyses of soils.

Engineering Properties

Table 10 gives estimates of engineering properties
and classifications for the major horizons of each soil
in the survey area. )

Most soils have, within the upper 5 or 6 feet, hori-
zons of contrasting properties. Table 10 gives infor-
mation for each of these contrasting horizons in a
typical profile. Depth to the upper and lower bound-
aries of each horizon is indicated. More information
about the range in depth and about other properties
in each horizon is given for each soil series in the sec-
tion “Soil series and morphology.”

Texture is described in.table 10 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 soil material that is less than
2 millimeters in diameter. “Loam,” for example, is
soil material that is 7 to 27 percent clay, 28 to 50 per-
cent silt, and less than 52 percent sand. If a soil con-
tains gravel or other particles coarser than sand, an
appropriate modifier is added, for example, “gravelly
loam.” Other texture terms are defined in the Glossary.

The two systems commonly used in classifying soils
for engineering use are the Unified Soil Classification
System (Unified) (2)! and the system adopted by the
American Association of State Highway and Trans-
portation Officials (AASHTO) (1).

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, plasticity
index, liquid limit, and organic-matter content. Soils
are grouped into 15 classes: eight classes of coarse-
grained soils, identified as GW, GP, GM, GC, SW, SP,
SM, and SC; six classes of fine-grained soils, identified
as ML, CL, OL, MH, CH, and OH; and one class of
highly organic soils, identified as Pt. Soils on the bor-
derline between two classes have a dual classification
symbol, for example, CL-ML.

The AASHTO system classifies soils according to
those properties that affect their use in highway con-
struction and maintenance. In this system a mineral
soil is classified in one of seven basic groups ranging
from A-1 through A-7 on the basis of grain-size dis-
tribution, liquid limit, and plasticity index. Soils in
group A-1 are coarse grained and low in content of
fines. At the other extreme, in group A-7, are fine-
grained soils. Highly organic soils are classified in

.group A-8 on the basis of visual inspection.

When laboratory data are available, the A-1, A-2,
and A-7 groups are further classified as follows:
A-1-a, A-1-b, A-2-4, A-2-5, A-2-6, A—2-7, A-7-5,
and A-7-6. As an additional refinement, the desir-
ability of soils as subgrade material can be indicated
by a group index numbeyr. These numbers range from 0
for the best subgrade material to 20 or higher for the
poorest. The estimated classification, without group
index numbers, is given in table 10. Also in table 10
the percentage, by weight, of rock fragments more than
3 inches in diameter is estimated for each major hori-
zon. These estimates are determined mainly by observ-
ing volume percentage in the field and then converting
that, by formula, to weight percentage.

Percentage of the soil material less than 8 inches in
diameter that passes each of four sieves (U.S. stan-
dard) is estimated for each major horizon. The esti-
mates are based on tests of soils that were sampled in
the survey area and in nearby areas and on field esti-
mates from many borings made during the survey.

Ligquid limit and plasticity index indicate the effect
of water on the strength and consistence of soil. These
indexes are used in both the Unified and AASHTO
soil classification systems. They are also used as indi-
cators in making general predictions of soil behavior.
Range in liquid limit and plasticity index are esti-

*Ttalic numbers in parentheses refer to References, p. 117.
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mated on the basis of test data from the survey area
or from nearby areas and on observations of the
many soil borings made during the survey.

In some surveys, the estimates are rounded to the
nearest 5 percent. Thus, if the ranges of gradation
and Atterburg limits extend a marginal amount across
classification boundaries (1 or 2 percent), the classi-
fication in the marginal zone is omitted.

Physical and Chemical Properties

Table 11 shows estimated values for several soil
characteristics and features that affect behavior of
soils in engineering uses. These estimates are given for
each major horizon, at the depths indicated, in the
typical pedon of each soil. The estimates are based on
ﬁe'lld observations and on test data for these and similar
soils.

Permeability is estimated on the basis of known
relationships among the soil characteristics observed
in the field—particularly soil structure, porosity, and
gradation or texture—that influence the downward
movement of water in the soil. The estimates are for
vertical water movement when the soil is saturated.
Not considered in the estimates is lateral seepage or
such transient soil features as plowpans and surface
crusts. Permeability of the soil is an important factor
to be considered in planning and designing drainage
systems, in evaluating the potential of soils for septic
tank systems and other waste disposal systems, and in
many other aspects of land use and management.

Awvailable water capacity is rated on the basis of
soil characteristics that influence the ability of the soil
to hold water and make it available to plants. Important
characteristics are content of organic matter, soil tex-
ture, and soil structure. Shallow-rooted plants are not
likely to use the available water from the deeper soil
horizons. Available water capacity is an important
factor in the choice of plants or crops to be grown and
in the design of irrigation systems.

Soil reaction is expressed as a range in pH values.
The range in pH of each major horizon is based on
many field checks. For many soils, the values have been
verified by laboratory analyses. Soil reaction is im-
portant in selecting the crops, ornamental plants, or
other plants to be grown; in evaluating soil amend-
ments for fertility and stabilization; and in evaluating
the corrosivity of soils. _

Shrink-swell potential depends mainly on the
amount and kind of clay in the soil. Laboratory
measurements of the swelling of undisturbed clods
were made for many soils. For others the swelling
was estimated on the basis of the kind and amount of
clay in the soil and on measurements of similar soils.
The size of the load and the magnitude of the change
in soil moisture content also influence the swelling of
soils. Shrinking and swelling of some soils can cause
damage to building foundations, basement walls,
roads, and other structures unless special designs are
used. A high shrink-swell potential indicates that
special design and added expense may be required if
the planned use of the soil will not tolerate large
volume changes.

Risk of corrosion pertains to potential soil-induced
chemical action that dissolves or weakens uncoated

steel or concrete. The rate of corrosion of uncoated
steel is related to soil moisture, particle-size distribu-
tion, total acidity, and electrical conductivity of the
soil material. The rate of corrosion of concrete is based
mainly on the sulfate content, texture, and acidity of
the soil. Protective measures for steel or more re-
sistant concrete help to avoid or minimize damage
resulting from the corrosion. Uncoated steel inter-
secting soil boundaries or soil horizons is more
susceptible to corrosion than an installation that is
entirely within one kind of soil or within one soil
horizon.

Erosion factors are used to predict the erodibility
of a soil and its tolerance to erosion in relation to
specific kinds of land use and treatment. The soil
erodibility factor (K) is a measure of the susceptibil-
ity of the soil to erosion by water. Soils having the
highest K values are the most erodible. K values
range from 0.10 to 0.64. To estimate annual soil loss
per acre, the K value of a soil is modified by factors
representing plant cover, grade and length of slope,
management practices, and climate. The soil-loss
tolerance factor (T) is the maximum rate of soil
erosion, whether from rainfall or soil blowing, that
can occur without reducing crop production or en-
vironmental quality. The rate is expressed in tons of
soil loss per acre per year.

Wind erodibility groups are made up of soils that
have similar properties that affect their resistance to
soil blowing if cultivated. The groups are used to
predict the susceptibility of soil to blowing and the
amount of soil lost as a result of blowing. Soils are
grouped according to the following distinctions:

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

Loamy sands, loamy fine sands, and loamy very
fine sands. These soils are very highly erodible, but
crops can be grown if intensive measures to control
soil blowing are used.

Sandy loams, coarse sandy loams, fine sandy loams,
and very fine sandy loams. These soils are highly
erodible, but crops can be grown if intensive measures
to control soil blowing are used.

Calcareous loamy soils that are less than 35 percent
clay and more than 5 percent finely divided caleium
carbonate, These soils are erodible, but crops can be
grown if intensive measures to control soil blowing
are used.

Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are
moderately erodible, but crops can be grown if
measures to control soil blowing are used.

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, but crops can be grown if
measures to control soil blowing are used.

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,
and crops can easily be grown.

Silty clay loams that are less than 35 percent clay
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TABLE 10.—Engineering properties

[The symbol > means greater than, Absence

Soil d Classification
oil name an
map symbol Depth USDA texture
Unified AASHTO
In
Judson:
8B 0-28 | Silty clay loam oL, EL, CL-ML, A-6,A-T7, A-4
M
28-60 | Silty clay loam, silt loam CL, CL-ML, ML A-6, A-7, A4
Colo:
1118B:
Colopart ——____________. 0-41 | Silty clay loam CL,CH AT
41-60 | Silty clay loam CL, CH A-T7
Ely part —___________ 0-32 | Silty clay loam CL, OL, CL-ML A-T, A-6
32-60 | Silty clay loam CL A-7, A-6
Nodaway:
113B:
Nodaway part . ______ 0-80 | Silt loam CL,CL-ML A4, A-6
Vesser part 0-10 | Silt loam CL A-6
10-25 | Silt loam CL A-6
25-70 | Silty clay loam __ CL,CH A-6, A-T
Arispe:
23C __._ 0-7 Silty eclay loam CL,CH A-T7
7-40 | Silty clay loam CH, CL A-T7
40-60 | Silty clay loam CL A-T7
Shelby:
24C, 24C2, 24D, 24D2, 24D3,
24E, 24E2, 24F2 oo 0-15 | Clay loam CL A-6
15-38 | Clay loam CL A-6, A-7
38-65 | Clay loam CL A-6, A-T
Vesser:
51 0-10 | Silt loam CL A-6
10-25 | Silt loam CL A-6
25-70 | Silty clay loam CL,CH A-6, A-T
Lindley:
65E, 65F 0-10 | Loam CL-ML, CL A-4, A-6
10-60 | Clay loam, loam CL A-6, A~
Clearfield:
69C 0-13 | Silty clay loam CH, OH, CL, OL A-T
13-48 | Silty clay loam CH, MH A7
48-60 | Silty clay, silty clay loam CH, MH A-T
Ladoga:
768, 76C, 76C2, 76D,
T76B, T76C 0-11 | Silt loam CL, CL-ML A-6, A4
11-65 | Silty clay loam CL,CH AT
Adair:
193D:
Adair part . _______ 0-16 | Clay loam CL A-6
16-35 | Silty clay, clay, clay loam CL,CH A-T7
36-60 | Clay loam CL A-6, A-T
Shelby part —————_________ 0-15 | Clay loam CL A-6
15-38 | Clay loam CL A-6, A-7
38-65 | Clay loam CL A-6, A-T
193D2:
Adair part o ______ 0-16 | Clay loam CL A-6
16-35 | Silty clay, clay, clay loam CL,CH A-7
35-60 | Clay loam CL A-6, A-T
Shelby part 0-15 | Clay loam _ CL A-6
15-38 | Clay loam _ CL A-6, A-T7
38-65 | Clay loam CL A-6, A-7
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- ; Percentage passing sieve number— Plasticit

ra, ents . . e asticity

S % inches Liquid limit index

10 40 200
Pet Pct

0 100 100 100 95-100 25-50 5-25
0 100 100 100 95-100 25-50 5-25
0 100 100 90-100 90-100 41-60 15-30
0 100 100 90-100 90-100 41-55 15-30
0 100 100 95-100 95-100 30-56 5-25
0 100 100 95-100 95-100 35-50 11-25
0 100 95-100 95-100 90-100 25-35 5-15
0 100 100 98-100 95-100 30-40 11-20
0 100 100 98-100 95-100 3040 11-20
0 100 100 98-100 95-100 35-55 15-25
0 100 100 100 95-100 41-55 20-30
0 100 100 100 95-100 45-60 25-35
0 100 100 100 95-100 41-50 20-30
0 90-100 85-98 75-90 55-70 30-40 11-20
0 90-100 85-98 75-90 55-70 3545 15-25
0 90-100 85-98 75-90 55-70 3545 15-25
0 100 100 98-100 95-100 30-40 11-20
0 100 100 98-100 95-100 3040 11-20
0 100 100 98-100 95-100 35-55 15-25
0 95-100 90-100 85-95 50-65 15-30 5-15
0 95-100 90-100 85-95 55175 30-45 15-25
0 100 100 100 95-100 45-56 20-30
0 100 100 100 95-100 50-60 25-35
0 100 100 95-100 80-90 55-70 35-45
0 100 100 100 95-100 2540 5-15
0 100 100 100 95-100 41-55 25-35
0 95-100 80-95 75-90 60-80 3040 11-20
0 95-100 80-95 70-90 55-80 45-55 20-30
0 95-100 80-95 70-90 55-80 35-45 15-25
0 90-100 85-98 75-90 55-70 30-40 11-20
0 90-100 . 85-98 75-90 55-70 35-45 15-25
0 90-100 85-98 75-90 55-70 36-45 15-25
0 95-100 80-95 75-90 60-80 30-40 11-20
0 95-100 80-95 70-90 55-80 45-55 20-80
0 95-100 80-95 70-90 55-80 35-45 15-25
0 90-100 85-98 75-90 55-70 30-40 11-20
0 90-100 85-98 75-90 55-70 35-45 15-25
0 90-100 85-98 75-90 55-70 35-45 15-25
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TABLE 10.—E'ngineering properties

S d Classification
oil name an
map symbol Depth USDA texture
Unified AASHTO
In
193E2:
Adair part e 0-16 | Clay loam CL A-6
16-35 | Silty clay, clay, clay loam —__.___________ CL,CH AT
35-60 | Clay loam CL A-6, A-7
Shelby part ———————_____ 0-15 | Clay loam CL A-6
15-38 | Clay loam CL A-6, AT
38-65 | Clay loam CL A-6, A-T
Mystic:
194D2:
Mystic part - 0-12 | Silt loam CL,CL-ML,ML | A4, A-6
12-54 | Clay loam, clay, silty clay CL A-6, A-T7
54-62 | Sandy clay loam S¢C, CL, SM-SC, A-6, A4
CL-ML
Caleb part e~ 0-14 | Loam CL A-6
14-32 | Clay loam, loam, sandy clay loam ——__.______ CL,CH A-6, A-T
32-72 | Sandy clay loam, sandy loam —_____________ SC, CL, SM-SC, A4, A-6
CL-ML
Sperry:
122 0-20 | Silt loam ML, CL A-6
20-51 | Silty clay loam, silty clay CH A-7-6
51-72 | Silty clay loam CL A-7-6
Belinda:
TI30 0-7 | Silt loam CL,CL-ML A-4, A-6
7-18 | Silt loam CL-ML, CL A4
18-43 | Silty clay CH A-T
43-80 | Silty clay loam CH A-T
Pershing:
131C, 131C2, 131D,
TI3MB, TI3C e 0-10 | Silt loam CL A-6
10-34 | Silty clay loam, silty clay CH A-T7
34-61 | Silty clay loam CH, CL A-T7
Weller:
132C 0-12 | Silt loam ML, CL A-6, A4
12-41 | Silty clay loam, silty clay CcH —
41-63 | Silty clay loam CH, CL AT
Colo:
133, 1338 0-41 | Silty clay loam CL,CH A-7
41-60 | Silty clay loam CL,CH A-T
Dickinson:
175D 0-23 | Fine sandy loam SM, SC A-4, A-2
23-60 | Loamy sand ___| SM, SP A-2
50-60 | Sand SP, SM A-3, A-2
Gara:
179D, 179D2, 179E,
179E2, 179F 0-12 | Loam CL, CL-ML A-4, A-6
12-40 | Clay loam CL —
40-60 | Loam, clay loam CL A-6
Adair:
192C, 192C2, 192D2 e 0-16 | Clay loam CL A-6
16-35 | Silty clay, clay, clay loam CL,CH A-T7
356-60 | Clay loam A-6, A-7
Kennebec:
212 0-30 | Silt loam CL, ML, C1-ML A-6, A-7, A4
30-60 | Silt loam, silty clay loam CL A-6, A-T7, A-4
Nodaway:
220, C220 0-80 | Silt loam CL, CIL-ML A-4, A-6
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Percentage passing sieve number— Plasticit
Fragments PSS RPN asticity
S 3 inches Liquid limit index
10 40 200
Pet Pet

0 95-100 80-95 75-90 60-80 30-40 11-20
0 95-100 80-95 70-90 55-80 45-55 20-30
0 95-100 80-95 70-90 55-80 35-45 15-25
0 90-100 85-98 75-90 55=-70 30-40 11-20
0 90-100 85-98 75-90 55-70 35-45 15-25
0 90-100 85-98 75-90 b5-70 35-45 15-25
0 100 95-100 95-100 65-90 30-40 5-20
0 100 95-100 95-100 65-80 35-45 20-30
0 100 95-100 90-95 40-65 25-35 5-20
0 90-100 80-100 70-90 60-80 30-40 10-20
0 85-100 80-100 60-80 50-75 35-55 15-30
0 85-100 80-100 50-75 35-60 20-35 5-15
0 100 100 100 95-100 30-40 11-20
0 100 100 100 95-100 50-60 20-30
0 100 100 100 95-100 41-55 16-25
0 100 100 100 95-100 30-40 5-15
0 100 100 100 95-100 25-36 5-10
0 100 100 100 95-100 556-70 30-40
0 100 100 100 95-100 50-65 25-35
0 100 100 100 95-100 30-40 11-20
0 100 100 100 95-100 50-65 30-40
0 100 100 100 95-100 45-55 25-35
0 100 100 100 95-100 30-40 5-15
0 100 100 100 95-100 50-65 30-40
0 100 100 100 95-100 45-55 20-30
0 100 100 90-100 90-100 41-60 15-30
0 100 100 90-100 90-100 41-55 15-30
0 100 100 85-95 35-50 15-30 NP-10
0 100 100 80-95 5-20 10-30 NP-5
0 100 100 70-90 520 |commme NP

0 85-95 80-90 70-80 55-70 20-30 5-15
0 85-95 80-90 70-85 55-75 30-40 15-25
0 85-95 80-90 70-85 55-75 35-45 15-25
0 95-100 80-95 75-90 60-80 30-40 11-20
0 95-100 80-95 70-90 55-80 45-55 20-30
0 95-100 80-95 70-90 55-80 35-45 15-25
0 100 100 95-100 90-100 30-50 5-25
0 100 100 95-100 90-100 30-50 5-20
0 100 95-100 95-100 90-100 25-35 5-15
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TABLE 10.—Engineering properties

Soil q Classification
oil name an
map symbol Depth USDA texture
Unified AASHTO
In
Clarinda:
222C, 222C2, 222D, 222D2 we 0-7 Silty clay loam CL A-T
7-33 | Silty clay, clay CH A-T
33-65 | Clay CH A-T
Wabash:
248 0-17 | Silty clay loam CL,CH A-6, A-7
17-72 | Silty clay, clay CH A-7
Humeston:
269 0-13 | Silty clay loam CL, CL-ML A-6, A4
13-26 | Silt loam CL, C1-ML A-7, A-6, A4
26-63 | Silty clay loam, silty clay CH, CL AT
Olmitz:
2738 0-33 | Loam CL A-6
33-63 | Clay loam CL A-6, A-T
Haig:
362 0-7 Silty clay loam CL, OL A-6, A-T
7-24 | Silty clay loam, silty clay CL,CH A-7
24-44 | Silty clay CH A-T
44-65 | Silty clay loam CL,CH A-T, A-6
Grundy:
3648 0-11 | Silty clay loam CL, ML A-6, A-T, A4
11-24 | Silty clay loam, silty clay CH, CL -
24-37 | Silty clay, silty clay loam CH A-T7
37-60 | Silty clay loam CH, CL A-T
Macksburg:
368, 3688 0-22 | Silty clay loam ML, OL, CL A-T
22-43 | Silty clay loam, silty clay CH A-17
43-67 | Silty clay loam CL A-T
Winterset:
369 0-18 | Silty clay loam CL, OL A-T7
18-42 | Silty clay, silty clay loam CH A-T
42-75 | Silty clay loam CL,CH AT
Sharpsburg:
3708, 370C, 370C2, 370D —ceee 0-13 | Silty clay loam OL,CL,CH,OH | A-7, A-6
13-40 | Silty clay loam, silty clay CH, CL A-T, A-6
40-62 | Silty clay loam A-7, A-6
Nira:
1371C:
‘Nira part e 0-13 | Silty clay loam CL, OL A-T
13-30 | Silty clay loam CL A-T7
30-60 | Silty clay loam CL A-8, A-T
Sharpsburg part —_—_—_.___ 0-13 | Silty clay loam OL,CL,CH,0H | A-7, A-6
18-40 | Silty clay loam, silty clay CH, CL A-7, A-6
40-62 | Silty clay loam A-T, A-6
13?1?2: rt 0-13 | Silty clay 1 CL,OL A-7
ira part oo ____ — ilty clay loam » ~
13-30 | Silty clay loam CL AT
30-60 | Silty clay loam CL A-6, AT
Sharpsburg part —.————___ 0-13 | Silty clay loam 0L, CL, CH, OH A-T7, A-6
13-40 | Silty clay loam, silty clay CH, CL A-7, A-6
40-62 | Silty clay loam CL A-T7, A-6
Keswick:
425C 0-11 | Loam CL, CL-ML A-6, A4
11-35 | Clay loam, clay CH,MH AT
385-64 | Clay loam, sandy clay loam —_—_____ CL, SC A-6
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Percentage passing sieve number—

Fragments s eaas . Plasticity
S 3 inches Liquid limit index
10 40 200
Pct Pet
0 100 95-100 90-100 85-100 40-50 20-30
0 100 95-100 85-100 80-100 55-70 30-40
0 95-100 95-100 80-95 75-90 50-60 25-35
0 100 100 100 95-100 30-55 12-35
0 100 100 100 95-100 52-78 30-55
0 100 100 95-100 95-100 25-40 5-20
0 100 100 95-100 95-100 25-45 5-20
0 100 100 95-100 95-100 45-55 25-35
0 100 90-100 85-95 60-80 30-40 11-20
0 100 90-100 85-95 60-80 35-45 15-25
0 100 100 95-100 90-100 35-45 10-20
0 100 100 95-100 90-100 40-55 20-30
0 100 100 95-100 90-100 50-65 30-40
0 100 100 95-100 90-100 35-60 20-30
0 100 100 95-100 90-100 30-45 5-25
0 100 100 95-100 95-100 45-55 30-40
0 100 100 95-100 95-100 50-70 30-45
0 100 100 95-100 95-100 45-55 30-40
0 100 100 100 95-100 41-50 15-25
0 100 100 100 95-100 50-60 25-85
0 100 100 100 95-100 41-50 20-30
0 100 100 100 95-100 40-50 20-30
0 100 100 100 95-100 50-70 30-40
0 100 100 100 95-100 45-55 25-85
0 100 100 100 95-100 35-55 20-30
0 100 100 100 95-100 35-60 20-35
0 100 100 100 95-100 35-50 20-30
0 100 100 100 95-100. 41-50 15-25
0 100 100 100 95-100 41-50 20-30
0 100 100 100 95-100 35-45 15-25
0 100 100 100 95-100 35-55 20-30
0 100 100 100 95-100 35-60 20-35
0 100 100 100 95-100 35-50 20-30
0 100 100 100 95-100 41-50 15-25
0 100 100 100 95-100 41-50 20-30
0 100 100 100 95-100 35-45 15-25
0 100 100 100 95-100 35-55 20-30
0 100 100 100 95-100 35-60 20-35
0 100 100 100 95-100 35-50 20-30
0 95-100 80-100 75-90 60-80 20-30 5-15
0 95-100 80-100 70-90 55-80 50-60 20-30
0 95-100 80-100 65-85 40-70 35-40 15-25
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TABLE 10.—Engineering properties

. Classification
Soil name an
‘map symbol Depth USDA texture
Unified AASHTO
In
Caleb:
451C2, 451D2, 451E2 oo 0-14 | Loam CL A-6
14-32 | Clay loam, loam, sandy clay loam ——_______ CL,CH A-6, A-T
32-72 | Sandy clay loam, sandy loam ——ee—— = SC, CL, SM-SC, A4, A-6
CL-ML
Lineville:
452C 0-11 | Silt loam ML, CL A-6, AT
11-28 | Silty clay loam CL,CH A-7
23-58 | Clay loam, loam CL A-6, A-T
58-72 | Clay loam, clay CH A-7
Mystic:
592C2, 592D2 e 0-12 | Silt loam CL, CL-ML, ML A-4, A-6
12-54 | Clay loam, clay, silty clay CL A-6, A-T
54-62 | Sandy clay loam SC, CL, SM-SC, A-6, A-4
CL-ML
Armstrong:
792C, 792C2, 792D2 0-10 [ Loam CL, CL-ML A-6, A-4
10-31 | Clay loam, clay, silty clay loam . _______ CL,CH A-T7
31-60 | Clay loam CL A6
Lamoni:
822C, 822C2, 822D, 822D2 - 0-12 | Silty clay loam CL A-6, A-T
12-831 | Clay loam, clay CH A-T7
31-71 | Clay loam CL A-6, A-7
Gara:
1993D2:
Gara part . _______ 0-12 | Loam CL, CL-ML A-4, A-6
12-40 | Clay loam CL A-6
40-60 | Loam, clay loam CL A-6
Armstrong part 0-10 { Loam CL, CL-ML A-6, A4
10-31 | Clay loam, clay, silty clay loam . ______ CL,CH A-T
31-60 | Clay loam CL A-6
1993E2:
Gara part o _______ 0-12 | Loam CL, CL-ML A-4, A-6
12-40 | Clay loam CL A-6
40-60 | Loam, clay loam CL A-6
Armstrong part e 0-10 | Loam CL, CIL-ML A-6, A4
10-31 | Clay loam, clay, silty clay loam ———_______ CL, CH A-7
31-60 | Clay loam CL A-6

* This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

2 Nonplastic.

and less than 5 percent finely divided calcium carbon-
ate. These soils are very slightly erodible, and crops
can easily be grown.

Stony or gravelly soils and other soils not subject to
soil blowing.

Soil and Water Features

Table 12 contains information helpful in planning
land uses and engineering projects that are likely to be
affected by soil and water features,

Hydrologic soil groups are used to estimate runoff
from precipitation. Soils not protected by vegetation
are placed in one of four groups on the basis of the

intake of water after the soils have been wetted and
have received 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 con-
sist chiefly of deep, well drained to excessively
drained sands or gravels. These soils have a high rate
of water transmission.

Group B. Soils having a moderate infiltration rate
when thoroughly wet. These consist chiefly of mod-
erately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to
moderately coarse texture. These soils have a moderate
rate of water transmission.
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F Percentage passing sieve number— -
ragments Y R TIN asticity
> 3 inches Liquid limit index
4 10 40 200
Pet Pet
0 90-100 80-100 70-90 60-80 30-40 10-20
0 85-100 80-100 60-80 50-75 35-55 15-30
0 85-100 80-100 50--75 35-60 20-35 5-15
0 100 100 95-100 95-100 35-45 11-15
0 100 100 95-100 95-100 45-55 25-35
0 95-100 80-100 75-95 65-90 35-50 20-35
0 95-100 80-100 70-90 55-80 55-60 20-35
0 100 95-100 95-100 65-90 30-40 5-20
0 100 95-100 95-100 65-80 35-45 20-30
0 100 95-100 90-95 40-65 25-35 5-20
0 95-100 80-95 75-90 55-80 20-40 5-20
0 95-100 80-95 70-90 55-80 45-60 20-30
0 95-100 80-95 70-90 55-80 35-40 15-25
0 95-100 95-100 80-95 70-95 35-45 15-25
0 95-100 95-100 90-100 85-100 50-60 25~-35
0 95-100 95-100 70-90 55-85 35-50 15-30
0 85-95 80-90 70-80 55-70 20-30 5-15
0 85-95 80-90 70-85 55-75 30-40 15-25
0 85-95 80-90 70-85 55-75 35-45 15-25
0 95-100 80-95 75-90 55-80 20-40 5-20
0 95-100 80-95 70-90 55-80 45-60 20-30
0 95-100 80-95 70-90 55-80 35-40 15-25
0 85-95 80-90 70-80 55-70 20-30 5-15
0 85-95 80-90 70-85 55-75 30-40 15-25
0 85-95 80-90 70-85 55-75 35—-45 156-25
0 95-100 80-95 75-90 55-80 20-40 5-20
0 95-100 80-95 70-90 55-80 45-60 20-30
0 95-100 80-95 70-90 55-80 35-40 15-25

behavior of the whole mapping unit.

Group C. Soils having a slow infiltration rate when
thoroughly wet. These consist chiefly of soils that have
a layer that impedes the downward movement of
water or soils that have 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 clay soils 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 is the temporary covering of soil with
water from overflowing streams, with runoff from
adjacent slopes, and by tides., Water standing for
short periods after rains or after snow melts is not
considered flooding, nor is water in swamps and
marshes. Flooding is rated in general terms that
describe the frequency and duration of flooding and
the time of year when flooding is most likely. The
ratings are based on evidence in the soil profile of the
effects of flooding, namely thin strata of gravel, sand,
silt, or, in places, clay deposited by floodwater; ir-
regular decrease in organic-matter content with in-
creasing depth; and absence of distinctive soil horizons
that form in soils of the area that are not subject to
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TABLE 11.—Physical and chemical

[Dashes indicate data were not available. The symbol < means less than. The erosion tolerance

Soil name and map symbol Depth Permeability Avaéiz;)bggi:vyater Soil reaction
In In/hr Infin pH
Judson:
8B 0-28 0.6-2.0 0.21-0.23 6.1-7.3
28-60 0.6-2.0 0.21-0.23 6.1-7.8
Colo:
111B:
Colo part 0-41 0.2-0.6 0.21-0.23 5.6-6.5
41-60 0.2-0.6 0.18-0.20 6.1-7.3
Ely part 0-32 0.6-2.0 0.21-0.23 5.6-6.5
32-60 0.6-2.0 0.18-0.20 6.1-7.3
N?dagvay:
13B:
Nodaway part 0-80 0.6-2.0 0.20-0.23 6.1-7.3
Vesser part 0-10 0.6-2.0 0.20-0.24 5.6-6.5
10-25 0.6-2.0 0.18-0.22 5.1-6.0
25-70 0.2-2.0 0.17-0.21 5.6-6.6
Arispe:
23C 0-7 0.6-2.0 0.21-0.23 5.6-6.0
7-40 0.2-0.6 0.18-0.20 5.6-7.3
40-60 0.2-0.6 0.18-0.20 6.6-7.3
Shelby:
24C. 24C2, 24D, 24D2, 24D3, 24, 24E2, 24F2 oo 0-15 0.6-2.0 0.20-0.22 5.6-6.0
15-38 0.2-0.6 0.16-0.18 5.6-6.0
38-65 0.2-0.6 0.16-0.18 6.6-7.8
Vesser:
51 0-10 0.6-2.0 0.20-0.24 5.6-6.5
10-25 0.6-2.0 0.18-0.22 5.1-6.0
25-70 0.2-2.0 0.17-0.21 5.6~6.5
Lindley:
65E, 65F 0-10 0.6-2.0 0.16-0.18 4.5-6.0
10-60 0.2-0.6 0.14-0.18 45-6.5
Clearfield:
89C 0-13 0.2-0.6 0.21-0.23 5.6-7.3
13-48 0.2-0.6 0.18-0.20 5.6-7.3
48-60 0.06 0.10-0.12 5.6-7.3
Ladoga:
76B, 76C, 76C2, 76D, T76B, T76C 0-11 0.6-2.0 0.22-0.24 6.1-6.5
11-65 0.2-0.6 0.18-0.20 5.1-6.0
Adair:
*93D:
Adair part 0-16 0.2-0.6 0.17-0.19 5.6-6.5
16-35 0.06-0.2 0.13-0.16 5.1-6.5
35-60 0.2-0.6 0.14-0.16 5.6~6.5
Shelby part 0-15 0.6-2.0 0.20-0.22 5.6-6.0
15-38 0.2-0.6 0.16-0.18 5.6-6.0
38-65 0.2-0.6 0.16-0.18 6.6-7.8
193D2:
Adair part 0-16 0.2-0.6 0.17-0.19 5.6-6.5
16-35 0.06-0.2 0.13-0.16 5.1-6.5
86-60 0.2-0.6 0.14-0.16 5.6-6.5
Shelby part 0-15 0.6-2.0 0.20-0.22 5.6-6.0
15-38 0.2-0.6 0.16-0.18 5.6-6.0
38-65 0.2-0.6 0.16-0.18 6.6-7.8
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properties of soils
factor (T) is for the entire profile. Absence of an entry means data were not estimated]

Risk of corrosion Erosion factors Wind
Shrink-swell erodibility
otentia
P Uncoated steel Concrete K T group
Moderate _______________ Moderate Low 0.28 5
Moderate oo Moderate Low 0.43
High High Moderate
High High Moderate
Moderate High Moderate ______________ 0.32 b
Moderate High Low 0.43
Moderate ._.____________ Moderate Low
Moderate High Moderate _______________ 0.32 5
Moderate High Moderate ___.____________ 0.43
Moderate High Moderate . ____________ 0.43
High High Moderate .__.___________ 0.32 5
High High Moderate _._____________ 0.43
High High Moderate . ____________ 0.43
Moderate o ____ Moderate o _.__ Moderate _______________ 0.28 5
Moderate o ___________ Moderate _______________ Moderate _______________ 0.28
Moderate - ____________ Moderate o _________ Moderate _._____________ 0.37
Moderate High Moderate _______________ 0.32 5
Moderate _______________ High Moderate _______________ 0.43
Moderate __.____________ High Moderate _______________ 0.43
Low Moderate - _._____________ Moderate _______________ 0.32 5
Moderate - ________ Moderate . ________ Moderate __._____________ 0.32
High High Low ——e 0.37 5
High High Low 0.37
High High Low 0.37
Low Moderate Low 0.32 5
Moderate — o ________ Moderate _______________ Moderate _______________ 0.43
Moderate - _______________ High Moderate —___ . ___ 0.32 3
High High Moderate _______________ 0.32
Moderate . __________ High Moderate . ____________ 0.32
Moderate ____.._________ Moderate _______________ Moderate _______________ 0.28 5
Moderate _______________ Moderate . __________ Moderate _______________ 0.28
Moderate ____.__________ Moderate —_.____________ Moderate -______________ 0.37
Moderate . ______________ High Moderate _______________ 0.32 3
High High Moderate .______________ 0.32
Moderate o _______ High Moderate ______________ 0.32
Moderate _______________| Moderate ______..________ Moderate _______________ 0.28 5
Moderate __ Moderate _______________ Moderate _______________ 0.28
Moderate ____.___________ Moderate .. ___________ Moderate - . _____ 0.37
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0-20
20-51
51-72

0-7

7-18
18-43
43-80

0-10
10-34
34-61

0-12
12-41
41-63

0-41
41-60
0-23

23-50
50-60

0-12
12-40
40-60

Soil name and map symbol

Adair part
Shelby part —-—-
Mystic part
Caleb part

193E2:
194D2:

98
Mystic:

Sperry:
122

Ti30
Pershing:

Belinda:

, 131D, TI31B, T13IC

131C, 131C2

Weller:

132C

133, 1338
Dickinson:
175D

Colo:
Gara:

179D, 179D2, I|79E, 179E2, 179F _

6.1-7.3

0.17-0.19
0.13-0.16
0.14-0.16
0.20-0.23

0.6-2.0

0-16
16-35
35-60

0-30

30-60
0-80

192C, 192C2, 192D2
212
220, C220

Kennebec:
Nodaway:

Adair:
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Risk of corrosion Erosion factors Wind
Shrink-swell erodibilit
potential ou y
Uncoated steel Concrete K T group
Moderate - _____ High Moderate oo 0.32 6
High High Moderate _______________ 0.32
Moderate High Moderate oo~ 0.32
Moderate e Moderate _._ . _.__ Moderate o 0.28 6
Moderate . ____ Moderate ______ . ______ Moderate . ____ 0.28
Moderate o ______._ Moderate . ___ . _______ Moderate oo ______ 0.37
Low Moderate ___ Moderate 0.37 6
Moderate _______________ Moderate ___ Moderate 0.37
Low Moderate Moderate 0.37
Low Moderate _______________ Moderate __.____________ 0.28 6
Moderate o ___ Moderate . ___ Moderate . ______ 0.28
Low Moderate o ______ Moderate 0.28
Moderate - High Moderate 6
High High Moderate
Moderate . ___ High Moderate
Low High Moderate 6
Low High Moderate
High High Moderate —
High High Moderate -
Low High Moderate . _____ 0.37 6
High High Moderate o ____________ 0.37
Moderate __———_____ High Moderate - 0.37
Low High High (.43 6
High High High 0.43
High High Moderate - _______ 0.43
High High Moderate 7
High High Moderate
Low Low Moderate ——___________ 0.20 3
Low Low Moderate _______________ 0.20
Low Low Moderate oo oo 0.15
Moderate . ____.______ Moderate _______________ Moderate . __________ 0.28 6
Moderate _______________ Moderate . ________ Moderate o _____ 0.28
Moderate . _____ Moderate . _________ Moderate o ______ 0.37
Moderate High Moderate —______________ 0.32 6
High High Moderate _______ . ____ 0.32
Moderate High Moderate - . ___ 0.32
Moderate _______________ Moderate Low 0.32 6
Moderate e ___ Moderate Low 0.43
Moderate oo ___ Moderate Low 7
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Risk of corrosion Erosion factors Wind
Shrink-swell erodlblht
potential ou y
Uncoated steel Concrete K T group
Moderate High Moderate . _____ 0.37 7
High High Moderate . _______ 0.37
High High Moderate o 0.37
High High Moderate 4
Very high High Moderate
Moderate High Moderate . ____ 0.32 7
Moderate High Moderate o __ 0.32
High High Moderate o ________ 0.32
Moderate __.____________ Moderate _______________ Moderate _______________ 0.28 6
Moderate . _________ Moderate _______________ Moderate - __________ 0.28
Moderate High Moderate 6
High High Moderate
High High Moderate
High High Low
Moderate High Low 0.37 6
High High Low 0.37
High High Moderate _._____________ 0.37
High High Low 0.37
Moderate High Moderate ______________ 0.32 6
High High Moderate _____________._ 0.43
High High Moderate _______________ 0.43
Moderate . __________ High Moderate 7
High High Moderate
High High Low
Moderate _______________ Moderate _______________ Moderate . ___._______ 0.32 7
High Moderate ____.___________ Moderate ______________ 0.43
Moderate ___ . ___________ Moderate Low 0.43
Moderate _______________ Moderate _______________ Moderate .______________ 0.32 7
High Moderate __.__________.__ Moderate _______________ 0.43
Moderate _________. _____ Moderate _______________ Moderate -______________ 0.43
Moderate —______________ Moderate _______________ Moderate _______________ 0.32 1
High Moderate _______________ Moderate _______________ 0.43
Moderate . _____________ Moderate Low 0.43
Moderate .______________ Moderate _______________ Moderate . ___________ 0.32 7
High Moderate _______________ Moderate - ___________ 0.48
Moderate _._____________ Moderate ______________ Moderate —______________ 0.43
Moderate _______________ Moderate _______________ Moderate _______________ 0.32 7
High . __ ________ Moderate _______________ Moderate . ____________ 0.43
Moderate _______________ Moderate Low 0.43
Moderate _______________ High Moderate —______________ 0.37 6
High High Moderate _______________ 0.37
Moderate _______________ High Moderate o _____ 0.37
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TABLE 11.—Physical and chemical

Soil name and map symbol Depth Permeability Avaé;%‘l;lgi:;ater Soil reaction
In In/in In/in pH
Caleb:
451C2, 451D2, 451E2 0-14 0.6-2.0 0.14-0.18 4.5-6.0
14-32 0.2-0.6 0.14-0.18 4,6-6.0
32-72 0.6-2.0 0.12-0.16 6.1-6.5
Lineville:
452C 0-11 0.6-2.0 0.16-0.20 6.1-6.5
11-23 0.2-0.6 0.17-0.21 5.1-6.0
23-58 0.06-0.2 0.17-0.21 5.6-6.0
58-72 <0.06 0.13-0.21 5.6-7.3
Mystic:
592C2, 592D2 0-12 0.6-2.0 0.22-0.24 4.5-6.0
12-54 0.06-0.2 0.15-0.19 4.5-6.5
54-62 0.6-2.0 0.16-0.18 6.1-6.5
Armstrong:
792C, 792C2, 792D2 0-10 0.6-2.0 0.20-0.22 5.6-6.5
10-31 0.06-0.2 0.11-0.16 5,1-6.5
31-60 0.2-0.6 0.14-0.16 5.1-6.6
Lamoni:
822C, 822C2, 822D, 822D2 0-12 0.2-0.6 0.17-0.21 5.1-6.56
12-31 <0.2 0.13-0.17 5.1-6.5
31-71 0.06-0.2 0.14-0.18 6.1-6.5
Gara:
1993D2:
Gara part 0-12 0.6-2.0 0.20-0.22 5.6-6.0
12-40 0.2-0.6 0.16-0.18 5.1-6.56
40-60 0.2-0.6 0.16-0.18 6.6-7.8
Armstrong part 0-10 0.6-2.0 0.20-0.22 5.6-6.5
10-31 0.06-0.2 0.11-0.16 5.1-6.5
31-60 0.2-0.6 0.14-0.16 5.1-6.5
1 993E2:
Gara part 0-12 0.6-2.0 0.20-0.22 5.6-6.0
12-40 0.2-0.6 0.16-0.18 5.1-6.5
40-60 0.2-0.6 0.16-0.18 6.6-7.8
Armstrong part 0-10 0.6-2.0 0.20-0.22 5.6-6.5
10-31 0.06-0.2 0.11-0.16 5.1-6.5
31-60 0.2-0.6 0.14-0.16 5.1-6.5

1 This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

flooding. The ratings are also based on local informa-
tion about floodwater levels in the area and the extent
of flooding and on information that relates the posi-
tion of each soil on the landscape to historic floods.

The generalized description of flood hazard is of
value in land-use planning and provides a valid basis
for land-use restrictions. The soil data are less specific,
however, than those provided by detailed engineering
surveys that delineate flood-prone areas at specific flood
frequency levels.

High water table is the highest level of a saturated
zone more than 6 inches thick for a continuous period
of more than 2 weeks during most years. The depth
to a seasonal high water table applies to undrained
soils. Estimates are based mainly on the relationship
between grayish colors or mottles in the soil and the

depth to free water observed in many borings made
during the course of the soil survey. Indicated in table
12 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. Only saturated zones above a
depth of 5 or 6 feet are indicated.

Information about the seasonal high water table
helps in assessing the need for specially designed foun-
dations, the need for specific kinds of drainage sys-
tems, and the need for footing drains to insure dry
basements. Such information is also needed to decide
whether or not construction of basements is feasible
and to determine how septic tank absorption fields and
other underground installations will function. Also, a
seasonal high water table affects ease of excavation.
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Risk of corrosion Erosion factors Wind
S el erodibility
Uncoated steel Concrete K T group
Low Moderate . ________ Moderate . ________. 0.28 b 6
Moderate . ____ Moderate . ___________ Moderate .____ _________ 0.28
Low Moderate ______________ Moderate . _.___ 0.28
Moderate High Moderate . ____________ 0.37 3 6
Moderate High Moderate oo ____ 0.87
Moderate High Moderate ______________ 0.37
High High Moderate e 0.37
Low Moderate . ____________ Moderate —______________ 0.37 3 6
Moderate ___.___________ Moderate . ________ Moderate o _____ 0.37
Low Moderate oo Moderate _______________ 0.37
Moderate High Moderate . _________ 0.32 3 6
High High Moderate . _________ 0.32
Moderate High Moderate o _______ 0.32
Moderate High Moderate — o 0.32 3 7
High High Moderate _.____________ 0.32
High High Moderate oo _____ 0.32
Moderate _._____________ Moderate oo ____ Moderate . _________ 0.28 5 6
Moderate .___.__________ Moderate _______________ Moderate . _________ 0.28
Moderate . ___________ Moderate o ________ Moderate . __________ 0.37
Moderate High Moderate _______________ 0.32 3 6
High High Moderate _______________ 0.32
Moderate High Moderate . _____ 0.32
Moderate __.____________ Moderate _______________ Moderate .. ____________ 0.28 5 6
Moderate _______________ Moderate _______________ Moderate _______________ 0.28
Moderate _____.__________ Moderate o ____ Moderate . 0.37
Moderate High Moderate —_._____________ 0.32 3 6
High High Moderate .. ____________ 0.32
Moderate _______________ High Moderate ______________. 0.32

behavior of the whole mapping unit.

Depth to bedrock is shown for all soils that are
underlain 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 excavated with a single-tooth ripping attach-
ment on a 200-horsepower tractor, but hard bedrock
generally requires blasting.

Potential frost action refers to the likelihood of
damage to pavements and other structures by frost
heaving and low soil strength after thawing. Frost
action results from the movement of soil moisture into
the freezing temperature zone in the soil, which causes

ice lenses to form. Soil texture, temperature, moisture
content, porosity, permeability, and content of organic
matter are the most important soil properties that af-
fect frost action. It is assumed that the soil is not
covered by insulating vegetation or snow and is not
artificially drained. Silty and clayey soils that have a
high water table in winter are most susceptible to
frost action. Well drained very gravelly or sandy soils
are the least susceptible.

Formation and Classification of the
Soils

This part of the survey describes the factors that
have affected the formation of the soils in Union
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TABLE 12.—So1l and

[Absence of an entry indicates the feature is not a concern. See text for descriptions of

Hydro- Flooding
Soil name and map symbol logic
groups Frequency Duration Months
Judson:
8B B None _
Colo:
11B:
Colo part B/D Common e Brief Mar-Jun —— e
Ely part — B None
Nodaway:
138:
Nodaway part — e B Common ———eee Brief Feb-Nov oo
Vesser part C Common wo— oo Long Feb-Nov e
Arispe:
23C C None
Shelby:
24C, 24C2, 24D, 24D2, 24D3, 24E,
24E2, 24F2 B None
Vesser:
51 C Common —— e Long Feb-Nov -
Lindley:
65E, 65F C None
Clearfield:
69C C None
Ladoga:
76B, 76C, 76C2, 76D, T76B, T76C B None
Adair:
193D:
Adair part D None
Shelby part B None
193D2:
Adair part D None
Shelby part B None
193E2:
Adair part D None
Shelby part B None
Mystic:
194D2:
Mystic part D None
Caleb part B None
Sperry:
122 C/D Frequent —————— - Very brief to long —_——_ Apr-Jul e
Belinda:
T130 D None
Pershing:
i131C, 13!C2, 131D, TI318B, TI31C ————~ C None
Weller:
132C C None
Colo:
133, 133B B/D Common ———_ . _ Brief Mar-Jun e .
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water features
symbols and such terms as “rare,” “brief,” and “perched.” The syibol > means greater than]
High water table’ Bedrock Potential
frost
Depth Kind Months Depth Hardness action
Ft In

>6.0 >60 | ___ High.
1.0-3.0 | Apparent Nov-May >60 | __ High.
8.0-5.0 | Apparent Nov-Apr >60 |- High.
6.0 ; >60 | High.
1.0-3.0 | Apparent Nov-May >60 | High.
3.0-5.0 | Perched Apr-Jun _.________________ >60 |co High.

>6.0 >60 |cemee Moderate.
1.0-3.0 | Apparent Nov-May >60 | High.

>6.0 >60 e __ Moderate.
1.0-3.0 | Perched Apr-Jul _— >60 |- High.
>6.0 260 | High.
1.0-3.0 | Perched Nov-Mar >60 | High.

>6.0 >60 Moderate.
1.0-3.0 | Perched Nov-Mar >60 | _ o ____ High.

>6.0 — >60 | e Moderate.
1.0-3.0 | Perched Nov-Mar >60 | __ High.

>6.0 >60 | . Moderate.
3.0-5.0 | Perched Nov-Mar . ______________ >60 |ooe High.

3.0-5.0 | Perched — e ______.______._ Nov-Mar >60 | Moderate.
0-3.0 | Apparent Nov-Jun >60 f e __ High.

0-3.0 | Perched — . ______ . __ _.___ Apr-Jul >60 | Moderate.
2.0-4.0 | Perched Apr-Jul >60 | High.
2.0-4.0 | Perched e __________ Apr-Jul >60 | High.
1.0-3.0 Appa_rent Nov-May >60 High.
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TABLE 12.—Soil and

Hydro- Flooding
Soil name and map symbol logic
groups Frequency Duration Months
Dickinson:
175D B None _
Gara:
179D, 179D2, 179E, 179E2, 179F e C None
Adair:
192C, 192C2, 192D2 e D None
Kennebec:
212 B Common - Brief Feb-NOoV e
Nodaway:
220, C220 B Common —— e~ Brief Feb-Nov e _
Clarinda:
222C, 222C2, 222D, 222D2 e D None
Wabash:
248 D Common Brief to long —— Nov-May —ccmoeeees
Humeston:
269 C Rare
Olmitz:
2738 B None to rare
Haig:
362 .. C/D None B
Grundy:
3648 C None
Macksburg:
368, 368B B None
Winterset:
369 C None
Sharpsburg:
3708, 370C, 370C2, 370D e~ B None
Nira:
1371C:
Nira part _— B None
Sharpsburg part ——————— B None
1371C2:
Nira part B None
Sharpsburg part - —ceeeee - B None
Keswick:
425C D None
Caleb:
451C2, 451D2, 451E2 oo B None
Lineville:
452C C None
Mystic:
592C2, 592D2 — D None __
Armstrong:
792C, 792C2, 792D2 e D None
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High water table Bedrock Potential
frost
Depth Kind Months Depth Hardness action
Ft In
>6.0 >60 Moderate.
>6.0 >60 Moderate.
1.0-3.0 | Perched ——_______________ Nov-Mar >60 High.
2.0-5.0 | Apparent Nov-May >60 High.
>6.0 |-oe o - >60 High.
1.0-3.0 | Perched . _________ Nov-May >60 Moderate.
0-1.0 | Perched Nov-May >60 | Moderate.
1.0-3.0 | Apparent Nov-Apr >60 High.
6.0 || >60 Moderate.
0-3.0 | Perched Apr-Jul >60 |om o High.
1.0-3.0 | Perched Mar-May >60 |- Moderate.
2.0-4.0 | Perched Apr-Jul >60 o __ High.
0-3.0 | Perched . _._________ Apr-Jul >60 | High.
>6.0 - >60 High.
>6.0 — - >60 High.
>6.0 >60 High.
>6.0 — >60 | High.
>6.0 - ——— >60 | High.
1.0-3.0 | Perched .____.______________ Nov-Mar >60 | High.
3.0-5.0 | Perched — _________________ Nov-Mar —— >60 | Moderate.
1.0-3.0 | Perched Nov-Mar >60 | High.
3.0-5.0 | Perched Nov-Mar _________ . _______ >60 High.
1.0-3.0 | Perched Nov-Mar >60 High.
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TABLE 12.—So1l and

Hydro- Flooding
Soil name and map symbol logic
groups Frequency Duration Months
Lamoni:
822C, 822C2, 822D, 822D2 o D None —_—
Gara:
1993D2:
Gara part C None N
Armstrong part —— oo D None
1993E2:
Gara part C None
Armstrong part D None __

* This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and

County. It also explains the system of soil classifica-
tion. Detailed descriptions of profiles considered
representative of the series are in the section “Descrip-
tions of the Soils.” This information is useful to scien-
tists, teachers, students, and others interested in the
formation and classification of soils.

Factors of Soil Formation

Soil is produced by the action of soil-forming pro-
cesses on materials deposited or accumulated by
geologic agencies. The characteristics of the soil at any
given point are determined by (1) the physical and
mineralogical composition of the parent material, (2)
the climate under which the soil material has accumu-
lated and existed since accumulation, (8) 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 development have acted on the soil material.

Climate and vegetation are active factors of soil
genesis. They act on the parent material that has ac-
cumulated through the weathering of rocks and slowly
change it into a natural body with genetically related
horizons. The effects of climate and vegetation are con-
ditioned by relief. The parent material also affects the
kind of profile that can be formed and, in extreme
cases, determines it almost entirely. Finally, time is
needed for the changing of the parent material into a
soil profile. It may be much or little, but some time is
always required for horizon differentiation. Usually a
long time is required for the development of distinct
horizons.

The factors of soil genesis (23) are so closely inter-
related in their effects on the soil that few generaliza-
tions can be made regarding the effect of any one
unless conditions are specified for the other four. Many
of the processes of soil development are unknown.

Parent material

The soils of Union County formed from three kinds
of geologic materials (26). The deposits in the order
of their influence on the soils of the county are loess,
glacial till, and alluvium. The relationships of some of

the major soils and their parent material are shown in
figures 3, 4, and 5. The deposition of the various de-
posits in Union County and the subsequent geologic
erosion have resulted in the formation of a landscape
characterized by broad stable ridgetops occupied by
soils that formed in glacial till and loess, and numerous
large and small stream valleys where soils formed
in alluvium. Union County has a similar landscape to
that of Adair County, which adjoins the county on the
north. In Adair County, a detailed study has been made
of the landscape evolution and soil formation by R.V.
Ruhe, R.B. Daniels, and J.G. Cady (21). This study
will be referred to in several places on subsequent
pages.

Loess—Loess is a silty, wind-deposited material
that consists largely of silt particles. It has smaller
amounts of clay and sand. It is the most extensive par-
ent material in Union County. Loess was deposited dur-
ing the Wisconsin glacial period from about 24,500 to
14,000 years ago (16, 21). The loess is believed to have
been blown mainly from the Missouri River flood plain
along the western side of Iowa (7). The thickness of
the loess and the differences between soils formed in
loess are related to the distance from its source (7).
The thickness of the loess in Union County is about
10 to 14 feet on the nearly level, stable divides. It is
thinner on the side slopes. On most side slopes on the
higher uplands, all the loess has been removed by ero-
sion, and glacial till is exposed on the surface.

The loess of southwest and southern Iowa gradually
thins and becomes finer textured from west to east
(7). The variation is not great in Union County.

Winterset, Macksburg, Sharpsburg, Nira, and
Grundy are the most extensive soils in Union County
that formed in loess. Clearfield, Sperry, and Ladoga
soils are less extensive.

The loess and soils formed in loess in western and
southwestern Iowa have been the subject of much
study and investigation. Ruhe and others (5, 15, 20,
21) have studied the relationship of the loess to the
topography in western Iowa. Davidson and associates
(3) studied the physical and engineering properties of
loess in western Iowa and elsewhere. Ullrich (27, 28)
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High water table Bedrock Potential
frost
Depth Kind Months Depth Hardness action
Ft In
1.0-8.0 | Perched Nov-May >60 | __ Moderate,
>6.0 >60 Moderate.
1.0-3.0 | Perched —__________________ Nov-Mar >60 High.
>6.0 >60 | Moderate.
1.0-3.0 | Perched Nov-Mar >60 High.

behavior of the whole mapping unit.

Figure 3.—Typical pattern of soil and parent material in Nodaway-Colo-Wabash soil association.

studied physical and chemical changes accompanying
soil profile formation in soils formed in loess in south-
west Jowa. Among the soils he studied was Winterset.
Other chemical and physical data on Winterset, Macks-
bu;‘g, and Sharpsburg soils have been reported (22,
30).

Glacial till—Two glaciers deposited material in
Union County, the Nebraskan, and later the Kansan.
The Nebraskan till can be identified on the landscape.
It occurs in a few places in the eastern part. The
Kansan till is exposed in all parts of the county and, on
steep slopes, forms an extensive part of the landscape.

The unweathered till is a firm calcareous clay loam. It
contains pebbles, boulders, and sand, as well as silt and
clay. The till is a heterogeneous mixture and shows
little evidence of sorting or stratification. The mineral
composition of its components is also heterogeneous
l(11) and is similar to that of particles in unweathered
0ess.

Observations made during the survey show that the
glacial deposits in Union County range to a depth of
100 feet or more. The thickness, hardness, or absence
of the underlying sediments or rock has apparently
had a direct effect on the thickness of the glacial till.
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Figure 4.—Typical pattern of soil and parent material in Sharpsburg-Shelby-Nira soil association.

Soils developed on the Kansan till plain during the
Yarmouth and Sangamon interglacial periods before
the loess was deposited (20). In nearly level areas, the
soils were strongly weathered and had a gray plastic
subsoil called “gumbotil” (9, 10, 17, 20). This gumbotil
is several feet thick and very slowly permeable. A
widespread erosion surface has cut below the
Yarmouth-Sangamon paleosol into Kansan till and
older deposits. The surface is characterized generally
by a stone line or subadjacent sediment and is sur-
mounted by pedisediment (17, 18, 19). Paleosols
formed in the pedisediment stone line and the sub-
adjacent till (fig. 6). This surface is of Late Sanga-
mon age. The paleosols were more reddish and were
not so strongly weathered and not so thick as those on
the nearly level areas.

The soils that formed on the Kansan till during
Yarmouth and Sangamon time were covered by loess.
Geologic erosion has removed the loess from many
slopes and has exposed these paleosols. In some places
the paleosols have been beveled or truncated so that
only the lower part of the strongly weathered paleosol
remains. This erosion took place before the loess de-
position, or more than 25,000 years ago (20). In other
places, erosion has removed all of the paleosol and has
exposed till that is only slightly weathered at the sur-

face. This erosion mostly took place in post-glacial
times (20).

The Clarinda soils formed in the strongly weathered,
Yarmouth-Sangamon gray clay paleosol. Lamoni soils
formed in the truncated Yarmouth-Sangamon paleosol.
Their clay layer is not so thick as Clarinda soils. The
Adair and Keswick soils formed where the less strongly
weathered, reddish paleosol crops out. The Shelby,
Gara and Lindley soils formed in slightly weathered
glacial till.

The Caleb and Mystic soils formed in pre-Sangamon
erosional sediment of varied texture and glacial origin.
This material appears to have been angularly trun-
cated in many places. In many places it occurs as an
irregular mixture of material of contrasting textures.
Caleb and Mystic soils are on extended, stepped inter-
fluves above the present drainage system, They owe
their landscape configuration partly to valley fill, but
their surfaces blend with the present erosional up-
lands. These areas are distinctly higher in elevation
than the northern flood plain, but they are lower than
the late Wisconsin, recent dissection slopes on which
the Gara, Shelby, and Lindley soils formed. The Mystic
soils are on the most stable parts of interfluves and
have inherited many of their characteristics from the
Late-Sangamon paleosol. Caleb soils are downslope on
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Figure 5.—Typical pattern of soil and parent material in Macksburg-Winterset soil association.

the parts of the interfluves that were truncated in
recent (Wisconsin) time.

Alluvium.—Alluvium consists of sediments de-
posited along major and minor streams and drainage-
ways. It is also on benches. It varies widely because of
differences in materials from which it was derived and
the manner in which it was deposited. Loess and
glacial till have been the main sources of alluvium in
Union County.

The alluvial material that has been transported only
short distances is called local alluvium. It retains many
characteristics of the soils from which it has been
washed. Judson soils, for example, generally are at the
base of slopes below soils that formed in loess. They
are silty and have textures similar to those of the
soils upslope. Olmitz soils also formed in local alluvium
but are downslope from till-derived soils. They contain
more sand than Judson soils because the alluvium in
which they formed came from sandier soils. Colo and
Ely soils also formed in local alluvium,

As the rivers and streams overflow their channels,
the coarse textured sandy material is deposited first,
adjacent to the stream. As the water spreads outward
toward the uplands, it moves more slowly and deposits
the silt and very fine sand. In high floods, the water
spreads slowly toward the outer border of the flood

plain carrying very fine silt and clay particles. As the
floods recede, these particles settle and are mixed with
the fine particles washed down by local alluvium.

This pattern is demonstrated many times on the
wider stream bottoms of the Grand River. Away from
the areas of alluvial land nearest the streams are
Nodaway soils and then Kennebec soils. The Nodaway
soil is coarse silt with some fine sand and clay. The
Kennebec soil is siltier with less sand and more clay.
Colo and Wabash soils, which are farther away from
the main channel, are the finest textured and most
poorly drained soils. They are somewhat lower in
elevation than the other soils.

Main stream benches or second bottoms have formed
in the eastern part of the county. On these are the
alluvial soils that range widely in texture, are much
less subject to overflow, and have more profile develop-
ment. These soils are the somewhat poorly drained to
poorly drained Vesser silt loams.

Eolian (windblown) sand.—This material is largely
fine quartz sand, which, in Union County, is mixed
with some silt. It has blown up from nearby stream
bottoms and has been deposited on nearby ridgetops
and side slopes. It occurs as small areas, some of which
are large enough to be mapped. Others are identified
by spot symbols on the soil map.
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Figure 6.—Stone line in reddish paleosol buried under about 8 feet of light-colored loess.

Climate

Union County soils, according to recent evidence,
have been developing under variable climatic condi-
tions. Walker (31) in his recent studies concluded
that in the Post Cary glaciation period, about 13,000
to 10,500 years ago, the climate was cool and the
vegetation was dominated by conifers. Between 10,500
to 8,000 years ago, there was a warming trend and the
vegetation changed from conifers to mixed forest.
Hardwoods were prominent (4). Beginning about 8,000
years ago, the climate became warmer and drier. Her-
baceous prairie fauna became dominant and are still
dominant. McComb and Loomis (12) concluded, from
studies of the forest-prairie transition of central Iowa,
that a late change in post glacial climate from rela-
tively dry prairie to more mesic conditions had taken
place. Walker’s evidence indicates that this change
may have begun about 3,000 years ago. The present
climate in Union County is midcontinental subhumid.

Nearly uniform climate prevails throughout the
county. The influence of the general climate, however,
is modified by local conditions in or near the develop-
ing soil. For example, south-facing slopes have a
micro-climate that is warmer and less humid than the
average climate of nearby areas. Low-lying, poorly

drained bottoms are wetter and colder than most areas
around them.

The general climate has had an important overall
influence on the characteristics of the soils but has not
caused major differences among them. The local differ-
ences in climate do account for some differences.

Weathering of the parent material by water and air
is activated by changes in temperature. As a result of
weathering, changes caused by both physical and
chemical actions take place. Rainfall has influenced
the formation of the soils through its effect on the
amount of leaching in soil and on the kinds of plants
that grow.

Some variations in plant and animal life are caused
by variations in temperature or by the action of other
climatic forces on the soil material. To that extent,
climate influences changes in soils that are brought
about by differences in plant and animal populations.

Plant and animal life

Several kinds of living organisms are important in
soil development. The activities of burrowing animals,
worms, crayfish, and micro-organisms, for example,
are reflected in soil properties. Differences in the kind
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of vegetation commonly cause the most marked differ-
ences among soils (13).

The soils of Union County appear to have been in-
fluenced in recent times by two main types of vegeta-
tion: prairie grasses and trees. The main prairie grasses
were big and little bluestem. The trees were mainly
oak, hickory, ash, elm, and other deciduous trees.

Studies of the effects of vegetation on soils similar
to those in Union County have been made by Cardoso,?
McCracken,® White and Reicken (32).

Tall prairie grasses was the dominant vegetation
in Union County when the broad, nearly level to gently
rolling uplands were settled. Trees, near most major
streams and their major tributaries, occupied about
30,000 acres at the time of settlement.

Because grasses have many roots and tops that have
decayed on or in the soil, soils formed under prairie
vegetation typically have thicker, darker colored sur-
face layers than soils that formed under trees. Under
trees, the organic matter, derived principally from
leaves, was deposited mainly on the surface layer of
the soil, and soils that formed under trees generally
are more acid and have had more downward move-
ment of bases and clay minerals in their profiles.

The Sharpsburg and Macksburg are typical soils that
developed in loess under prairie vegetation. Shelby
soils developed in glacial till.

The Weller and Lindley soils developed under forest
vegetation. Weller soils developed in loess and Lindley
soils in glacial till. These soils have a thin, light colored
Al horizon, a prominent gray A2 horizon that is very
distinet when dry, and a B horizon that has stronger
structure and more evidence of the accumulation of
silicate clay than that in prairie soils.

Ladoga and Gara soils have properties intermediate
between those formed entirely under trees and those
formed under grass. It is believed that these soils
developed under prairie and that trees later encroached
on the areas because soil morphology reflects the in-
fluence of both trees and grass.

Relief

Relief, or lay of the land, ranges from nearly level
to very steep in Union County. It is an important
factor in soil formation because of its effect on drain-
age, runoff, the height of the water table, and erosion.
Difference in relief is the main reason for the differing
soil properties of some soils in the county.

Even though soils form in the same parent material,
the influence of relief is evident in the color, the thick-
ness of the solum, and the development of horizons.
The Sharpsburg, Sperry, Winterset, and Macksburg
soils, for example, all formed in loess under similar
vegetation, but at different topographic positions.
Sperry soils, which are very poorly drained, occur in
low places where water accumulates. Sharpsburg soils,
which are well drained to moderately well drained,
occur on slopes where some of the water runs off.

Water on soils either percolates downward or evap-

2CARDOSO, J. 1957. SEQUENCE RELATIONSHIPS OF CLARION,
LESTER, AND HAYDEN SoIL CATENAS. (Unpublished PhD thesis.
Iowa State University Library, Ames, Iowa)

® McCRACKEN, R. 1956. SoIL CLASSIFICATION IN PoLK COUNTY,
Iowa. (Unpublished PhD thesis. Iowa State University Library,
Ames, Iowa)
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orates. The water that percolates through soils removes
clay from the A horizon, and much of this clay ac-
cumulates in the B horizon. The Sperry soils in de-
pressions have accumulated more clay in the B horizon
than the sloping Sharpsburg soils, because more water
percolates through the profile. The content of clay in
the B horizon is generally greater in gently sloping
or level soils than in steep soils. This clay content is
progressively greater from Sharpsburg soils to Macks-
burg to Winterset to Sperry soils. The clay content in
Winterset and Sharpsburg soils has been reported in
detaiil by Ulrich (27, 28) and Hutton (7, 8) respec-
tively.

Relief affects the color of the B horizon through its
effect on drainage and soil aeration. The subsoil of a
soil that has good drainage generally is brown, because
oxidized iron compounds are well distributed through-
out the horizon. The subsoil of soils that have re-
stricted drainage is generally grayish in color and is
mottled. Sperry soils, which are in depressions, have
a grayish B horizon. The sloping Sharpsburg soils have
a brownish B horizon.

In soils like Shelby, which occur on a wide range of
slopes and landscapes, the depth to carbonates is
systematically less as the percent of slope increases,
and the slopes are more convex.

Slope affects runoff, which in turn affects the
amount of moisture available to plants. The lack of
moisture may have restricted the growth of plants on
some of the steeper Shelby and Sharpsburg soils. This
fact could account for differences in the thickness and
org,lfanic-matter content of the surface layer of these
soils,

Time

The passage of time enables the factors of relief,
climate, and plant and animal life to bring about
changes in the parent material. Similar kinds of soil
form in widely differing kinds of parent material if
other factors continue to operate over long periods of
time. Soil formation, however, generally is interrupted
by geologic events that expose new parent material.
In Union County new parent material has been added
to the upland at least three times.

The bedrock in Union County has been covered by
glacial drift from two different glaciers. Then, the
bresent surface material, the loess, was deposited. As
a result the soils have been buried, and further develop-
ment of those soils has stopped.

According to studies by R. V. Ruhe and others (20),
the Clarinda, Lamoni, Adair, and Keswick soils have
subsoil horizons that are the most weathered in the
county. These soils formed in Kansan till which began
to weather in Yarmouth and Sangamon times. Then
they were covered by loess. More recently the upper
part of this ancient subsoil was exposed to weathering
again when the loess was removed by erosion. Such
soils as Clarinda, Lamoni, Keswick, Adair, and Mystic
are referred to as paleosols. Even older are the beds of
limestone shale and sandstone, which lie below the
glacial till.

The radiocarbon technique for determining the age
of carbonaceous material found in loess and till has
been useful in dating soils formed partly in Wisconsin
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age (14, 15, 21). Loess deposition began about 25,000
years ago and continued to about 14,000 years ago (6).
Based on these dates, soil material in the surface of
nearly level loess mantled divides in Iowa is about
14,000 years old. Among the stable areas in Union
County are the nearly level and most of the gently
sloping divides occupied mainly by Winterset, Macks-
burg, and Sharpsburg soils. In much of Iowa, including
Union County, geologic erosion has beveled and, in
places, removed material on side slopes and deposited
new sediments downslope (21). The soil material on
the surfaces of nearly level upland divides is older than
that on the slopes that have been beveled and that
ascend to the divides. Thus, the side slopes are less
than 14,000 years old. The Shelby, Gara, and Lindley
soils in Union County are on side slopes.

The sediment stripped from side slopes accumulated
to form local alluvium. The age of soil materials on
side slopes is determined by the alluvial fill at the base
of slopes. Studies by Ruhe, Daniels, and Cady (21) in
neighboring Adair County indicate that the base of
the alluvial fill is about 6,800 years old. Daniels and
Jordan (5) found the alluvium in some stream valleys
in western Iowa to be less than 1,800 years old. Because
the sediments from the side slopes accumulated to form
the alluvium, the soil material on the surface of the
side slopes in these areas is as young or younger than
those dates. Among the soils formed in similar allu-
vium in Union County are Ely, Kennebec, Olmitz, Jud-
son, and Wabash soils. Nodaway soils also formed in
alluvium, some of which was deposited since settle-
ment by man.

Man’s Influence on the Soil

Important changes have taken place in the soils
since Union County was settled. Breaking the prairie
sod and clearing the timber removed and changed the
protective soil cover,

The most apparent changes are those caused by
water erosion. As the land was cultivated, the rate at
which water moved into the soil decreased and surface
runoff increased. This increased runoff resulted in ac-
celerated erosion, which has removed part or all of
the original surface layer from much of the cultivated
sloping land. In some places, shallow to deep gullies
have formed.

Erosion has changed not only the thickness of the
surface layer, but also the structure and consistence.
In most severely eroded areas, the plow layer is a mix-
ture of the original surface Iayer and material from
the upper part of the subsoil, which is less friable and
finer textured than the surface layer.

Erosion and cultivation also affect the soil by re-
ducing the organic-matter content and lowering the
fertility. Even in areas that are not subject to erosion,
compaction by heavy machinery reduces the thickness
of the surface layer and changes its structure. The
granular structure that is so apparent in virgin grass-
land breaks down under intensive cropping.

Man, however, can and has done much to increase
soil productivity, decrease soil loss, and reclaim areas
not suited to crops or pasture. Terraces, erosion control
structures, and other erosion control practices have
reduced and in some places controlled runoff and
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erosion. Diversions at the base of slopes and drainage
ditches have helped prevent flooding and deposition
and made large areas of bottom land suitable for culti-
vation. Deficiencies in plant nutrients have been cor-
r_ected through the use of commercial fertilizers and
lime, so that many soils are now more productive than
they were in the virgin state.

Erosion is one of the main causes of the reduction
of organic matter in soils. Figures indicate (25), how-
ever, that as much as one-third of the organic matter
can be lost through causes other than erosion. Manage-
ment practices have shown that it is not economically
feasible to maintain so high a reserve of organic mat-
ter as was originally present under native grasses. It
is necessary, however, to maintain a safe and econom-
ical level for crop production. On the soils lowest in
organic matter, maintaining this level is best done by
controlling the major cause of loss—erosion by water.

Classification of the Soils

Soils are classified so that we can more easily re-
member their significant characteristics. Classification
enables us to assemble knowledge about the soils, to
see their relationship to one another and to the whole
environment, and to develop principles that help us
understand their behavior and their response to ma-
nipulation. First through classification and then
through use of soil maps we can apply our knowledge of
soils to specific fields and other tracts of land.

Thus, in classification, soils are placed in narrow
categories that are used in detailed soil surveys so that
knowledge about the soils can be organized and applied
in managing farms, fields, and woodlands; in develop-
ing rural areas; in engineering work; and in many
other ways. They are placed in broad classes to facili-
tate study and comparison in large areas, such as
countries and continents.

The system currently used was adopted for general
use by the National Cooperative Soil Survey in 1965.
The current system is under continual study. There-
fore, readers interested in development of the current
system should search the latest literature available
(24, 29). In table 18, the soil series of Union County
are placed in some categories of the current system.

The current system of classification has six catego-
ries, Beginning with the broadest, these categories are
the order, suborder, great group, subgroup, family,
and series. In this system the criteria used as a basis
for classification are soil properties that are observable
and measureable, The properties are chosen, however,
so that the soils of similar genesis, or mode of origin,
are grouped together, Most of the classes of the current
system are briefly defined in the following paragraphs.

ORDER. Ten orders are recognized. They are Enti-
sols, Vertisols, Inceptisols, Aridisols, Mollisols, Spodo-
sols, Alfisols, Ultisols, Oxisols, and Histosols. The
properties used to differentiate among soil orders are
those that tend to give broad climatic groupings of
soils. Two exceptions, Entisols and Histosols, occur in
many different climates. Table 13 shows that the three
soil orders in Union County are Entisols, Mollisols,
and Alfisols.

Entisols are light colored soils that do not have
natural genetic horizons or that have only weakly
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TABLE 13.—Classification of the soils

Soil name Family or higher taxonomic class
Adair ________ Fine, montmorillonitic, mesic Aquic Argiudolls
Arispe _______ Fine, montmorillonitic, mesic Aquic Argiudolls
Armstrong -__| Fine, montmorillonitic, mesic Aquollic
Hapludalfs
Belinda —_—___ Fine, montmorillonitie, mesic Mollic Albaqualfs
Caleb ________ Fine-loamy, mixed, mesic Mollic Hapludalfs
Clarinda —_____ Fine, montmorillonitic, mesie, sloping Typic
Argiaquolls
Clearfield —____ Fine, montmorillonitic, mesie, sloping Typic
Haplaquolls
Colo ____.___ Fine-silty, mixed, mesic Cumulic Haplaquolls
Dickinson _____ Coarse-loamy, mixed, mesic Typic Hapludolls
Y = Fine-silty, mixed, mesic Cumulic Hapludolls
Gara _________ Fine-loamy, mixed, mesic Mollic Hapludalfs
Grundy - Fine, montmorillonitic, mesic Aquic
Argiudolls
Haig oo Fine, montmorillonitic, mesic Typic
Argiaquolls .
Humeston ____] Fine, montmorillonitic, mesic Argiaquic
Argialbolls
Judson Fine-silty, mixed, mesic Cumulic Hapludolls
Kennebec _ Fine-silty. mixed, mesic Cumulic Hapludolls
Keswick - Fine, montmorillonitic, mesic Aquic Hapludalfs
Ladoga —______| Fine, montmorillonitic, mesic Mollic
Hapludalfs
Lamoni —______ Fine, montmorillonitic, mesic Aquic
Argiudolls
Lindley ———____ Fine-loamy, mixed, mesic Typic Hapludalfs
Lineville _____ Fine-loamy, mixed, mesic Aquollic Hapludalfs
Macksburg —___| Fine, montmorillonitic, mesic Aquic Argiudolls
Mystic _______ Fine, montmorillonitic, mesic Aquollic
Hapludalfs
Nira e Fine-silty, mixed, mesic Typic Hapludolls
Nodaway —_-_ Fine-silty, mixed, nonacid, mesic Mollic
Udifluvents
Olmitz Fine-loamy, mixed, mesic Cumulic Hapludolls
Pershing ._.___ Fine, montmorillonitic, mesic Udollie
Ochraqualfs
Sharpsburg ___| Fine, montmorillonitic, mesic Typic Argiudolls
Shelby —______ Fine-loamy, mixed, mesic Typic Argiudolls
Sperry .- Fine, montmorillonitic, mesic Typic Argialbolls
Vesser ________ Fine-silty, mixed, mesic Argiaquic Argialbolls
Wabash ______ Fine, montmorillonitic, mesic Vertic
Haplaquolls
Weller?® _..___ Fine, montmorillonitic, mesic Aquic
Hapludalfs
Winterset —____ Fine, montmorillonitic, mesic Typic Argiaquolls

* These soils are taxadjunct to the Weller series.

expressed beginnings of such horizons. These soils do
not have traits that refleect soil mixing caused by
shrinking and swelling.

Mollisols formed under grass. They have a thick,
dark colored surface horizon containing colloids dom-
inated by divalent cations. The soil material has not
been mixed by shrinking and swelling,

Alfisols are mineral soils that contain horizons of
clay accumulation. Unlike Mollisols, they lack a thick,

~dark colored surface layer that contains colloids dom-
inated by divalent cations, but the base status of the
lower horizons is not extremely low.

SUBORDER. Each order is divided into suborders,
primarily on the basis of the characteristics that
seemed to produce classes that have the greatest ge-
netic similarity. The suborders narrow the broad cli-
matic range permitted in the orders. The soil properties
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used to separate suborders are mainly those that re-
flect either the presence or absence of waterlogging
gr soil differences resulting from the climate or vegeta-
ion,

GREAT GRoUP. Each suborder is divided into great
groups on basis of uniformity in the kinds and sequence
of major soil horizons and features. The horizons used
to make separations are those in which clay, iron, or
humus have accumulated or those that contain a pan
that interferes with the growth of roots or movement
of water. The features used are the self-mulching
properties of clay, the temperature, the major differ-
ences in chemical composition (mainly calcium, mag-
nesium, sodium, and potassium) and the like. The great
group is not shown separately in table 13 because it
is the last word in the name of the subgroup.

SUBGROUP. Each great group is divided into sub-
groups, one representing the central (typic) segment
of the group, and others, called intergrades, that have
properties of the group and also one or more properties
of another great group, suborder, or order. Subgroups
may also be made in those instances where soil proper-
ties intergrade outside of the range of any other great
group, suborder, or order. Each subgroup is identified
by the name of the great group preceded by one or
more adjectives.

FaMILy. Soil families are established within a sub-
group primarily on the basis of properties important
to the growth of plants or on the behavior of soils
when used for engineering. Among the properties con-
sidered are texture, mineralogy, reaction, soil tempera-
’Eure, permeability, thickness of horizons, and consis-
ence.

General Nature of the County

Union County was established in 1853. Creston is
the county seat. The first settlers, in 1846, were the
Mormons at Mt. Pisgah, just east of the Grand River.
Many people going west followed the trail established
by the Mormons on their way west to Salt Lake City.

Union County, in the bluegrass area of Iowa, was
celebrated as the bluegrass capital of the world. The
first Bluegrass Palace was constructed in 1889 and the
last in 1892.

Union County is in the south central part of Iowa.
It has an area of 272,000 acres. It is the fourth county
east of the Missouri River and the second county north
of the Missouri State line.

Creston, in the west central part of the county, is
about the highest elevation in the county. The popula-
tion in 1970 was 8,234. The population of Union
County in 1970 was 13,557. The rural population and
the population of the smaller towns are slowly de-
creasing. The population of Creston is increasing.

The county is primarily agricultural. Cattle, hogs,
and sheep are raised on many farms. Corn is the
principal grain crop. Soybeans, oats, hay, and pasture
are the other crops. Except for soybeans, they are
usually fed to livestock.

Topography
The original topography of the county, that of an
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upland plain, has been greatly modified by natural
erosion and the trenching of streams. The trenching
and landscape-shaping action of the larger streams
and tributaries were greatly influenced by the geologic
materials exposed below the original 1oess—mant[ed
plain. The remnants of this plain now occupy a serles
of stable, loess-mantled divides throughout the county.
These divides are less stable and more narrow in the
eastern part of the county.

The highest elevation in the county is on the county
line in the northwestern part of the county. The lowest
is near the stream channel of the Grand River at the
southeast corner.

The larger streams have formed valleys 100 to 250
feet below the upland plain. In many places, the south
and west slopes are typically abrupt and steep. The
valley north- and east-facing slopes are longer and less
steep. )

In the eastern part of the county, the topography is
characterized by narrow, unstable divides, steep valley
slopes, and nearly level bottom land and benches.

Most of the county, except along major streams,
has topography typical of southern Iowa. The side
slopes are rounded and uniform but range from gently
sloping to steep. The long tributary streams that cut
into thick deposits of glacial till extend far into the
uplands.

Drainage

Two major streams and their tributaries provide the
natural drainage of Union County. They are the Platte
River in the west and the Grand River in the east.
Runoff in the extreme northeast corner of the county
flows into the South River, then into the Des Moines
River, and eventually into the Mississippi. The north-
western part of the county is drained by tributaries
of the Nodaway River. )

Most of the natural drainage in the county flows into
the Missouri River through the Grand and Platte River
systems. .

The main streams and the intermittent drainage-
ways adequately drain most of the county. On some
of the more level interstream upland areas supple-
mental drainage is needed. Some of the wetter bottom
lands also require added drainage.

Farming

The following paragraphs explain the general nature
of farming in Union County. Unless otherwise stated,
information is from the 1971 edition of the Iowa
Annual Farm Census. )

Farm and farm tenure.—There were 865 farms in
Union County in 1971, a total of 262,137 acres. The
average farm was 303 acres. About 60 percent of the
farms were owner operated. The trend is toward larger
farms and fewer operators.

Crops and pastures.—In 1971, about 110,269 acres
was cropland. Of this, 49,206 acres was in corn, 20,586
acres in soybeans, 27,478 acres in hay, and about
13,000 acres in small grain. )

Row crops are usually grown in rotation with hay
and pasture, but on the more level land, row crops are
grown nearly every year.
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In 1971, approximately 115,000 acres was pasture.
Much of this acreage is improved pasture that is seeded
to mixtures of grasses and legumes. Some pastures are
in bluegrass. Most of the woodland is also grazed.

Livestock.—Raising and feeding beef cattle and hogs
is the major enterprise in Union County. Approxi-
mately 8,331 grain-fed cattle and 80,553 hogs were
marketed in 1971. There were 21,477 beef cattle, 731
dairy cows, and 12,447 sows farrowed. There were
2,465 lambs born and 1,814 grain-fed sheep and lambs
marketed. Laying hens numbered 13,545.

The number of beef cattle has increased since 1961.
The number of grain-fed cattle has decreased slightly
along with the number of sows farrowed. The number
of laying hens has decreased from 77,034 in 1961 to
13,545 in 1971. Dairy cows have also decreased from
3,612 to 731 during the same period.

Climate*

Union County is in the western part of south central
Iowa. The records at Creston are representative of the
rest of the county. Data on temperature and precipita-
tion are listed in tables 14 and 15.

Annual precipitation ranges from about 30.4 inches
in the west to 31.5 inches in the east. The greatest part
of this difference occurs during the warm season.
Average monthly values and the extreme values to be
expected for a month, 1 year in 10, are given in table
14. June is the wettest month, and August is the second
wettest. From 1951 to 1960, Creston averaged 20 days
per year with half an inch or more of rainfall and 55
days with 0.10 or more.

About 75 percent of the warm-season rainfall occurs
as showers that vary widely across the county and are
sometimes heavy enough to cause erosion problems.
Cool-season precipitation seldom falls as showers. The
probability of receiving an inch or more of rainfall in a
1-week period is about 4 years out of 10 in June, and
decreases to between 2 and 3 years out of 10 in July
and August. Well developed crops use over an inch of
water per week.

On an average of 33 days per year in Union County,
the maximum temperature is equal to or greater than
90° F. Such temperatures are too high for optimum
crop production. Minimum temperatures vary. Low
areas have minimum temperatures lower than urban
or upland areas on clear, calm nights.

The monthly temperature is listed in table 14. Prob-
abilities of freezing temperatures in the spring and fall
are listed in table 15. The average date of the last 32°
in spring is April 80. The first in fall is October 12.
The average growing season is 165 days.

For good crop production, warm-season rainfall and
a moisture reserve in the subsoil in spring are needed.
On April 15, the average moisture reserve in this area
is about 7 inches. The chance of having less than 5
inches is about 30 percent. A reserve of 7 to 8 inches
in spring is considered adequate. A level of 5 inches is
considered critically low. In years when the reserve is
5 inches or less, better than normal warm-season rain-
fall is needed if average crop yields are to be obtained.

* Prepared by ROBERT H. SHAW, climatologist, Iowa State
University.
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TABLE 14.—Temperature and precipitation
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Temperature Precipitation
1 year in 10 will have— Number Average
Month Average Average A‘gex,;%’%e ﬁgiﬁfe Average days with depth of
daily daily rﬁli ;h e sg’ low esty montl’ily L M sni)vg over dsnow q{;lh
maximum | minimum : o tota €ss ore .0in. ays wi
maximum | minmum than— than— or more Snow cover
°F °p °F °F In In In In
January .. 32 13 52 —-14 1.0 0.3 1.7 18 4
February __..__ 36 16 56 -6 0.8 0.1 2.0 13 4
March —________ 46 26 71 4 1.9 0.6 4.5 6 6
April 62 38 83 22 2.7 1.2 5.4 1 2
AY e 73 50 87 33 3.9 2.2 6.4
June ___ . _ 82 60 93 45 4.8 2.5 8.6
July oo __ 88 64 96 52 2.6 1.0 6.8 ——
August —_______ 85 62 95 48 4.5 1.2 8.5 —
September —.____ 78 53 90 35 3.4 1.0 7.9
October ________ 66 42 83 28 2.0 0.1 4.1
November ______ 49 28 69 8 1.8 0.2 2.9 3 3
December _.__.__ 37 19 58 ~5 1.0 0.2 2.3 9 3
Year —_.____ 61 39 97 -16 30.4 24,6 40.0 50 4
TABLE 15.—Probabilities of last freezing temperatures in spring and first in fall
[Creston, Union County]
Dates for given probability and temperature
Probability
16 °F 20 °F 24 °F 28 °F 32 °F
or lower or lower or lower or lower or lower
Spring:
1 year in 10 later than Apr. 7 Apr. 17 Apr. 25 May 1 May 15
2 years in 10 later than Apr. 1 Apr. 11 Apr. 20 Apr. 26 May 10
5 years in 10 later than Mar. 22 Mar. 31 Apr. 9 Apr. 16 Apr. 30
Fall:
1 year in 10 earlier than Oct. 28 Oct. 19 Oct. 11 Oct. 4 Sept. 27
2 years in 10 earlier than Nov. 2 Oct. 24 Oct. 17 Oct. 9 Oct. 2
5 years in 10 earlier than Nov. 138 Nov. 4 Oct. 28 Oct. 20 Oct. 12
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Glossary

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

Alluvium, local. Soil material that has been moved a short dis-
tance and deposited at the base of slopes and along small
drainageways. It includes the poorly sorted material near the
base of slopes that has been moved by gravity, frost action,
soil creep, and local wash.

Area reclaim. An area difficult to reclaim after the removal of
soil or construction and other uses. Revegetation and erosion
control are extremely difficult.

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

Inches
Very low ________ 0Oto3
Low 3to 6
Moderate 6to9
High More than 9
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Bench terrace. A raised, level or nearly level strip of earth con-
structed on or nearly on a contour, supported by a barrier of
rocks or similar material, and designed to make the soil
suitable for tillage and to prevent accelerated erosion.

Bottom land. The normal flood plain of a stream, subject to fre-
quent flooding.

Bottoms, first. The normal flood plain of a stream; land along
the stream subject to overflow.

Bottoms, second. An old alluvial plain, generally flat or smooth,
that borders a stream but is seldom flooded.

Calcareous soil. A soil containing enough calcium carbonate
(commonly with magnesium carbonate) to effervesce (fizz)
visibly when treated with cold, dilute hydrochloric acid. A
soil having measurable amounts of calcium carbonate or
magnesium carbonate.

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 per-
cent sand, and less than 40 percent silt.

Complex slope. Irregular or variable slope. Planning or con-
structing terraces, diversions, and other water-control mea-
sures is difficult.

Com{)ressible. Excessive decrease in volume of soft soil under
oad.

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 pressure between
t%lllmb and forefinger, but resistance is distinctly notice-
able,

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.

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

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

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

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

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

Somewhat poorly drained—Water is removed slowly enough
that the soil is wet for significant periods during the
growing season. Wetness markedly restricts the growth
of mesophytic crops unless artificial drainage is provided.
Somewhat poorly drained soils commonly have a slowly
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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 re-
mains wet for long periods. Free water is commonly at
or near the surface for long enough during the growing
season that most mesophytic crops cannot be grown unless
the soil is artificially drained. The soil is not continuously
saturated in layers directly below plow depth. Poor drain-
age results 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 commonly level or depressed and
are frequently ponded. Yet, where rainfall is high and
nearly continuous, they can have moderate or high slope
gradients, as for example in “hillpeats” and ‘“climatic
moors.”

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

Erosion (geologic). Erosion caused by geologic processes
acting over long geologic periods and resulting in the
wearing away of mountains and the building up of such
landscape features as flood plains and coastal plains.

ynonym: natural erosion.

Erosion (accelerated). Erosion much more rapid than geologic
erosion, mainly as a result of the activities of man or
other animals or of a catastrophe in nature, for example,
fire, that exposes a bare surface.

Excess fines. Excess silt and clay. The soil does not provide a
source of gravel or sand for construction purposes.

Flood plain. A nearly level alluvial plain that borders a stream
and is subject to flooding unless protected artificially.
Frost action. Freezing and thawing of soil moisture. Frost ac-

tion can damage structures and plant roots.

Glacial drift (geology). Pulverized and other rock material
trans(}i)orted by glacial ice and then deposited. Also the as-
sorted and unassorted material deposited by streams flowing
from glaciers.

Glacial outwash (geology). Gravel, sand, and silt, commonly
stratified, deposited by melt water as it flows from glacial

ice.

Glacial till (geology). Unassorted, nonstratified glacial drift
consisting of clay, silt, sand, and boulders transported and
deposited by glacial ice.

Gleyed soil. A soil having one or more neutral gray horizons as
a result of waterlogging and lack of oxygen. The term
“gleyed” also designates gray horizons and horizons having
yellow and gray mottles as a result of intermittent water-
logging.

Horizon, soil. A layer of soil, approximately parallel to the sur-
face, having distinet characteristics’ produced by soil-
forming processes. The major horizons of mineral soil are
as follows:

O horizon.—An organic layer, fresh and decaying plant resi-
due, at the surface of a mineral soil.

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

A2 horizon.—A mineral horizon, mainly a residual concentra-
tion of sand and silt high in content of resistant minerals
as a result of the loss of silicate clay, iron, alumnium,
or a combination of these.

B horizon.—The mineral horizon below an A horizon. The
B horizon is in part a layer of change from the overlying
A to the underlying C horizon. The B horizon also has dis-
tinctive characteristics caused (1) by accumulation of
clay, sesquioxides, humus, or a combination of these; (2)
by prismatic or block structure; (3) by redder or browner
colors than those in the A horizon; or (4) by a combina-
tion of these. The combined A and B horizons are gener-
ally called the solum, or true soil. If a soil lacks a B
horizon, the A horizon alone is the solum.

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

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

Interfluve. The land between two adjacent streams flowing in
the same general direction.

Leaching. The removal of soluble material from soil or other
material by percolating water.

Loess. Fine granulated material, dominantly of silt-sized par-
ticles, deposited by wind.

Low strength. Inadequate strength for supporting loads.

Mottling, soil. Irregular spots of different colors that vary in
number and size. Mottling generally indicates poor aeration
and impeded drainage. Descriptive terms are as follows:
abundance—few, common, and many; size—fine, medium,
and coarse; and contrast—faint, distinet, and prominent.
The size measurements are of the diameter along the great-
est dimension. Fine indicates less than 5 millimeters (about
0.2 inch); medium, from 5 to 15 millimeters (about 0.2 to
Q.Ghi)nch); and coarse, more than 15 millimeters (about 0.6
inch).

Paleosol. An antiquated soil that was formed during the geo-
logic past and was buried and preserved by more recent
sedimentation. This kind of buried soil is often re-exposed
on the modern surface by subsequent erosion. It then
occurs within the continuum of soils on the modern surface
and is called an Exhumed paleosol.

Parent material. The great variety of unconsolidated organic
and mineral material in which soil forms. Consolidated bed-
rock is not yet parent material by this concept.

Ped. An individual natural soil aggregate, such as a granule, a
prism, or a block.

Percolation. The downward movement of water through the soil.

“Percs slowly. The slow movement of water through the soil ad-

versely affecting the specified use.

Permeability. The quality that enables the soil to transmit water
or air, measured as the number of inches per hour that
water moves through the soil. Terms describing perme-
ability are very slow (less than 0.06 inch), slow (0.06 to 0.20
inch), moderately slow (0.2 to 0.6 inch), moderate (0.6 to 2.0
inches), moderately rapid (2.0 to 6.0 inches), rapid (6.0 to
20 inches), and very rapid (more than 20 inches).

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

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

pH pH
Extremely acid ___Below4.5 Neutral ____________ 6.6 to 7.3
Very strongly acid 4.5t05.0 Mildly alkaline _____7.4to 7.8
Strongly acid —__.. 5.1to 5.5 Moderately alkaline _7.9 to 8.4
Medium acid _____ 5.6t0 6.0 Strongly alkaline ___8.5t09.0
Slightly acid ______ 6.1t0 6.5 Very strongly

alkaline _____ 9.1 and higher

Relief. The elevations or inequalities of a land surface, consid-
ered collectively.

Sand. As a soil separate, individual rock or mineral fragments
from 0.05 millimeter to 2.0 millimeters in diameter. 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.

Series, soil. A group of soils, formed from a particular type of
parent material, having horizons that, except for the tex-
ture of the A or surface horizon, are similar in all profile
characteristics and in arrangement in the soil profile.
Among these characteristics are color, texture, structure,
reaction, consistence, and mineralogical and chemical com-
position,

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 dam-
age 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.

Selum, The upper part of a soil profile, above the C horizon, in
which the processes of soil formation are active. The solum
in mature soil consists of the A and B horizons. Generally,
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the characteristics of the material in these horizons are
unlike those of the underlying material. The living roots
and other plant and animal life characteristics of the soil
are largely confined to the solum.

Structure, soil. The arrangement of primary soil particles into
compound particles or aggregates that are separated from
adjoining aggregates. The principal forms of soil structure
are—platy (laminated), prismatic (vertical axis of ag-
gregates longer than horizontal), columnar (prisms with
rounded tops), blocky (angular or subangular), and granu-
lar. Structureless soils are either single grained (each grain
by itself, as in dune sand) or massive (the particles adher-
ing without any regular cleavage, as in many hardpans).

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

Substratum. The part of the soil below the solum.

Surface soil. The soil ordinarily moved in tillage, or its equiva-
lent 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.”

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 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 un-
dulating, bordering a river, a lake, or the sea. A stream
terrace is frequently called a second bottom, in contrast
with a flood plain, and is seldom subject to overflow. A
marine terrace, generally wide, was deposited by the sea.
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Texture, soil. The relative proportions of sand, silt, and clay
particles in a mass of soil. The basic textural classes, in
order of increasing proportion of fine particles, are sand,
loamy sand, sandy loam, loam, silt, 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
fiurther divided by specifying “coarse,” “fine,” or “very

ne.”

Thin layer. Otherwise suitable soil material too thin for the
specified use.

Tilth, soil. The condition of the soil, especially the soil struc-
ture, as related to the growth of plants. Good tilth refers
to the friable state and is associated with high noncapillary
porosity and stable structure. A soil in poor tilth is non-
friable, hard, nonaggregated, and difficult to till.

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, artesian. A water table under hydrostatic head,
generally beneath an impermeable layer. When this layer
is penetrated, the water level rises in an uncased borehole.

Water table, perched. A water table standing above an unsat-
urated zone. In places an upper, or perched, water table is
separated from a lower one by a dry zone.
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