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Major fieldwork for this soil survey was done in the period 1958-1962. Soil names and

descriptions were approved in 1966. Unless otherwise indicated, statements in the publica-

tion refer to conditions in the county in 1966. This survey was made cooperatively by the

Soil Conservation Service and the Iowa Agricultural Experiment Station; it is part of

the technical assistance furnished by the Soil Conservation Service to the Cass County
Soil and Water Conservation District.

HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY of Cass County

contains information that can be ap-
plied in managing farms and woodlands;
in selecting sites for roads, ponds, build-
ings, or other structures; and in appraising
the value of tracts of land for agriculture,
industry, or recreation.

Locating Soils

All of the soils of Cass 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 numbered 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
symbol 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 “Guide to Mapping Units” can be
used to find information in the survey.
This guide lists all of the soils of the
county in alphabetic order by map symbol.
It shows the page where each kind of soil
is described, and also the page for the ca-
pability unit, or for any other group In
which the soil has been placed.

Individual colored maps showing the
relative suitability or limitations of soils
for many specific purposes can be devel-
oped by using the soil map and informa-

tion in the text. 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 example, soils
that have a slight limitation for a given
use can be colored green, those with a
moderate limitation can be colored yellow,
and those with a severe limitation can be
colored red.

Farmers and those who work with farm-
ers can learn about use and management
of the soils in the section that describes
the soils and in the section that discusses
management of the soils for cultivated
crops and pasture. Then they can refer to
the section “Woodland” for a brief dis-
cussion of the extent and types of wood-
land in the county, and the kinds of trees
suitable for planting.

Game managers, sportsmen, and others
concerned with wildlife will find informa-
tion about soils and wildlife in the section
“Wildlife.”

Engineers and builders will find under
“Engineering Properties of Soils” tables
that give engineering descriptions 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 Soils.”

Newcomers in Cass County will be
especially interested in the section “(Gen-
eral Soil Map,” where broad patterns of
soils are described. They may also be in-
terested in the section “General Nature of
the County,” which gives additional infor-
mation about the county.

For sale by the Superintendent of Documents, U.8. Government Printing Office
Washington, D.C. 20402
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UNITED STATES DEPARTMENT OF AGRICULTURE, SOIL CONSERVATION SERVICE, IN COOPERATION WITH THE
IOWA AGRICULTURAL EXPERIMENT STATION

Cass County is in the southwestern part of Towa (fig.
1). It has a total land area of 559 square miles, or 357,760
acres. Atlantic, the county seat, is 75 miles west of Des
Moines, the State capital, and 45 miles northeast of Council
Bluffs.

Most of the acreage in the county is in farms. Corn, soy-
heans, oats, hay, and pasture are the main crops, and corn
is the principal grain crop. Most of the grain and forage
that is grown on the farms is fed to the hogs and beef
cattle that are raised in the county.

Most of the soils in Cass County formed under prairie
and are dark colored and fertile. The climate is subhumid
and continental. Winters are cold, summers are warm, and
the growing season is long enough for the crops grown mn
the county to mature.

How This Survey Was Made

Soil scientists made this survey to learn what kinds of
soils are in Cass County, where they are located, and how
they can be used.

They went into the county knowing they likely would
find many soils they had already seen, and perhaps some
they had not. As they traveled over the county, they ob-
served steepness, length, and shape of slopes; kinds of
native plants or crops; kinds of rock; and many facts about
the soils. They dug or bored many holes to expose soil
profiles. A profile is the sequence of natural layers, or hori-
ZONS, n a SDi]; it extends from the surface down to the
rock material that has not been changed much by leaching
or by roots of plants.

The so1l scientists made L'ﬂl]’lp:ll‘iSﬂIlS among ﬂ‘ll?l‘- p[‘DﬁlES
they studied, and they compared these profiles with those
in counties nearby and in places more distant. They classi-
fied and named the soils according to nationwide uniform
procedures. To use this survey efficiently, it 18 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

' Survey prepared under the general direction of W. J. B. BOAT-
MAN, now deceased. and Lacy Harmon, State soil scientists, Soil
Conservation Service, and F. F. RIECKEN, professor of soils, Iowa
Agricultural Experimental Station.
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Figure 1.—Location of Cass County in Iowa.

the soils of one series have major horizons that are similar
in thickness, arrangement, and other important character-
istics. Each soill series is named for a town or other geo-
graphic feature near the place where a soil of that series
was first observed and mapped. Marshall and Shelby, for
example, are the names of two soil series. All the soils in
the United States having the same series name are essen-
tially 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 of the same
texture belong to one soil type. Wabash silty clay and
Wa:bnsh silty elay loam are two soil types in the Wabash
series. The difference in texture of their surface layer is
apparent from their names.

Some soil types vary so much in slope, degree of erosion,
number and size of stones, or some other feature affecting
their use, that practical suggestions about their 111:11121{-,’“;:i
ment could not be made if they were shown on the soil
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, Marshall silty clay loam,

1
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0 to 2 percent slopes, is one of several phases of Marshall
silty clay loam, a soil type that ranges from nearly level
to moderately steep. .
After a fairly detailed guide for classifying and naming
tle soils had been worked out, the soil scientists drew soil
boundaries on aerial photographs. They used photographs
for their base map because they show woodlands, build-

ings, field borders, trees, and similar details that greatly

help in drawing boundaries accurately. The soil map in
the back of this survey was prepared from the aerial
photographs. ‘

The areas shown on a soil map are called mappmg
units. On most maps detailed enough to be useful in plan-
ning management of farms and fields, a mapping unit 1s
nearly equivalent to a soil type or a phase of a soil type.
It is not exactly equivalent, because 1t 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 mixed, and so small in size, that 1t 1s
not practical to show them separately on the map. There-
fore, he shows this mixture of soils as one mapping unit
and ecalls it a soil complex. Ordinarily a soil complex 1s
named for the major soil series in it, for example, Judson-
Colo complex, 2 to 5 percent slopes. The soil scientist may
also show as one mapping unit two or more soils that have
differences not significant enough to make it practical to
show them separately on the map. Such a mapping unit
is called an undifferentiated soil group. An example 1s
Adair and Shelby soils, 9 to 14 percent slopes, severely
eroded.

Most. surveys also include areas where the soil material
is so rocky, so shallow, or so frequently worked by wind
and water that it cannot be classified by soil series. These
areas are shown on the map like other mapping units, but
they are given descriptive names, such as Alluvial land or
Marsh, and are called land types.

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 soils in other places are assembled. Data on yields of
crops under defined practices are assembled from farm
records and from field or plot experiments on the same
kinds of soils. Yields under defined management are esti-
mated 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 imformation then needs to be orga-
nized in a way that it is readily useful to different groups
of readers, among them farmers, ranchers, managers of
woodland, engineers, and homeowners. Grouping soils that
are similar in suitability for each specified use is the
method of organization commonly used in the soil surveys.
On the basis of yield and practice tables and other data,
the soil scientists set up trial groups, and then test them
by further study and by consultation with farmers, agron-
omists, engineers, and others. Then the scientists adjust
the groups according to the results of their studies and
consultation. Thus the groups that are finally evolved
reflect up-to-date knowledge of the soils and their behayv-

ior under present methods of use and management.

SURVEY

General Soil Map

The general soil map at the back of this survey shows,
in color, the soil associations in Cass County. A soil asso-
ciation 1s 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.

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 a certain
kind of farming or other land use. Such a map is not suit-
able for planning the management of a farm or field,
because the soils in any one association ordinarily differ
in slope, depth, stoniness, drainage, and other character-
istics that atfect management.

The soil associations in Cass County are deseribed in
the pages that follow. Associations 1 through 5 are in the
uplands, and associations 6 and 7 are along the rivers and
smaller streams. Most of the soils of the uplands formed
in loess or glacial till. Soils of association 6 formed in
alluvium on boftom lands, and those in association 7
formed in alluvium or in windblown silt on low stream
benches or second bottoms.

1. Marshall Association
Mostly nearly level to moderately sloping, well-drained.

soils on uplands

This association consists mainly of nearly level to mod-
erately sloping, well-drained soils on broad ridgetops
and generally smooth side slopes. It includes gently slop-
ing soils in drainageways and strongly sloping to moder-
ately steep soils on side slopes. This association malkes up
about 20 percent of the county. A representative area 1s
eu.stTOf Atlantic near the junction of U.S. Highways 6
and 71.

Marshall soils are dominant in this association, but
minor areas of Shelby and Adair soils, of Judson-Colo
complex, 2 to 5 percent slopes, and of Ladoga soils also
occur. Marshall soils make up about 90 percent of the asso-
ciation; Shelby and Adair soils, about 2 percent; and
the other minor soils, the remaining 8 percent.

The Marshall soils formed in loess under prairie grasses. |
They occupy all of the nearly level to moderately sloping |
areas on the ridgetops and most of the strongly sloping
to moderately steep areas on the side slopes. These solls are
deep, dark-colored silty clay loams that have good water-
holding capacity and are easy to work. They are well |
suited to all crops commonly grown in the county, though |
some moderately steep or severely eroded areas are bet- !
ter suited to pasture than to row crops. Marshall so}ls are |
among the most productive and desirable r‘foilﬂ in the ;
county for farming. Response to management 1s good, and
productivity is fairly easy to maintain. Farming on the -
contour and terracing will help to control loss of soil and |
water through erosion. :

The minor Shelby and Adair soils occupy small areas
cenerally below areas of Marshall soils. T hese soils are not
o well drained as the Marshall soils, arve lower in organic-

matter content, and have seep spots in places. They gen- |

o
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erally are farmed along with the Marshall soils, but they
are not so well suited to row crops.

Judson-Colo complex, 2 to 5 percent slopes, occupies
areas in some of the drainageways. Judson soils are well
drained or moderately well dramed, and Colo soils are
poorly drained. These soils, which formed in local al-
fuvium, have good moisture holding capacity. They can be
eropped fairly intensively, but they require tiling or sur-
face drainage and protection from excessive runoft from
nearby slopes. Ladoga soils formed under grasses and trees.
Their acreage is small.

A large part of the soils on the farms in this association
is good for crops. The tarmers oenerally grow grain and
other crops and raise beef cattle and hogs. Much of the
orain is fed to the livestock.

The soils of this association generally are highly fertile,
but nitrogen and phosphate fertilizers are needed if row
crops are grown intensively. Most of the soils are slightly
aeid or medium acid and require lime. The soils on the
broad, nearly level ridgetops are likely to be more acid
than those in other parts of the association.

9. Marshall-Shelby-Adair Association

Mostly moderately sloping to steep, well-drained to some-
what poorly drained soils on uplands

The soils in this association are mainly on ridgetops and
side slopes, though some areas are in drainageways. They
are mostly moderately sloping to steep but range from
nearly level to very steep. These soils make up about 26

percent of the county. A typical area is south of Atlantic
near the junction of Iowa Highway 414 and U S, Highway
Tl

Dominant in this association are the Marshall, Shelby,
and Adair soils, Marshall soils make up about 60 percent
of the association? Shelby and Adair soils, about 20 per-
cent: and the minor soils, about 20 percent. Minor areas
consist of Judson-Colo complex, 2 to 5 percent slopes, and
of Ladoga and Clarinda soils.

The Marshall soils are on the ridgetops, on the shoulders
of slopes, and in places on the entire side of a slope. Adair
soils occupy narrow areas on the middle part of side slopes,
in coves at the heads of drainageways, and in places on the
tops of extended ridges. Shelby soils generally are on the
lower part of side slopes, and in the most strongly dissected
areas, occupy the entire side of slopes. In many places areas
of Shelby and Adair soils are intermingled in a complex
pattern. Small areas of Judson-Colo complex, 2 to 5 per-
cent slopes, are in the drainageways. The relationship of
the soils to the landscape and to the parent material 1s
shown in figure 2.

Marshall soils in this association range from nearly level
to steep but are mostly moderately sloping or steeper. They
ave the most productive soils in this association. Use and
management generally are the same as for the Marshall
soils in association 1.

Shelby and Adair soils are strongly sloping to very
steep. Shelby soils are well drained to moderately well
drained. In uneroded areas their surface layer is dark
colored and their subsoil is yellowish-brown clay loam.

Figure 2.—Relationship of the soils in association 2 to the landscape and to the parent material



4 SOIL SURVEY

The Shelby soils are less productive of row crops than the
Marshall soils. Adair soils have a finer textured subsoil
than have the Shelby soils. They are wet and seepy 1 many
places in wet seasons, are somewhat poorly drained, and
generally are more difficult to work than the Marshall and
Shelby soils. Adair soils are poorly suited to cultivated
crops. They are better suited to permanent pasture or to
rotation hay and pasture than to row crops.

Of the minor soils, the Ladoga formed under grasses
and trees in loess and oceupy positions similar to those
occupied by the Marshall soils. The Clarinda soils, which
occupy positions similar to those occupied by the Adair
soils, are clayey. They are seepy and wet in many places.

Most of the soils on farms in this association are suited
to cultivated crops. The farmers generally raise livestock
and grow grain. Raising cattle for beef is fairly extensive,
and some areas of Shelby soils are in permanent pasture.

Terracing and contour farming are needed on the
Marshall soils to prevent erosion and keep gullies from
forming downslope in the Shelby and Adair soils. Man-
agement for the Judson-Colo complex 1s like that given for
this complex in association 1.

The Shelby and Adair soils are less fertile than the
Marshall soils and require nitrogen and phosphate. They
also are typically more acid than the Marshall soils and
require more lime.

3. Sharpsburg Association

Nearly level to steep, well drained or moderately well
drained soils on uplands

This association consists mainly of nearly level to mod-
erately sloping soils on ridgetops and narrow divides. It
also includes strongly sloping to steep soils on side slopes
that grade to gently sloping soils in drainageways. The
soils make up about 11 percent of the county. A represent-
ative area 1s about 4 miles south of Anita along Towa
Highway 148.

Sharpsburg soils are dominant in this association,
though minor areas of Ladoga soils and of Judson-Colo
complex, 2 to 5 percent slopes, also occur. About 90 percent
of the area consists of level to moderately sloping Sharps-
burg soils. The remaining 10 percent consists chiefly of
strongly sloping to steep Sharpsburg soils, though a small
part 1s made up of minor soils.

The Sharpsburg soils formed in loess under prairie
grasses. They are dark-colored, deep silty clay loams. These
solls are well drained to moderately well drained and are
mottled slightly higher in the subsoil than are the Marshall
soils. Sharpsburg soils are on the ridgetops and divides
and on side slopes above gently sloping soils of the Judson-
Colo complex in drainageways. Within areas of the
Sharpsburg soils are small areas of Ladoga soils.

Most of this association is used for general farm crops,
though some 1s kept in permanent pasture. The Ladoga
soils are farmed in the same way as the surroundinge
Sharpsburg soils. Grain and livestock are the main prodb-
ucts, and much of the grain is fed to fatten livestock for
market. -

Except 1n eroded or steep areas, row Crops are grown
in crop rotation on most of the soils. The soils cgenerally
are easy to till but are likely to become hard and cloddy
if cultivated when wet. If management is good, yields
are favorable on most of the soils. If row crops are grown

on the sloping soils, terracing and contour tillage are
needed for controlling erosion and conserving moisture.

The fertility of the Sharpsburg soils is fairly high,
but in intensively cropped areas mitrogen and phosphate
fertilizer and barnyard manure are needed. Eime also
generally is needed.

4. Sharpsburg-Shelby-Adair Association

Mostly gently sloping to st;'a?z, well-drained to somewhat
poorly drained soils onwuplands

The soils in this association are mainly on ridgetops
and divides or on side slopes, though a few areas are in
drainageways. They are mostly gently sloping to steep
and are well drained to somewhat poorl grained. This
association makes up about 8 percent oi%y the county. A
representative area surrounds the town of Massena.

Dominant in this association are the Sharpsburg,
Shelby, and Adair soils. Sharpsburg soils make up about
60 percent of the association; Shelby and Adair soils,
about 20 percent; and the minor soils, about 20 percent.
Minor areas consist of Judson-Colo complex, 2 to 5 percent
slopes, and of Clarinda and Ladoga soils.

The Sharpsburg soils are on the ridgetops and divides
or on the upper part of side slopes, and Shelby and Adair
soils are on the lower part of side slopes. Small areas of
Judson-Colo complex, 2 to 5 percent slopes, are in the
drainageways. Clarinda soils are mostly on the lower part
of slopes or occupy many of the wet, seepy coves. Ladoga
soils generally are on the upper part of side slopes. The
relationship of the soils to the langscape and to the parent
material are shown in figure 3.

The Shelby and Adair soils, and the minor Clarinda
soils, are mostly strongly sloping to steep. The Shelby
soils are easier to work than are the Adair and Clarinda
soils, and crops on them respond better. In places, how-
ever, they are intermingled with Adair and Clarinda soils
and cannot be cultivated separately.

Adair and Clarinda soils have high moisture-holding
capacity and low fertility. They are hard when dry. Their
subsoil is sticky when wet and in places is exposed. These
soils also generally are eroded and are difficult to till.

Judson-Colo complex, 2 to 5 percent slopes, generally
is not ecropped intensively. In most areas surface drains or
tile drains are needed to reduce wetness.

Part of this association is in permanent pasture be-
cause the areas are steep and consist mostly of soils on
glacial till that are not well suited to row crops. Only
when reseeding or renovating pastures or meadows are
some of the areas used for row crops. Nearly all of the
Sharpsburg and Ladoga soils are used for cultivated crops.
In this association grain and livestock are the main prod-
ucts.

All of the soils in this association need nitrogen and
phosphate fertilizer. Most of the soils also require lime.

5. Shelby-Adair Association
Mostly strongly sloping to steep, well-drained to some-

what poorly drained soils on uplands
The soils in this association are mostly in strongly slop-

Ing to steep, fairly dissected areas and are well drained to
somewhat poorly drained. This association makes up
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Figure 3—Relationship of the soils in association 4 to the landscape and to the parent material.

about. 21 percent of the county. A typical area 1s just
across Turkey Creek, south of Anita. : % 9

Shelby and Adair soils are dominant In this association,
though minor areas of other solls occur. The Shelby and
Adair soils and the minor Clarinda soils make up about
60 percent of the association. Small areas of Marshall and
Sharpsburg soils, of Judson-Colo complex, 2 to 5 percent
slopes, and of the less tﬁxtensv_:eiKennebec, Ladoga, and
Nodaway soils occupy the remaining 40 percent.

The Shelby and Adair soils and the ( larinda solls are
on the lower part of slopes on olacial till. These solls are
used mainly for hay and pasture, though trees grow in thin
stands in some places. They are not suited to row crops,
because their fertility is low and they are diffienlt to till.

The gently sloping to moderately sloping Ladoga,
Marshall, and Sharpsburg soils formed in loess on ridge-
tops just above the Shelby and Adair soils and the Clar-
inda soils. They are well suited to cultivated crops but
require good management to keep soil losses within allow-
able limits. : :

The Colo and Judson soils are 1n Narrow drainageways,
and the Kennebec, Nodaway, and Zook soils are on narrow
bottom lands. All of these soils occupy areas just below
Shelby and Adair soils and the (larinda soils and are

highly productive. : R e N
Most of the farming in this association 1s_divers1ﬁed.
Grain and livestock raised for beef are the main _pmducts,
though the areas are also suited to dairy farming. Mo‘st
of the grain is fed to the livestock, and additional grain
would need to be purchased to increase beef production
unless the farms were enlarged.

Addifions of nitrogen and phosphate are beneficial for

hay and pasture crops, as well as for cultivated crops.
Most of the soils are acid and require lime.

6. Nodaway-Zook-Colo Association

Nearly level, moderately well drained to poorly drained
soils on bottom lands

The soils in this association are nearly level and are
mostly on bottom lands, though small areas are on low
benches, They are mnde.rn,tely well drained to poorly
drained. This association occupies 10 percent of the county.
A typical area is northwest of Atlantic along the Kast
Nishnabotna River.

Nodaway, Zook, and Colo soils are dominant in this as-
sociation, but minor areas of Kennebec and Wabash soils
also occur. Nodaway soils make up about 30 percent of the
association ; Zook soils, about 20 percent; Colo soils, about
20 percent ; and the minor soils, the remaining 30 percent.

The Nodaway soils are near stream channels throughout
the county. They are moderately dark colored to light
colored and are medium textured. They are somewhat
poorly drained to moderately well drained and can be used
intensively for crops. The content of organic matter 18
moderately low, but the soils are easy to work and respond
well to good management. They are the most productive
soils in the association and do not require special practices.

Zook soils are dark colored. Their content of organic
matter 1s high. They have a fine-textured subsoil an?l are
poorly drained to very poorly drained. Zook soils generally
stay wet later in spring than Nodaway soils. If they are
worked early in spring when wet, they puddle and then
become cloddy when dry. If tile is used to provide drain-
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age, it should be spaced closer than in coarser textured
soils and placed at a shallower depth.

(‘olo soils are dark colored, are poorly drained, and have
a moderately fine textured subsoil. They are highly pro-
ductive if drainage is provided. Tile generally can be
used to provide drainage if outlets are available.

The minor Kennebec soils occupy areas similar to those
occupied by the Nodaway soils. They are dark colored but
otherwise are similar to the Nodaway soils and-are used
and managed the same. Wabash soils are fine textured
throughout. They have a high content of organic matter,
but they are very poorly drained and therefore are poor
for farming. Tillage often is delayed because the areas re-
main wet until late in spring. Tile drains do not work in
the Wabash soils, but surface drains can be used 1 places.

Most of the acreage in crops on farms in this association
is used for row crops. Areas in permanent pasture are near
old stream channels or oxbows and are flooded frequently.
The farmers generally grow grain as a cash erop, but some
of the grain is fed to livestock. The Zook, Colo, and
Wabash soils generally occupy areas that are tarther away
from the stream channels than the Nodaway and Kennebec
soils. They are subject to flooding 1n some places, par-
ticularly in low areas, and open ditches are needed in
many places to provide dramage. On these soils soybeans
and wheat are grown in many places.

The soils in this association are highly fertile. If they are
cropped intensively, however, nitrogen and phosphate
fertilizer are needed.

7. Marshall-Bremer-Nevin Association
Nearly level, well-drained to poorly drained soils on
benches

This soil association consists of nearly level, well-
drained to poorly drained soils on benches. The areas are
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Figure 4 —Representative area of soils of the Marshall-Bremer-

Nevin association in the foreground and upper right on low

benches. An eroded escarpment separates the areas from the
bottom lands where cattle are grazing.

mainly along the East Nishnabotna River, but small areas
are along other streams in the county. The association oc-
cuples about 4 percent of the county. A representative area
15 2 miles north of Griswold (fig. 4).

Dominant in this association are the Marshall, Bremer,
and Nevin soils. Marshall soils make up about 45 percent of
the association; Bremer soils, about 20 percent; Nevin
solls, about 10 percent ; and the minor soils, the remaining
25 percent. Minor areas are made up of Colo, Corley,
Humeston, Minden, and Wabash soils. The relationship of
the solls in association 7 to the landscape and the parent
material are shown in figure 5.

Marshall soils, the most extensive in this association,
formed in loess underlain by old alluvium. The alluvium

Figure 5—Relationship of the soils in association 7 to the landscape and the parent material.
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consists of stratified silt and sand and is at a_depth be-
tween 10 and 20 feet. These soils are used and managed
about the same as those Marshall soils in the uplands
having similar slopes (see association 1).

The Bremer and Nevin soils formed in alluvium. They
have a dark-colored surface layer and are high 1 organic
matter. Bremer soils are poorly drained and are moder-
ately fine textured to fine textured. Nevin soils are some-
what poorly drained and are moderately fine textured. The
water table is high in both of these soils during wet
seasons. Bremer soils need artificial drainage.

Drainage is the main factor limiting use of the Colo soils
for crops. These soils are used and managed the same as
the Colo soils in the Nodaway-Zook-Colo association.

Small areas of Corley, Humeston, and Minden soils gen-
erally are within areas of the Marshall soils in shallow
depressions. Water tends to pond on these soils after rains.
Open surface drainage is beneficial if outlets are provided.

The minor Wabash soils occupy low benches in this as-
sociation. These soils are very poorly drained, have a high
content of clay in the surface layer and subsoil, and are
in poor tilth. They are better suited to wheat and soybeans
than to other cultivated crops. Tile drains do not work
well in these soils, but surface drainage is beneficial if
outlets are available.

All of the soils in this association require good manage-
ment, and except for Marshall soils, they generally re-

uire artificial drainage. In many places outlets are dif-
ult to obtain because of the distance from the muin
channel of a stream.

Most of the acreage in this association is used for cul-
tivated crops. Some of the wet areas are difficult to drain
and are used as permanent pasture. On most of the farms
orain is grown as a cash crop or graln and livestock are
the main products. Two or three large farms have pure-
bred herds of beef cattle. A livestock research farm is in
this association near Atlantic.

If the soils in this association are cropped intensively,
nitrogen and phosphate fertilizers are needed. Most of the
soils also require lime.

Descriptions of the Soils

This section describes the soil series and mapping units
of Cass County. The acreage and proportionate extent of
each mapping unit are given in table 1. Their location in
the county is shown on the detailed soil map at the back of
this survey. '

The procedure is first to describe the soil series, and then
the mapping units in that series. Thus, to get full informa-
tion on any mapping unit, it is necessary to read the de-
scription of that unit and also the dqscrlpt-l_on of the ﬁml
serios to which it belongs. As mentioned in the section
“How This Survey Was Made,” not all mapping units are
members of a soil series. Alluvial land, for example, is a
miscellaneous land type that does not bel‘ﬂng to a soil
series. It is listed, nevertheless, in alphabetic order along
with the soil series. Described along with some mapping
units are small areas of contrasting soils. Special symbols
used to locate such soils on the map are shown in the legend
to the detailed so1l map. . _

In comparing a mapping unit with a soil series, many
will prefer to read the short description in paragraph

| &

form. It precedes the technical description that identifies
layers by A, B, and C horizons and depth ranges. The
technical profile descriptions are mainly for soil scientists,
engineers, and others who need to make a more thorough
and precise study of the soils.

In describing the representative profile, the color of each
horizon is described in words, such as yellowish brown,
but it can also be indicated by symbols for the hue, value,
and chroma, such as 10Y R 5/4. These symbols, called Mun-
sell color notations (27),: are used by soil scientists to
evaluate the color of the soil precisely. For the profiles de-
seribed, the names of the colors and the color symbols are
for moist soil unless stated otherwise.

Following the name of each mapping unit, there is a
symbol in parentheses. This symbol identifies the ma ping
unit on the detailed soil map. Listed at the end {}F each
description of a mapping unit is the capability unit in
which the mapping unit has been placed. The page on
which each capability unit is described can be found by
referring to the “Guide to Mapping Units” at the back
of this survey. Many terms in the soil descriptions and n
other parts of this survey are defined in the Glossary.
Predicted yields for all of the soils are given in table 2.

Adair Series

In the Adair series are dark colored or moderately dark
colored, moderately well drained to somewhat poorly
drained soils. These soils formed under prairie gra3ses 1n
reddish, fine-textured horizons of old glacial till soils
called paleosols, which formed during an earlier geologic
period and were later buried under loess. The Adair soils
formed after the buried soils were exposed by geologic
erosion.

The Adair soils are in the uplands in narrow areas
around side slopes, in coves at the heads of drainageways,
and in many places on the tops of long ridges. Slopes
range from 5 to 18 percent. Adair soils occur throughout
the county. The largest areas, however, are in the western
part in the more rolling tracts just east of the East Nishna-
botna River, or are in the eastern two-thirds of the county.
Adair soils are near the Clarinda, Ladoga, Marshall,
Sharpsburg, and Shelby soils.

The surface layer is very dark brown and very dark
grayish-brown, friable light clay loam to light gritty silty
clay loam. It has fine subangular blocky structure and 1s
about 8 inches thick. The subsoil extends to a depth of
about 50 inches and has subangular blocky structure. It is
dark grayish-brown, friable to firm light clay loam in the
upper part. The middle part is dark-brown, firm light
clay with many red, strong-brown, and yellowish-red
I“nﬂt—t]ES. The lower part is yellowish-red and red, very firm
;ﬁ{ﬂif?m with many brownish-gray and grayish-brown

Adair soils have high available moisture capacity and
medium to low content of organic matter. Permeability is
very slow. These soils are low to very low in available
nitrogen and phosphorus and medium to low in available
potassium. They are medium acid in most places. Adair
soils typically are seasonably wet and seepy in areas near

{'h‘*i;' boundary with soils upslope that are derived from
0SS,

g . .
Italic numbers in parentheses refer to Literature Cited, p. 78.
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3 SOIL SURVEY
TaBLE 1.—Approzimate acreage and proportionate extent of the soils
Soil Acres  |Percent Soil Acres | Percent
Adair clay loam, 5 to 9 percent slopes, moder- Marshall silty clay loam, 9 to 14 percent slopes,
ately, epoded... o S it 1, 806 0.5 moderately eroded .-« - - oo oo oo 39, 666 11. 1
Adair clay loam, 9 to 14 percent slopes__ . __ ___ 852 . 2|| Marshall silty clay loam, 9 to 14 percent slopes,

Admr] clay g}a&n, 9 to 14 percent slopes, moder- severely eroded - - o o oo oo 3, 163 9
ately eroded_ - - 11, 445 3. 2|| Marshall silty clay loam, 14 to 18 ercent '
Adair clay loam, 14 to 18 percent slopes, slopes, moderately erodéd ______ _-_R-__;_ 2, 947 8
moderatelyeerodedic o= o s moroe 594 . 2|/ Marshall silty clay loam, 14 to 18 percent ' '
Adair soils, 5 to 9 percent slopes, severely slopes, severely eroded_ __ ________________ 1, 037 3
erodeds T 255 . 1|| Marshall silty clay loam, benches, 0 to 2 per- ’ '
Adair anld Sheiib:&r soils, 9 to 14 percent slopes, Gt BlODER = o o e e 3, 247 9
severelyeroded__ oo s e i oo 4, 385 1. 2|| Marshall silty clay 1 5 Der- '
Adair and Shelby soils, 14 to 18 percent slopes, cent EIGII:E:S{ _c_f_?_afli_l’_ _b_eflfPfl_ .2_ f{_l _Ei -p‘—Et_r_ 2, 704 8

Alfﬁzf;fllg Iféﬂded ------------------------- 2, gég - '{ Marsha.-lll silty clay loam, benches, 5 to 9 per- ' :
........... N R s : ent
Ankeny finesandy loam___________..______ 119 *) Mfﬁﬁeﬁ ';iﬂ?’cﬁgﬁifg lieexfﬁﬁi;d ___________ 1 ?gg ' g
Bremexrsgilty claydoam_._— . ... .- .. 1, 154 . 3|| Nevin silty clay loam N e 2 390 7
g&hﬂ_ﬂ silty clay loamn_ __________.__________ 94 ™) Nodaway silt loam_ - _______ 10, 230 2.9
‘larinda silty clay loam, 5 to 9 percent slopes__ 317 . 1|| Nodaway silt loam, channeled _____________ 9, 463 e
Clarn:ida sﬂ{;y clag lgam, 5 to 9 percent slopes, Olmitz loam, 2 to 5 percent slopes 540 1
moderately eroded__ _ ______ V. ST 0 899 P S i '
Clarinda silty clay loam, 9 to 14 percent slopes_ 135 ) Eﬁg?;gg?ﬁgm:ii{t;mgltgf‘1_0-2;1:;1_ 0 to 2 percent ; !
Clarir:ida silil;y clay loam, 9 to 14 percent slopes, slopes g P 1.751 5
-moderatelyeroded.. - - . _____ ____ 1, 419 .4 e sty clav loam 2o Dercent A )
Clarit:ldﬁ soils, 5 to 18 percent slopes, severely Sh;z%igurg silty clay loam, 2 to 5 percent (G o
prodeces W sl s el D 0 Goia ) - D00 596 . 2|| Sh: o alie clavi losmE B o O ercant ' '
guln mltclayloame s o= e o 2, 662 1 ,h‘ﬁg]))sel;urg Siay S claiFRloBUNER SloN AR ERE Bl 3 9231 9
olo silt loam, overwash_________ B NN 3, 018 . 8l Shs T e s R e ( ;
Colo-Nodaway complex__ __________________ 1, 938 .5 gh:j?seguﬁugﬁit;la} égagl, 20,3 ipergany
Corley silt loam, 0 to 2 percent slopes_______ 135 (1) Shar prl,Jr Tk cljft erloae "9 to 14 percen t LGoRg i
Gara loam, 9 to 14 percent slopes_ __________ 226 ] slop es & FLChE o . gyl :
Gara (linﬁm, 9 to 14 percent slopes, moderately Sharl?sb{fr;g- silty clay loam, 9 to 14 i}_é_rééﬁf L 7
VR[S s oo e S 279 Ll 1o devatal dadt
Gara loam, 14 to 18 percent slopes_ _ ________ 343 1/l e 5 Wb M i o e i R e 13, 226 3.7
Gara glmé.lm: 14 to 18 percent slopes, moderately | bh;lt;%ﬁeﬁuggviﬁfy zlr?éelc? B 691 2
eEpdeds s 681 .2 s - et R i e e S :
Gara éﬂﬁm, 18 to 25 percent slopes, moderately Sh;gﬁl)sei;uﬁﬂiittritﬁiyeigg;ﬁ L2 SOMUAROECRNT =66 1
Yo lols e e CRe e PR R 182 1 ! o e Ry S T 4
Gara dscgls, 14 to 18 percent slopes, severely Shfjg%segugﬁvﬁgy cé?gdégam, ki 452 1
eroded. ________ NI, SR e 193 : _ e e N e ;
Hageiler soils, 9 to 18 percent slopes, moder- L Shggﬁeﬁmm’ 5 to 9 percent slopes, moderately R {
atalyperadedie 2o B Tt L s 492 1 T eyt s s TR e SR e :
e T R T S R D N fgg " ! gge%b}’ loam, 9 to 14 percent slopes . ______. 795 .2
Judson silt loam, 0 to 2 percent slopes_______ 3, 392 1.0 E bg ldaam, 9 to 14 percent slopes, moderately
Judson silt loam, 2 to 5 percent slopes_ ______ 13, 422 3. 8 qhegu e e 4, 260 1.2
Judson silt loam, 5 to 9 percent slopes_ ______ 473 E éhelby loam, 14 to 18 percent slopes_ .- _-__ 1,278 -3
Judson-Colo complex, 2 to 5 percent slopes__ _ 58, 848 16. 4 ecby loam, Lito Ubiperseniislopes/ et
Kennebee silt loam___ 2. 400 . Sherately eroded. - 4, 024 1.1
Ladoga silt loam, 2 to 5 percent slopes__._____ OR7 3 elby loam, 18 to 25 percent slopes, mod-

Ladoga silt loam, 5 to 9 percent slopes_______ 631 : 9 Shell'ately ?ded' ------------------------- 759 .2
Ladn%a silt loam, 5 to 9 percent slopes, moder- ' :I,Egesmls’ 9 to 14 percent slopes, severely L 5
atelyeroded 2 - o o o 1 e e e s e ) y

Ladoga silt loam, 9 to 14 percent slopes______ : ggg ' ? shelby soils; 14 o 18 percent slopes, sevarely
Ladu%a siltcliuam, 9 to 14 percent slopes, moder- ' %ﬁﬂiﬁd{;ﬂ‘ RS A0 e oy e 2 1, 533 -4

ate Yy ero T Lo T I 10 ) T LT G 2 4 K S S, 0 percent slopes, sevVerely
Ladoga silt loam, 14 to 18 percent slopes_____ ; 333 : ,{ ~ eruded__*__________F____________’ -------- 628 -2

Ladoga silt loam, 14 to 18 percent slopes, mod- 7| Shelby-Adair complex, 5 to 9 percent slopes,
eratelveroded __ - - . ... 839 9 moderately eroded.. . ____________________ 283 .1
Lac}ngn silt loam, benches, 2 to 5 percent ' gggigy"iga!r cﬂmpilex. %tﬂ 14 percent slopes._ . 769 - 2

e e R R S i 343 y-Adair complex, 9 to 14 percent slopes,
Ladﬂgg sdoils, 9 to 14 percent slopes, severely T thiﬁgeiaggliy Ecl:ﬂdﬁidul-cir-fg_ -------- lopes, A it

e e T el S N - LACIby=-Adalr complex, 0 ercent slopes
Lac;?;ga soils, 14 to 18 percent slopes, severely 1 - 11| . moderately eroded.________ E) --------- Fi # 4, 888 1.4

SRR e R 981 1 Shﬂgg'ﬁi&il‘ com&ﬂﬁx, 18 to 25 percent slopes,
ﬁ{arsh______________________“____T_______: 405 i Shell f‘.rﬂ. e.y eroaed .- - _ - __ = ———— 3?5 |
Marshall silty clay loam, 0 to 2 percent slopes_ _ 9, 553 ' % géggré};l ag:ﬂ%uergplex, msee 504 1
Marshall si}ty clay loam, 2 to 5 percent slopes__ 23: 434 7 g|| Wabash silty Gy - o S Rl 2, 423 7
Marshall sl}t}' clay loam, 5 to 9 percent slopes._ _ 6, 536 1. 8 Wabash silty clay loam_____ B RE 1: 262 .4
Marshall silty clay loam, 5 to 9 percent slopes, " || Zook silty clay loam_________ Ll e 5, 512 1.5
moderﬂt?:l}{ eodadl.._ . . - L e 21, 486 6. 0 Zook silt 193-111, DVErWaSH: = o e | 2: 026 . 6
Marshall silty clay loam, 5 to 9 percent slopes, Quarries, metropolitan, and miscellaneous. 2, 912 . 8
severelyeroded - _ ___________________ = 940 9 WAtEr= 5 _ b "N, el A< . 681 . 2

Marshall silty clay loam, 9 to 14 percent slopes. 3, 311‘3 1. *1

: Totall_ ..o . o0 0 T U 357,760 | 100.0

1 Less than 0.05 percent.
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Representative profile of Adair clay loam on a slightly
concave slope of 10 percent that faces east and is moder-
ately eroded (75 feet north and 100 feet east of the south-
west corner of the SE14SW1 sec. 33, T. 76 N., R. 39 N

Ap—0 to 8 inches, very dark brown (10YR 2/2) and very
dark grayish-brown (10YR 3/2) light clay loam to
light gritty silty clay loam that is very dark grayish
brown (10YR 3/2) when kneaded; cloddy but breaks
to fine granular structure in the upper 3 inches and
medium, fine, subangular blocky structure below;
friable: a few, fine, distinct mottles of strong brown
(7.5YR 5/6) in the lower 2 inches : common to many
very fine pores; medium acid ; abrupt boundary.

B1—S8 to 16 inches of light clay loam that is mostly dark grayish
pbrown (10YR 4/2) but is 30 percent dark brown to
brown (10YR 4/3); a few, fine, distinct mottles of
strong brown (7.5YR 5/8) ; moderate, fine and medium,
subangular blocky structure; friable to firm; very
thin, discontinuous clay films in the lower part;
many, very fine tubular pores within peds; many, fine,
soft oxide concretions; medium acid: clear boundary.

1IB21t—16 to 20 inches, dark-brown to brown (7.5YR 4/4)
light elay; common, medium, prominent mottles of
light olive brown (2.5Y 5/4) to grayish brown (2:6Y
5/2) and many, medium, prominent mottles of strong
brown (7.5YR 5/8) and yvellowish red (5YR 4/8);
strong, medinm, subangular blocky structure; firm;
continuous clay films on vertical faces: a few soft
oxide concretions; many small and fine pebbles indi-
cate a stone line; medium acid : clear boundary.

IIB22t—20 to 31 inches, dark-brown to brown (7.5YR 4/4)
and brown (7.5YR 5/4) light clay ; many, medium,
prominent mottles of red (25YR 4/8) and common,
medium, distinct mottles of vellowish red (5YR 5/6)
and light reddish brown (5YR 6/4) ; strong, medium,
subangular blocky structure; Very firm ; many, thick,

continuous clay films on ped faces; a few fine oxide
concretions: fragments of very fine gravel are more
common than in the IITB2It horizon : medium acid;
gradual boundary.,
21 to 42 inches, strong-brown (7.5YR 5/8) and red
(25YR 4/8) heavy clay loam; many, coarse, prom-
inent mottles of light brownish gray (2.5Y 6/2) and
grayish brown (2.5Y 5/2) : moderate, coarse, subangu-
lar blocky structure; vVery firm : many, thin, discon-
tinuous clay films on ped faces; soft oxide concre-
tions and some fine pebbles; medinm acid; gradual
boundary.

IIB3—42 to 50 inches, light clay loam but otherwise similar to
the material in the TIB23t horizon.

The surface layer ranges from light clay loam to light
silty clay loam in texture, depending on the degree of slope and
the amount of erosion that has taken place. This layer ranges
from black to very dark grayish brown in color and is 6 to
14 inches thick, The subsoil ‘s brown to strong brown or
reddish brown, has reddish mottles, and is 40 to 45 percent
clay where the texture is finest. Except in eroded areas, a
layer of pebbles generally is in the upper part of the subsoil.
The subsoil typically is between 26 and 48 inches thick and is
underlain by yellowish-brown to olive-brown, mottled clay
loam.

Adair soils are not so clayey as the Olarinda soils, and they
have more sand and gravel in their surface layer and subsoil
and a reddish, rather than gray, subsoil. Their subsoil is redder,
more clayey, and firmer than that in the associated Shelby

soils.

Adair clay loam, 5 to 9 percent slopes, moderately
eroded (AdC2).—This soil occupies NArrow areas on short
side slopes or is on long ridges below soils formed in loess.
Many areas are on slopes above drainageways occupied by
Judson-Colo complex, 2 to 5 percent slopes, and some areas
occupy slopes above areas of Shelby soils. The areas
generally are between 5 and 20 acres in size and are widely
scattered throughout the county.

ITB23t

The surface layer of this soil generally 1s slightly thicker
than that in the profile described as representative for the
series. Also, areas that have less than 3 inches of the orig-
inal surface layer remaining are less extensive than in
Adair clay loam, 9 to 14 percent slopes, moderately eroded.
In places the surface layer ranges from 7 to 12 inches in
{hickness, and these areas generally are pastured.

Many areas of this soil are in cultivated crops, but some
areas are in pasture, This soil is not well suited to cultiva-
tion but generally is farmed along with adjacent, more
permeable soils.

£ this soil is used for row crops, contour tillage 1s
Leeded. Further erosion can be prevented and gullies kept
from forming by placing terraces above this soil in soils
more suitable for terrace construction. In many places
seepage spots oceur, but their wetness can be reduced by
placing interceptor tile upslope in the more permeable soils.
Capability unit 1I1Te-2.

Adair clay loam, 9 to 14 percent slopes (AdD).—This
soil generally occupies narrow areas on side slopes, but in
some places it is on long ridges. It is downslope from less
sloping Ladoga, Marshall, and Sharpsburg soils and gen-
erally 1s upsln{)e from Shelby soils. The areas of this soil
range from about 5 to 30 acres in size, and they occur
throughout the county.

The surface layer of this soil is black or very dark gray
clay loam 10 to 14 inches thick. In small areas less than 3
inches of the original surface layer remains, and these
areas are shown on the soil map by the symbol for severe
erosion. This soil is subject to erosion through runoff if
the surface is not protected. It 1s likely to seal over if it 1s
tilled when wet and to become hard and cloddy as it dries.
~ Included with this soil are some areas that have about 30
inches of silty material overlying the fine-textured, reddish
subsoil. These areas are too small to be mapped separately.

This Adair soil is better suited to semipermanent hay or
pasture crops than to row crops, and many areas are In
pasture. It can be used occasionally for row crops. In many
areas it is used for row crops along with adjacent soils
that are better suited to row crops. If this soil is cultivated,
contour tillage is needed. Areas that are wet because of
seepage can be protected by placing interceptor tile in areas
just above this soil. Gullies in the sides of slopes ought to
be filled and shaped and then stabilized by seeding grass.
Capabl_] 1ty unit 1 Ve-2.

Adair clay loam, 9 to 14 percent slopes, moderately
eroded (AdD2).—Most areas of this soil are just below
areas of the Sharpsburg and Marshall soils. Some areas,
hm'.'ever,_ﬁre just below the Clarinda soils, and some are
upslope from the Shelby soils. In a few places this soil lies
just above the Marshall and Sharpsburg soils. In many
areas 11115 soil 1s intermingled with the Shelby soils and is
mapped in a complex with them. Areas of this soil are
scattered throughout the county, and most of them are
between 5 and 30 acres in size.

-t,pThfS f].s ﬂ?? most _ﬁXtEHSi\-’B Adair soil in the county, and
its profile is like the one described as representative for
the series. In some small areas the surface layer is dark col-
01:"@3 and silty and is 10 to 12 inches thick. In some severely
T,_‘l” e:’-l]ﬂ'”i‘ﬂﬁs the plow layer consists of brown material
ormerly In the subsoil; these areas are too small to be
nL}.L)QEd separately.
-:'.1'[} 511‘55011 1‘5} he‘t.te}- S:.l?neﬂ to hay and pasture than to row
ps, though row crops can be grown occasionally. In
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B22tg—19 to 28 inches, dark olive-gray (5Y 3/2) light silty
clay : a few, fine, prominent mottles of olive (oY 4/3)
and a few, fine, distinet mottles of yellowish brown
(10YR 5/6) ; moderate, fine and medium, subangular
blocky structure; firm ; distinet sheen on peds, which
may be clay; a few very fine pores; neutral ; gradual
boundary.

B23g—28 to 34 inches, olive-gray (5Y 4/2) heavy silty clay
loam ; many, fine, prominent mottles of yellowish
brown (10YR 5/6) and a few, fine, distinet mottles of
dark brown to brown (10YR 4/3) ; moderate to strong,
fine and medium, subangular blocky strueture ; friable
to firm ; sheen on peds, which may be clay : a few fine
pores; a few oxides; neutral; gradual boundary.

B3g—34 to 42 inches, olive-gray (5Y 5/2) silty clay loam that is
olive (5Y 4/3) when kneaded; many, medium, proms-
inent mottles of yellowish brown (10YR 5/6) ; weak,
fine, subangular blocky strueture to massive; friable to
firm; the number and size of oxides increase with
depth ; neutral ; gradual bonndary,

C1—42 to 60 inches, olive (5Y 4/3), stratified coarse silt loam
and silty clay loam with yellowish-brown (10YR 5/6)
mottles ; compaction varies, and the amount of silt and
clay also varies; neutral.

The surface layer ranges from black to very dark gray in
color and from 12 to 24 inches in thickness. The subsoil is
24 to 36 inches thick and is 38 to 44 percent clay in the finest
textured part. It is dark gray to gray in the upper part and
olive gray to gray in the lower part. Mottles occur in the sub-
soil, and they increase in size and abundance with depth.
They typically are brown, dark grayish brown, or yellowish
brown in color. Stratified coarse silt and silty clay loam oceur
in places below a depth of 40 inches, and in places sand lenses
are present at a depth below 8 feet.

Bremer soils are finer textured than Corley soils and have
a thicker surface layer than Humeston soils. They lack the
light-colored layer that occurs just below the surface laver
in the Corley and Humeston soils.

Bremer silty clay loam (0 to 2 percent slopes) (Br).—
This is the only Bremer soil mapped in the county. Indi-
vidual areas ave fairly large, and some are as much as 120
acres.

The profile of this soil is like the one described as rep-
resentative for the series. The surface layer generally is
thickest nearest the uplands. On some of the areas, fresh
sediment is deposited each year unless practices for control
of runoff and erosion are established on surrounding areas
in the uplands. '

Included with this soil are some areas of Wabash soils
that are too small to be mapped separately.

Most areas of this Bremer soil are in row crops. If
artificial drainage is provided and other good management
is used, row crops can be grown frequently. A way to
protect this soil from local runoff is to construct diversion
terraces in areas above this soil. Because this soil dries out
slowly, 1t generally must be worked later in spring than
adjacent soils to prevent puddling and clodding. Tilth
consequently is likely to be a problem even if drainage is
improved. Capability unit ITw-2. '

Calco Series

In the Calco series are dark-colored, poorly drained
soils on low stream benches. These soils formed in moder-
ately fine textured, caleareous alluvium. The native vege-
tation was prairie grasses that. could tolerate wetness.
(Calco soils are on bottom lands along the East Nishnabotna
River near the town of Griswold. In many places they
occupy lower areas than the surrounding Bremer, Colo,
Nevin, and Wabash soils and are subject to ponding
because of runoff or overflow.

The surface layer is black, friable to firm silty clay
loam. It has fine and medium subangular blocky structure
and 1s about 36 inches thick. The subsoil and substratum
consist of very dark gray, slightly plastic silty clay loam
that is mottled with dark grayish brown and strong brown.
Structure 1s subangular blocky. Calco soils are ealeareous
throughout the profile. In places fragments of snail shells
are in the profile.

These soils have high available moisture capacity and
a high content of organic matter. Permeability is moderate
to moderately slow. The areas are wet, mainly because the
water table is high, but some areas also are subject to
overflow and ponding. Calco soils are caleareous through-
out. They %renera]]y are low or very low in available phos-
phorus and potassium and medium in available nitrogen.

Representative profile of Calco silty clay loam on a
low, alluvial bench (400 feet north and 160 feet east of
road from the southwest corner of the SW14NW1 sec. 8,
T.74 N.,R. 3T W.) :

Ap—0 to 9 inches, black (10YR 2/1) silty clay loam: mod-
erate, fine and meciwn, subangular blocky structure:
friable to firm; a few fine pores; fine fragments of
snail shells ; moderately alkaliné; strongly calcareous;
gradual boundary.

A12—9 to 16 inches, black (N 2/0) silty clay loam: moderate,
fine and medium, subangular blocky structure; friable
to firm; a few fine pores; common fine fragments of
snail shells ; moderately alkaline ; strongly calcareous ;
gradual boundary.

Al13—16 to 27 inches, black (N 2/0) silty clay loam ; weak,
coarse, blocky structure that breaks to moderate,
fine, subangular blocky; friable to firm: a few fine
pores ; a few fine fragments of snail shells ; moderately
alkaline ; strongly caleareous ; gradual boundary.

A14—27 to 36 inches, black (N 2/0) silty clay loam: weak,
medium, subangular blocky structure ; friable to firm ;
a few fine pores; a few fine fragments of snail shells:
moderately alkaline; strongly calcareous; gradual
boundary.

Bg—36 to 44 inches, very dark gray (N 3/0) silty clay loam;
common, fine, distinct mottles of dark grayish brown
(2.5Y 4/2) ; weak, medium, subangular blocky struc-
ture; friable to firm; slightly plastic; moderately
alkaline ; weakly calcareous; gradual boundary.

Cg—44 to 50 inches, very dark gray (10YR 3/1) light silty
clay loam; many, medium, distinct mottles of dark
grayish brown (2.5Y 4/2) and common, fine, prom-
inent mottles of strong brown (7.5YR 5/8) ; massive
with some vertical cleavage; friable to firm; slightly
plastic; water table present; moderately alkaline:
weakly caleareous.

Calco soils typically are black or very dark gray to a depth
of 36 inches or more, They grade to lighter gray colors in
places below this depth. In many places mottling is masked
by the dark colors, The texture generally is silty clay loam
throughout the profile. In some places the subsoil is weakly
developed, and in other places a thick, dark-colored surface
layer directly overlies a gray substratum. Except below the
plow layer, boundaries between the soil layers are gradual or
diffuse.

_(—‘_ﬂlfﬂ soils are caleareous throughout but otherwise are
similar to Colo soils,

Calco silty clay loam (0 to 2 percent slopes) (Ca).—
This is the only Calco soil mapped in the county. The areas
are small. They are scattered on low alluvial benches along
the East Nishnabotna River near other soils on benches,
such as Bremer, Minden, Nevin, and Wabash silty clay
loams, | .

The profile of this Calco soil is like the one deseribed
as representative for the series. This soil is subject to
slight ponding in many places. Few suitable outlets are




e = = = = =

-

CASS COUNTY, IOWA 13

available for surface drainage. Tile drainage is effective
+£ outlets can be provided. Tilth generally is good.

1£ wetness can be corrected, row crops can be grown
frequently on this soil. The soil contains excess lime;
special applications of fertilizer containing potassium and
phosphorus are needed. Capability unit TIw-1.

Clarinda Series

In the Clarinda series are poorly drained to very poorly
drained, dark-colored soils. These soils formed in glacial
till. This till is gray clay that commonly 1s called gumbotil.
Gumbotil was the subsoil of a soil that once was at the sur-
face of the nearly level Kansan drift plain. Later a deposit
of loess covered the gumbotil, but geologic erosion has re-
moved the loess in many places and has exposed the old,
buried soil. These buried or once-buried soils are called
paleosols. Since exposure the native vegetation has been
prairie grasses.

Olarinda soils commonly occupy narrow areas on side
slopes, but many areas are in coves at the heads of drain-
ageways. They have slopes of 5 to 18 percent. These soils
are associated with soils derived from oth loess and gla-
¢ial till. They occur 1 every township in the county but
are most common in the eastern two-thirds of the county,
east of the East Nishnabotna River, near the Adair,
Sharpsburg, and Shelby soils. Areas of Clarinda soils less

than 2 acres in size are shown on the soil map by the spot
symbol for clay.

The surface layer is black to very dark gray, friable to
firm silty clay loam about 12 inches thick. The subsoil,
which extends to a depth of 60 inches, is dark grayish-
brown to grayish-brown, friable to firm light silty clay
the upper part, and it has many dark-brown to brown mot-
tles. It grades to light brownish-gray, very firm and plastic
clay having many yellowish-brown and strong-brown mot-
tles. Structure is subangular blocky.

These soils have high available moisture capacity and
medium to low content of organic matter. They are very
slowly permeable and are wet and seepy in spring and
during periods of high rainfall. (Clarinda soils typieally
are low in available nitrogen, very low to low in available

phosphorus, low to medium n available potassium, and
medium acid.

Profile of Clarinda silty clay loam on a 7 percent slope
that faces north (430 feet west and 50 feet south of the
northeast corner of sec. 23, T. 74 N,,R.3TW.) :

A1—O0 to T inches, black (10YR 2/1) silty c¢lay loam: weak,
fine, subangular blocky structure;: friable; medium
acid ; clear boundary.

A3—7 to 12 inches, black (10¥YR 2/1) heavy gilty clay loam
that is very dark gray (10YR 3/1) when crushed ;
weak, fine, subangular blocky structure; friable to
firm : medium acid ; gradual boundary.

IIB1—12 to 16 inches, very dark gray (10YR 3/1) and dark
grayish-brown (2.5Y 4/2) light silty clay that is dark
gray (10YR 4/1) when crushed; a few, fine, distinct
mottles of dark brown to brown (7.0YR 4/4) ; mod-
erate, fine, subangular blocky structure; friable to
firm : medium acid ; gradual boundary.

IIB21tg—16 to 22 inches, grayish-brown (2.5Y 5/2) light silty
clay; many, medium, distinet mottles of dark brown to
brown (7.5YR 4/4) in the lower part of this horizon: a
few very dark brown (10YR 2/2) organic stainings;
moderate, fine, angular blocky structure; firm; a few,
fine, dark oxides; the vertical faces of peds have thick

continuous clay films but these are discontinuous on
faces of horizontal peds; medium acid ; gradual bound-
ary.

1IB22te—22 to 38 inches, light brownish-gray (2.5Y 6/2) clay;
many, medium, distinct mottles of yellowish brown
(10YR 5/6); strong, fine, subangular blocky struc-
ture; very firm and plastic; common, medinm con-
cretions of iron and manganese; thin, discontinuous
clay films on vertical and horizontal faces of peds;
medium acid ; gradual boundary.

1IB31tg—38 to 48 inches, light brownish-gray (2.5Y 6/2) clay;
many, coarse, prominent mottles of yellowish brown
(10YR 5/8); strong, fine, subanguiar blocky struc-
ture; very firm and plastic; many, medium and
coarse concretions of iron and manganese ; faint, thin
clay films on vertical cleavage faces; medium acid;
gradual boundary.

11B32tg—48 to 60 inches, light brownish-gray (2.5Y 6/2) silty
clay or clay; many, coarse, prominent mottles of
strong brown (7.5YR 5/6); strong, fine, subangular
blocky structure; very firm and plastic; iron oxides
are concentrated in pockets and occur as concretions;
medium acid.

The surface layer ranges from black to very dark gray and
very dark grayish brown to dark gray, depending upon how
ml}{-h erosion has taken place. It commonly is 10 to 14 inches
thick in relatively uneroded areas. The subsoil ranges from
dark gray to light brownish gray and light olive gray. Mottles
of dark grayish brown, yellowish brown, and very dark gray
are common in the subsoil and increase in size and number with
depth. Thickness of the subsoil varies, but in most places it
ranges from 214 to 5 feet. The texture throughout the subsoil is
silty clay or clay, and the clay content ranges from 45 to 55

percent. In most of the subsoil, pebbles and fine gravel gener-
ally are lacking. )

Clarinda soils are grayer than Adair soils and have a thicker,

more clayey subsoil. They also have less sand and gravel in the
surface layer and subsoil.

Clarinda silty clay loam, 5 to 9 percent slopes (CdC).—
In many places this soil is in coves at the heads of drain-
ageways on slopes below soils formed in loess. In other
places this soil occupies narrow areas on side slopes above

areas of Adair and Shelby soils. Individual areas are sel-
dom more than 15 acres in size.

The surface layer 1s black to very dark gray and gen-
erally is 7 to 14 inches thick. Its content of organic matter
is higher than that in any of the other Clarinda soils. The
old, buried subsoil generally is thicker than in Clarinda
soils on stronger slopes. In seasons of high rainfall and
after the frost leaves the ground in spring, this so1l 1s wet
and seepy. As it dries it becomes hard and cloddy, and in
dry summers deep cracks form in it. This soil erodes read-
ily when cultivated, has low fertility, is in poor tilth, and
1s difficult to manage.

Included with this soil are some areas of a Clarinda
silty clay loam on slopes of 2 to 5 percent. These included
areas are upslope from this soil.

Areas of this Clarinda soil generally are small and are
farmed the same as surrounding soils better suited to row
crops. This soil is well suited to hay or pasture, though
row crops can be grown occasionally if wetness and ero-
sion are controlled. Some areas are suitable for wildlife
habitats.

Wetness and seepage can be reduced by placing inter-
ceptor tile upslope in the more permeable soils on loess.
A way to control erosion and prevent gullying is to con-
struct terraces upslope to reduce the amount of runoff
water moving over this soil. Tilth and fertility can be im-
proved, and the productivity of grain and forage crops
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inecreased, if crop residues and fertilizer are added. Ca-
pability unit TVw-1.

Clarinda silty clay loam, 5 to 9 percent slopes, mod-
erately eroded (CdC2).—This soil generally occupies nar-
row areas on side slopes or is in coves at the heads of
drainageways. The areas are downslope from the Ladoga,
Marshall, and Sharpsburg soils and upslope from drain-
ageways occupled by Judson-Colo complex, 2 to 5 percent
slopes. Individual areas generally are between 5 and 20
acres 1n size.

The subsoil of this soil generally is thicker than that
in the Clarinda soils on steeper slopes. In many places
plowing has mixed material from the subsoil into the sur-
face layer. The soil therefore usually 1s difficult to till. The
surface soil 1s hard and cloddy when dry. Cracks form in
the surface layer as it dries and extend into the subsoil.
Most areas are seepy and wet, especially in spring and in
rainy seasons.

Included with this soil are small areas that have less
than 3 inches of the original surface soil remaining. In
these areas the gray clay subsoil is exposed in many places.
Also included are some small areas of Adair and Shelby
soils.

Many areas of this Clarinda soil are in permanent pas-
ture, which generally 1s a good use. Most cultivated areas
are farmed along with adjoining, more productive soils.
If wetness is reduced and erosion is controlled, row crops
can be grown occasionally.

Placing interceptor tile in soils upslope is a way to re-
duce wetness. Erosion can be controlled by terracing the
soils upslope. Tile does not function in this soil, and the
clayey subsoil, irregular slopes, and gullies make construc-
tion of terraces impractical. In many places corn grown
on this soil 1s stunted and yellowed. Capability unit
IVw-1.

Clarinda silty clay loam, 9 to 14 percent slopes
(CdD).—This soil occupies many narrow areas around side
slopes and in concave coves at the heads of upland drain-
ageways. The areas are between the higher lying Ladoga,
Marshall, and Sharpsburg soils and the lower lying Adair
and Shelby soils. They generally are between 5 and 15
acres in size and occur throughout the county.

The surface layer is black to very dark gray in color
and ranges from 7 to 14 inches in thickness. Permeability
of the subsoil is very slow, and runoff therefore is ex-
cessive. The content of organic matter is about medium.
This soil 1s wet and seepy in spring and in seasons when
rainfall 1s above average. It is sticky when wet and is hard
and cloddy when dry. The soil consequently is difficult to
t1ll and hard to manage.

Included with this soil are small areas of Adair and
Shelby soils. Also included are some areas of a soil that
has slopes of as much as 19 percent.

This Clarinda seil is poorly suited to cultivated crops,
but some areas are cropped along with surrounding soils
more suitzble for cultivation. Row crops are grown oc-
casionally when renovating pastures and establishing
stands of hay.

Terracing the loessal soils upslope and farming them on
the contour are ways of controlling erosion. Placing inter-
ceptor tile upslope in the Ladoga, Marshall, and Sharps-
burg soils helps to reduce wetness. Capability unit TVe-2.

Clarinda silty clay loam, 9 to 14 percent slopes, mod-
erately eroded (CdD2).—In some places this soil occeupies

narrow areas around the sides of hills, but in many other
places the areas are around the heads of upland drainage-
ways. The areas are between the higher lying Marshall and
Sharpsburg soils and the lower lying Adair and Shelby
soils. They range from about 5 to 25 acres in size and are
scattered throughout the county.

This 1s the most extensive Clarinda soil mapped in the
county, and its profile is like the one described as repre-
sentative for the series. Material from the subsoil has been
mixed 1n the surface layer by plowing, and this layer is
sticky and plastic when wet and is hard when dry. Tilth
Is poor. Permeability is very poor, and the soil dries out
slowly. Many areas are very seepy and wet.

Included with this soil are some areas of Adair and
Shelby soils. These included soils are too small to be
mapped separately.

This Clarinda soil is poorly suited to cultivated crops,
though some areas are cropped along with surrounding
solls more suitable for cultivation. Crops on this soil
generally are yellow and stunted in growth. This soil is
well suited to hay or pasture, and many areas are left
In permanent pasture. Some isolated areas are suitable for
use as wildlife habitats.

Because of low fertility, it is hard to establish a good
cover of vegetation on this soil. Large amounts of barn-
yard manure and fertilizer are therefore needed when es-
tablishing grasses and legumes for hay or pasture. Wet,
seepy areas can be partly dried by placing interceptor tile
upslope in the Ladoga, Marshall, and Sharpsburg soils.
Even then, this soil generally is somewhat wet and is hard
to manage. Gullies in this soil need to be filled in, shaped,
and seeded to grass for use as waterways. Farming on the
contour and placing terraces just above this soil in soils
better suited to terracing provide protection from further
erosion and gullying. Capability unit IVe-2.

Clarinda soils, 5 to 18 percent slopes, severely eroded
(CeD3).—These undifferentiated soils occupy narrow areas
on side slopes and in coves at the heads of drainageways.
They are between the higher lying Ladoga, Marshall, and
Sharpsburg soils and the lower lying Adair and Shelby
soils. Clarinda soils are in the eastern two-thirds of the
county. Individual areas generally are between 5 and 15
acres in size.

The surface layer of these soils is 3 inches or less thick.
It 1s dark grayish brown or dark gray in color and is
silty clay loam, silty clay, or clay in texture. Most of the
original surface layer has been lost through erosion, and
In many places the subsoil has been exposed by plowing.
The present surface layer is clayey and 1s 1n poor tilth.
These soils puddle readily and are slow to absorb moisture.
When dry, the surface layer becomes hard and cloddy and
cracks readily. Consequently, tillage is difficult. Permea-
bility of the subsoil is very slow, and runoff therefore is
excessive. Even if seepage 1s controlled by interceptor tile,
the soils are very slow to dry out and remain wet for
long periods. :

Included with these soils are many areas of Adair and
Sl'le]h;; solls that are too small to be mapped separately.
Also included are small areas of soils that are not eroded
or that are moderately eroded. In other included areas a
thin layer of loess is on the surface at the upper edge of
the soil areas,

These Clarinda soils are not suitable for row Crops,
but small areas generall y are farmed with surrounding
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soils that normally are used for cultivated crops. Pasture
is a good use. Some areas are suitable for use as wildlife
habitats. Many of the side slopes arve cut by oullies, and
some areas are left idle because of severe gullying.
Constructing terraces above these soils in the [adoga,
Marshall, and Sharpsburg soils helps to control further
erosion and gullying. Applying barnyard manure and
adding fertilizer are ways to improve soil tilth and fer-
tility. These practices also are hel yful in establishing
seedings of hay and pasture. Cavability unit VIe-2.

Colo Series

Colo soils are nearly level, dark colored, and poorly
drained. These soils formed in silty alluvium. The native
vegetation was prairie grasses that could tolerate wetness.
Colo soils occur throughout the county. They occupy many
areas along the East Nishnabotna River on low stream
benches or second bottoms. In most places they are associ-
ated with the Kennebec, Nodaway, and Zook soils on first
bottoms and with the Judson soils in narrow upland
drainageways.

The surface layer is black, friable silty clay loam that
has medium and fine subangular blocky structure and 18
about 30 inches thick. The subsoil is black or very dark
gray, friable to firm silty clay loam and extends to a
depth of about 50 inches or more. It has weak prismatic
structure that breaks to subangular blocky.

These soils have hieh available moisture capacity and
high content of organic matter. Permeability of the sub-
ol is moderate to moderately slow. The soils generally
are wet because the water table is high and the areas
are subject to flooding. Surface drainage is desirable in
many places, but tile drains work quite well in these soils.
Tilth generally is good in cultivated areas. Colo soils are
medium in available nitrogen and phosphorus, are medium
to high in potassium, and are slightly acid to neutral.

Representative profile of Colo silty clay loam on a slope
of about 1 percent (84 feet east and 354 feet south of
the northwest corner of sec. 33, T. 75 N., R. 36 W.):

Ap—0 to 8 inches, black (10YR 2/1) or very dark brown
(10YR 2/2) light silty clay loam; weak, medium, sub-
angular blocky structure ; friable : a few fine roots; seems
compacted ;: medium acid: clear boundary.

A12—S8 to 18 inches, black (N2/0) silty clay loam that is black
(10YR 2/1) when crushed; weak and moderate, fine, sub-
angular blocky structure; friable: a few fine wormholes ;
slightly acid ; gradual boundary.

A13—18 to 30 inches, black (N2/0) silty clay loam; weak,
medium, prismatic structure that breaks to weak and
moderate, fine, subangular blocky struecture ; friable; a few
fine pores ; neutral ; gradual boundary.

B1—30 to 43 inches, black (10YR 2/1) silty clay loam that
is black (10YR 2/1) or very dark gray (10YR 3/1) when
crushed : weak, medium, prismatie structure that breaks
to weak and moderate, medium, subangular blocky : friable
to firm: slight sheen on peds; a few fine wormholes;
neutral ; gradual boundary.

B2—43 to 51 inches, very dark gray (10YR 3/1) heavy silty
clay loam ; weak, medium, prismatic structure that breaks
to moderate, medium, subangular blocky ; firm; slight
sheen on peds; neutral.

‘olo soils have a thick, black to very dark gray surface layer
and a weakly developed subsoil. The subsoil in many areas
is darkened with organic matter, The black to very dark gray
colors generally extend to a depth of 36 inches or more, and in
places gray or dark-gray colors are present below this depth.
Any mottles that are present generally are masked by the
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dark colors. In texture the surface layer and subsoil are silty
clay loam. Some areas of Colo soils, however, have 6 to 16
inches of overwash on the surface. This overwash is very dark
grayish-brown, stratified silt loam. Except below the plow layer,
boundaries between the soil layers are gradual or diffuse.

Colo soils, unlike Zook silty clay loam, are silty clay loam
throughout, rather*than silty clay at a depth below 20 inches.
They are more clayey than the Kennebece soils, have stronger
structure, and are more poorly drained.

Colo silty clay loam (0 to 2 percent slopes) (Cg).—This
soil commonly occurs in both narrow and wide stream
valleys throughout the county. In many places the areas
are at the place where small tributaries empty onto bot-
toms of the main stream. Many small areas are in depres-
sions, and water is likely to stand In these areas after
rains. A few small areas are severely channeled. Some
areas are as much as 100 acres in size.

This is the most extensive Colo soil in the county. lts
profile is like the one described as representative for the
series.

Included with this soil are some areas of Kennebec,
Nodaway, and Wabash soils less than 2 acres in size. These
areas are too small to be mapped separately. Also included
are some areas that have a surface layer of black silt loam
about 20 to 30 inches thick.

Most of this Colo soil is used for cultivated crops, even
though the areas are flooded occasionally. Areas that are
flooded frequently or that are inaccessible are in pasture.
A few severely channeled areas, which total about 25
acres, also are in pasture. it

Row crops can be grown frequently on this soil. In many
places tile drainage is needed to reduce wetness. In areas
that are frequently flooded, surface drainage may also be
needed. Outlets for hoth tile and surface drainage gener-
ally are available. Tf adequate draimage is provided and
flooding is controlled, this soil is highly productive. Some
areas can be protected from runoff by placing diversion
terraces at the base of adjacent slopes. Capability unit
ITw-1. :

Colo silt loam, overwash (0 to 2 percent slopes) (Ch).—
Some areas of this soil are at the base of upland slopes
near Judson soils. Other areas are on the larger flood
plains, nearer the stream channels, and are associated
with Colo silty clay loam and with Kennebec, Nodaway,
and Wabash soils. Individual areas generally are between
10 and 60 acres.

This soil has 6 to 16 inches of stratified, very dark
grayish-brown, silty overwash on the surface, but it other-
wise is similar to Colo silty clay loam. The overwash gen-
erally is silt loam in texture. It was deposited by overflow
from adjacent rivers or ereeks in most places, but in some
places it was laid down by streams flowing through the up-
lands. Tn some areas the overwash is silty clay loam in
texture and is mottled with iron stains. Because the mate-
rial has been deposited so recently, the content of organic
matter in this soil is medium to low. The subsoil is poorly
drained, but the overwash is somewhat better drained.

Included with this soil are some areas of Colo silty clay
loam that are too small to be mapped separately. o il
~ If adequate drainage is provided and if this Colo soil
is protected from overflow, row crops can be grown fre-
quently. Tile drains work satisfactorily and are needed n
many areas. In areas not protected from overflow, the re-
sponse of crops 1s reduced in some years because of flood-
ing. Capability unit TTw-1. )
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Colo-Nodaway complex (0 to 2 percent slopes) (Cn).—
The soils of this complex are on first bottoms adjacent to
stream channels. They are mostly in the southern part of
the county next to the higher lying Adair, Ladoga, Shelby,
and Sharpsburg soils. In many places, however, Judson
soils also border areas of this complex. Individual areas
generally range from 10 to 80 acres.

Colo silty clay loam and Nodaway silt loam are the
dominant soils in this complex, and each is deseribed in
detail under its respective series.

These soils are subject to flooding by meandering streams
or by runoff from higher lying areas. The Colo soil gen-
erally is wet because of a high water table and flooding.
Internal drainage in the Nodaway soil is fair, but the
areas sometimes are wet because of overflow. The Nodaway
soil is easier to work than the Colo soil.

Included with this complex are some areas that have 6
to 16 inches of recent overwash on the surface. These areas
are too small to be mapped separately. Also included are
small areas of Zook soils.

If drainage is provided and flooding is controlled, row
crops can be grown frequently on soils of this complex.
Surface drainage or tile drainage is needed in many places.
In many places diversion terraces can be placed at the base
of adjacent uplands to control runoff. Capability unit
ITw-1.

Corley Series

The Corley series consists of nearly level, dark-colored
soils that are poorly drained. These soils formed in deep
deposits of loess on low benches. The native vegetation
was prairie grasses that could tolerate wetness. Corley soils
oceupy shallow depressions in association with the Mar-
shall and Minden soils.

The surface layer is black or very dark brown, friable
silt loam that has fine granular structure and is about 12
inches thick. It overlies a layer that generally is dark
oray in the upper part and grayish brown in the lower
part. This layer is friable silt loam that has weak platy
or fine subangular blocky structure and 1s about 12 inches
thick. The subsoil extends to a depth of about 48 inches
and is grayish-brown, firm silty clay loam that has many,
strong-brown mottles and subangular blocky structure.
The substratum is massive, grayish-brown silt loam that
has many strong-brown mottles.

These soils are easy to till if they are not worked when
wet. Permeability of the subsoil is moderately slow, and
tiling is practical 1f the distance to an outlet is not too
great. Because these soils are in depressions, water ponds
on the areas after rains. Surface drains are best to use
for draining the areas if outlets are available. Clorley soils
are high in organic matter and in available moisture ca-
pacity. They are low in available nitrogen, medium in
phosphorus, and medium to high in potassium. They are
mostly medium acid but range to strongly acid. Areas less
than 1 acre in size are shown on the detailed soil map by
a spot symbol. :

Representative profile of Corley silt loam in a shallow
depressional area (580 feet west and 1,240 feet south of the
northeast corner of sec. 31, T. 75 N., R. 37T W.) :

Ap—-0 to 6 inches, black (10YR 2/1) or very dark brown (10YR

2/2) silt loam that is very dark brown (10YR 2/2)
when crushed; weak, very fine, subangular blocky

structure that breaks to weak, fine, granular structure ;
friable; a few very fine pores; a few very fine silica
coatings; seems slightly compacted; medinm acid;
clear boundary.

Al12—6 to 13 inches, black (10YR 2/1) silt loam, dark gray
(10YR 4/1) when dry; weak, thin, platy structure
that breaks to moderate, fine, granular; very friable;
many fine pores; a few gray to light-gray (10YR 6/1,
dry) silt coatings; a few soft concretions; medium
acid ; gradual boundary,

A21—13 to 18 inches, very dark gray (10YR 3/1) and dark
gray (10YR 4/1) silt loam that is very dark gray
(10YR 3/1) when crushed ; weak, thin, platy structure
that breaks to moderate, very fine, subangular blocky ;
friable; many fine pores; a few gray to light-gray
(1I0YR 6/1, dry) silt coatings; medium acid; eclear
boundary.

A22—185 to 24 inches, dark-gray (10YR 4/1) and grayish-brown
(10YR 5/2) silt loam that is grayish brown (10YR
5/2) when crushed; weak, medium, platy structure
that breaks to moderate, fine subangular blocky ; fri
able; a few medinm pores; abundant, light-gray
(10YR 7/1, dry) silt coatings; many soft concretions;
strongly acid ; gradual boundary.

ABg—24 to 31 inches, dark-gray (10YR 4/1) and grayish-
brown (10YR 5/2) silt loam that is grayish brown
(10YR 5/2) when crushed and light gray (10YR 8/1)
when dry; many, fine, distinet mottles of strong brown
(7.5YR 5/8) ; moderate, fine, subangular blocky struc-
ture; friable; thin, discontinuous clay films; many,
light-gray (10YR 7/1, dry) silt coatings; many fine
pores; many, fine, soft concretions; strongly acid;
clear boundary.

B2tg—31 to 37 inches, grayish-brown (2.5Y 5/2) silty clay
loam; many, medinm, distinct mottles of dark gray
(10YR 4/1) and many, medium, prominent mottles of
strong brown (7.5YR 5/8) ;: moderate, medium, sub-
angular blocky structure; friable to firm; thin, dis-
continuous clay films; a few fine pores; a few gray to
light-gray (10YR 6/1, dry) silt coatings; medium
acid; gradual boundary.

B3g—37 to 46 inches, grayish-brown (2.5Y 5/2) light silty clay
loam; many, medium, prominent mottles of strong
brown (7.5YR 5/8) ; weak, medinum, subangular blocky
structure to massive; friable to firm; a few discon-
tinuous clay films and many, fine, distinet clay fillings
of dark gray (10YR 4/1); medium acid; gradual
boundary,

Clg—46 to 60 inches, grayish-brown (2.5Y 5/2) silt loam that
is brown (10YR 5/3) when crushed; many, medium,
prominent mottles of strong brown (7.5YR 5/8) and a
few, fine, distinct mottles of dark gray (10YR 4/1) ;
massive ; slightly acid.

The surface layer is 10 to 16 inches thick and is black or
very dark brown in color. Just below is a layer that generally
is dark gray to grayish brown, has weak platy or fine sub-
angular blocky structure, and is 12 to 24 inches thick. The
subsoil typically is dark grayish brown or grayish brown with
dark yellowish-brown, strong-brown, dark-brown, or grayish
mottles. It is 20 to 30 inches thick. The uppermost layers in
the profile typically are silt loam in texture. The subsoil is
silty clay loam and has a clay content of about 30 to 34 per-
cent. The underlying material is grayish-brown to olive-gray
silt loam with strong-brown and yellowish-brown mottles.

Corley soils are not so fine textured as Humeston soils and
depth to the zone of maximum clay content is more variable
than in those soils. They are similar to the Minden and Mar-
shall soils, but those soils lack the light-colored subsurface
layer typical of Corley soils.

Corley silt loam, 0 to 2 percent slopes (CoA)—This is
the only Corley soil mapped in the county. It is in shallow
depressions that are between 3 and 5 acres in size. Its pro-
file is like the one described as representative for the series.

The surface layer of this soil is quite variable in thick-
ness. In places material washed from the slightly higher

lying Marshall and Minden soils has been deposited on the
areas.
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This soil is farmed along with the surrounding Marshall
and Minden soils, Row crops can be grown frequently if
adequate drainage is provided. Tile drains and surface
drains can be used if outlets arve available. Kven though
drainage is provided, the response of crops generally is
poorer than on the Marshall and Minden soils. Capability
anit TTw-2.

Gara Series

The soils of the Gara series are moderately dark colored
and moderately well drained. These soils formed from
Kansan and Nebraskan till in the uplands under prairie
grasses and trees. The trees were chiefly elm and oak but
included some hickory.

Gara soils are in topographic positions that range from
the strongly sloping lower parts of slopes to steep, 1rregu-
lar, convex parts of side slopes. Slopes range from 9 to 25
percent. The Gara soils are in most townships of the
county. Many of the areas are on slopes adjacent to the bot-
tom lands along major streams. These soils are associated
with the Ladoga soils, which are upslope; with Judson-
Colo complex, 2 to 5 percent slopes, which is downslope in
drainageways; and with soils the Shelby-Adair com-
plexes.

The surface layer is very dark gray friable loam that

has fine granular structure and is about 6 inches thick. Just
below is dark grayish-brown, friable silt loam that has
very weak platy structure and is about 4 inches thick. The
subsoil extends to a depth of about 36 inches. It 1s dark
brown to brown in the upper part and orades to yellowish
brown with a few olive-gray mottles. It is firm clay loam
and has subangular blocky structure. The substratum is
massive, yellowish-brown, firm clay loam with common,
light olive-gray mottles and a few streaks of caleium

carbonate. s
These soils are subject to erosion and are gullied in some

places. They have high available moisture capacity and
low content of organic matter. Permeability is moderately
slow. Gara soils are low in available nitrogen, very low to
low in available phosphorus, and low to medium 1 avail-
able potassium.

Representative profile of Gara loam on a 15 percent slope
facing east (50 feet east of the center of the road in the
SW1,SW14NW1 sec. 33, T. 75 N., R.36 W.):

A1—0O to 6 inches, very dark gray (10YR 3/1) loam ; moderate,
fine, granular structure; friable; medium acid; grad-
ual boundary.

A2 6 to 10 inches, dark grayish-brown (10YR 4/2) silt loam
that is mixed somewhat with very dark gray (10YR
3/1) and dark brown to brown (10YR 4/3) and is
dark grayish brown (10YR 4/2) when kneaded ; very
weak, very thick, platy structure that breaks to weak,
very fine, subangular blocky: very friable; many,
gray to light-gray (10YR 6/1, dry) grainy coats;
medinm acid ; ¢lear boundary.

B1—10 to 15 inches, dark-brown to brown (10YR 4/3) clay
loam ;: moderate, fine, subangular blocky structure:
friable to firm: common, gray to light-gray (10YR
6/1, dry) grainy coats and some very dark gray
(10YR 3/1) coals: a few small pebbles ; strongly acid ;
clear boundary.

B21t—15 to 19 inches of clay loam, the peds of which have
dark-brown to brown (10YR 4/3) exteriors and yel-
lowish-brown (10YR 5/4) interiors, and that is yellow-
ish brown (10YR 5/4) when kneaded ; common very
dark gray (10YR 3/1) coats; moderate, fine, subangu-
lar blocky structure; frm; thin, discontinuous clay

films on horizontal faces of peds; many small pebbles;
strongly acid ; elear boundary.

B929t—19 to 28 inches of clay loam, the peds of which have yel-
lowish-brown (10YR 5/4) exteriors and yvellowish-
brown (10YR 5/6) interiors, and that is yellowish
brown (10YR 5/6) when kneaded; strong, medium,
subangular blocky structure; firm; thick, continuous
clay films on horizontal and vertical faces of peds: fine,
soft concretions of iron and manganese; many small
pebbles ; strongly acid ; clear boundary.

B398 to 87 inches, yellowish-brown (10YR.5/6) clay loam; a
few. medium, distinct mottles of light olive gray (5Y
6/2) ; strong, medium, subangular blocky structure;
firm : thin, discontinuous clay films on horizontal and
vertical faces of peds: a few, fine, soft concretions of
iron and manganese; a few small pebbles; medium
acid ; gradual boundary.

(C—37 to 45 inches, yellowish-brown (10YR 5/4) clay loam;
common, fine, distinct mottles of light olive gray (5Y
6/2) ; massive; firm ; common, fine concretions of iron
and manganese; a few pebbles of small and medium
s‘;ize;t noncalcareous; some streaks of calcium car-

onate,

In areas that are not eroded, the surface layer is black to
very‘ﬂark gray and is 4 to 10 inches thick. Just below is a
grayish layer that is 2 to 5 inches thick. This subsurface layer
is‘lar:kl_ng in eroded areas or in cultivated fields, where it is
mixed into the plow layer. Distinct coatings of silt are on the
exterior of peds in the lower part of the surface layer and in
the subsoil if the subsurface layer is lacking.

Tl}e subsoil generally is dark-brown to yellowish-brown
medium to heavy clay loam that is 16 to 32 inches thick. Thin
films of clay are on the exterior of peds in the subsoil, and
olive-gray and yellowish-brown mottles are common. Pebbles
and stones occur throughout the profile. The substratum is
mottled vellowish brown to light olive gray and is calcareous
at a depth below 36 inches. ‘

Gara snil:'a t‘:ave a thinner surface layer than Shelby soils,
are more acid in the most acid part, and unlike those soils, have
a light-colored layer just below the surface layer. They are

IE‘S:R clayey th_an Adair soils. Also, unlike those soils, Gara
soils have a light-colored layer just below the surface layer

but lack reddish colors in the subsoil.

Gara loam, 9 to 14 percent slopes (GaD).—This soil is
on side slopes just below less sloping Ladoga soils. In many
places it occupies the entire lower part of t%le side slope and
extends downslope to narrow upland drainageways oc-
cupied by Judson-Colo complex, 2 to 5 percent slopes.

In most places this soil has a surface layer of very dark
gray, friable loam that is 4 to 8 inches thick. Just below 1is
a light-colored layer, Some areas are cultivated. Here the
subsurface layer has been mixed with the surface layer by
plowing, and the present surface layer is very dark gray-
ish-brown loam. This soil is low in content of organic

matter, absorbs moisture slowly, and is subject to sheet
and gully erosion.

Included with this soil is a small acreage of Gara soils
on slopes of 5 to 9 percent that have a very dark grayish-
brown plow layer. Also included are narrow, seepy areas
of Adair soils and small areas of Ladoga soils derived from
loess. All of these included soils are too small to be mapped
separately.

This Gara soil should be kept in hay cr pasture most of
the time. A row crop can be grown occasionally. This soil
generally is cropped the same as surrounding soils that are
better suited to row crops. Many of the areas remain under
a cover of grasses and trees and are used for pasture.
~ Lf this soil is used for row crops, terracing and cultivat-
Ing on the contour are needed. The irregular slopes and
gullies, however, make it difficult to lay out and install
terraces in some places. Terracing the more permeable
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Ladoga soils upslope is a way to help reduce erosion and
gullying.

The carrying capacity of most pastures can be increased
by removing the trees and brush and then preparing a seed-
bed in the sod and seeding better yielding grasses and le-
gumes. Forage crops respond if lime and phosphate are
applied. These practices also help to establish new seedings
in areas used for pasture or hay. Capability unit 1Ve-1.

Gara loam, 9 to 14 percent slopes, moderately eroded
(GaD2).—This soil is on side slopes just below less slop-
ing Ladoga soils and upslope from Judson-Colo complex,
9 to 5 percent slopes, in drainageways. In many places
the areas extend down long narrow ridges dissected by
many gullies. Individual areas are fairly large, and some
are as much as 50 or 60 acres 1n size.

The surface layer of this soil is very dark grayish-brown
loam. In cultivated areas material from the subsurface
layer and subsoil has been mixed with the surface layer
by plowing. This soil absorbs moisture slowly and gen-
erally is in poor tilth. Sheet and gully erosion are common.

Included with: this soil are some areas of a soil that has
a surface layer of very dark grayish-brown, firm clay
loam less than 3 inches thick. These areas are shown on
the map by the spot symbol for severe sheet erosion. Also
included are some narrow, seepy areas of Adair soils and
some areas of Ladoga soils derived from loess that are
less than 3 acres in size. The seepy areas are near the upper
part of areas of this Gara soil. All of these included soils
are too small to be mapped separately.

This Gara soil should be kept in hay or pasture most
of the time, though a row crop can be grown occasionally.
Most areas are in pasture, and on many of the areas brush
or trees grow in places. A few areas are cropped.

The carrying capacity of the pastures can be increased
by clearing the trees and brush from the areas and estab-
lishing grasses and legumes. The grasses and legumes
respond well if lime and fertilizer are applied. Wetness
caused by seepage can be reduced by placing interceptor
tile in areas upslope from this soil. Capability unit IVe-1.

Gara loam, 14 to 18 percent slopes (GaE).—This soil
is downslope from less sloping Ladoga soils and from
less sloping Gara soils. In many places it occupies the entire
lower part of a side slope, just above narrow upland drain-
ageways occupied by Judson-Colo complex, 2 to 5 percent
slopes. Individual areas range from 10 to 30 acres in size.

The surface layer of this soil is very dark gray loam
4 to 8 inches thick. The subsurface layer 1s dark grayish-
brown silt loam and is more distinet than in moderately
eroded Gara soils.

Included with this soil are a few narrow, wet, seepy
areas of Adair soils. Also included are some areas of
Ladoga soils derived from loess. All of these included
areas are too small to be mapped separately.

This Gara soil is not suited to cultivated crops. Most
areas have a cover of scattered trees and grasses and
are used for pasture. The areas are also suitable for wild-
life habitats.

The carrying capacity of many pastured areas can be
improved by clearing them and establishing pasture plants
that are more productive. New pasture seedings respond
well if lime and fertilizer are applied. Under good man-
agement, productivity of the pastures generally is good.
Capability unit VIe-1.

SURVEY

Gara loam, 14 to 18 percent slopes, moderately eroded
(GaE2).—This soil 1s between Ladoga soils on ridgetops
or the upper part of side slopes and Judson-Colo complex,
2 to b percent slopes, in narrow upland drainageways. In
many places the areas are narrow and are on strongly
sloping, convex side slopes. Most of the acreage is along
the lower slopes of the uplands that border bottom lands
of the major streams and their tributaries. Individual
areas are fairly large, and some are as much as 80 to 100
acres.

This is the most extensive Gara soil in the county,
and 1ts profile is like the one described as representative for
the series. The soil is low in content of organic matter,
ahsorbs moisture slowly, and is subject to further erosion.
In many places the surface is stony. Also, tilth is poor in
many places. In seasons when rainfall is high, the upper
part of the soil areas are seepy and wet. In cultivated areas
clay loam formerly in the subsoil has been mixed with the
remalining original surface layer by plowing.

Included with this soil are narrow areas of Adair soils,
which are at the upper edges of this soil, and some areas
of Ladoga soils. These included soils are too small to
be mapped separately.

This Gara soil is not suited to row crops but is well
suited to pasture. Wildlife habitats are a good use for
some areas. Many small areas are farmed the same as
surrounding soils better suited to crops. Most areas, how-
ever, are In permanent pasture. These areas generally
have trees or brush growing on them.

Contour farming and terracing the more permeable soils
upslope are ways to keep sidehill gullies from forming and
to prevent further losses of soil. Many pastured areas need
to be cleared of trees and brush. Then suitable mixtures of
grasses and legumes should be seeded. In some areas gullies
make the use of farm machinery in renovating pastures
difficult. Applying lime and fertilizer helps to improve
pastures and assure the success of renovation programs.
Capability unit VIe-1.

Gara loam, 18 to 25 percent slopes, moderately eroded
(GaF2).—This soil is upslope from Ladoga soils and
downslope from Judson-Colo complex, 2 to 5 percent
slopes, which is in narrow upland drainageways. The
slopes generally are long and convex. Individual areas are
mostly less than 30 acres in size.

The surface layer generally is very dark grayish brown
and ranges from loam to clay loam in texture. In most
places all of the lighter colored subsurface layer and part
of the subsoil are mixed with the surface layer, which is 4 to
6 inches thick. This soil is shallower to calcareous material
than less sloping Gara soils. Depth to calcareous material
1s between 36 and 48 inches in many places.

Included with this soi]l are some areas of a soil that is
not eroded and that has a surface layer of very dark gray
loam about 8 inches thick. Also included is a small acreage
of a severely eroded soil that has a surface layer of dark
grayish-brown or dark-brown loam to clay loam and some
areas of Ladoga soils. All of these included soils are too
small to be mapped separately.

Most areas of this Gara soil have a cover of various kinds
of trees and grasses. Because of the steep slopes, rapid run-
off, and hazard of further erosion the soil is not suited to
cultivated crops. Pastures on this soil are only moderately
productive, and renovating pastures is impractical because
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of the trees, many gullies, and steep slopes. The areas are

auitable for use as wildlife habitats. Capability unit
Vile-1.

Gara soils, 14 to 18 percent slopes, severely eroded
(GrE3).—These soils are on moderately steep, short side
slopes just below less sloping Ladoga soils. They are up-
slope from less eroded Gara soils and from Judson-Colo
complex, 2 to 5 percent slopes, in upland drainageways.
Individual areas are scattered along the major streams 1n
the county and are as much as 20 acres in size.

Most of the original surface layer of these soils has been
washed away. The present surface layer is dark grayish-
brown clay loam 3 inches or less thick. In places dark-
brown material formerly in the subsoil 1s on the surface.
These soils generally are shallower to caleareous material
than most of the other Gara soils. In many places depth
to calcareous material is between 36 and 43 inches.

Pormeability of these soils is moderately slow. Runoff
is rapid. Cultivation and overgrazing have caused severe
erosion damage, and some areas are cut by deep gullies. The
gullies need to be shaped and reseeded to grasses.

These soils are suited to pasture, but orazing must be
limited. Renovating the pastures, where practical, increases
their productivity. These soils also are suitable for wildlife

habitats. Capability unit VIIe-1.

Hagener Series

Hagener soils are excessively drained. These soils formed
under prairie grasses in sand blown by wind onto the up-
lands from nearby stream valleys. They are dominantly
along the east side of the Fast Nodaway River and along
Trotublesome and Turkey Creeks. These soils generally are
on slopes that face west and south. They typically are
below the ridgetops in narrow areas along side slopes, or
they occupy small areas at the end of rounded slopes. In
many places Marshall soils surround the areas. A few small
areas of Hagener soils occur within areas of Sharpsburg
soils.

The surface layer is very dark brown, friable fine sandy
loam that has very fine and fine oranular structure and 1S
about 8 inches thick. It overlies dark-brown to brown and
very dark brown, friable loamy fine sand that is 8 inches
thiek. This transitional layer is lacking In many areas. The
subsoil is ‘dark-brown to brown or dark yellowish-brown,
very friable to loose loamy fine sand that 1s about 12 inches
thick. The substratum, a yellowish-brown, loose fine sand,
has common, olive-gray mottles and a few, thin, discon-
tinuous, darker colored bands in the lower part.

These soils are droughty. They have very low available
moisture capacity and low content of organic matter. Per-
meability is very rapid. Available nitrogen, phosphorus,
and potassium are very low to low. Hagener solls are
medium acid.

Representative profile of Hagener fine sandy loam that
is moderately eroded and is on a slightly convex slope of
11 percent that faces north (400 feet south and 70 feet west
of the northeast corner of NW14NW1; sec. 6, T. 76 N.,

R.35 W.):

Ap—0 to 7 inches, very dark brown (10YR 2/2) fine sandy
loam with splotches of dark brown to brown (10YR
4/3) : weak, very fine and fine, granular structure;
friable ; horizon appears to consist of loess and loamy
sand : medium acid ; clear boundary.

AB—T to 15 inches, dark-brown to brown (10YR 4/8) and
very dark brown (10YR 2/2) loamy fine sand ; weak,
fine, granular and very weak. fine, subangular blocky
structure ;: very friable; some material from the sur-
face horizon is mixed with this horizon ; medium
acid ; gradual boundary.

B2_15 to 25 inches, dark-brown to brown (10YR 4/3) or dark
yellowish-brown (10YR 4/4) loamy fine sand; very
friable to loose; medium acid; gradual boundary.

C—925 to 60 inches, yellowish-brown (10YR 5/4) fine sand;
common, medium, distinct mottles of olive gray (5
5/2) in the lower part of this horizon; single grainj
loose; a few, thin, discontinuous bands of darker
colored loamy fine sand & to 14 inch thick are common
at. &l depth between about 40 and 60 inches; medium
acid.

The surface layer is very dark brown to dark grayish brown
and ranges from 8 to 16 inches in thickness, unless eroded. Its
texture ranges from fine sandy loam to loamy fine sand. The
subsoil is dark-brown to brown or dark yvellowish-brown loamy
fine sand. Just below is the substratum of yvellowish-brown to
brown fine sand. In most places thin bands of loamy fine sand
that contain some iron accumulation occur in the substratum.

Hagener soils are coarser textured than Ankeny soils, but
those soils are dark colored to a greater depth.

Hagener soils, 9 to 18 percent slopes, moderately
eroded (HaD2) — These undifferentiated soils are downslope
from Marshall soils and generally occupy narrow areas
around sidehills. The areas extend downslope to Marshall
soils and to upland drainageways occupied by Judson-Colo
complex, 2 to 5 percent slopes. Individual areas generally
are between 5 and 15 acres in size.

The profile of these soils is like the one described as
representative for the series. Texture of the surface layer
varies somewhat because in places material from surround-
ing soils on loess has been mixed into the surface layer by
plowing. Both sandy loam and loamy sand occur, but the
areas are too intermingled to be mapped separately. In
about 60 acres the texture is silty clay loam that is 20 to
30 inches thick over sand.

Included with these soils are some areas that have a sur-
face layer that is 7 to 12 inches thick and some severely
eroded areas that have a surface layer less than 3 inches
thick. The severely eroded areas are shown on the detailed
soil map by the symbol for severe sheet erosion. Also 1n-
cluded are some areas that have slopes of 5 to 9 percent.
All of these included soils are too small to be mapped
separately.

These Hagener soils are not suited to row crops, because
of the hazards of further wind and water erosion. Some
areas are cropped because the surrounding soils on loess
are better suited to row crops. These soils are good for hay
or pasture, and much of the acreage is pastured.

In areas that are cultivated, all crop residues ought to
be left on the surface. This practice helps to control soil
blmﬂng and reduces runoff. Terracing the soils upslope
and farming them on the contour are ways to control water
erosion. A cover of vegetation can be established and the
response of crops improved if manure is added and 1f
fertilizer is applied. Capability unit VIs-1.

Humeston Series

In the Humeston series are nearly level, dark-colored
501_1153 that are poorly drained to very poorly drained. These
!;‘:Gi s formed in alluvium under prairie grasses that could
t ::": n{inll.te dvgetl%ess. They are on low benches, mostly on bot-
i MH of the East Nishnabotna River and its tribu-

aries, Humeston soils are associated with the Bremer,
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Colo, Nevin, and Zook soils. They generally are in_de-
pressional areas and are much wetter than surrounding
soils. The areas are likely to be ponded because of over-
flow from nearby streams. Some areas receive runoff from
surrounding soils. _

The surface layer is black, friable to firm heavy silt loam
that has fine subangular blocky and granular structure and
is about 12 inches thick. It overlies dark-gray, friable silf
Joam that has platy structure and is about 8 inches thick.
The subsoil extends to a depth of about 414 feet and 1s
dark-gray and gray, firm to very firm silty clay, mottled
somewhat with olive. It has subangular blocky structure.
The substratum is pale-olive, firm, massive light silty clay.

Humeston soils have high available moisture capacity.
The fine-textured subsoil is very slowly permeable, The
content of organic matter in the surface layer is high.
Humeston soils generally are low in available nitrogen,
medinm in phosphorus, and high in potassium. They typi-
cally are slightly acid or medium acid.

Representative profile of Humeston silt loam on a slope
of about 1 percent (43 feet east and 1,980 feet south of
the northwest corner of the NE14,NE1, sec. 34, T. 76 N.,
R. 37 W.):

Ap—O0 to 7 inches, black (10YR 2/1) heavy silt loam that is
very dark brown (10YR 2/2) when crushed ; moderate,
fine, subangular blocky and weak, fine, granular strue-
ture: friable; a few very fine roots: slightly com-
pacted ;: medium acid; clear boundary.

A12—7 to 11 inches, black (10YR 2/1) heavy silt loam that
is very dark brown (10YR 2/2) when crushed ; a few,
medium, faint mottles of dark gray (10YR 4/1);
moderate, fine, subangular blocky structure ; friable to
firm; a few very fine roots; medium acid; clear
boundary.

A2—11 to 19 inches, dark-gray (10YR 4/1) silt loam; a few,
fine, faint mottles of dark yellowish brown (10YR
4/4) are on some peds; weak, medium, platy strue-
ture that breaks to moderate, fine, subangular blocky ;
friable ; mottles are generally concentrated in the
lower part of the horizon; medium acid; abrupt
boundary.

B21tg—19 to 30 inches, dark-gray (10YR 4/1) and gray
(10YR 5/1) light silty clay that is gray (10YR 5/1)
when crushed ; moderate, medium, subangular blocky
structure; firm to very firm; clay films on the sur-
faces of vertical and horizontal peds; some very dark
gray (10YR 3/1) coats are on peds; a few fine pores;
slightly acid ; gradual boundary.

B22tg—30 to 43 inches, gray (5Y 5/1) and dark-gray (5Y 4/1)
silty clay that is dark gray (5Y 4/1) when crushed :
common, medium, distinet mottles of olive (5Y 5/3) ;
moderate, medium, subangular blocky structure: firm
to very firm; clay films on surfaces of vertical and
horizontal peds; black (10YR 2/1) organic material
in channels; slightly acid; gradual boundary,

B3g—43 to 56 inches, dark-gray (5Y 4/1) and olive (5Y 5/3)
silty clay that is gray (5Y 5/1) when crushed ; weak,
coarse, subangular blocky structure; firn to very
firm ; many dark stains and many dark root fillings in
channels; slightly acid; gradual boundary.

C1—506 to 62 inches, pale-olive (5Y 6/3) light silty eclay: a
few, fine, faint mottles of yellowish brown (10YR
5/8) ; massive with some vertical cleavage: firm:
black organic stains and channel fillings; slightly
acid,

The surface layer of Humeston soils is black to very dark
gray and is 8 to 14 inches thick. It overlies a dark-gray to gray
layer that is 8 to 10 inches thick. The subsoil typically is dark
gray or gray, and its clay content is 45 to 55 percent. In places
in the lower part of the subsoil and in the substratum, the coior
is grayish brown to olive gray or olive. Dark grayish-brown
and yellowish-brown mottles are common in the subsoil and
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substratum, and they generally increase in size and number
with depth.

Humeston soils are gimilar to the Bremer and Zook soils, but
those soils lack the distinet, light-colored subsurface horizon
typical of Humeston soils. These soils have a finer textured
subsoil than Corley soils, Also in many places they are shal-
lower to the zone of maximum clay accumulation, and the in-
crease in clay from the subsurface layer to the subsoil is more
abrupt.

Humeston silt loam (0 to 2 percent slopes) (Hu).—
This is the only Humeston soil mapped in the county. In-
dividual areas generally are between 3 and 10 acres in size.
The profile of this soil is like the one deseribed as repre-
sentative for the series,

Most areas of thissoil are small and generally are farmed
along with surrounding soils. Cultivated crops are grown
in most places, but some of the wettest areas are left in
pasture. This soil generally is wet in spring and is difficult
to work. It dries slowly, and in many places tillage 1s de-
layed. Surface drainage is needed. Tile drains do not work
well, because water moves slowly in the subsoil. Produe-
tivity is only moderate, even if this soil is drained, and in
wet years it is likely to be low. Pasture is a good use for
areas not drained. Capability unit TTTw-1.

Judson Series

In the Judson series are dark-colored soils that are well
drained to moderately well drained. These soils formed
under prairie grasses in local alluvium in places where
water from upland drainageways flows onto bottom lands.
The alluvium consists of silty material washed from adja-
cent slopes over a long period of time. Slopes range from
0 to 9 percent, but in most places they are 0 to 5 percent.

Judson soils generally are on foot sf}c,:pes below the Mar-
shall and Sharpsburg soils and extend downslope to soils
on low stream benches on bottom lands. They are also on
alluvial fans. They occur in all parts of the county. In
places Judson soils are closely associated with Colo soils
and are mapped in a complex with those soils.

The surface layer is very dark brown or black, friable
heavy silt loam that has fine subangular blocky structure
and 1s about 2 feet thick, It overlies dark-brown, friable
light silty clay loam that in some places has very dark
grayish-brown colors on the exteriors of the soil peds. This
transitional layer is about 12 inches thick, if present, but
In }ﬂnces it is lacking. The subsoil to a depth of about 60
iches 1s dark-brown, friable light silty elay loam that has
a few dark yellowish-brown mottles. It has weak prismatic
structure that breaks to subangular blocky.

Judson soils have high available moisture capacity and
high content of organic matter. Permeability of the sub-
soil 1s moderate. Runoff causes gully erosion in some places.
These soils receive fresh deposits of material in areas
where they are adjacent to the base of upland slopes. Jud-
son solls are medium in available nitrogen and phosphor-
us, are high in potassium, and are slightly acid to medium
acid, They are suitable for row crops. Protection from
overflow and from deposition are the most important man-
agement, problems.

Representative profile of Judson silt loam on a 2 percent
slope facing north-northeast (389 feet north and 474 feet
east of the southeast corner of the SW14SE14 sec. 31, T.
(7 N.,, R. 37T W,, on a large alluvial fan west of the East
Nishnabotna River and of Indian Creek) :
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Ap—0 to 7 inches. black (10YR 2/1) heavy silt loam that is
black (10YR 2/1) to very dark brown (10YR 2/2)
when crushed and is dark gray (10YR 4/1) when dry :
cloddy, hut hreaks to wealk, fine, aranular and wenk,
very fine, subangular blocky strueture friable: me-
dium neid @ elear, smoofly hboundary,

A12—7 to 15 inches, black (10YR 2/1) to very dark brown
(10YR 2/2) heavy silt loam that is very dark browi
(10YR 2/2) when crushed and is dark orayish brown
(1I0YR 4/2) when dry:; moderate, fine, subangular
blocky structure; friable; many very fine pores and
a few, fine, tubular pores; medium acid; gradunl,
smooth boundary.

A13—15 to 23 inches, very dark brown (10YR 2/2) heavy silt
loam that is very dark grayish brown (10YR 3/2) to
dark brown (10YR 3/3) when crushed and is grayish
brown (10YR 5/2) when dry; a few of the ped exte-
riors are very dark grayish brown (10YR 3/2) ; moder-
ate, fine, subangular blocky structure ; friable: many
very fine pores and a few, fine, tubular pores; a few
black (10YR 2/1) worm casts; medium acid: gradual,
smooth boundary.

AB—23 to 36 inches, dark-brown (10YR 3/3) light silty clay
loam, grayish brown (10YR 5/2) when dry ; some ped
exteriors are very dark grayish brown (10YR 3/2)
especially in the upper part of the horizon ; weak pris-
matic structure that breaks to weak, fine, subangular
blocky ; friable; many very fine pores and a few, fine,
tubular pores ; medium acid ; diffuse, smooth boundary.

B21—36 to 47 inches, dark-brown (10YR 3/3) light silty clay
loam: a few, fine, faint mottles of dark yellowish
brown (10YR 4/4) that are hardly visible when moist ;
weak prismatic structure that breaks to weak, fine,
subangular blocky ; a few, fine, very dark brown (10YR
2/2) spots of soft oxides; friable; many very fine
pores and a few, fine, tubular pores; medium acid;
diffuse, smooth boundary.

B3—47 to 60 inches, dark-brown (10YR 3/3) light silty clay
loam : a few, fine, faint mottles of dark yellowish brown
(10YR 3/4 and 4/4), which increase slightly in number
with depth; weak subangular blocky structure in the
upper part of the horizon but mostly massive below ;
friable; many very fine pores and a few, fine, tubular

pores.

These soils are black to very dark brown to a depth between
20 and 30 inches. In areas that bhave recent overwash on them,
however, the plow layer is very dark grayish brown. The soils
grade to dark brown or brown with depth. Mottles generally
are not present above a depth between 30 and 36 inches, but
dark grayish-brown to yellowish-brown mottles occur in places
below that depth. Judson soils typically are heavy silt loam to
light silty clay loam in the upper part and light silty clay loam
in the subsoil and underlying material. The content of sand is
low.

Judson soils have a lower content of sand than Olmitz soils.
Their subsoil is somewhat finer textured than that in Kennebec
soils, and they are not so dark colored as those soils between
a depth of 30 and 40 inches.

Judson silt loam, 0 to 2 percent slopes (JdA).—This
soil is on alluvial fans below upland drainageways (fig. 6).
The areas generally are between o and 20 acres 1n size and
oceur throughout the county.

Included with this soil are some areas that have 6 to 16
inches of recent overwash on the surface. This overwash
consists of dark grayish-brown silt loam.

This Judson soil can be used frequently for row crops.
It generally is cropped along with soils on adjacent
benehes and bottom lands. If this soil 1s cropped inten-
sively, plowing under crop residues and providing protec-
tion from runoff are ways to help mantain productivity.
Capability unit 1-2.

Judson silt loam, 2 to 5 percent slopes (JdB).—Some
areas of this soil are long and narrow and are on concave

foot slopes below Marshall and Sharpsburg soils. Other
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Figure 6.—Judson silt loam, 0 to 2 percent slopes, is in the fore-

ground; the grassed waterway farther back extends through an

area of Judson-Colo complex, 2 to 5 percent slopes. The strongly
sloping area in the background consists of Marshall soils.

areas are on alluvial fans that extend onto low alluvial
stream benches and first bottoms. Individual areas range
from about 5 to 50 acres, and they occur in all parts of the
county.

_ This is the most extensive . udson soil mapped separately
in the county. Its profile is like the one described as repre-
sentative for the series. This soil is in good tilth. It 1s easy
to work in seasons when rainfall 1s normal. Some areas are
subject to flooding and severe gullying if not protected.

~ Included with this soil are a few areas that have 6 to 16
inches of recent deposition on the surface. These deposits
consist of dark grayish-brown silt loam that has a low con-
tent of organic matter. They were washed from adjacent
uplands, and the deposition is most common near the base
of slopes and adjacent to drainageways.

This Judson soil can be used frequently for row crops.
It generally is cropped the same as adjoining soils on
benches and bottom lands.

If row crops are grown on this soil, contour farming 1s
needed. Plowing under all crop residues helps to keep the
soil in good tilth when cropped intensively. Constructing
terraces on nearby upland slopes and placing diversion ter-
races at the base of adjacent side slopes are ways to prevent
damage from overflow and deposition. Water from runoff
is likely to accumulate at the upper edges of the soil areas.
Placing interceptor tile in such areas helps to dispose of
excess water. Capability unit ITe-2.

Judson silt loam, 5 to 9 percent slopes (JdC).—This
soil 1s on low foot slopes that border upland drainage-
ways. The areas are below Marshall and Sharpsburg soils.
Individual areas range from about 5 to 15 acres and are
scattered throughout most of the count

The surface layer of this soil is giack to very dark
brown. It is 20 to 24 inches thick.
_Included with this soil are some areas of Marshall and
Sharpsburg soils that are too small to be mapped
separately.

Most areas of this Judson soil are cultivated. Row crops
c':l.nﬂl}e grown much of the time if erosion is controlled.

IFfarming on the contonr and terracing this soil are ways
to help control erosion. Deep gullies are likely to form 1n
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areas near upland dminngewafzs if erosion is not controlled
in areas above. The gullies should be filled, shaped, and
seeded to grass for use as waterways. Response to lime and
fertilizer 1s good. Capability unit ITIe-1.

Judson-Colo complex, 2 to 5 percent slopes (JoB).—
The soils of this complex are along small upland drainage-
ways throughout the county. Judson silt loam, 2 to 5 per-
cent slopes, and Colo silty clay loam are the domiinant
soils, and each is described in detail under their respective
series. The Judson soil generally is at the base of slopes,
and the Colo soil typically is adjacent to channels of drain-
ageways. The soils of this complex are associated with all
soils of the uplands, as well as with those on stream benches
and on bottoms. They are near Olmitz soils in some areas
underlain by glacial till.

Soils of this complex are dark colored and are well
drained to poorly drained. Many areas are cut by meander-
ing channels and by gullies. A few areas are severely chan-
neled, and further gullying is likely because of runoff.
Permeability of the subsoil is slow, and many areas are
wet and seepy. Many areas close to drainageways have 6
to 16 inches of recent, silty sediment on the surface.

Included with this complex are some areas of a soil that
has a clayey subsoil. The areas are too small to be mapped
separately.

Most areas of this complex are narrow and are cropped
along with surrounding soils of the uplands. The crops are
those commonly grown in the county. Many areas are in
permanent pasture. These generally occupy areas where
the surrounding soils are not suited to cultivation or the
part on bottom lands 1s cut by channels or is severely
gullied.

If drainage is provided and gullying controlled, these
soils can be used frequently for row crops. The areas also
are well suited to pasture. Tile drains can be used to im-
prove wet, seepy areas. Farming on the contour and con-
structing terraces in the soils upslope help to control gul-
lying. Diversion terraces also can be used for this purpose.

Gullied areas need to be filled and seeded to grass for use
as waterways. Capability unit ITw-1.

Kennebec Series

The Kennebec series consists of nearly level, dark-
colored soils that are moderately well drained to somewhat
poorly drained. These soils formed under prairie grasses
in silty alluvium. They are on first bottoms throughout the
county along most of the major streams and their tribu-
taries. They are associated with the Colo, Nodaway, and
Zook solls.

The surface layer is chiefly black or very dark brown,
friable silt loam that has fine granular and fine subangular
blocky structure. It is about 30 inches thick. The subsoil is
black to very dark brown, friable light silty clay loam to a
depth of 40 inches and very dark grav, friable silty clay
loam below that depth. Structure is subangular blocky.

These soils have high available moisture capacity and
high content of organic matter, Permeability of the subsoil
is moderate. Protection from overflow is desirable, hut tile
drains are seldom needed. Straightening the stream chan-
nels partly eliminates the hazard of overflow. Kennebec
soils are low in available nitrogen, medium to hich in
phosphorus and in available potassium, and slighth:; acid
to medium acid. | j
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Representative profile of IKennebee silt loam on a slope
of about 1 percent (160 feet west and 470 feet north of the
southeast corner of sec. 34, T. 75 N., R. 36 W.):

A1—0 to 3 inches, very dark brown (10YR 2/2) and very dark
grayish brown (10YR 3/2) silt loam ; fine granular
structure ; friable; a few fine pores; many fine roots;
medium acid; clear boundary.

Al2—3 to 9 inches, black (10YR 2/1) silt loam ; weak, very fine
and fine, granular structure ; friable ; a few fine pores ;
many very fine roots; medium acid; clear boundary.

A13—9 to 18 inches, bluck (10YR 2/1) to very dark gray (10YR
3/1) silt loam; weak, very fine, subangular blocky
structure that breaks to weak, medium, granular ; fri-
able; many fine pores; a few very fine roots; slightly
acid ; elear boundary.

A31—18 to 24 inches, black (10YR 2/1) silt loam that is black
(10YR 2/1) or very dark gray (10YR 3/1) when
crushed ; moderate, fine, subangular blocky structure;
friable; many fine pores; a few very fine roots; many
wormholes : a few root channels ; slightly acid ; gradual
boundary.

A32—24 to 34 inches, black (10YR 2/1) silt loam that is
black (10YR 2/1) or very dark gray (10YR 3/1)
when crushed; weak to moderate, fine, subangular
blocky structure; friable; many fine pores; many
fine wormholes; a few root channels; slightly acid;
gradual boundary.

B11—34 to 40 inches, black (10YR 2/1) light silty clay loam
that grades to very dark brown (10YR 2/2) ; weak to
moderate, fine, subangular blocky structure; friable;
a few fine pores; a few fine wormholes ; slightly acid ;
clear boundary.

B12—40 to 45 inches, very dark gray (10YR 3/1) light silty
clay loam that grades to very dark brown (10YR
2/2) ; weak to moderate, medium, subangular blocky
structure; friable; a few fine pores; a few fine worm-
holes ; slightly acid: clear boundary.

B2—45 to 55 inches, very dark gray (10YR 3/1) silty clay
lonm; moderate, medium, subangular blocky struec-
ture; friable; a few fine pores: slightly acid.

Kennebec soils generally are black or very dark brown to a
depth of 40 inches or more. In places at a depth below 30 inches
the color grades to very dark gray. In areas that have recent
deposition on them, the upper few inches are very dark grayish
pmwn to dark grayish brown. The texture below a depth of 30
inches ranges from silt loam to light silty clay loam, In some
places fine, dark-brown mottles are at a depth below 36 inches.

Kennebec soils are darker colored than Nodaway soils and
lack the distinet stratification typical of those soils. They are

better drained than Colo and Zook soils and are not so fine
textured.

Kennebec silt loam (0 to 2 percent slopes) (Ke).—
This is the only Kennebec soil mapped in the county. It

occupies both narrow and wide areas on bottom lands

throughout the county. Individual areas are as much as
150 acres 1n size,

The profile of this soil is like the one described as rep-
resentative for the series. In about one-third of the area
sedu_nent has been washed onto the surface. The sediment
consists of dark grayish-brown silt loam that is 6 to 16
inches thick,

Included with this soil are some areas of Colo and

Nodaway soils. These soils are too small to be mapped
separately.

Some areas of this Kennebec soil are large enough to
be farmed separately, but many areas are cropped the
same as other surrounding soils on bottom lands. Most
areas are cultivated. Row crops can be grown frequently.
In a few places flooding, and possibly a temporary perched
water table, may cause wetness in years when rainfall is
above normal. Such areas, however, generally are not
wet enough to need tile drainage. Growing a meadow crop
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in the rotation occasionally helps to keep the soil in good
tilth. Crops on this soil respond well if lime and fertilizer
arve applied. Capability unit I-2.

Ladoga Series

The Ladoga soils are moderately dark colored and
are well drained or moderately well drained. These soils
formed in loess under trees and prairie grasses. Slopes
ange from 2 to 25 percent. Some areas are on gently
sloping ridgetops and moderately sloping to steep side
slopes. Others are on stream benches on loess. The areas
ave strongly dissected and border the major streams of the
county. They generally are on slopes that face north and
west and have a cover of scattered trees and grasses. Small
outerops of sandstone and shale occur along the base of
slopes adjacent to the East Nishnabotna River, near Lewis.
These are shown on the detailed soil map by a spot symbol.

Ladoga soils are associated with the Adair and Shelby
soils and with the Gara and Sharpsburg soils throughout
the county. In many places in the western part of the
county, they are on the same slope as Marshall and Shelby
solls,

The surface layer is very dark gray, friable silt loam
that has fine granular structure and is about 4 inches
thick. It overlies dark grayish-brown, friable silt loam that
has platy structure. The subsoil extends to a depth of about
4 feet or more. It is mainly dark-brown to brown and
yvellowish-brown, firm heavy silty clay loam that in some
places has yellowish-brown, olive-gray, and brown mottles.
Structure 1s angular blocky and subangular blocky.

Ladoga soils have high available moisture capacity.
Permeability of the subsoil is moderately slow. In culti-
vated areas material from the subsurface layer has been
mixed with the surface layer. As a result, in these areas
the surface layer is grayish when dry. Ladoga soils are
low to very low in available nitrogen, medium to low in
phosphorus, and medium In potassium. They typically
are medium acid to strongly acid in the subsoil, but they
range from slightly acid to very strongly acid in the
upper layers.

These soils erode readily if not protected, and terraces
or contour farming are needed. Tilth is fairly good 1if
the subsoil is not exposed. In many places gullies have
formed in the sides of hills in areas overcropped or over-
orazed. :

Representative profile of Ladoga silt loam on a 12
percent slope that faces northwest ( southwest 5 acres of
the SW14,SE1,SW1 sec. 14, T. 76 N., R. 36 W.):

A1—0 to 4 inches, very dark gray (10YR 3/1) silt loam;
moderate, fine and very fine, granular structure ;
friable : slightly acid ; clear houndary.

A2—4 to 8 inches, dark grayish-brown (10YR 4/2) silt loam ;
moderate, thin, platy structure; friable; peds have
very dark gray (10YR 3/1) exteriors and gray to
light-gray (10YR 6/1, dry) silty coatings: a few worm
casts: very strongly acid; abrupt boundary.

B1—S8 to 14 inches, dark grayish-brown (10YR 4/2) and very
dark gray (10YR 3/1) silty clay loam ; moderate, fine,
granular and very fine, <cubangular blocky structure ;
friable; prominent, light-gray (10YR 7/1, dry) silty
coatings on peds; a few worm casts; very strongly

B21—14 Etlﬁi?é gilefiilreg.nggfﬁﬁl:nwn to brown (10YR 4/3) heavy
silty clay loam; strong, fine and very fine, angular
blocky structure; friable to firm; continuous, gray to

light-gray (10YR 6/1, dry) silty coating one peds; a
few worm casts: strongly acid; abrupt boundary.

B22t—18 to 24 inches, dark-brown to brown (10YR 4/3) and
dark yellowish-brown (10YR 4/4) heavy silty clay
loam; strong, fine, angular blocky structure; firm ;
some gray to light-gray (10YR 6/1, dry) silty coatings
on peds; clay films on vertical and horizontal faces of
peds: a few, fine, soft concretions of iron and man-
ganese; a few worm casts; strongly acid; gradual
boundary.

B23t—24 to 32 inches, yellowish-brown (10YR 5/4) heavy
silty clay loam ; strong, fine, angular blocky structure ;
firm: peds have dark-brown to brown (10YR 4/3)
exteriors and some gray to light-gray (10YR 6/1, dry)
silty coatings; clay films on horizontal faces of peds;
a few, fine, soft concretions of iron and manganese;
a few worm casts; strongly acid; gradual boundary.

B24—32 to 41 inches, dark yellowish-brown (10YR 4/4) and
yellowish-brown (10YR 5/4) silty clay loam ; common,
medium, distinet mottles of light olive gray (5Y 6/2)
and a few, fine, faint mottles of yellowish brown
(10YR 5/6) ; weak, coarse, subangular blocky struc-
ture: firm; a few clay films on horizontal faces of
peds; some gray to light-gray (10YR 6/1, dry) silty
coatings on peds; many, medium, prominent, soft con-
cretions of iron and manganese ; strongly acid; grad-
ual boundary.

B3—41 to 50 inches, yellowish-brown (10YR 5/4) light silty
clay loam: many, coarse, faint mottles of yellowish
brown (10YR 5/6) ; many, coarse, prominent mottles
of light olive gray (5YR 6/2) and a few, fine, faint
mottles of brown (10YR 5/3); weak, medium, sub-
angular block structure; friable to firm; many,
medium, distinet, soft concretions of iron and man-
ganese ; strongly acid.

In areas that are not eroded, the surface layer is black to
very‘dark gray and is 4 to 8 inches thick. Just below is a dark
grayish-brown layer that is 2 to 6 inches thick. In cultivated
areas that are severely eroded, the subsurface layer has been
mixed with the remaining surface layer by plowing. Here the
prpf-;ent surf‘uce layer generally is very dark grayish brown.

The subsoil is dark brown to yellowish brown and commonly
has gminy coatings of silt and thin films of clay on the
exteriors of the soil peds. Yellowish-brown and light olive-gray
mottles occur in the lower part of the subsoil, and their size
and number increase with depth. Texture of the subsoil is

silty clay loam. The maximum clay content is 36 to 40 per-
cent in the finest part.

The uqderlying material typically is dark yellowish-brown
to yellowish-brown silt loam to silty clay loam. In some places,
hnw'ever. the underlying material is olive gray or mottled yel-
lowish brown and olive gray in color.

Ladoga =oils have a thinner, lighter colored surface layer
than Marshall and Sharpsburg soils. They also are more acid
and have stronger structure. In addition Marshall and Sharps-
burg soils lack the light-colored subsurface layer and graiuy

coatings on peds in the upper part of the subsoil, which are
typical of Ladoga soils.

Ladoga silt loam, 2 to 5 percent slopes (l.aB).—This
soil 1s on gently sloping ridgetops in moderately wide
areas. The areas are above more sloping Ladoga soils on
side slopes and range from 10 to about 40 acres in size.

The surface layer of this soil is very dark gray silt loam
4 to 8 inches thick. In most cultivated areas the plow layer
is very dark grayish brown and overlies a light-colored
subsurface layer, Included is a small acreage in which all
of the light-colored subsurface layer has been mixed with
the surface layer by plowing.

Most areas of this Ladoga soil are used for row crops,
and some areas are large enough to farm separately. Other
areas remain in trees, brush, and grass. Some of these are
suitable for crops or pasture if cleared. Sheet erosion is
a hazard if this soil is cultivated and not protected.
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If this soil is terraced or farmed on the contour, row
crops can be grown much of the time. These practices
control erosion on this soil and also help to reduce erosion
on soils downslope. Management is needed that mcludes
maintaining fertility, as well as keeping soil losses within
allowable Iimits. Capability unit ITe—1. :

Ladoga silt loam, 5 to 9 percent slopes ((LaC).—This
soil is mostly on fairly broad ridgetops above more
strongly sloping Ladoga and Gara soils. In seme places
it occupies narrow areas around side slopes below gently
sloping Ladoga soils on ridges. Individual areas generally
are between 5 and 50 acres in size.

The surface layer of this soil consists of 4 to 8 inches
of silt loam. It generally is very dark gray, but in many
cultivated areas it is very dark grayish brown. It over-
lies a layer of light*cofored loam. This soil 1s only
slightly eroded. It is subject to further erosion because
of runoff.

This soil is snited to growing row crops for about half of
the time, and much of it is cultivated. Many areas remain
in permanent pasture because the surrounding soils are
not suited to cultivation.

If row crops are grown on this soil, terracing and con-
tour farming are needed. The fertility and content of
organic matter can be improved by including grasses and
legumes in the cropping system. In addition all crop resi-
dues should be plowed under and fertilizer applied. Gul-
lies need to be filled in and seeded to permanent grasses.
Capability unit TTTe-1.

Ladoga silt loam, 5 to 9 percent slopes, moderately
eroded (LoC2).—Some areas of this soil are on narrow
to fairly wide ridgetops upslope from more strongly slop-
ing Gara and Ladoga soils. Many other narrow areas are
around side slopes just below gently sloping ridgetops.
The individual areas range between 10 and 60 acres in
size.

The surface layer is very dark grayish-brown or very
dark gray silt loam. ITn cultivated areas all of the light-
colored subsurface layer and part of the subsoil generally
are mixed with the remaining surface layer by plowing.
Here the content of organic matter is low and tilth gen-
erally is poor. If the soil is worked when wet, the sur-
face seals over and crusts. In areas that are cropped in-
tensively and not protected from erosion, much of the
rain that falls runs off and the hazard of further erosion
1S severe.

Included with this soil is a small acreage of severely
eroded soils that have less than 3 inches of the original
surface soil remaining. These areas are shown on the
detailed soil map by the symbol for severe sheet erosion.
Also included are a few scattered areas of moderately
sloping Ladoga soils on loess-covered stream benches.
These areas are narrow and occur below and around less
sloping Ladoga soils on the tops of benches. They are
scattered along bottoms of major streams.

Most areas of this Ladoga soil are in cultivated crops,
and many areas are farmed along with less sloping Ladoga
soils. Some wooded areas are pastured.

If this soil is farmed on the cantour and terraced, row
crops can be grown about half of the time. If needed,
waterways should be shaped and seeded to grass to keep
gullies from forming in the sides of hills. These sodded
waterways also provide a crossway for farm implements.
The response of crops can be improved by building up the
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content of organic matter and applying suitable kinds of
fertilizer. A few wooded areas now in pasture would be
suitable for crops if cleared. Many pastures can be im-
proved by removing the trees and brush and then renovat-
g the areas. Capability unit ITTe-1.

Ladoga silt loam, 9 to 14 percent slopes (LaD).—Some
areas of this soil are on strongly sloping side slopes that
extend downslope to GGara soils or to steeper Ladoga soils.
Many other areas are below less sloping Ladoga soils and
extend downslope to soils in narrow upland drainageways.
Individual areas range from 10 to about 80 acres in size.

This soil is only slightly eroded. The surface layer is very
dark gray, friable silt loam 4 to 8 inches thick. Just below
1s a light-colored layer. In many cultivated areas the sur-
face layer is very dark grayish brown. The soil is easy to
work but is subject to erosion when cultivated.

This soil 1ssuitable for row crops if erosion is controlled.
Many areas surrounded by soils not suitable for cultivation
are left in permanent pasture. Other areas are cleared of
trees and are cultivated.

I'f this soil is cultivated, terracing is needed to protect
the areas from sheet erasion and from gullying. All tillage
must be done on the contour. The response of forage crops
1s good. Areas in permanent pasture respond well if reno-
vated and if properly fertilized. Capability unit I1Te-3.

Ladoga silt loam, 9 to 14 percent slopes, moderately
eroded (laD2).—This soil generally is downslope from
Ladoga soils on ridgetops and upslope from Gara soils and
solls of the Shelby-Adair complexes. In some places it
oceuples the entire side slope and extends downslope to
drainageways. Individual areas range from 10 to 100 acres
in size.

This is the most extensive Ladoga soil mapped in the
county. Its profile is like the one described as representa-
tive for the series. In cultivated areas, the subsurtl:we layer
generally is mixed with the remaining surface layer by
plowing and the plow layer has a grayish cast when dry.
Fertility and content of organic matter are low in this soil.

Included with this soil are small areas of Gara and
Adair soils. Also included are some areas of Shelby soils
less than 2 acres in size, which are shown on the detailed
soll map by a spot symbol. Other included areas consist of
a few acres of a strongly sloping soil on high stream
benches that have a cover of loess. These bench soils have
short slopes and occupy narrow areas below and around
the fairly wide, gently sloping Ladoga soils on the top of
benches.

Most cultivated areas of this Ladoga soil are farmed
along with more gently sloping soils upslope. Many areas,
however, remain in pasture and trees.

If this soil is used for row crops, terracing is needed for
control of erosion. Keeping waterways in grass prevents
formation of gullies that cannot be crossed with farm ma-
chinery. Adding lime and fertilizer and seeding meadow
mixtures that include legumes are ways to improve tilth.
These practices also add organic matter and improve soil
tertility. In many pastured areas the response of forage
plants can be improved by removing the ‘l}rush and trees
and renovating the pastures. Capability unit I1Te-3.

Ladoga silt loam, 14 to 18 percent slopes (LaE).—Most
areas of this soil are just below less s]oping Ladoga
soils and upslope from soils of the Gara series and of t%}e
Shelby-Adair complexes. In places this soil occupies the
entire side slope and extends gawnslope to narrow upland
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drainageways occupied by Judson-Colo complex, 2 to 5
percent slopes. The areas range from 10 to 60 acres in size.

The surface layer of this soil is very dark gray silt loam.
It generally is between 4 and 8 inches thick and overlies
a light-colored subsurface layer. This soil is subject to run-
off and erosion.

Most of this soil is in permanent pasture that includes
a few scattered trees. This soil is poorly suited to row
crops, but a row crop can be grown when establishing
a stand of grasses and legumes for hay and pasture.

Farming on the contour and terracing the soils upslope
provide protection from sheet and guﬁy erosion. Under
oood management, including pasture renovation, the per-
manent pastures provide forage of good nality and have
high carrying capacity. Applying lime an fertilizer helps
to establish new seedings and to improve growth of grasses
and legumes. Capability unit IVe-1.

Ladoga silt loam, 14 to 18 percent slopes, moderately
eroded (LoE2).—This soil is on side slopes just below
Ladoga soils on ridgetops and just above Gara soils and
soils of Shelby-Adair complexes. In many places it oc-
cupies the entire side slope and extends downslope to up-
land drainageways or to valleys of major streams. Indi-
vidual arveas range between 10 and 75 acres in size.

The profile of this soil is much like the one described
as representative for the series. In nearly a third of the
areas, however, the soil is severel eroded, and less than
3 inches of the original surface Soifremains. In these areas
all of the subsurface layer and part of the subsoil have
been mixed with the remaining surface layer by plowing.
As a result, here the present surface soil is dark grayis%
brown to dark brown or brown in color and ranges to
light silty clay loam in texture. All of this soil is subject
to further erosion if cultivated.

Most areas of this soil are in permanent pasture that
includes a few scattered trees. Areas that are cultivated
generally are associated with less sloping soils above. This
soil is poorly suited to row crops, but a row crop can be

rown when establishing a stand of grasses and legumes

or hay or pasture.

Farmine on the contour and terracing the soils upslope

rotect this soil from sheet and gully erosion. Gullies that
ﬁave cut into the sides of hills In many places need to be
shaped and sceded to pasture. Under good management,
including pasture renovation, permanent pastures provide
good forage and have high carrying capacity. Adding lime
and fertilizer helps to establish new seedings and to im-
prove growth of grasses and legumes. Capability unit
IVe-1.

Ladoga silt loam, benches, 2 to 5 percent slopes
(lbB).—This soil is on moderately wide, loess-covered
benches that fan out into and parallel the bottoms of
stream valleys. It generally is below strongly sloping Gara
and Ladoga soils, but in many places it is upslope from
moderately sloping Ladoga soils that extend toward bot-
tom lands. The individual areas generally arve between 5
and 20 acres in size, and most of the acreage 1S near
Atlantic and south of Cumberland.

The surface layer of this soil 1s very dark gray silt loam
4 to 8 inches thick. It overlies a light-colored subsurface
layer. Depth to the underlying alluyvium is 12 to 15 feet.
In cultivated areas the plow layer in many places is very

dark grayish brown.

|

Included with this soil are some nearly level areas
that are too small to be mapped separately.

This Ladoga soil generally is farmed separately from
the soils upslope and those soils downslope on bottom

Jands. Row crops can be grown frequently if fertility 1s
maintained. Some rrearly Jevel areas are slightly wet, but
tile drains generally are not needed.

If this soil is cultivated, farming on the contour reduces
losses of this soil and also helps to prevent erosion on soils
downslope. Because of the irregular slopes, terracing gen-
erally is not suitable. Crops respond if adequate amounts
of fertilizer are applied and if the soil is otherwise well
managed. Capability unit ITe-1.

Ladoga soils, 9 to 14 percent slopes, severely eroded
(LldD3).—These undifferentiated soils are just below less
sloping Ladoga soils on ridgetops. They generally are up-
slope from Gara soils and from soils of the Shelby-Adair
complexes, but in some places they are above upland drain-
ageways occupied by Judson-Colo complex, 2 to 5 percent
slopes. Individual areas are between 10 and 40 acres 1n
size.

The surface layer of these soils is dark grayish-brown
to dark-brown or brown silt loam to silty clay loam. It
is 3 inches or less thick. In cultivated areas all of the
light-colored subsurface layer and part of the subsoil have
been mixed with the remaining surface layer by plowing.
These soils are subject to severe sheet and gully erosion.
They are low in organic matter, runoff is rapid, and they
absorb moisture slowly. T

Included with these soils are some soils on glacial ma-
terial, such as soils of the Adair and Gara series and soils
of Shelby-Adair complexes. These soils are in areas too
small to be mapped separately.

These Ladoga soils are better suited to pasture than to
crplps, but many small areas are farmed with surrounding
soils that are better suited to crops. Growing of row crops
should be done only when establishing a stand of hay or
pasture. Gullies in the sides of hills need to be shaped,
smoothed, and seeded to permanent grasses. Farming on
the contour and terracing soils upslope are ways to pro-
tect these soils from further sheet and gully erosion. Ap-
plying manure helps to build up the content of organic
matter. Capability unit IVe-1.

Ladoga soils, 14 to 18 percent slopes, severely eroded
(LdE3).—These undifferentiated soils generally are down-
slope from less sloping Ladoga soils and upslope from
Gara soils. In many places they occupy the entire side
slope ancII gz_:tﬁ.zgd flowns]ope to drainageways or stream
valleys. Individual areas generally ar
between 5 and 30 acres. i T T e

The surface layer is very dark gray to dark orayish-
brown silt loam or light silty clay loam. It generaT]y 1S NO
more than 3 to 5 inches thick and overlies a light-colored
subsurface layer. In places all of the subsurface layer and
Fart of the subsoil are mixed with the remaining surface

ayer.

Included with these soils are some areas that have a sur-
face layer of very dark gray loam that is 4 to 8 inches
thick. These included areas are too small to be mapped
separately. Also included are a few areas that have slopes
of 18 to 25 percent.

These Ladoga soils are not suited to cultivated crops,
because of the severe hazard of further erosion. Permanent
pasture 18 a good use, and most areas are in woodland pas-
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ture. In many areas the soils are unproductive, because of
excessive tillage on areas not protected. The subsoil is ex-
posed in much of the acreage, and tilth therefore, is poor.
Farming on the contour and terracing the soils upsloge
help to prevent further erosion. Pastured areas need to be
cleared of trees and undergrowth and then renovated. Gul-
lies in the areas need to be shaped and seeded to grass.
These grassed areas provide forage and also permit more
efficient use of farm machinery. Capability unit VIe-1.

Marsh

Marsh (Ma) consists of low areas that remain wet or
are under water for most of the year. Cattails, sedges, wil-
lows, and other plants that tolerate wetness grow in these
marshy places. The areas are low and are scattered mainly
along Turkey Creek, but some are along the East Nish-
nabotna River. Individual areas generally are between 10
and 40 acres in size.

Marsh has no value for farming. Overflow from the
streams stands on the areas because drainage outlets are
lacking. Furthermore, the areas are difficult to drain be-
cause the grade of the channels of the adjacent streams
1s flat. Marsh generally is too wet for pasture plants. Wild-
life habitats are a good use. Capability unit VITw-1.

Marshall Series

In the Marshall series are deep, dark-colored soils that
are well drained. These soils formed under prairie grasses
in loess. Slopes range from 0 to 18 percent.

Marshall soils are the most extensive soils in the up-
lands in the county. They occupy variable topographic
positions 1n the western two-thirds of the county. Some
areas are on nearly level divides; other areas occupy the
entire side of a slope; and still other areas are on high
stream benches. These soils are associated with the Adair,
Clarinda, Hagener, Ladoga, and Shelby soils. They also
are associated with all other soils in the uplands in the
western two-thirds of the county.

The surface layer is black to very dark brown in the
upper part and grades to very dark brown and very dark
grayish brown in the lower part. It is about 18 inches
thick. The texture is silty clay loam, and the structure is
mainly fine granular and fine and medium subangular
blocky. The subsoil, which extends to a depth of about 4
or 5 feet, is friable silty clay loam and has subangular
blocky structure. It is dark brown to brown in the upper
part and mottled yellowish brown, grayish brown, and
dark brown to brown in the lower part. The substratum is
friable, massive silt loam. It is mottled dark brown to
brown, yellowish brown, strong brown, and olive oray
in color. :

These soils haye high available moisture capacity. The
content of organic matter ranges from high, in the nearly
level soils that have a thick surface layer, to mnderatel‘y
low, in the steeper, eroded soils. Permeability of the sub-
soil 1s moderate. Available nitrogen is medium to low in
the gently sloping soils and low in the steeper, eroded
ones. Available phosphorus is low in the steep soils and
medium in the less sloping ones. A1l Marshall soils are
high to medium in available potassium and generally are
slightly acid or medium acid. Some areas less than 2 acres

in size have less than 3 inches of the original surface soil

remaining. These severely eroded areas are shown on the
detailed soil map by a spot symbol.

Marshall soils are the most important soils in the county
for farming. They are more productive than any other
upland soil 1 the county. These soils, however, are sub-
ject to sheet and gully erosion, and productivity decreases
with the steepness of the slope and the amount of erosion.
It the slopes permit, farming on the contour and terracing
are suitable practices for controlling erosion.

Representative profile of Marshall silty clay loam on a
slope of about 3 percent that faces west (829 feet south of
the center of the road and 500 feet east of the northwest
corner of the NW14,SE1j sec. 34, T, 77 N., R. 37 W.):

Ap—O0 to 7 inches, black (10YR 2/1) to very dark brown
(I0YR 2/2) light silty clay loam that is dark gray
(10YR 4/1) to grayish brown (10YR 5/2) when dry
and very dark brown (10YR 2/2) when kneaded:
weak, medium, subangular blocky structure that
breaks to weak, fine, granular; friable: common, fine
and medium, root channels; a few very dark grayish-
brown (10YR 3/2) worm casts; medium acid; clear,
smooth boundary.

Al12—T to 13 inches, very dark brown (10YR 2/2) light silty
clay loam that is grayish brown (10YR 5/2) to pale
brown (10YR 6/3) when dry and very dark brown
(10YR 2/2) to very dark grayish brown (10YR 3/2)
when kneaded; weak, fine, granular and weak, fine,
subangular blocky structure; friable: common, fine
and medium, root channels; a few very dark grayish-
brown (10YR 3/2) worm casts ; medium acid ; gradual,
smooth boundary.

A3—13 to 18 inches, very dark grayish-brown (10YR 3/2)
medium silty clay loam that is grayish brown (10YR
5/2) and has some peds that are pale brown (10YR
6/3) when dry; weak, fine, subangular blocky struc-
ture; friable; common, fine, inped tubular pores and
some medium root channels; a few peds: pore fillings
and worm casts are dark brown to brown (10YR 4/3) :
medium acid ; clear, wavy boundary.

B21—18 to 26 inches, dark-brown to brown (10YR 4/3) me-
dium silty clay loam that is pale brown (10YR 6/3)
when dry; weak to moderate, fine, subangular blocky
structure ; friable; common, fine, inped tubular pores;
some oriented, thin, discontinuous stains of very dark
grayish brown (10YR 3/2) on a few peds; a few
black (10YR 2/1) fillings in fine vertical channels: a
few, very fine, soft, dark-brown concretions of an ox-
ide ; medium acid; gradual, smooth boundary.

B22—26 to 34 inches, dark-brown to brown (10YR 4/3) light
to medium silty clay loam ; a few, fine, grayish-brown
(2.5Y 5/2) mottles; weak, medium, prismatic struec-
ture that breaks to moderate, fine, subangular blocky ;
friable ; many, fine, inped tubular pores; thin, discon-
tinuous clay films on some peds: a few, fine, soft, dark-
brown and yellowish-brown concretions of an oxide;
medium acid ; ¢lear, smooth boundary.

B31—34 to 41 inches, yellowish-brown (10YR 5/4) and dark-
brown to brown (10YR 4/3) light silty clay loam;
common, fine, grayish-brown (2.5Y 5/2) and common,
fine, yellowish-brown (10YR 5/6) mottles that grade
to dark brown to brown (7.5YR 4/4) ; weak, medium,
prismatic structure that breaks to moderate and weak,
medium, subangular blocky ; friable ; many, fine, inped
tubular pores; thin, discontinuous clay films on verti-
cal faces of peds; a few, fine, soft, dark-brown and
yellowish-brown coneretions of an oxide ; slightly acid ;
gradual smooth boundary.

B32—41 to 47 inches, mottled yellowish-brown (10YR 5/4),
grayish-brown (2.5Y 5/2), and dark-brown to brown
(10YR 4/3) light silty clay loam ; common, fine mottles
of yellowish brown (10YR 5/6) and dark brown to
brown (7.5YR 4/4) : weak, medium, prismatic struc-
ture that breaks to weak, medium, subangular blocky ;
friable ; many, fine and medium, inped tubular pores;
a few, thin, continuous films on the vertical faces of
Some peds (may be clay) ; slight increase in grayish
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brown color in ped interiors; a few, vecy fine, soft,
black concretions of an oxide; slightly acid; gradual,
smooth boundary.

B33_47 to 58 inches of light silty clay loam to heavy silt loam,
the same color as the B32 horizon except the grayish-
brown colors grade to olive gray (Y 5/2) ; weak,
medium to coarse, prismatic structure that breaks to
weak, medium, subangular blocky ; common, fine mot-
tles of yellowish brown (10YR 5/6) and dark brown
to brown (7.5YR 4/4); friable; many, fine and me-
dium, inped tubular pores: a few, very fine, soft, black
concretions of an oxide ; a few, indistinet, grainy coats
of silt on a few vertical faces; neutral; diffuse,
smooth boundary.

58 to 68 inches, mottled yellowish-brown (10YR 5/4 to
5/6) and olive-gray (5Y 5/2) silt loam ; massive with
some vertical cleavage; friable; many, fine and very
fine, tubular pores; a few, indistinct, grainy coats of
silt on vertical faces; a few, fine, soft, dark-brown
to black concretions of an oxide; neutral ; clear,
smooth boundary.

(12—68 to 72 inches, mottled dark-brown to brown (7.5YR 4/4),

strong-brown (7.5YR 5/6), and some olive-gray (6Y
5/2) silt loam ; massive with some vertical cleavage:
friable : many, fine and very fine, tubular pores; a
few, indistinet, grainy coats of silt on vertical faces;
common, fine, soft, dark-brown to black concretions
of an oxide : neutral ; clear, smooth boundary.

C3—72 to 76 inches, mottled, dark yellowish-brown (10YR

4/4), yellowish-brown (10YR 5/6), and olive-gray
(5Y 5/2) silt loam; massive; friable; a few, fine,
soft, dark-brown to black concretions of an oxide;
neutral.

The surface layer typically is 8 to 16 inches thick in nearly
level soils or in soils that have not been severely eroded, but
it is as little as 3 inches thick in severely eroded soils. This
layer is black to very dark brown and very dark grayish brown.
The subsoil typically is dark-brown to yellowish-brown silty
clay loam that has a clay content of 20 to 35 percent. A few mot-
tles of yellowish brown, dark brown, or olive gray generally are
at a depth below 30 inches. The underlying material generally
is brown or yellowish-brown silt loam and has common, gray-
ish or strong-brown mottles.

The thickness of the loess in which the Marshall soils formed
ranges from nearly 35 feet in the northwest corner of the
county to from 15 to 20 feet in the southeastern part of the
Marshall association. In areas where the Marshall soils are
closely associated with the Tadoga soils, some Marshall soils
formed partly under trees. Here the material just below the
surface layer is darker brown than in typical Marshall soils and
the subsoil is a little finer textured.

Marshall soils have a thinner surface layer than Minden soils,
and their subsoil lacks the grayish-brown colors typical of
those soils, They contain less clay than Sharpsburg soils, their
subsoil lacks the increase in clay typical of those soils, and
depth to mottling is greater.

Marshall silty clay loam, 0 to 2 percent slopes
(MhA).—This soil is on broad, nearly level ridgetops scat-
tered thronghout the Marshall association. It generally
i? surrounded by Marshall silty clay loam, 2 to 5 percent
slopes.

The surface layer of this soil is black to very dark brown.
Tt is as much as 20 inches thick. Depth to grayish-brown
and yellowish-brown mottles generally is less than in more
sloping Marshall soils.

Included with this soil are a few areas of nearly level
Minden soils. These included soils are in areas too small to
be mapped separately.

Under good management row crops call be grown fre-
quently on this Marshall soil. Growing a meadow crop
oceasionally in the cropping system and returning crop
residues to the soil help to maintain the generally high con-
tent of organic matter. These practices also keep the soil 1n
good tilth. In many places this soil 1s farmed along with

& |

other Marshall soils and with Minden soils because indi-
vidual areas generally are only 15 to 30 acres in size. In
Pleasant Township, however, some areas occupy as much
as 100 acres or more, and some of these are farmed sep-
arately. This soil may be more leached of lime than other
Marshall soils, and seil tests are needed to determine the
amount of lime required. Capability unit I-1.

Marshall silty clay loam, 2 to 5 percent slopes
(MhB).—This soil is on fairly broad rid%etops in the Mar-
shall association. In places it extends for a mile or more
along some of the ridges or divides. It is below the higher
lying, nearly level Marshall soils on broader ridgetops and
u,]bove the higher lying, more sloping Marshall soils on side
slopes.

The profile of this soil is like the one described as repre-
sentative for the series. This soil is in excellent tilth. The
content of organic matter is high. Erosion 1s a hazard.

Included with this soil are some areas of a soil that has
only 3 to T inches of the original surface soil remaining.
Also included are many areas that have slopes of less than
9 percent. These included soils are 1n areas too small to be
mapped separately.

This Marshall soil 1s used for row crops much of the
time, to which it is well suited. Good management, includ-
ing terracing and farming on the contour, is needed for
control of erosion. Terracing this soil also helps to protect
the soils downslope. Some areas of this soil are large
enough to be farmed separately, though most areas are
cropped along with surrounding soils that are more slop-
ing. Capability unit ITe-1.

Marshall silty clay loam, 5 to 9 percent slopes
(MhC).—This soil occupies many fairly narrow divides or
crest of ridges that occur throughout the Marshall asso-
ciation. In many places it occuples the entire side of a
slope just below gently sloping ridgetops. In many places
where the bottom part of the side slope is on glacial till,
rather than loess, this soil is upslope from Shelby soils.

_The surface layer of this soil is black to very dark brown
silty clay loam. It is 8 to 14 inches thick. Workability of
this soil is good, but erosion is a severe hazard if the areas
are not protected.

This soil is well suited to row crops, and a few areas are
large enough to be farmed separately. Other areas are culti-
vated along with surrounding soils. Some areas are pas-
tured because they are small and are adjacent to soils not
so well suited to cultivation.

If this soil is cultivated, terracing and farming on the
contour are needed to reduce losses of soil and water.
Grassed waterways also are needed to prevent gullies from
forming and to provide a crossing for farm machinery.
(Capability unit ITTe-1.

Marshall silty clay loam, 5 to 9 percent slopes, mod-
erately eroded (MhC2).—This soil occupies positions on
the landscape similar to those occupied by Marshall silty
clay loam, 5 to 9 percent slopes, and is associated with the
same solls. Some of the areas are as large as 80 acres.

The surface layer of this soil is only 3 to 7 inches thick.
It is very dark brown or very dark grayish brown in color.
In places material formerly in the subsoil has been mixed
with the surface layer. The content of organic matter 1s
lm::grithap in less eroded soils. .

I'his soil is suited to row crops, and a few areas are large
enough to be farmed separately. Many areas are farmed
with other surrounding Marshall soils.
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Tf this soil is used for row crops, fertility must be kept
high, erosion controlled, and other good management used.
Using a cropping system that includes grasses and legumes
improves tilth, increases the capacity to absorb rainfall,
and reduces the hazard of erosion. Terracing (fig. 7) and
farming on the contour prevent further soil losses. Any
shallow gullies in the areas need to be filled, smoothed, and
seeded to grass for use as waterways. The sodded water-
ways also provide a crossing for farm machinery. Capa-
bility unit I11Te-1.

Marshall silty clay loam, 5 to 9 percent slopes, se-
verely eroded (MhC3).—This soil is on the lower part of
narrow divides and extends upward to less sloping Mar-
shall soils where the ridgetops widen out. Downslope are
more strongly sloping soils on loess and glacial till. Indi-
vidual areas range from 10 to 30 acres in size.

All but 3 inches or less of the very dark grayish-brown
original surface layer of this soil has been removed through
erosion as the result of past intensive cropping. In many
places the dark-brown subsoil is exposed. The present sur-
face layer is low in organic matter, puddles when wet,
and is cloddy and hard when dry. It therefore is in poor
tilth. The soil absorbs water slowly, and runoff is excessive.

This soil generally is used for crops. It usually is cropped
the same as surrounding soils. Terracing and contour farm-
ing are needed. A cropping system that includes grasses
and legumes also is needed for building up soil fertility
and for reducing further losses of soil. Gullies in the
sides of hills must be filled and seeded to grasses for use as
waterways for the control of runoff. Adding manure and
applying fertilizer improve soil fertility and tilth. These
practices also help to maintain productivity. Capability
unit IT1Te-1.

Marshall silty clay loam, 9 to 14 percent slopes
(MhD).—In many places this soil occupies the entire side
of a slope and extends downslope to upland drainageways
occupied by Judson-Colo complex, 2 to 5 percent slopes.
The areas generally are downslope from less sloping Mar-
shall soils. In some places, however, Adair or Shelby soils
are downslope. Individual areas range between 10 and 60
acres in size.

The surface layer of this soil generally is very dark
brown in color and is 7 to 12 inches thick. Depth to the
under]ying parent material of silt loam is within 40 inches,
which 1s less than in less sloping Marshall soils. The content
of organic matter is fairly high, and the capacity to absorh
moisture is good. Gullies form readily in the sides of hills if
the areas are not protected from excessive runoff.

Most of this soil is cultivated along with other soils with

Figure 7.—Terraces constructed in the fall on Marshall silty clay
loam, 5 to 9 percent slopes, moderately eroded

which it is associated. A few areas that are associated with
less productive or steeper soils are used for pasture.

If this soil is terraced and tilled on the contour, it is
suited to cultivated crops. A ur(}p}}ing system that includes
grasses and legumes is needed to keep fertility high and to
maintain productivity. Any gullies in the areas need to
be shaped and seeded to prass for use as waterways that
will remove excess water. Terracing the soils upslope helps
E%Ireduce the volume of runoff water. Capability unit

e—3.

Marshall silty clay loam, 9 to 14 percent slopes, mod-
erately eroded (MhD2).—This soil generally occupies the
entire side of a slope and extends downslope to stream
bottoms and upland drainageways. In a fgw places it
occupies narrow areas between higher lying Marshall soils
and lower lying soils on glacial till. About 80 acres of this
soil is along the East Nishnabotna River in scattered areas
on high stream benches that have a cover of loess. These
areas on benches are mainly narrow breaks between less
sloping Marshall soils and soils of the bottom lands.

This is the most extensive Marshall soil mapped in the
county. All but 3 to 7 inches of the very dark grayish-
brown to dark-brown original surface layer has been lost
through erosion. In places material from the subsoil has
been mixed with the remaining surface layer by plowing.
‘T'he subsoil is slightly thinner than in less sloping Marshall
soils. Depth to the silt loam parent material generally is
within 40 inches.

Some areas of this soil on the lower part of slopes have
a cover of dark-colored, silty material that washed onto the
areas from the shoulders of slopes above. In some places
near drainageways and near the boundaries of the upper
part of slopes, the subsoil is exposed.

Tilth of this soil is fair to poor. In some areas water is
absorbed fairly slowly. Here the soil puddles and is cloddy
if worked when wet.

This soil is suited to cultivated crops, and most areas are
under cultivation. If row crops are grown, terracing and
farming on the contour are needed ( fig. 8). Fertility must

Pi!:gure 8—Corn on level terraces constructed in Marshall silty
clay loam, 9 to 11 percent slopes, moderately eroded, for control
of erosion and to conserve moisture.
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be kept high, erosion controlled, and other agood manage-
ment used to maintain productivity. Growing meadow
erops in the eropping system helps to improve tilth and
increase productivity. Gullies have formed in some places.
These must be shaped and seeded to grass for use as water-
ways for the safe removal of runoff water. Capability unit
I11e-3.

Marshall silty clay loam, 9 to 14 percent slopes, se-
verely eroded (MhD3).—Many areas of this soil occupy the
entire side of a slope, below less sloping Marshall soil‘s, and
extend downslope to upland drainageways. Some areas
are upslope from Adair, Clarinda, and Shelby soils on
glacial material. Individual areas generally are between
10 and 25 acres in size.

All but 3 inches or less of the original very dark grayish-
brown surface layer of this soil has been removed through
erosion as the result of past cropping practices. In many
places the dark-brown subsoil is exposed. The subsoil is
not so thick as that in less sloping Marshall soils. Depth
to the silt loam parent material generally 1s within 40
inches. The content of organic matter in this soil is low.
The surface soil is hard to work, puddles readily when
wet, and becomes cloddy and hard when dry.

Included with this soil are about 20 acres of a soil that
is on benches adjacent to stream valleys. These areas are
on the sides of the benches below less sloping Marshall
soils on the tops of the benches.

Much of this soil is used for row crops because many
areas are surrounded by soils better suited to cultivated
crops. Some areas are pastured. Sheet and gully erosion
have reduced productivity.

If this soil is used for row crops, contour farming and
terracing are needed. A cropping system that includes
grasses and legumes helps to build up soil fertility and
to reduce erosion. Any gullies in the areas need to be filled,
smoothed, and planted to grasses for use as wateryays.
The sodded waterways also provide a crossing for farm
machinery. Adding barnyard manure and fertilizer help
to maintain productivity. Under good management, the
response of hay and pasture crops is good. Capability unit
T1Te-3.

Marshall silty clay loam, 14 to 18 percent slopes,
moderately eroded (MhE2)—This soil occurs downslope
from less sloping Marshall soils on ridgetops. Many of the
areas occupy-the entire side of a slope and grade down-
slope to upland drainageways and first bottoms. Some of
the areas are upslope from Adair, Clarinda, and Shelby
soils on glacial material. Individual areas generally are
between 10 and 40 acres in size.

The surface layer of this soil is very da rk grayish brown
to very dark brown or dark brown and is 3 to 7 inches
thick. Tn some places material from the subsoil has been
mixed with the original surface layer by plowing. The
subsoil is thinner than in less sloping M arshall soils. Depth
to the silt loam parent material generally 1s not more than

26 inches. The content of organic matter s low in this soil.
This soil 1s likely to puddle if worked when wet and be-
comes cloddy when dry. It is subject to serious sheet and
gully erosion.

Included with this soil is about 200 acres of Marshall
soils that have a very dark brown to very dark grayish-
brown surface layer 7'to 14 inches thick. :

This Marshall soil is not suited to intensive cultivation.
A row crop can be grown occasionally, but it is better to
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keep the areas in hay or pasture most of the time. Areas
that are cultivated generally adjoin soils better suited to
cultivation.

If row crops are grown on this soil, terracing and farm-
ing on the contour are needed. Constructing terraces on
less sloping soils upslope and farming these areas on the
contour are ways to conserve moisture and to protect areas
of this soil from further erosion. Gullies in the sides of
slopes need to be filled and seeded to grass for use as
waterways. The sodded waterways help to control runoft
and also provide a crossing for farm machinery. The re-
sponse of hay and pasture crops is fair if management is
good. Capability unit IVe-1.

Marshall silty clay loam, 14 to 18 percent slopes,
severely eroded (Mhe3).—This soil is on side slopes. Many
areas are narrow and are at the head of steep coves below
oently sloping soils on ridgetops. Other areas occupy the
entire side of the slope and in places extend downslope to
Adair, Clarinda, and Shelby soils on glacial till or to soils
in upland drainageways. Individual areas generally are
between 10 and 20 acres in size.

A1l but 8 inches or less of the original surface layer of
this soil has been washed away. The present surface layer
is dark grayish brown. In most places the dark-brown sub-
soil is exposed. The content of organic matter is low. It
is difficult to keep this soil in good tilth.

This soil is poorly suited to row crops, but some small
areas are farmed along with larger areas of soils better
suited to row crops. Row crops can be grown occasionally,
but it is better to keep the areas in hay or pasture most
of the time.
~ If row crops are grown on this soil, terracing and farm-
ing on the contour are needed. Farming the less sloping
soils upslope on the contour and constructing terraces in
these areas are ways to protect this soil from further sheet
and gully erosion. Any gullies in the areas must be filled,
shaped, and seeded to grass to provide waterways for re-
moval of runoff. Because of the severe erosion, additions
of manure and fertilizer are especially beneficial. Under
good management, the response of hay and pasture crops
1s good. Capability unit IVe-1.

Marshall silty clay loam, benches, 0 to 2 percent
slopes (MmA)—This soil occupies large areas along the
Fast Nishnabotna River on high benches that have a cover
of loess. In some places the areas are surrounded by
Marshall silty clay loam, benches, 2 to 5 percent slopes.
In other places this soil surrounds areas of Minden soils on
benches. Several areas are more than 100 acres in size, but
others range from 10 to 50 acres.

The surface layer of this soil is black to very dark brown
and 1s as much as 20 inches thick. Depth to motthng
generally is somewhat less than in more sloping Marshall
soils. A few areas receive runoff from adjacent slopes and
are somewhat wet for short periods.

Many aveas of this soil are large enough to be farmed
separately. Row crops can be grown frequently under good
management. Growing an occasional meadow crop and
plowing under crop residues are ways to maintain or im-
prove tilth. Because this soil is nearly level, it is likely to
be leached more deeply than other Marshall soils and need
more lime. Capability unit I-1.

Marshall silty clay loam, benches, 2 to 5 percent
slopes (MmB).—Most of this soil is adjacent to and on both
sides of the Kast Nishnabotna River, which dissects the
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county from northeast to southwest. Some areas, however,
are scattered along other streams in the Marshall associa-
tion on high benches that parallel the streams. The areas
extend downslope to soils of alluvial flood plains. They
have a cover of loess that ranges from 15 to 20 feet In
thickness. This soil is associated with nearly level Marshall
soils and with soils of the Bremer, Judson, Minden, and
Nevin series. Individual areas range from 10 to 60 acres
In size. .

In most places the surface layer of this soil 1s black to
very dark brown and is about 10 to 16 inches thick. In
some cultivated areas, however, the surface layer is very
dark brown and is 7 to 12 inches thick. In a few acres only
3 to 7 inches of the original surface layer remains. The
content of organic matter in this soil generally is high.
Tilth i1s good.

Included with this soil are some small areas that have
slopes of less than 2 percent.

This Marshall soil generally is used and managed the
same as Marshall silty clay loam, 2 to 5 percent slopes.
Some areas of this soil are large enough to be farmed
separately, but generally the areas are cropped along with
surrounding soils.

If this soil is farmed on the contour, it can be used fre-
quently for row crops. In some places the relief hinders
laying out of terraces, but contour tillage generally is
feasible. If fertility is kept high, crops respond well in
areas used intensively for crops. Capability unit ITe—1.

Marshall silty clay loam, benches, 5 to 9 percent
slopes, moderately eroded (MmC2).—Most of this soil is
parallel to the East Nishnabotna River on high stream
benches that have a cover of loess. Some small areas are in
stream valleys in other parts of the Marshall association on
similar benches. The areas generally are narrow and are
between higher lying soils on the benches and lower lying
soils on first bottoms. They generally are between 10 and
30 acres in size and are scattered along the streams.

The surface layer of this soil is very dark grayish-brown
or very dark brown silty clay loam 3 to 7 inches thick. In a
few places dark-brown material from the subsoil is mixed

into the surface layer by plowing.

Included with this soil are fairly large areas of slightly
eroded soils that have a black to very dark brown surface
layer 7 to 14 inches thick.

This Marshall soil generally is cropped and managed
the same as Marshall soils in the uplands on 5 to 9 percent
slopes. Most areas are farmed along with surrounding
soils. Practices that prevent further erosion are needed,
but terracing generally is not feasible because the slope
pattern 1s too complex.

This soil is well suited to row crops. It ought to be
farmed on the contour, and cropping systems need to be
used that control soil losses. Growing meadow crops in
the eropping system is a way to improve soil tilth and
increase the content of organic matter. Capability unit

ITTe-1.

Minden Series

The Minden series consists of nearly level, deep, dark-
colored soils that are somewhat poorly drained. These
soils formed under prairie grasses in loess. They are mainly
on nearly flat benches that border stream valleys, but some
areas are on broad ridgetops in the uplands within areas
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of the Marshall association. The areas are mostly on
benches along the East Nishnabotna River or on upland
flats in Pleasant Township. Minden soils are associated
with nearly level Marshall soils and with Corley soils in
shallow depressions.

The surface layer is black or very dark gray, friable light
silty clay loam that has fine granular and very fine sub-
angular blocky structure. It is about 20 inches thick. The
subsoil 1s dark grayish-brown, friable silty clay loam. It
has many yellowish-brown mottles, has subangular blocky
structure, and extends to a depth of about 48 inches. The
substratum is olive, friable, massive silt loam that has
many yellowish-brown mottles.

Minden soils have high available moisture capacity and
high content of organiec matter. Permeability of the sub-
soll 1s moderate to moderately slow. These soils are medium
to low in available nitrogen, medium in phosphorus, and
high to medium in potassium, and they are slightly acid
to medium acid.

Representative profile of Minden silty clay loam,
benches, in a nearly level area (240 feet west and 380 feet
north of the southeast corner of the SW14SE1} sec. 31,
T.753N,R.37TW.):

Ap—-O0 to T inches, black (10YR 2/1) or very dark gray (10YR
3/1) light silty clay loam ; moderate, fine, granular
structure ; friable; slightly acid; clear boundary.

Al12—7 to 15 inches, black (10YR 2/1) light silty clay loam ;
weak, very fine, subangular blocky structure that

breaks to moderate, fine and medium, granular; fri-
able ; medium acid ; clear boundary.

A13—15 to 22 inches, black (10YR 2/1) to very dark gray

(10YR 3/1) light silty clay loam that is very dark
gray (10YR 3/1) when kneaded ; weak, very fine, sub-
angular blocky structure that breaks to moderate, fine
and medium, granular ; friable ; medium acid ; gradual
boundary.

B1—22 to 29 inches, dark grayish-brown (10YR 4/2) silty
clay loam that has very dark grayish-brown (10YR
3/2) ped exteriors; a few, fine, faint mottles of yel-
lowish brown (10YR 5/6): weak, fine, subangular
blocky structure; friable; medium acid; gradual
boundary.

B2—29 to 35 inches, dark grayish-brown (2.5Y 4/2) silty clay
loam ; many, fine, distinct mottles of yellowish brown
(10YR 5/6) ; moderate to strong, fine, subangular
blocky structure; friable to firm: concretions of iron

_ and manganese ; medium acid ; gradual boundary.

B3—35 to 46 inches, dark grayish-brown (2.5Y 4/2) to olive-
b;‘{:-wn (2.5Y 4/4) light silty clay loam : many, medium,
distinct mottles of yellowish brown (10YR 5/6) and a
few fine mottles of olive gray (5Y 5/2) ; weak, coarse,
subangular blocky structure; friable; many fine pin-
holes; concretions of iron and manganese; medium
acid; gradual boundary.

C1—46 to 60 inches, olive (5Y 5/3) silt loam : many, medium,
distinct mottles of yellowish brown (10YR 5/6) :
massive ; friable ; medium acid,

The surface layer is black or very dark gray in color; heavy
silt loam or light silty clay loam in texture: and 18 to 22
inches in thickness. The subsoil typically is dark grayish-brown
silty clay loam. It is 30 to 35 percent clay. Mottles of yellowish
brown and strong brown are in the upper part of the sub-
soil, and they increase in size and abundance with depth.
In many places the lower part of the subsoil and the under-
lying material are olive to gray in color and have yellowish-
brm\_'n and strong-brown mottles,

Minden soils have a thicker surface layer than Marshall
soils and have a grayish-brown subsoil that is more mottled
than the one in those soils. They lack the light-colored sub-
surface layer typical of Corley soils, and their subsoil is less

gray. _Ts{inden soils are more acid than Nevin soils, and their
subsoil is not o firm nor so clayey.
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Minden silty clay loam, benches (0 to 2 percent slopes)
(Mn).—This is the only Minden soil mapped in the county.
Individual areas range from about 5 to 30 acres In size
and are along the East Nishnabotna River. The profile of
this soil is like the one described as representative for the
series.

Included with this soil are some areas of Corley soils.
These areas are small and are shown on the detailed soil
ma%) by a spot symbol.

his Minden soil puddles if worked when wet and be-
somes cloddy and hard when dry. Some areas are in shal-
low depressions, and water is likely to pond in these areas.
Other areas receive runoff occasionally from adjacent
higher areas or as the result of overflow from sm all tribu-
tary streams. Most areas are farmed without artificial
drainage. Tile drains work well in this soil, however, and
surface drains are beneficial in some places.

Row crops can be grown frequently on this soil. Under
good management, including plowing under crop residues,
filth can be maintained and crops respond well. Capability
unit I-1.

Nevin Series

The Nevin soils are nearly level, dark colored, and some-
what poorly drained. These soils formed in silty alluvium
under prairie grasses. They are on low stream benches or
second bottoms. Nevin soils occupy broad areas that slope
gradually toward alluvial flood plains. Most: of the areas
are in the valley of the East Nishnabotna River, which
dissects the county. Small areas, however, occur at the
lower end of Indian and Turkey Creeks. Nevin soils are
associated with the Bremer, Corley, Judson, and Wabash
soils. In many places they are surrounded by Marshall and
Minden soils, which occupy higher areas on the rim of
these soils. _

The surface layer is black or very dark gray friable
light silty clay loam that generally has fine granular struc-
ture and is about 24 inches thick. The subsoil extends to
a depth of about 60 inches and has subangular bloc ky strue-
ture. It is very dark grayish-brown, friable light silty clay
loam in the upper part. The middle part is very dark gray-
ish-brown and dark grayish-brown, friable to firm heavy
silty clay loam that has olive-brown and yellowish-brown
mottles. The lower part is olive, friable to firm silty clay
loam and has olive-gray and yellowish-brown mottles.
Dark grayish-brown, coarse silt and fine sand that is highly
mottled with gray occur at a depth between 12 and 14
feet. -

These soils have high available moisture capacity. Per-
meability is moderate to moderately slow. Nevin soils are
medium to low in available nitrogen, are medium to hi gh
in phosphorus, and generally are low to medium in avail-
able potassium. They typically are slightly acid.

Representative profile of Nevin silty clay loam on a
slope of about 1 percent (50 feet east and 110 feet north of
the southwest corner of the SE1j sec. 5, T. 74 N, R. 37
W.):

Ap—0 to 4 inches, black (10YR 2/1) or Very dark gray
(10YR 3/1) light silty clay loam that is very dark
brown (10YR 2/2) when erushed ; cloddy, but breaks

to weak, very fine, granular structure; friable ; many
pores and worm casts; neutral; abrupt boundary.
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A12—4 to 12 inches, black (10YR 2/1) or very dark gray
(10YR 3/1) light silty clay loamj cloddy, but breaks
to weak, fine, granular structure; friable ; many pores
and worm casts ; neutral ; abrupt boundary.

A13—12 to 19 inches, black (10YR 2/1) light silty clay loam;
wealk, fine, granular structure; friable; many pores,
fine roots, and worm casts; neutral; gradual bound-
ary.

A14—19 to 25 inches, black (10YR 2/1) light silty clay loam ; a
few, fine, faint mottles of dark brown (10YR 3/3) ;
weak, fine, subangular blocky structure that breaks to
weak, fine, granular; friable; many fine pores and
worm casts ; slightly acid ; gradual boundary.

B1—25 to 32 inches, very dark grayish-brown (10YR 3/2)
light silty clay loam, very dark gray (10YR 3/1)
ped exteriors; a few, fine, faint mottles of dark gray-
ish brown (2.5Y 4/2) and a few, fine, faint mottles of
dark brown (10YR 3/3) ; weak, very fine, subangular
blocky structure; friable; many fine pores and fine
roots ; slightly acid ; clear boundary.

B21—32 to 43 inches, dark grayish-brown (2.5Y 4/2) heavy
silty elay loam; many, fine, distinct mottles of olive
gray (5Y 5/2) and a few, fine, distinct mottles of olive
brown (2.5Y 4/4) ; moderate, fine, subangular blocky
structure ; friable to firm ; many very fine pores and a
few fine roots; neutral: gradual boundary.

B22t—43 to 51 inches, dark grayish-brown (2.5Y 4/2) heavy
silty clay loam; many, large, prominent mottles of
olive brown (2.5Y 4/4) ; many, medium, distinct mot-
tles of olive gray (5Y 5/2) ; and a few, fine, distinct
mottles of vellowish brown (10YR 5/6) ; moderate to
strong, very fine, subangular blocky structure; friable
to firm; a few very fine pores; some very fine roots; a
few worm casts: a few small oxides; a few, thin,,dis-
continuous clay films on peds; neutral; clear bound-
ary.

B3—51 to 60 inches, olive-brown (2.5Y 4/4) medium silty clay
loam ; many, coarse, prominent mottles of olive gray
(5Y 5/2) and many, medium, distinct mottles of yel-
lowish brown (10YR 5/6) ;: very weak, medium, sub-
angular blocky structure to massive; friable to firmj
many very fine pores; a few fine oxides; neutral.

The surface layer is black or very dark gray light silty clay
loam and is about 2 feet thick. The subsoil is very dark grayish-
brown to grayish-brown silty clay loam and has a clay content
of 32 to 38 percent. It commonly is mottled with yellowish
brown, grayish brown, olive gray, and olive brown. The mottles
increase in contrast and size with depth.

Nevm_ soils are more clayey and firmer in the subsoil and
underlying material than Minden soils. They also are less acid.
They are less clayey than Bremer soils, and are not so poorly
drained, and their subsoil is less gray.

Nevin silty clay loam (0 to 2 percent slopes) (Ne).—
This is the only Nevin soil mapped in the county. Indi-
vidual areas are as much as 160 acres in size. The profile of
this soil 1s like the one described as representative for the
series.

Included with this soil are some small areas of a soil
that has a surface layer of very dark gray to very dark
brown silt loam and a subsoi] ofy very dark gray sil'ty clay
loam, When dry, the subsoil is mottled with dark brown,
dark yellowish brown, and brown. Also, when dry, light-
gray, distinet silt coatings oceur throughout the profile.
These included areas formerly were under timber.

1\:[;11151 areas nf‘ this Nevin soil are large enough that an
entire field consists of it. Row crops can be grown fre-
quently, and the crops respond well if soil tilth and fertil-
ltyL;_lre maintained and if management otherwise is good.
: ittle water runs oftf this soil. The areas generally are

armed without artificial drainage, but tile drains work
well in this soil if outlets are available. Diversion terraces
placed at the base of adjacent slopes help to control runoft
and reduce wetness, Capability unit I-1.
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Nodaway Series

In the Nodaway series are nearly level, stratified, mod-
erately dark colored and light-colored soils that are mod-
erately well drained to somewhat poorly drained. These
soils formed in recent silty alluvium along most of the
major streams and their tributaries. They are adjacent to
the stream channels and generally occupy parallel areas
along both sides of the major streams. Nodaway soils are
the most extensive of any soils on bottom lands in the
county. They are associated with the Colo, Kennebec, and

Zook soils.

Nodaway soils consist of very dark grayish-brown,
stratified silt loam that includes some strata of silt and
very fine sand. A black, old, buried soil of silty clay loam,
or of coarser texture, occurs in places at a depth below 30

inches.

These soils have high available moisture capacity. The
content of organic matter is moderately low. Permeability
of the underlying layer is moderate, and dark-brown mot-
tles occur in areas that are flooded frequently. Some areas
are cut by old meandering streams and by drainage chan-
nels filled with water, and these cannot be crossed with
farm machinery. Nodaway soils are low in available nitro-
gen, medium in available phosphorus, and low to medium
in available potassium. They generally are neutral to
shightly acid.

Representative profile of Nodaway silt loam on a nearly
level bottom land near Turkey Creek (400 feet north and
40) feet east of the center of the road, from the southwest
corner of the SW14NE1/ sec. 31, T. 77 N., R. 34 W.):

A1—0 to 5 inches, very dark grayvish-brown (10YR 3/2) silt
loam; weak, fine and very fine, subangular blocky
structure; friable; slightly acid: clear boundary.

C1—5 to 14 inches, stratified, very dark grayish-brown (10YR
3/2) silt loam and thin grayish-brown (2.5Y 5/2) silt
lenses and some very fine sand lenses ; moderate, thin,
platy structure that breaks to weak, fine, granular;
friable; dark-brown (7.5YR 3/2) root stainings;
slightly acid ; gradual boundary.

C2—14 to 32 inches, stratified, very dark grayish-brown (10YR
3/2) silt loam and thin grayish-brown (2.5Y 5/2) silt
lenses and some very fine sand lenses; weak, thin,
platy structure that breaks to weak, fine, granular:;
friable; some brown (10YR 5/3) silt coatings on
horizontal cleavage faces; slightly acid: clear
boundary.

(C3—32 to 39 inches, very dark grayish-brown (10YR 3/2) silt
loam ; moderate, thin, platy structure; friable; some
mixing of dark-brown to brown (10YR 4/3) material
because of biological activity: a few dark-brown
(7.5YR 3/2) root stains on horizontal cleavages:

: slightly acid ; abrupt boundary.

ITA1b—39 to 50 inches, black (10YR 2/1) silt loam ; weak, very
fine, subangular and weak, fine, granular structure:
friable ; medium acid. '

In cultivated areas the plow layer commonly is very dark
grayish brown, but it ranges from very dark gray to dark
grayish brown. The color of the stratified layers that make up
the soil matrix ranges from very dark gray to dark yvellowish
brown., Strong-brown to dark grayish-brown mottles are com-
mon. Mottling generally is more distinet and more contrasting
in channeled areas. Nodaway soils have variable but distinet,
thin, stratified layers of silt and some sand in the profile. The
texture generally is silt loam. A dark-colored, buried soil of
silty clay loam, or of coarser texture, occurs at a depth below
30 inches in some places,

Nodaway soils are lighter colored than Colo and Kennebec
soils, and unlike those soils, are distinctly stratified. They
are not so fine textured as Colo soils. i
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Nodaway silt loam (0 to 2 percent slopes) (No).—This
soil is on first bottoms. It is the most extensive Nodaway
soil in the county, and it occupies a larger acreage than any
of the other soils on bottom lands. Individual areas are as
much as 200 acres in size.

The profile of this soil is like the one described as repre-
sentative for the series. Many areas of this soil formerly
were cut by old shallow channels, which have been filled
and are now farmed. The straightening of channels of
nearby rivers and creeks and the clearing of undergrowth
and trees have made many areas of this soil suitable for
crops. This soil is subject to overflow, and protection
from overflow is needed in some places. The areas seldom
remain too wet, however, for crops. Tilth generally 1s fairly
good, though the content of organic matter is low. This
soil warms up earlier in spring than the darker colored
soils on bottom lands. Except n?ter damaging floods, crops
on this soil respond well.

This soil is well suited to cultivated crops, and row crops
can be grown frequently. The areas generally are farmed
along with the associated Colo, Kennebec, and Wabash
solls. Some areas, however, are large enough that they are
farmed separately. Capability unit 1-2.

Nodaway silt loam, channeled (0 to 2 percent slopes)
(Nw).—This soil occurs along many of the streams in
the county. The size of individual areas ranges from 10 to
(5 acres.
~ Areas of this soil are cut by old channels of meander-
ing streams. In many places these oxbow channels are
filled with water. In other places the oxbows are filled-
with wet, sandy and silty sediments or have a cover of
weedy and scrubby undergrowth.
~ In many areas of this soil, the water table is high dur-
ing wet seasons. The subsoil generally is mottled with
dark-brown iron stains. The areas are flooded frequently
and receive additional deposits of silt, which are laid down
by slow-moving floodwaters,

Areas of this soil generally are pastured or left idle.
Many of the areas would be suitable for crops if the vege-
tation were cleared, old channels filled, and surface drain-
age provided. Protection from overflow is needed if the
areas are cropped continuously. Capability unit Vw-1.

Olmitz Series

The Olmitz series consists of dark-colored soils that are
moderately well drained. These soils formed under prairie
grasses 1n alluvium washed from adjoining, higher lyin
sotls n the uplands. They oceupy small areas scattere
throughout the county. In many places the areas are nar-
row and are in concave areas on foot slopes above soils
on stream benches and bottom lands. Other areas are on
gently sloping alluvial fans at the mouths of intermittent
drainageways. Slopes range from 2 to 5 percent. Olmitz
solls are associated with Gara, Ladoga, Marshall, Sharps-
burg, and Shelby soils, which are in the uplands. In many
places they adjoin Colo, Judson, and Wabash soils, which
are downslope on alluvium.

The surface layer is black to very dark brown, friable
heavy loam that has fine subangular blocky structure.
Just below is a layer of very dark grayish-brown, fri-
able light clay loam that is about 10 inches thick. This
transitional layer is lacking in many places. The subsoil
1s very dark grayish-brown and dark-brown to brown,




=" L= A= = S

CASS COUNTY, .IOWA 33

friable light clay loam that has subangular blocky struc-
ture. It extends to a depth of more than 48 inches. The
parent material is local alluvium washed over a long period
of time from soils on loess and on glacial till.

The content of organic matter in these soils is medium.
Permeability of the subsoil is moderate to moderately
slow. These soils are subject to gully erosion if runoff 1s
not controlled, Some areas are wet in rainy seasons be-
cause of seepage from adjacent soils. Olmitz soils are low
in nitrogen and phosphorus, medium in available
potassium, and are slightly acid or medium acid.

Representative profile of Olmitz loam on a slope of about
3 percent (725 feet east and 300 feet north of the south-
west corner of the NW14SW14 sec. 33, T. 74 N.,, R. 34 W.) :

A11—0 to 9 inches, black (10YR 2/1) heavy loam ; weak, thin,
platy structure that breaks to weak, fine, granular;
friable : many fine roots ; medium acid ; clear boundary.

A12—9 to 16 inches, black (10YR 2/1) heavy loam that is very
dark brown (10YR 2/2) when Kkneaded; moderate,
fine, subangular blocky structure that breaks to weak,
fine, granular; friable; a few fine pores; a few fine
roots : medium acid ; gradual boundary.

A13—16 to 23 inches, very dark brown (10YR 2/2) heavy
loam : moderate, fine, subangular blocky structure ;
friable; a few fine pores; a few very fine roots; me-
dium acid ; gradual boundary.

AB—923 to 33 inches, very dark grayish-brown (10YR 3/2)
light clay loam with very dark gray (10YR 3/1) ped
exteriors ; moderate, fine, subangular blocky structure ;
friable : medium acid ; gradual boundary.

B1—33 to 40 inches, very dark grayish-brown (10YR (3/2)
and dark-brown to brown (10YR 4/3) light clay loam
that is dark brown (10YR 3/3) when kneaded ; moder-
ate, fine and medium, subangular blocky structure ;
friable : medium acid ; gradual boundary.

B2—40 to 54 inches, very dark grayish-brown (10YR 3/2),
and dark-brown to brown (10YR 4/3) light ¢lay loam
that is dark brown (10YR 3/3) when kneaded; com-
mon, medium, distinct mottles of yellowish red (5YR
4/6) : moderate, medium, subangular blocky structure ;
friable to firm: a few small pebbles; medium acid.

Olmitz soils are black to very dark brown to a depth between
20 and 30 inches. Some areas have a few inches of very dark
grayish-brown overwash on them. The surface layer 1S loam
to light clay loam in texture. The subsoil generally is very dark
grayish brown in the upper part and grades to dark brown or
brown in the lower part. In texture the subsoil generally is
clay loam, and the clay content is 28 to 34 percent. In most
places dark-brown to yellowish-red mottles are in the lower
part of the €ubsoil or substratum. Small pebbles occur in the
profile in some places, though large stones are lacking.

These soils have a higher sand content than Judson and
Colo soils. They are not so dark colored as the Colo soils at
a depth between 30 and 40 inches.

Olmitz loam, 2 to 5 percent slopes (OmB).—This 1s the
only Olmitz soil mapped in the county. Its profile is like
the one described as representative for the series. This soil
generally is in good tilth.

Included with this soil are some areas that have 6 to 16
inches of very dark grayish-brown sediment. on the sur-
face. In most of these areas, the surface layer contains
coarse sand and small pebbles and is loam to light clay
loam in texture. The areas commonly are along drainage-
ways, where material washed into the drainageways from
nearby soils on glacial till was redeposited by overflow.

This Olmitz soil generally is used for the same crops as
adjoining soils, but many areas are used for permanent
pasture. The areas seldom are cropped individually, be-

cause they generally are less than 10 acres in size.

Areas of this soil on alluvial fans receive runoff and
overwash from the uplands. Some places are gullied. Con-
structing terraces upslope is a way to prevent runoff. The
terraces also reduce the hazard of sheet erosion and keep
oullies from forming. This soil is somewhat erodible, and
all tillage ought to be done on the contour. If tillage is
done on the contour, row crops can be grown frequently.
Capability unit ITe-2.

Sandstone Rock Land

Sandstone rock land (Sa) consists of material weath-
ered from sandstone. The areas are in the uplands under a
cover of various kinds of grasses and trees. They are
strongly sloping and occupy irregular, convex lower side
slopes near Cold Springs State Park. Individual areas
range from 5 to 15 acres mn size. This land type generally is
downslope from Ladoga and Marshall soils and just above
drainageways occupied by Judson-Colo complex, 2 to 5
percent slopes.

Areas of this land type generally have about 8 inches
of dark-brown to brown sandy loam on the surface and are
underlain by sand. Many areas, however, have fragments
of sandstone on the surtace and throughout the prnﬁle and
are underlain by sandstone bedrock.

_Sandstone rock land generally is in permanent vegeta-
tion. Some areas are gullied. In other areas bedrock of
sandstone or shale crops out. s

Pasture, and perhaps wildlife habitats, are suitable uses
for this land type. The gullies, rock fragments, and out-
crops of bedrock generally make it impractical to use till-
age implements on the areas. Farming on the contour in
soils upslope and terracing these areas are ways of control-

ling runoff and reducing erosion and oullying. Capability
unit VIIe-1.

Sharpsburg Series

In the Sharpsburg series are deep, dark-colored, well
drained to moderately well drained soils, These soils
formed under prairie grasses in loess. Slopes range from
0 to 25 percent, but they are 2 to 14 percent in most places.
I'he areas occupy positions ranging from nearly level

ridgetops to steep side slopes and are in the eastern one-
third of the county.

Sharpsburg soils are associated with all soils of the up-
lands in the eastern one-third of the county, including
those of the Adair, Clarinda, Gara, Ladoga, and Shelby
series. They generally are upslope from Adair, Clarinda,
and Shelby soils, but in some areas they occupy the entire
side slope. t

The surface layer is friable silty clay loam that has very
fine and fine subangular blocky structure and is about 12
inches thick. It is black to very dark brown in the upper
part and very dark brown and very dark grayish brown in
the lower part. The subsoil extends to a depth of 4 feet or
more. It is mainly dark-brown to brown, friable to firm
silty clay loam that is mottled with strong brown, yellow-
ish brown, and gray. Structure is subangular blocky. In
many places the subsoil is highly mottled in the lower part.
I'he underlying loess ranges from 10 to 20 feet in thickness

u;u:l 15 underlain by glacial till of Kansan or Nebraskan
time.
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These soils have high available moisture capacity. Ex-
cept in severely eroded areas, the content ot organic matter
is high to medinm. Permeability is moderate to moderately
slow. Sharpsburg soils generally are low fto medium in
available nitrogen and phosphorus and medium to high m
potassium, They are medium acid in most places. Sloping
areas are subject to erosion and require protection 1f culti-
vated crops are grown. |

Representative profile of Sharpsburg silty clay loam on
a high, stable interfluve on a slope of about 3 percent that
faces northeast (240 feet north and 185 feet west of center
of the road, which is the southeast corner of sec. 16, T.

74N.,R.34 W.) :

Ap—0 to 8 inches, black (10YR 2/1) to very dark brown (10YR
2/2) light silty clay loam that is very dark brown
(10YR 2/2) when crushed ; cloddy, but breaks to mod-
erate, very fine, subangular blocky structure; friable
to firm ; at a depth between 6 and 8 inches, the horizon
is very compact and firm and breaks to medium angu-
lar blocky structure; medium acid; abrupt, smooth
boundary.

A12—S8 to 13 inches, very dark brown (10YR 2/2) and very
dark grayish-brown (10YR 3/2) silty clay loam that
is very dark grayish brown (10YR 3/2) when
crushed; a few fine spots of dark brown to brown
(10YR 4/3) ; weak, fine, subangular blocky structure
that breaks to moderate, very fine and fine, granular;
friable ; many very fine and a few fine tubular pores;
medinm acid ; clear, smooth boundary.

B1—13 to 18 inches, very dark grayish-brown (10YR 3/2) and
dark-brown to brown (10YR 4/3) medium silty clay
loam; the very dark brown and very dark grayish-
brown peds crush to very dark grayish brown (10YR
3/2), but the dark-brown to brown peds are the same
color when crushed: moderate, very fine, subangular
blocky structure ; very dark brown (10YR 2/2) coats;
friable ; many very fine and a few fine tubular pores;
medium acid ; elear, smooth boundary.

B21—18 to 21 inches, dark-brown to brown (10YR 4/3) me-
dium silty clay loam ; a few ped coatings and old root
fills of black (10YR 2/1) and very dark brown (10YR
2/2) ; moderate, fine, subangular blocky structure;
friable to firm ; many, very fine and a few fine tubular
pores; a few, fine, very dark brown, soft concretions
of an oxide ; slightly acid ; gradual, smooth boundary.

B22t—21 to 27 inches, dark-brown to brown (10YR 4/3) me-
dium silty clay loam ; common, fine, distinct mottles
of strong brown (7.5YR 5/6) and yellowish brown
(10YR 5/6) ;: moderate, medium, subangular blocky
structure ; friable to firm; many, very fine and a few
fine tubular pores: many peds have thin, patchy clay
films of dark grayish brown (10YR 4/2) : common,
fine, very dark brown, soft concretions of an oxide:
slightly acid ; gradual, smooth boundary.

B23t—27 to 34 inches, dark-brown (10YR 4/3) to brown (10YR
5/3) silty clay loam; many, fine, distinet mottles of
gray (5Y 6/1) and light olive gray (5Y 6/2) ;: common,
fine, distinct mottles of strong brown (7.5YR 5/6)
and a few, fine, faint mottles of yellowish brown
(10YR 5/6) ; weak, medium, subangular blocky strue-
ture; friable to firm ; many, very fine and a few fine
tubular pores: many peds have thin patchy clay films
of dark grayish brown (10YR 4/2); common, fine,
very dark brown, soft concretions of an oxide ; slightly
acid ; gradual, smooth boundary.

34 to 42 inches, dark-brown (10YR 4/3) to brown (10YR
5/3) light silty clay loam ; many, fine, distinet mottles
of strong brown (7.5YR 5/6 and 5/8) ; many, fine, dis-
tinct mottles of gray (5Y 6/1) ; a few, fine, faint mot-
tles of yellowish brown (10YR 5/6) and a few, fine,
distinet mottles of light olive gray (5Y 6/2) : weak,
medium, subangular blocky structure; friable; many,
very fine and a few fine tubular pores; a few peds have
thin patchy clay films of dark grayish brown (10YR
4/2) ; a few, fine, very dark brown, soft coneretions of
an oxide; slightly acid; gradual, smooth boundary,

B3t
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B32—42 to 50 inches, moftled gray (Y 6/1), light olive-gray
(Y 6/2), strong-brown (7.5YR 5/6), and yellowish-
brown (10YR 5/4 and 5/6) light silty clay loam ; weak,
coarse, subangular blocky structure; friable; many,
very fine and a few fine tubular pores; a few, fine,
very dark brown, soft concretions of an oxide ; slightly
acid.

The surface layer generally is black to very dark brown, but
in many places it grades to very dark grayish brown in the
lower part. It is 10 to 16 inches thick in areas not eroded. The
subsoil typically is silty clay loam in texture and is 36 to 40
percent clay in the finest textured part. It generally is dark
brown to brown and has some mottling in the lower part. The
underlying silt loam material, which oceurs at a depth below
48 inches, ranges from yellowish brown to olive gray and is
mottled with strong brown, yellowish brown, or grayish brown.

Sharpsburg =oils have a higher content of clay than Marshall
soils, and their subsoil has a more distinct increase in clay con-
tent. Also, mottles generally occur slightly higher in the soil
profile than in Marshall soils. Sharpsburg soils lack the light-
colored subsurface horizon and distinet grainy coatings in the
subsoil typical of Ladoga soils and are less acid.

Sharpsburg silty clay loam, 0 to 2 percent slopes
(SbA).—This soil is on broad ridgetops and generally is
surrounded by Sharpsburg silty c%a,y loam, 2 to 5 percent
slopes. Individual areas usually range between 10 and 60
acres 1n size. The surface layer 1s black to very dark brown
and in many places is as much as 18 inches thick.

Most areas of this soil are cultivated. This soil generally
1s farmed along with surrounding soils. It has few limita-
tions for growing row crops. Returning crop residues to
the soil helps to keep this soil in good tilth. Some areas are
more acid than other Sharpsburg soils and may require
larger amounts of lime. Capability unit I-1. y |

Sharpsburg silty clay loam, 2 to 5 percent slopes
(SbB).—Most of this soil is on ridgetops in the Sharps-
burg association, but a small acreage is on high benches.
The areas are downslope from Sharpsburg silty clay loam,
0 to 2 percent slopes, and generally are upslope from more
sloping Sharpsburg soils. Individual areas are as much as
80 acres in size, and on some ridgetops the areas extend for
a mile or more.

The profile of this soil is like the one described as rep-
resentative for the series.

Included with this soeil is a small acreage of a soil that
has a surface layer that is very dark brown or very dark
grayish brown and is 3 to 7 incjms thick. Also included are
some areas that have slopes of less than 2 percent. These
included soils are too small to be mapped separately.

Most areas of this Sharpsburg soil are used for crops,
and some areas are large enough that they are farmed sep-
arately. Only a few areas are in pasture.
~ Because this so1l is subject. to erosion, terracing or farm-
Ing on the contour is needed if row crops are grown. Row
crops can be grown frequently if erosion is controlled,
fertility is kept high, and management is otherwise good.
Capability unit ITe—1.

harpsburg silty clay loam, 5 to 9 percent slopes
(SbC).—This soil is on many of the more narrow divides
in the county, downslope from nearly level soils on ridge-
tops. Many of the areas are narrow and are upslope from
steeper Sharpsburg soils or from Adair, Clarinda, and
Shelby soils. In some places this soil occupies the entire
side of a s_]nlz:re and extends downslope to upland drainage-
ways. Individual areas are as much as 60 acres in size, and

some extend for a mile or more along the crests of the
divides,
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The surface layer of this soil is black to very dark brown.
Tt is 8 to 12 inches thick. This soil is easy to till. The hazard
of erosion is severe if the areas are not protected.

1f this soil is cultivated, it generally is farmed along
with gently sloping Sharpsburg soils upslope. Some areas
are in permanent pasture because they are associated with
soils poorly suited to cultivation, Contour farming and
terracing are needed for protection from erosion. (Grass
waterways provide safe removal of runoff water and
prevent gullying. Capability unit 111e—1.

Sharpsburg silty clay loam, 5 to 9 percent slopes,
moderately eroded (SbC2).—This soil occupies positions
similar to those occupied by Sharpshurg silty elay loam,
5 to 9 percent slopes, and is associated with the same
soils. Tt is mainly in the southeastern part of the county,
and individual areas are as much as 70 or 80 acres in size
(fig. 9).

This is the most extensive Sharpsburg soil in the county.
The surface layer is very dark grayish brown and 1s 3 to
= inches thick. In most places dark-brown material for-
merly in the subsoil has been mixed with the remaiming
original surface soil by plowing. This soil is not so produc-
tive as less sloping Sharpsburg soils that are not eroded.
Generally the content of organic matter 1s moderately low
and tilthis fair. If this soil 1s worked when wet, the surface
layer becomes hard and cloddy as it dries. Because this
soil has been used for clean-tilled crops, the areas are
<heot eroded and some areas are gullied. In places the fer-
tility and the capacity of the soil to absorb moisture have
been reduced.

Included with this soil are some severely eroded areas,
where only about 3 inches of the original very dark gray-
ish-brown’ surface layer remains and the darl-brown sub-
soil is exposed in many places. These areas are shown on the
detailed soil map by the spot symbol for severe sheet
erosion.

This Sharpsburg soil generally is farmed along with
surrounding Sharpsburg soils, though some areas are
farmed separately. Some other areas are in permanent pas-
ture, particularly those areas on side slopes that adjoin
steeper Adair or Shelby soils.

If this soil is protected from severe erosion by farming
on the contour and by terracing, it is moderately well

Figure 9.—Typical area of Sharpsburg silty clay loam, 5 to 9 per-
cent slopes, moderately eroded. The hay 1s being windrowed.

snited to cultivated crops. Any gullies in the areas need to
be filled, shaped, and seeded to grass for use as waterways.
Erosion can be reduced and tilth improved if a cropping
system is used that includes meadow consisting of grasses
and legumes. Capability unit I11e-1.

Sharpsburg silty elay loam, 9 to 14 percent slopes
(SbD).—In many places this soil occuples narrow areas
between higher lying, less sloping Sharpsburg soils and
lower lying soils on glacial material. In some places this
soil occupies the entire side of a slope and extends down-
slope to soils in upland drainageways or to soils on first
bottoms. Individual areas are as much as 50 acres in size.

The surface layer generally is black to very dark brown
in color and about 8 to 10 inches in thickness. On the aver-
age the surface layer is somewhat thinner than that of the
profile described as representative for the series. Also, the
subsoil is thinner and parent material generally is within
48 inches of the surface. This soil is in good tilth. The con-
tent of organic matter is fairly high.

Many areas of this soil are in permanent pasture because
they are closely associated with soils not suited to row
crops. This soil is suited to cultivation if soil losses are held
to allowable limits. It also is well suited to hay or pasture.

If row crops are grown on this soil, contour farming
and terracing are needed for control of erosion. Using a
cropping system that includes grasses and legumes 1S a way
to maintain tilth, improve the capacity to absorb mois-
ture, and control erosion. Capability unit I1Ie-3. s

Sharpsburg silty clay loam, 9 to 14 percent slopes,
moderately eroded (SbD2).—This soil is just below less
sloping Sharpsburg soils. It generally occupies narrow
areas around side slopes upslope from the Adair, Clarinda,
and Shelby soils. Many other areas occupy the entire side
of a slope and extend downslope to soils 1n drainageways
and on first bottoms. Individual areas range from 10 to 100
acres in size.

The surface layer is very dark grayish-brown silty clay
loam that is 3 to 7 inches thick. In places dark-brown sub-
soil has been mixed with the remaining surface soil by
plowing. In many places near the upper ends of drainage-
ways and the shoulders of slopes, the subsoil is exposed.
Gullies are common in some areas. The content of or anic
matter is low in many places. In some places the soil is hard
and cloddy when dry.

Many areas of this soil are used the same as adjoining
soils, but some areas are farmed separately. Because of
past mtensive cropping and lack of erosion control, this
soil 1s moderately eroded. Row crops can be grown part of
the time, but the hazard of further erosion is severe if this
soil 1s cultivated and not protected. Hay and pasture crops
on this soil respond well.

Farming on the contour and terracing are ways to pro-
tect this soil from further erosion. Gullies in the areas need
to be filled, shaped, and seeded to grass for use for hay and
pasture crops. The grassy areas also provide a crossing for
farm machinery. Growing grasses and legumes in the
cropping system is a way to improve the tilth of this soil.
I'his practice also increases the supply of organic matter
and helps to control erosion. Capability unit 11Te-3.

Sharpsburg silty clay loam, 9 to 14 percent slopes,
severely eroded (SbD3).—This soil occupies fairly narrow
arens between higher lying, less sloping Sharpsburg soils
and lower lying Adair, !é]a,rinda, and Shelby soils. In
places the soil occupies the entire side of a slope and ex-
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tends downslope to upland drainageways occupied by Jud-
son-Colo complex, 2 to 5 percent slopes. Individual areas
generally are between 10 and 40 acres in size. :

In places the surface layer of this soil is dark grayish
brown in eolor and is only 3 inches thick. The dark-brown
subsoil is not so thick as in less sloping Sharpsburg soils,
and it is exposed in most places. Much of the original sur-
face soll has been washed away as the result of past in-

tensive use for clean-tilled crops. Fertility therefore is
lowered and the ability of the soil to absorb moisture is
reduced. The content of organic matter is low. If worked
when wet, this soil puddles and becomes cloddy when dry.

Low fertility and steep slopes make this soil poorly
suited to row crops, though a year of row crops can be
grown when establishing pasture or a stand of hay. Many
areas are farmed with surrounding soils better suited to
cultivation.

Good management is needed to prevent further severe
sheet erosion and to keep other gullies from forming. Ter-
racing and farming on the contour are ways to prevent
further erosion. The gullies need to be filled, smoothed,
and seeded to grass for use as waterways. Forage crops on
this soil respond under good management that includes
adding barnyard manure and applying fertilizer. Capa-
bility unit IVe-1.

Sharpsburg silty clay loam, 14 to 18 percent slopes,
moderately eroded (SbE2).—This soil generally is down-
slope from less sloping Sharpsburg soils and upslope from
soils on glacial till. In some places the soil occupies narrow
areas around the entire side of a slope.

The surface layer of this soil is very dark grayish brown
to dark brown and is 3 to 7 inches thick. The subsoil ex-
tends to a depth of about 42 inches. It is not so fine tex-
tured as that in less sloping Sharpsburg soils. This soil
1s subject to severe sheet and gully erosion from runoff. Tt
generally has low content of organic matter.

Included with this soil, and making up about one-fourth
of the area, is a soil that has 7 to 14 inches of very dark
brown surface soil remaining. Also included are some areas
in which only 3 inches of very dark grayish-brown surface
layer remains or dark-brown subsoil is exposed. Some
included areas have slopes of as much as 25 percent.

This Sharpsburg soil is poorly suited to cultivated CTrOpSs,
but many small areas are farmed with other soils better
suited to row crops. It is well suited to hay and pasture.
A row crop can be grown when establishing pasture or a
stand of hay.

If this soil is used for row crops, all cultivation must be
on the contour. Less sloping areas above this soil need to
be terraced and farmed on the contour to protect this soil
from further sheet and gully erosion. Gullies in the sides
of hills need to be filled, smoothed, and seeded to orass for
use as waterways. Forage crops on this soil respond fairly
well under good management, which includes adding
fertilizer. Capability unit IVe-1. i

Sharpsburg silty clay loam, 14 to 18 percent slopes,
severely eroded (SbE3).—This soil is downslope from less
sloping Sharpsburg soils and generally is upslope from
Shelby soils. Some areas occupy the entire side of a slope.

The surtface layer is dark grayish brown or dark brown
and 1s 3 inches or less thick. The subsoil in many places is
only 24 to 36 inches thick. It is not so fine textured as that
in less sloping Sharpsburg soils. Runoff is rapid, and this
soil 1s subject to further sheet and gully erosion.

SOIL SURVEY

Included with this soil are small areas that have a sur-
face layer that is 3 to 7 inches thick. Also included are a
few areas that have slopes of as much as 25 percent.

Most areas of this Sharpsburg soil are in permanent
pasture, which is a good use. Under good management that
includes pasture renovation, many of the pastures can be
made more productive. Terracing the less sloping soils
upslope and farming them on the contour are ways to pro-
tect this soil from further erosion and gullying. The man
gullies that have formed in this soil need to be fille A
shaped, and seeded to grass for use as waterways. Addi-
tions of barnyard manure and fertilizer are needed, espe-

clally when pastures are being renovated. Capability unit
Vie-1.

Shelby Series

The Shelby soils are dark colored and are well drained
to moderately well drained. They formed under prairie
grasses in the uplands, from glacial till of Kansan or
Nebraskan time. Slopes range from 5 to 30 percent, but
I most places are from 9 to 18 percent. The areas gen-
erally are on the lower parts of side slopes and on long
ridges, but in a few places where the landscape is strongly
dissected, they occupy the entire side slope. Shelby soils
are near the Marshall and Sharpshurg soils, which formed
1n loess, and the Adair and Clarinda soils, which formed in
glacial material. In some places Shelby soils are just below
small, narrow areas of soils similar to the Adair soils,

and these areas are shown on the soil map by a clay spot

symbol.

The surface layer of these soils is black, friable heavy
loam in the upper part and very dark grayish-brown,
friable light clay loam in the lower part. It has fine gran-
ular to fine subangular blocky structure and is about 14
inches thick. The subsoil extends to a depth of about 40
inches. It is yellowish-brown, mostly firm clay loam, has
subangular blocky structure, and has a few light
brownish-gray mottles in the lower part. The substratum
1s yellowish-brown, firm, massive ]ig]ht clay loam and has
yellowish-brown and brownish-gray mottles. It is cal-

careous and in some places contains coneretions of caleium
carbonate.

Permeability of the subsoil is moderately slow in these
solls, and the available moisture ca acity is high. The con-
tent of organic matter is low. Shel y soils are low to very
low in available nitrogen and in phosphorus and medium
to low in potassium. They generally are slightly acid to
medium acid.

In places Shelby soils are mtermingled with Adair soils
and with Clarinda soils and are mapped in complexes with
those soils. Shelby soils generally make up 50 percent of
each complex; Adair soils, 35 percent ; and Clarinda soils,
15 percent. In many areas Clarinda soils are lacking, and
here either the Shelby or Adair soil may occupy from 40
to 60 percent of any one area. If present in these com.
plexes, Clarinda soils general] y occupy the wet, seepy areas
at the heads of upland drainageways. The Adair and
Clarinda soils are described under their respective series.

Representative profile of Shelby loam on a slope of 11
percent that faces north (300 feet east and 60 feet north

of the southwest corner of the SE 14SEY; sec. 20, T. 75 N,
R.34 W.) :
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Ap—0 to 8 inches, black (10YR 2/1) heavy loam; weak, thin,
platy structure that breaks to weak, fine, subangular
and weak, fine, granular; seems compacted: friable ;
a few pores; medium acid; clear boundary.

A3—S8 to 14 inches, very dark grayish-brown (10YR 3/2) light
clay loam that has a few peds of dark brown to brown
(10YR 4/3) ;: weak, fine, subangular blocky structure
that breaks to moderate, fine and very fine, granular
strueture : friable;: peds are covered with sand parti-
cles: a few very small pebbles; medium acid ; clear
bhoundary.

B1—14 to 25 inches, yellowish-brown (10YR 5/4) light clay
loam: moderate, fine and medium, subangular blocky
structure: dark-brown to brown (10YR 4/3) ped ex-
teriors: friable fo firmm: in some places mixing of
very dark gray (10YR 3/1) material through biologi-
cal activity ; medium acid; gradual boundary.

B2t—25 to 33 inches, yellowish-brown (10YR 5/4) medium
clay loam; moderate, medium, subangular blocky
structure : dark yellowish-brown (10YR 4/4) ped ex-
teriors: firm ;: many black (10YR 2/1) stains and thin,
discontinuous films on peds; a few small pebbles;
medium acid ; gradual boundary.

B3t—33 to 41 inches of light clay loam, the peds of which
have yellowish-brown (10YR 5/4) interiors and dark
yellowish-brown (10YR 4/4) exteriors; a few, fine,
distinet mottles of light brownish gray (2:5Y 6/2)5
weak, medinm, prismatic structure that breaks to
moderate, coarse, subangular blocky ; firm: thin, dis-
continuous films on ped surfaces; many dark oxides;
slightly acid; clear boundary,

(—41 to b8 inches, yellowish-brown (10YR 5/4) and dark-
brown (10YR 3/3) light clay loam with a few faces of
dark brown to brown (10YR 4/3); common, fine,
distinet mottles of yellowish brown (10YR 5/8) : very
weak, coarse, subangular blocky structure to massive ;
firm : common light brownish-gray (2.5Y 6/2) streaks
in soil matrix: many dark oxides: calcareous and
contains caleinm carbonate coneretions.

The surface layer is black to very dark grayish brown. It
is 8 to 12 inches thick in relatively uneroded areas but is as
thin as 3 inches in steep, eroded areas. The texture generally
is loam, but it ranges to clay loam in severely eroded areas or
where material from the subsoil is mixed in the plow layer.
The subsoil is dark brown to yellowish brown and has strong-
brown, olive-gray, and grayish-brown mottles at a depth below
30 inches, It generally is between 1'% and 3 feet thick. The
texture is clay loam, and the clay content ranges from 32 to
40 percent. The underlying material is vellowish brown and
mottled and generally is calcareous at a depth between 30
and 50 inches. Pebbles and stones are comion throughout the
profile,

Shelby soils typically have a thicker surface layer than
(Gara soils. They also lack the light-colored subsurface horizon
and grainy coatings in the smubsoil that are typical of those
soils, and they are less acid in the subsoil. Their subsoil is
not so clayey nor so reddish as that in the Adair soils.

Shelby loam, 5 to 9 percent slopes, moderately eroded
(ShC2)—Many areas of this soil are on rounded, mod-
erately sloping divides, just below gently sloping ridge-
tops. Others are just below long, moderately sloping,
extended ridges on slopes that adjoin soils on first bottoms
or in drainageways. The areas are downslope from the
Marshall, Sharpsburg, Adair, and Clarinda soils and are
between 5 and 30 acres 1n size.

In most places the surface layer is very dark grayish
brown and is about 3 to 7 inches thick. In about 20 per-
cent of the acreage, however, the soil 1s severely eroded,
and here all but 3 inches or less of the original surface
soil has been washed away. The present surface layer con-
sists largely of material from the subsoil that has been
mixed with the remaining surface soil by plowing. It 1s
dark grayish brown to dark brown and in places is clay
loam in texture. The severely eroded areas are shown

on the detailed soil map by the symbol for severe sheet
erosion.

Included with this soil are a few acres of a soil that has
o black to very dark gray surface layer 7 to 12 inches
thick.

Many areas of this Shelby soil are used for cultivated
crops, but some are used for pasture. Much of the acreage
has been cropped intensively, and the fertility and con-
tent of organic matter are low in many places.

I£ this soil is used for row crops, terracing and farming
on the contour are needed. Filling in gullies and seed-
ing the areas to grass for use as waterways permit. safe
removal of excess rainfall. The waterways also provide a
crossway for tillage implements. Crops respond if fertil-
ity is kept high, and if other oood management is used.
Renovating the pastures increases their carrying capacity.
Capability unit 11Ie—1.

helby loam, 9 to 14 percent slopes (ShD).—Areas
of this soil are between the higher lying Adair, Clarinda,
Marshall, and Sharpsburg soils and soils in upland drain-
ageways or on bottom lands. They generally are on the
lower parts of side slopes, but in places they are just above
steeper Shelby soils. The individual areas are between
5 and 25 acres 1n size.
~ This soil has a black or very dark gray surface layer, but
its profile otherwise is similar to the profile described as
representative for the series. The texture is dominantly
loam, but in some small areas near drainageways that cut
into sidehills it is clay loam. In places near the base of long
slopes the surface layer is likely to be more than 12 inches
thick because of local alluvium washed onto the areas
from soils upslope.

Included with this soil are some severely eroded areas
less than 2 acres in size. These are shown on the soil map
by the symbol for severe sheet erosion.

This Shelby soil can be used for row crops, but much of
the acreage 1s used for pasture. It is subject to severe
erosion when cultivated. The cultivated areas generally
are farmed along with other soils more suitable for cul-
tivation. The response of crops is moderate.

If this soil is used for row crops, terracing and con-
tour farming are needed for control of erosion. Grassed
waterways also should be established where needed. The
productivity of the pastures can be increased through
renovation. Capability unit I11e-3,

Shelby loam, 9 fo 14 percent slopes, moderately
eroded (ShD2).—This soil generally 1s between areas of
l_’;‘gh'-ﬂ‘ lying Adair, Clarinda, Ladoga, M arshall, and
Sharpsburg soils and Judson-Colo complex, 2 to 5 percent
slopes, in drainageways. In a few places, however, it 1s just
above areas of the Marshall or Sharpsburg soils. The indi-
vidual areas generally are between 5 and 40 acres in size.

Most areas of this soil have a surface layer of very dark
gray or very dark grayish-brown loam 3 to 7 inches thick.
In some places yellowish-brown material from the sub-
soil has been mixed with the remaining original surface
layer by plowing. Depth to limy material varies within a
short distance, but it generally is between 30 and 50 inches.

Included with this soil are many areas of Adair and
Chl“l{]dﬂ; solls that are too small to be mapped separately.

This Shelby soil is moderately well suited to cultiva-
tion, and in many places it is cropped along with sur-
rounding soils. In some areas shallow gullies have formed,
and these need to be filled, shaped, and seeded to per-
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manent vegetation. If this soil is used for row erops, con-
tour farming and terracing are needed to prevent further
sheet and gully erosion. The hazard of erosion can be Te-
duced on this soil by nsing suitable practices for erosion
control on the soils upslope. Capability unit T1Te-3.

Shelby loam, 14 to 18 percent slopes (ShE).—This soil
renerally 1s on the lower part of side slopes between

igher lying Adair and Clarinda soils and Judson-Colo
complex, 2 to 5 percent slopes, in upland drainageways. In
places it is just above soils on first bottoms. The areas occur
throughout the county and range from 5 to 30 acres in
size.

The surface layer is very dark gray and generally is 7
to 12 inches thick. It may be nearly 15 inches thick near
the base of long slopes where local alluvium washed from
the upper part of the slope covers the areas. In many places
this soil is caleareous at a depth of about 36 to 40 inches.
In places near the shoulders of the slope in areas now cul-
tivated or that formerly were cultivated, material from
the subsoil has been mixed with the surface soil by plow-
ing. Here the surface layer is very dark grayish-brown
light clay loam.

Included with this soil are small areas of severely eroded
Shelby soils less than 2 acres in size. These areas are shown
on the soil map by the symbol for severe sheet erosion.

This Shelby soil is better suited to hay or pasture than
to cultivated erops, and most areas are in permanent pas-
ture. It can be used only occasionally for row crops be-
cause 1t erodes severely when cultivated. Small areas
generally are farmed along with adjoining soils that are
more suitable for row crops. In places gullies have formed
in this soil, and these need to be filled, shaped, and seeded
to grass for use as waterways. Capability unit I'Ve-1,

Shelby loam, 14 to 18 percent slopes, moderately
eroded (ShE2).—This soil generally is just below ridges that
have a cover of loess and just above soils in upland drain-
ageways or on first bottoms. In many places the areas
occupy the entire side of a slope. The areas are from 5 to 30
acres 1n size and occur throughout the county.

The surface layer is very dark grayish-brown or very
dark gray loam 3 to 7 inches thick. In places dark-brown
material from the subsoil has been mixed in the surface
layer by plowing. In some places at the base of slopes and
near drainageways that cut into sidehills, the surface
layer is more than T inches thick. Here the areas have a
cover of local alluvium that washed onto the areas from the
upper part of the slopes. In places this soil is caleareous
at a depth of about 56 inches. In many places stones are
on the surface.,

This soill is better suited to hay and pasture than to
cultivated crops, and some areas are in permanent pasture.
The soil erodes severely when cultivated. Also tilth is
quite poor. The areas can be used occasionally for row
crops when establishing stands of hay or renovating
pasture, Response to fertilizer is good. Gullies in the areas
need to be smoothed over and seeded to grass. Capability
unit I'Ve-1,

Shelby loam. 18 to 25 percent slopes, moderately
eroded (ShF2).—This soil generally occupies irregular, com-
plex slopes along stream valleys. Much of the acreage is in
Grant Township and along the East Nishnabotna River.
The 1ndividual areas are between 10 and 30 acres in size.

The surface layer is very dark grayish brown and gener-
ally 1s 3 to 7 inches thick. The subsoil is thinner than that
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in less steep Shelby soils that are moderately eroded. Depth .

to the caleareous Kansan till generally is about 30 inches
or Mmore.

Small areas of gravel are common on the surface of this
soil, and limy glacial till is exposed on some sharp convex
slopes. In places moderately deep gullies cut across the
length of the areas. In a few places dark-brown clay loam
from the subsoil is exposed. Loamy local alluvium 8 to
10 inches thick has accumulated in many places near the
base of slopes and near drainageways that cut into side-
hills. The alluvium washed onto the areas from soils up-
slope. Included with the areas mapped as this soil are some
areas that have a surface layer of very dark gray loam
7to 12 inches thick.

This Shelby soil generally is in permanent. pasture. The
sol1l 1s too steep and erodible for eultivated crops. In places
the slopes also make it difficult to renovate the pastures.
Controlling grazing helps to keep a protective cover on
the areas and thus prevents gullying. Capability unit
Vie-1.

Shelby soils, 9 to 14 percent slopes, severely eroded
(SsD3).—These soils occupy narrow areas on the lower
parts of slopes. The areas are between the Adair, Clarinda,
Marshall, and Sharpshurg soils on higher slopes and soils
in upland drainageways and on first bottoms. They range
from 5 to 40 acres in size.

All but about 3 inches of the original surface layer of
this soil has been removed through erosion. The present
surface layer is firm, dark grayish-brown or dark-brown
clay loam in most places. The texture ranges from loam to _
clay loam, however, depending on how much of the orig-
inal surface layer has washed away. The subsoil is thinner
than that in less eroded Shelby soils on similar slopes.
Depth to the caleareous glacial till generally 1s between
30 and 36 inches. Small spots of gravel occur on the surface.
Many areas near the upper edges of these soils are very
severely eroded and are difficult to cross with tillage
equipment.

These soils are well suited to hay and pasture crops, but
row crops can be grown only occasionally. The steep
slopes and severe hazards of runoff and erosion make the
soils poorly suited to row crops. Also the surface seals
over after a rain, and tilth is poor. The areas generally are
cropped the same as the surrounding soils that are better
suited to row crops.

If these Shelby soils are used for cultivated crops, ter-
racing and contour farming are needed to reduce runoff
and prevent further erosion. Gullies that have formed n
the areas ought to be filled, shaped, and seeded to grass for
use as waterways that can be crossed with farm machinery.
Renovating the pastures increases their carrying capacity.
Capability unit IVe-1, P :

Shelby soils, 14 to 18 percent slopes, severely eroded
ISsE3).—These soils are on moderately long side slopes
Just. below Adair, Clarinda, Marshall, and Sharpsburg
solls. In many places the areas extend downslope to soils
of the bottom lands. The slopes in many places are irregu-
lar and the sidehills are dissected by gullies. The areas oc-
cur throughout the county but are mainly in rough, dis-
sected areas along the major streams. Individual areas
range from 5 to 40 acres in size.

All but about 3 inches or less of the original surface

layer of these soils has been lost through erosion. The
present surface layer is dark grayish-brown to dark-brown
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Joam or clay loam. The subsoil is thinner than that in less
eroded Shelby soils on similar slopes. Depth to calcareous
slacial till generally 1s between 30 and 36 inches. In some
places small areas of oravel are on the surface. Also 1n
many areas on the sharper, steeper slopes, small spots of
caleareous glacial till is exposed.

These soils are not suited to row crops, because of the
steep slopes and the severe erosion hazard. They are better
suited to pasture. These soils are difficult to manage.
Tilth is very poor, the content of organic matter 1 low,
and the ability to absorb moisture 1s seriously restricted.
The carrying capacity of the existing pastures can be
increased by renovating them. Filling In the gullies and
seeding them to grass are means of obtaining safe removal
of excess run0§ and making it possible to use farm
machinery on the areas. Capability unit VIe-1.

Shelby soils, 18 to 30 percent slopes, severely eroded
SsF3)—These soils occupy steep, irregular side slopes
just above upland drainageways and narrow first bottoms.
They generally ave just below Adair and Clarinda soils,
but in many places they are just below Sharpsburg and
Marshall soils on gently sloping ridgetops. The largest
acreage is in Grant Township, though small areas oceur
throughout the steeper parts of the county. Individual
areas range from 5 to 25 acres in size.

These soils are cut by gullies in many places. The pres-
ent surface layer is dark grayish-brown or dark-brown
clay loam or loam 3 inches or less thick. The subsoil 1s 24
to 30 inches thick. A few small areas are calcareous at the
surface, and these are shown on the soil map by a spot
symbol.

Included with these soils are small, very steep areas that
have a surface layer that is 3 to 7 Inches thick. Also in-
cluded are one or two small areas that are only slightly
eroded and have a black to very dark grayish-brown sur-
face layer 7 to 12 inches thick.

These Shelby soils are not used for crops. They generally
are used for pasture, but some areas have a few scattered
trees on them, and a brushy undergrowth. Overgrazing
and erosion have reduced the supply of organic matter,
lowered the fertility, and decreased the ability of these
soils to absorb moisture. The steep slopes make it difficult
to use farm implements. Nevertheless, permanent pastures
ought to be renovated if feasible. Controlling grazing helps
to keep a protective cover and to prevent further erosion.
Capability unit VIIe-1.

helby-Adair complex, 5 to 9 percent slopes, moder-
ately eroded (SyC2)—In many places this complex 1s on
the sides of long, rounded, sloping ridges below soils
formed in loess on the ridgetops. In many other places the
areas are upslope from steeper Shelby-Adair complexes
and from more sloping Shelby soils that are mapped sepa-
ately. Some areas occupy the lower part of side slopes
around and through coves at the heads of upland drainage-
ways. Still other areas are upslope from Shelby soils that
are mapped separately, and upslope from soils in upland
drainageways. Individual areas oenerally are between o
and 20 acres 1n size. :

The surface layer generally is between 3 and T inches
thick. It typically is clay loam or loam in the Shelby soll,
and gritty silty elay loam or clay loam in the Adair soil.
This complex has a higher proportion of Clarinda soils
than any other Shelby-Adair complex and is less sloping.
It therefore is likely to be wetter.
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The content of organic matter in the soils of this com-
plex is low, especially in areas that have been cropped
heavily. The capacity to absorb moisture also is low. Tilth
is poor, runoff is quite high, and the soils are subject to
sheet and gully erosion. Areas that adjoin soils on loess up-
slope generally are wet and seepy in spring. The solls 1n
these areas become hard and cloddy as they dry, and deep
cracks commonly form in them when they are cultivated.
Stones and pebbles are on the surface in many places where
erosion has removed the original surface layer. Small gul-
lies are common in the sides of valleys.

Included with this complex are some severely eroded
areas in which the subsoil of clay loam or clay is exposed.
Also included are about 5 acres that are only shghtly
eroded.

Many areas of this complex are used for cultivated

crops. A protective cover of vegetation must be kept on
these soils or other practices used for the control of erosion.
If row crops are grown, terracing and farming on the
contour is needed, though placing terraces in the Adair
part of the complex ought to be avoided. Placing inter-
ceptor tile upslope in the more permeable soils provides
drainage in wet, seepy areas. Small gullies need to be filled,
shaped, and seeded to grass for use as waterways. These
sodded waterways also provide a crossing for tillage
implements. Capability unit I11e-2.
(" Shelby-Adair complex, 9 to 14 percent slopes (SyD).—
I'his complex is just below areas of Ladoga, Marshall, and
Sharpsburg soils. In many places it occupies the lower
part of side slopes and grades to areas of Judson-Colo
complex, 2 to 5 percent slopes, in upland drainageways. In
other places the areas adjoin soils upslope on loess. The
areas are fairly small and are scattered throughout the
county.

The surface layer of the soils in this complex generally is
between 7 and 12 inches thick. It generally is loam in the
Shelby soil and gritty silty clay loam or clay loam in the
Adair soil. In some places near the lower boundary of areas
of this complex, the surface layer is thicker than described.
At the upper edge of some areas are small, severely eroded
areas, and these are shown on the detailed soil map by the
symbol for severe erosion.

The soils in this complex are poorly suited to cultivation
and are subject to severe erosion if worked intensively.
Tilth ls_fmr, however, if the soils are not worked when
wet. This complex ought to be in hay or pasture most of
the time, and many areas are in permanent pasture. A row
crop. can be grown occasionally in the cropping sequence.
Some areas, however, are used more frequently for row
crops because the soils surrounding them are better suited
to cultivation. i

If row crops are grown on these soils, terracing and
farming on the contour are needed, though placing ter-
races in the Adair part of the complex ought to be avoided.
Wetness caused by seepage can be reduced in many places
by installing interceptor tile in areas just above this soil.
Gullies in the areas need to be filled and seeded to perma-
nent grasses for use as waterways. Under good manage-
ment, Including adequate amounts of fertilizer, the Te-
sponse of pasture crops is good. Capability unit I'Ve-1.

Shelby-Adair complex, 9 to 14 percent slopes, moder-
ately eroded (SyD2).—This is the most extensive Shelby:-
Adair complex mapped in the county. It generally 1is

downslope from Ladoga, Marshall, and Sharpsburg soils
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Wabash Series

In the Wabash series are dark-colored, very poorly

drained soils. These soils formed in aluvium on first bot- =
toms and on low stream benches in areas where streams

from uplands enter the Nishnabotna River valley. The
native vegetation was trees and grasses that could tolerate
wetness,

Most of the Wabash soils that have a silty clay surface
layer are on moderately wide and broad bettom lands in
all parts of the county, but a few small areas are on higher
bottom lands, These silty clay soils generally are adjacent
to upland slopes that border flood plains and thus are some
distance back from the stream channel. They are associated
with the Colo, Kennebec, and Zook soils. Wabash soils
that have a surface layer of silty clay loam are mainly in
old slack water areas on low stream benches along the
East Nishnabotna River. They are associated with soils
of the Bremer, N evin, and Zook series.

The surface layer of Wabash soils is black, firm silty

clay or silty clay loam. It has fine and very fine subangular
blocky structure and is about 28 inches thick. In places the
lower part is very dark gray. The subsoil is very dark gray
and dark-gray, very firm silty clay. It has weak prismatic
structure that breaks to angular bl ocky.

Wabash soils have high content of organic matter and
available moisture capacity. Permeability of the subsoil
1s slow or very slow. These soils generally are wet because
of a perched water table. Some low areas also are subject to
flooding, and in many places water stands in ponds. Wa-
bash soils are low to medium in available nitrogen, medium
in available phosphorus, and medium to high in potassium.
They generally are slightly acid or medium acid. Small,
extremely wet areas less than 2 acres in size are shown on
the detailed soil map by a spot symbol.

Representative profile of Wabash silty clay on a nearly
level bottom land of the East Nishnabotna River (250 feet
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poorly drained. These soils formed in alluvium on first
bottoms under trees and grasses that could tolerate wetness.

Some of the Zook soils are in slack water areas on old
stream benches. Many areas are parallel to streams, and
many other areas are adjacent to slopes in the uplands that
border many of the flood plains. Areas that are some dis-
tance back from the channel of a stream generally are at
a lower elevation and receive floodwater from higher lying
areas. Ponding of water thus occurs in some places. Also
areas along major channels that have not been straight-
ened are likely to be flooded. Zook soils generally are as-
sn:::.mted with soils of the Colo, Kennebec, Nodaway and
Wabash series. Areas of Zook soils that are less t.};an 2
acres 1n size and that are extremely wet are shown on the
detailed soil map by a spot symbol.

The surfa,c:a layer is black, friable to firm silty clay loam.
}t l}as: very fine subangular blocky structure and is about
20 inches thick. The subsoil, which extends to a depth of
more than 50 inches, is very dark gray in the upper part
and gray in the lower part. It is firm silty clay and has
subangular blocky structure.

. Peﬁrmeabﬂit-y of the subsoil is slow to very slow. The
(|1rea~, are wet early in spring and cannot be worked until
ater in the season. Row crops can be grown if artificial
drainage 1s provided. In many places diversion terraces
can be used to reduce flooding and ponding. Zook soils
are low 1n available nitrogen and phosphorus, low to me-
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In some places Judson and Kennebec soils are slightly
wet in years when rainfall is above normal. Other areas of
Kennebec soil and some areas of Nodaway soil are subject
to flooding for short periods in years when rainfall 1s
excessive. The floodwater remains for only a short period
and generally does not damage crops, because the water
runs off readily and internal drainage of these soils gen-
erally is good.

These soils have few limitations for row crops and gen-
erally are used for that purpose. Corn, small grain, grain
sorghum, soybeans, and hay and pasture plants are crops
that are suited. Many areas are large enough to be cropped
separately, but most areas are farmed along with adjacent
soils.

Row crops can be grown frequently on these soils if crop
residues are returned to the soil to help keep the soil in
good tilth and weeds and insects are controlled. Growing
meadow crops for 1 year in the cropping system is another
way of maintaining tilth and also helps in controlling
weeds and insects. Placing diversion terraces upslope from
the Judson soil generally protects this soil from runoff
from higher lying areas. Such terraces can also be used to
protect the Kennebec and Nodaway soils from runoff in
periods when rainfall is excessive. Another way to control
runoff is to perform all tillage operations toward natural
outlets.

Lime is needed in some places on these soils. Response to
fertilizer is good. Nitrogen is required if corn is grown
for the second and third year in the same field. Grain and
legumes need phosphate. Potash is seldom needed in large
amounts.

Capability unit Ile-1

In this capability unit are gently sloping, deep soils that
are well drained to somewhat poorly drained. These soils
are in the Ladoga, Marshall, and Sharpsburg series. They
are in the uplands or are on stream benches. Their surface
layer is friable silt loam or silty clay loam.

Except for the Ladoga soils, the content of organic
matter is quite high. Fertility is high in all of the soils.
Permeability of the subsoil is moderate to moderately slow.
These soils absorb rainfall readily. They have high avail-
able moisture capacity and are easy to work and keep in
aood tilth. Sheet erosion is a hazard unless practices are
used for control of erosion and management 1s otherwise
good. Soil blowing is likely if these soils are plowed in fall.

These soils are well suited to corn, small grain, soybeans,
and grain sorghum, and to rotation hay or pasture. Some
areas are large enough to be farmed separately, but most
areas are farmed the same as surrounding soils.

The soils in the uplands require terracing and farming
on the contour for control of erosion. The soils on benches
need to be farmed on the contour, but terracing is imprac-
tical in some places because of irregular slopes. Runoff
from the adjacent uplands needs to be controlled before ter-
races are construected in the soils on benches, and diversion
terraces are needed in some places. In all of the soils water-
ways ought to be kept under a cover of sod.

If erosion is controlled by terracing and farming on the
contour, row crops can be grown frequently. Then, a suit-
able cropping system is 3 years of row crops followed by
1 year of small grain and a green-manure crop. Leaving
all erop residues, including stubble, on the soils and rough
plowing the areas are methods of controlling soil blowing.
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Crops on these soils respond well if fertilizer is applied.
Lime generally i1s needed, and corn that is not preceded
by a stand of legumes generally benefits if nitrogen and
phosphate are applied. Potash generally is not needed in
large amounts.

Capability unit Ile-2

The soils in this capability unit are gently sloping, deep,
and well drained or moderately well drained. These soils
are in the Judson and Olmitz series. They are on alluvial
fans or low foot slopes at the base of slopes between soils
of the uplands and soils on benches and bottom lands.
Their surface layer is friable silt loam or loam. The sub-
soil 1s friable, or 1s friable to firm, light silty clay loam or
clay loam.

The content of organic matter is high in the Judson
soll and medium in the Olmitz soil. Permeability is moder-
ate 1 the Judson soil and moderately slow in the Olmitz
soil. These soils have high available moisture capacity and
absorb moisture readily. They are easy to work, but in
places they remain wet in spring because of seepage and
runoff from nearby upland slopes. The hazard of sheet
erosion 1s slight if these soils are cultivated intensively.
Gully erosion is a hazard in some places if the soils are left
unprotected.

The soils in this unit are well suited to corn, soybeans,
gram sorghum, and similar cultivated crops. Some areas,
however, are not cultivated, because they are associated
with soils used only for pasture. The areas generally are
not large enough to be farmed separately and generally
are farmed the same as surrounding soils. The response of
crops on these soils is good or very good.

Diversion terraces are needed in places on the lower part
of adjoining upland slopes to protect these soils from run-
off and from deposition of silty material. Tile drains sel-
dom are needed. :

I'f runoff from adjacent slopes is controlled by diversion
terraces and 1f these soils are farmed on the contour, row
crops can be grown frequently. A suitable croppi ng system
18 3 years of row crops and 1 year of a small grain and a
green-manure crop. Plowing under the green-manure crop
and all crop residues adds organic matter and helps to
maintain soil tilth. '

Lime generally is needed on these soils. Corn that is not
preceded by a good stand of legumes requires nitrogen,
and small grains and legumes benefit if phosphate is added.
Crops on these soils seldom need potash in large amounts.

Capability unit IHw-I

In this capability unit are nearly level to gently sloping,
deep soils that are mostly poorly drained or very poorly
drained. These soils are in the Calco, Colo, Judson, Nod-
away, and Zook series. The Judson and Nodaway soils
however, are moderately well drained or .C_a:_um‘.wlmt'Im{_},.hf
drained and are mapped in complexes with more poorly
drained soils. Most of these soils are on bottom lands in
places that are subject to flooding. Judson-Colo com ;;Iex,
2 to 5 percent slopes, is along drainageways in the uplands.
All of these soils have a friable to firm, medium-textured
to moderately fine textured surface layer. Except for the
Nodaway soil, the subsoil generally is moderately fine
textured or fine textured. 5 :

Except for the overwash soils, the soils in this unit are

dark colored and their content of organic matter is high
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Fertility also is high. The subsoil has moderataly slow to
very slow permeability and is poorly aerated. The periodi-
cally high water table, excess seepage from nearby slopes,
and in some places flooding make these soils oenerally wet
and slow to warm in spring. These soils hold a good
amount of moisture that is available for plants. They pud-
dle easily if worked when wet and become cloddy and hard
when dry. Nevertheless, if wetness is controlled, good tilth
can be maintained.

1 these soils are adequately drained and are otherwise
well managed, they are suited to and are used intensively
for such row crops as corn, soybeans, and grain sorghum.
They are also suited to wheat, oats, and hay and pasture
plants. Reed canarygrass grows well in the drainageways
that remain wet and are difficult to drain artificially. In
places legumes are likely to drown out in years when
rainfall is above normal. Some areas of these solls are large
enough to be managed separately. Judson-Colo complex,
9 to 5 percent slopes, however, generally is farmed along
with a%oining soils of the uplands or of adjacent bottoms.

Tile drainage, open surface drains, or both, are needed.
In addition, diversion terraces are needed in places to pro-
tect the soils from overflow and deposition of silty sedi-
ment. Tile can be used in most places to provide drain-
age, though tile does not work well in parts of the Zook
coils. Areas of Judson-Colo complex, 2 to b percent slopes,
in upland drainageways, are subject to oullying and need
diversion terraces and tile drains. The terraces help to
remove excess runoff and reduce the hazard of erosion.
They also make it easier to cross the drainageways with
farm equipment. In places the hazard of flooding can be
reduced by straightening the stream channels.

Crops on these soils respond well if wetness is controlled
and i? management is good otherwise. Plowing in fall
generally improves tilth and makes it easier to prepare
a seedbed and get the crop in on time. If row crops are
orown intensively, turning under green-manure Ccrops,
adding barnyard manure, and cultivating the soils when
dry are ways to improve tilth and maintain fertility. Grow-
ing meadow crops for 1 year in the cropping system 1s
another way of maintaining tilth and also helps in con-
trolling weeds and insects.

On these soils lime and fertilizer generally are needed.
On Caleo silty clay loam, lime is not required but special
applications of phosphate and potash fertilizers may be
needed, Nitrogen is required if corn is grown for the second
and third year in the same field. Small orains and legumes
respond well to phosphate. Eixcept on Zook and Nodaway
soils, which are low to medium in available potassium, pot-
ash is seldom needed in large amounts.

Capability unit IIw-2

In this capability unit are dark-colored soils that are
nearly level and are poorly drained. These soils are in the
Bremer and Corley series and are on benches. Their surface
layer is thick, friable silty clay loam or silt loam. The
subsoil is light silty clay loam to silty clay.

These soils have hich content of organic matter and
available moisture capacity. Permeability of the subsoil
is moderately slow in the Corley soil but ranges to very
slow in some places in the Bremer soil. The surface soil
seals somewhat during rains and is likely to become hard
and crusty when dry. These soils are slow to warm n

spring and should not be worked too early. They are easy

to work, however, if not. wet. A periodic high water table
and excessive seepage from adjacent slopes make these soils
poorly drained. The Corley soil occupies shallow depres-
sions in many places, and water ponds in them in wet
SeASONS.

Many areas of the Bremer soil are large enough to be
farmed separately,”but no areas of the Corley soil are
large enough. Corn, wheat, oats, soybeans, grain sorghum,
and hay and pasture are the chief crops grown on these
soils. The response is good if wetnessis controlled, fertilizer
is added, and crop residues are returned to the soil.

Artificial drainage is required in many areas of these
soils. I outlets are available, tile generally is beneficial,
though many areas are farmed without tile. Installing shal-
low surface drains and doing all tillage toward outlets of
natural surface drainageways are other ways to improve
drainage. If outlets are available, surface drainage can
be used to drain areas of Corley soil that are ponded.

Under good management, which includes keeping fer-
tility high and providing artificial drainage, row crops can
be grown frequently. Growing meadow crops for 1 year in
the cropping system is a way of maintaining tilth and also
hel(l)}s in controlling weeds and insects.

_On these soils corn that 1s not preceded by a legume needs
nitrogen. Legumes and small grains respond to phosphate.
Potash generally is needed periodically.

Capability unit 11le-1

In this capability unit are moderately dark colored or
dark colored, moderately sloping soils that are well drained
or moderately well drained. These soils are in the J udson,
Ladoga, Marshall, Sharpsburg, and Shelby series. They
are in the uplands or are on stream benches. Some of them
are moderately eroded or severely eroded. The surface
layer of these soils is friable and ranges from loam to silty
clay loam in texture. The subsoil is silty clay loam to clay
loam.

The content of organic matter is high in the soils that
are not eroded, but it is moderately low or low in the
eroded soils. Permeability of the subsoil is moderate to
moderately slow. Air imcf water move well in these soils,
and the available moisture capacity is good. These soils
are easy to till and can be worked soon after a rain. Erosion
is a hazard if row crops are grown.
~ These soils are well suited to cultivated crops if erosion
is controlled, and they are used extensively for row crops
and for rotation hay and pasture. Corn, soybeans, small
orain, grain sorghum, and hay and pasture plants are
crops that are well suited.
~ If these soils are used for row crops, terracing and farm-
ing on the contour generally are needed. Additional ma-
nure and fertilizer are beneficial in the terrace channels
where the subsoil material is exposed. Growing a meadow
crop in the cropping system and plowin it under adds
organic matter and helps to keep the soi%s in good tilth.
In waterways grass sod 1s needed to prevent gullies from
forming in the sides of hills. Such waterways also provide
additional pasture or hay and in some places seed. Soils In
this unit on benches generally are not terraced because the
slope pattern is irregular. These soils can be protected from
runoft and erosion by use of diversion terraces.

If erosion is controlled, row crops can be grown about.
half of the time. Where these soils are terraced and tilled
on the contour, a suitable cropping system is 2 years of
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row crops, 1 year of small grain, and 1 year of meadow. If
only tillage 1s used for control of erosion, meadow crops
need to be grown for a longer time in the rotation.

Lime generally is needed on these soils. Response to fer-
tilizer is good. Corn that is not preceded by a legume re-
quires nitrogen. Phosphate and nitrogen are generally
needed at the time of seeding small grain and legumes.
Potash generally 1s not required in large amounts.

Capability unit I11e-2 -

In this capability unit are moderately sloping, mod-
erately well drained or somewhat poorly drained soils that
are moderately eroded. These soils are in the Adair and
Shelby series. They overlie glacial till and have a surface
layer that is friable or friable to firm and is moderately
fine textured.

The content of organic matter in these soils is moderately
low, but the available moisture capacity is moderately
high. Permeability of the subsoil is moderately slow to very
slow. The surface soil is fairly easy to till if it is not worked
when too wet, but it is likely to seal over during a rain and
become hard and crusty when dry. In many places these
soils are wet and seepy 1n spring and must be worked later
than surrounding soils. Many of these seepy places oceur
in the upper part of the soil areas near the place where
soils on loess and on glacial till come into contact. All of
these soils are subject to further sheet erosion and are diffi-
cult to manage if the original surface soil is washed away.

These soils are suited to cultivated crops if erosion is
controlled. Most areas are cultivated, though some areas
that oceur with soils not suited to eultivation are pastured.
Corn, grain sorghum, small grain, and hay are crops that
are suited. Soybeans generally are not grown.

If these soils are used for row crops, terracing and farm-
ing on the contour are needed for control of erosion. Plac-
ing terraces and interceptor tile in the higher lying, more
permeable soils on loess helps to control runoff and erosion
and to reduce wetness caused by seepage. If needed, water-
ways should be seeded to grass. The Adair soils are not
well suited to terraces, because they have irregular slopes
in many places and their subsoil is slowly permeable and
very low 1n fertility. In terrace channels additions of
topsoil and manure are needed to promote growth of vege-
tation. If feasible, terraces in the Shelby-Adair complex
ought to be placed in the Shelby soil because it is more
suitable for terraces.

If erosion is controlled, row crops can be grown about
half of the time. Where these soils are terraced and tilled
on the contour, a suitable cropping system 1s 2 years of row
crops, 1 year of a small grain, and 2 years of meadow. I
only contour tillage is used for control of grosion, meadow
crops need to be grown for a longer time in the rotation.

On these soils lime generally is needed. Corn that is not
preceded by a good stand of legumes requires nitrogen.
Phosphate and nitrogen generally are needed at the time
of seeding small grain and legumes. Potash also generally
1s needed. ;

Capability unit Ille-3
This capability unit consists of moderately dark colored

or dark colored, strongly sloping soils that are well drained.
These soils are in the Ladoga, Marshall, Sharpsburg, and
Shelby series. They are in the uplands, and some areas are

moderately eroded or severely eroded. The surface layer

SOIL SURVEY

of these soils generally is friable and ranges from loam
to silty clay loam in texture. The subsoil is silty clay loam
or clay loam. These soils occupy the largest acreage of any
capability unit in the county.

The content of organic matter in these soils ranges from
moderate to low, depending upon the degree of erosion.
Permeability of the subsoil is moderate to moderately
slow. These soils warm up early in spring and can be
worked soon after a rain. Wetness is not a problem. Runoff
1s rapid, and further erosion is a hazard.

The soils in this unit are used for all crops commonly
grown 1n the county. They are well suited to corn, small
grain, and grain sorghum and to hay and pasture crops.
Soybeans generally are not grown. Areas of these soils
generally are large and are used for cultivated erops. Some
of the Ladoga and Shelby soils, however, adjoin poorer
soils or steeper soils that are not suited to row crops, and
these areas remain in permanent pasture.

I'f these soils are used for row crops, terracing and farm-
g on the contour generally are needed for control of sheet
and gully erosion. Additions of manure and fertilizer are
beneficial in the channels of newly constructed terraces,
where subsoil material is exposed, because the subsoil is low
in fertility and generally is not very productive the first
year. A cover of grass is needed in all waterways for con-
trol of gully erosion. The sodded waterways also provide
additional forage and furnish a crossing for farm
implements.

Row crops can be grown occasionally on these soils if
erosion is controlled. Where these soils are terraced, a suit-
able cropping system is 1 year of corn or grain sorghum,
1 year of small grain, and 1 year of meadow. If only con-
tour farming is used for control of erosion, meadow crops
need to be grown for a longer time in the cropping
system.,

Lime generally is needed on these soils. Response to fer-
tilizer is good. Corn that is grown for a second year in the
same field requires nitrogen. Phosphate is needed for corn
and oats and for legumes and grasses. Potash generally is
not required in large amounts except on the Shelby soils,
which are medium to low in potash.

Capability unit IHls-1

Ankeny fine sandy loam is the only so1l in this capability

. . . . =
unit. It 1s a nearly level, somewhat excessively drained soil
on low benches. The surface layer is dark-colored, friable
fine sandy loam to sandy loam.

The content of organic matter in this soil is moderately

low, and fertility is low. Permeability of the subsoil is
moderately rapid. This soil holds only a small amount of
water available for
rain and is easy to till, but it is quite droughty and is
subject to soil blowing.

plants. It dries out quickly after a

Most areas of this soil are farmed along with surround-

g soils, One area, however, is about 40 acres in size and
15 farmed separately.

Because this soil is droughty, the response of crops in

dry years is low. In places this soil is likely to blow after
]}}meg, and blowing sand is likely to damage young
plants, :
residues
blowing.

Adding strawy material and leaving other crop
on the surface help to reduce damage from

I'his soil is suited to growing row erops about half of the

time. A suitable cropping system is 2 years of row crops, 1
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year of small grain, and 1 year of meadow. Soil blowing
ean be further reduced if close-growing crops are growi
in the cropping system for a longer time. Furthermore,
some arveas are better suited to forage crops than to grain
Crops.

Lime generally is needed on this soil. The response to
small amounts of a complete fertilizer is fairly good, but
Jarger amounts are not beneficial on these droughty soils.

Capability unit IlTw-1

This capability unit consists of nearly level, very poorly
drained soils. It is made up of Alluvial land and of soils of
the Humeston and Wabash series. These soils are on bottom
lands and on low benches. The surface layer of the Hume-
ston and Wabash soils is friable to firm or firm silt loam
to silty clay. The subsoil is silty clay and clay. Alluvial
land consists mainly of silt and sand mixed with clayey
material.

In the Humeston and Wabash soils, the supply of or-
oanic matter generally is high. Fertility also is high. The
surface soil is sticky when wet and in many places is hard
and cloddy when dry. In summer cracks several feet deep
develop as the soil dries. The subsoil 1s very slowly perme-
able and retards downward movement of water. In many
places Humeston soils occupy small depressions in which
water ponds after a rain.

The soil material making up Alluvial land is extremely
variable, particularly in the lower part. Many of the areas
have a growth of scrubby trees and underbrush on them.
Some of the areas are cut by old meanders, oxbows, and
channels that are filled with water. These areas cannot be
crossed with farm machinery. Alluvial land is subject to
flooding and has little value for farming unless cleared
and drained.

On all soils in this unit, runoff is very slow and aeration
is poor. These soils are difficult to manage. In spring they
are cold and warm up slowly, and they therefore should
not be worked too early. The fluctuating water table 1s
near the surface when rainfall is above normal. Some areas
are subject to flooding because of overflow from nearby
streams or because of runoff from the uplands. The wetness
lowers productivity, and in many places weeds are difficult
to control in wet years.

If these soils are adequately drained and protected from
flooding, they are suitable for cultivated crops. Soybeans
and wheat are grown in many areas. Undrained areas are
suited to pasture.

Fall plowing subjects these soils to freezing and thaw-
ing, and this improves their workability somewhat. 1If
these soils are grazed when wet, they become compact and
water stands in the hoofprints and injures the forage.
Drainage can be improved by use of surface drains and
open ditches and by use of dikes and diversions to divert
runoff. Land leveling is satisfactory in some areas for 1m-
proving surface drainage. It seldom 1s practical to use tile
for drainage because permeability of the subsoil is re-
stricted and tile drains do not function well.

Using a cropping system that includes 1 year of small
orain and a green-manure crop, or 1 year of meadow, 1S a
way of maintaining tilth and also helps In controlling
weeds and insects. Plowing under crop residues also helps
to maintain tilth. In places it 1s difficult to establish alfalfa
in wet years. Where drainage 1s poor, alfalfa is likely to
winterkill.
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Lime is needed in places on these soils for good plant
orowth. Corn that is not preceded by a green-manure crop
oenerally needs nitrogen, and oats respond to nitrogen
and phosphate. Potash seldom is needed in large amounts.

Capability unit 1Ve-1

Soils in this capability unit are moderately dark colored
to dark colored, are strongly sloping or moderately steep,
and are well drained to somewhat poorly drained. These
soils are in the Adair, Gara, Ladoga, Marshall, Sharps-
burg, and Shelby series. They are in the uplands on loess
or on glacial till. Some of them are moderately eroded
or severely eroded. The surface layer is friable or 1s friable
to firm and ranges from loam to silty clay loam in texture.
Adair soils have a fine-textured subsoil, but all of the other
soils in this unit have a moderately fine textured subsoil.

The severely eroded soils in this unit and all of the
Adair, Gara, and Shelby soils are in poor tilth, but the
rest. of the soils are in good tilth. Runoff is rapid, and
all of the soils are subject to severe sheet and gully erosion.
In many places at the upper edges of areas of Gara and
Shelby soils and of the Shelby-Adair complexes, wetness
is a problem in wet seasons. The Adair, Gara, and Shelby
soils and the severely eroded Marshall and Sharpsburg
soils are likely to puddle if worked when wet and to be-
come cloddy and hard when dry.

The moderately steep and severely eroded soils In this
unit are poorly suited to cultivated crops because of irregu-
lar slopes and low productivity. They are better suited to
semipermanent or permanent hay or pasture. Growing of
corn _should be done only when reseeding forage crops
or when renovating a pasture. Areas of Gara and Ladoga
soils generally have trees and grass scattered over them,
and they provide fairly good forage if not overgrazed.

Mixtures of grasses and legumes are suitable for semi-
permanent hay or pasture. If a good stand of these is estab-
lished, the pasture should not be plowed under until the
legume 1in the stand becomes poor, which probably would
be 4 or more years after seeding. Permanent pastures can
be renovated by seeding suitable legumes to supplement the
bhﬁgmss.

f protected by terraces, the strongly sloping, slightl
eroded or moderately eroded Gara sgiis ang scgriﬁls ogf thﬁ
Shelby-Adair complexes can be used for row crops more
often than other soils in this unit. A suitable cropping
system is 1 year each of a row crop and a small grain and
3 years of meadow.

Terraces are needed if row crops are grown, but they are
hard to establish in some areas because of irregular slopes
and because the sides of hills are cut by gullies. Placing
terraces upslope in soils better suited to terraces helps to
control losses of soil and water in these areas. In some
areas of Gara and Shelby soils and of Shelby-Adair com-
plexes seepage spots occur, but their wetness can be re-
duced by placing interceptor tile upstope. All gullies in
these soils ought to be filled, shaped, and kept under a cover
of grass.

On all of these soils, lime generally is needed. Mixtures
of grasses and legumes respond well if a topdressing of
lime and phosphate is applied. Pastures that are mainly in
grass respond 1f nitrogen and phosphate are added. Potash
13 seldom needed in large amounts on the Ladoga, Mar-

shall, and Sharpsburg soils, but the Adair, Ga d
Shelby soils are likely gto need potash. e Mgl e
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Capability unit IVe-2

In this unit are dark colored or moderately dark col-
ored, moderately sloping or strongly sloping soils that are
somewhat poorly drained to very poorly drained. These
soils are in the Adair and Clarinda series and are on glacial
till. Some of the soils are moderately eroded, and some
others are severely eroded. The surface layer is friable to
firm and ranges from clay loam to silty clay loam in
texture. -

The content of organic matter in these soils is low to
medium, and tilth is poor. Permeability of the subsoil is
very slow, and the available moisture holding capacity is
quite high. These soils are slow to warm in spring and
cgenerally are seepy and wet at the place where they come
into contact with soils on loess. They are especially wet in
periods when rainfall is above normal or after frost goes
out of the ground. The Clarinda soils have a sticky, clayey
surface layer that is difficult to work, and some areas are
oullied and have poor productivity.

Terraces are difficult to establish in these soils because
slopes are irregular and many areas are gullied. Also,
where subsoil material is exposed, it is difficult to establish
vegetation in the terrace channels. These soils can be
effectively protected from runoff and erosion by placing
terraces above and below them.

These soils are poorly suited to row crops. They are
suited to mixtures of grasses and legumes commonly
grown 1n the county. Some areas are likely to be too wet
for alfalfa, and other legumes more tolerant of wetness
are better for areas of these soils. The pastures benefit
1f weeds are clipped.

Legumes and grasses on these soils respond well if lime
and phosphate are added. Topdressing permanent pastures
with nitrogen and phosphate increases production of
forage.

Capability unit 1Vw-1

The soils in this capability unit are dark colored, moder-
ately sloping, and very poorly drained. They are in the
Clarinda series, in the uplands on glacial till. They are on
slopes just below the loessal soils on the flats and divides.
The surface soil 1s silty clay loam. It is friable to firm when
moist and 1s sticky when wet. The subsoil is silty clay or
clay.

These soils have medium to low content of organic
matter, low fertility, and high available moisture capacity.
Permeability of the subsoil is very slow. These soils are
difficult to work when wet and warm up slowly in spring.
The movement of air and water in the soils is restricted.
If these soils are tilled too early in spring, they puddle
and become hard and cloddy as they dry. In many places
deep cracks develop during summer. These soils generally
are seepy and wet in spring or after periods of above
normal rainfall. They also are subject to erosion.

The soils 1n this unit are poorly suited to cultivated
crops. They are better suited to hay or pasture or to other
permanent. vegetation. If feasible, they should be used
separately or along with other similar soils for these pur-
poses. Most areas that are in cultivated crops are small
and are surrounded by soils more suitable for cultivation.
In many places corn on these soils turns yvellow and is
stunted. Grasses and legumes that last for a long time
provide a desirable cover.

SURVEY

The grasses and legumes commonly grown in the county
are suitable for these soils. Some areas are too wet for
alfalfa, and other legumes more tolerant of wetness are
better suited to these areas. The clayey surface soil makes
it difficult to establish a good stand of plants.

Because of the very slowly permeaEle subsoil, tile is not
suitable for drainage. Placing interceptor tile upslope in
adjacent soils, however, reduces wetness. The soils are not
suited to terracing, but protection from erosion can be
provided by constructing terraces upslope in soils better
suited to terraces. Any gullies in the areas need to be
shaped and seeded to grass. All tillage must be done on
the contour.

Corn should be grown only when renovating permanent
pasture or when re-establishing a stand of hay or pasture.
The cern should be followed by small grain and the areas
then seeded to hay or pasture. Mowing the permanent pas-
ture helps to control weeds and also increases productivity.

The response of corn on this soil generally is low. Grasses
and legumes respond favorably if%ime and phosphate are
added. The carrying capacity of bluegrass pasture can be

increased by topdressing the areas with nitrogen and
phosphate.

Capability unit Vw-1

Nodaway silt loam, channeled, is the only soil in this
capability unit. It is a nearly level, moderately well drained
to somewhat poorly drained soil on bottom lands. Except
that the areas are cut by old oxbows and channels of
meandering streams, this soil is similar to the soils in capa-
bility unit 1-2. Many of the channels are filled with stand- -
Ing water and silt and sand. Some of the areas have a cover
of scrubby trees and undergrowth.

Some areas of this soil have good potential for cultivated
crops, but permanent pasture generally is the most suitable
use. If streambanks are straightened to reduce flooding,
and 1f artificial drainage is provided and timber and un-
dergrowth are removed, this soil can be used intensively
for crops. Then it can be used and managed the same as
solls in capability unit I-2.

Areas of this soil that are left undrained and uncleared
are suitable for pastures. Many of the pastures can be im-
proved by mowing and by removing the brush and small
trees, The trees generally have little commercial value.
Bluegrass is preiminant in the pastures. Reed canary-
grass 1s suitable for wet and silted areas or for places
where water stands for many days. This grass is long lived,
provides a long grazing season, and produces forage that is
nutritious and pala,t.abﬁa.

Many areas of this soil could be improved for wildlife,
and many old undrained bayous are desirable habitats.

Food and cover for birds and small animals generally
are available,

Capability unit Vie-1

This capability unit consists of moderately steep or
steep, well-drained to somewhat poorly drained soils.
I'hese soils are in the Gara, Ladoga, %harpsburg, and

Shelby series. They are in the uplands on loess and glacial
till. Some of the soils are severely eroded, and some others
are moderately eroded. The soils in this unit are variable,
but the surface layer is mostly moderately dark colored,
friable or friable to firm loam to silty clay loam. The sub-
so1l 1s moderately fine textured.
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The content of organic matter is about medium, except
in the severely eroded soils, where it is very low to low.
Permeability of the subsoil is moderate to moderately
slow. Runoff is rapid, but the available moisture capaclity
is fairly high. All of these soils are subject to sheet and
gully erosion, and some areas are gullied.

Dﬁ}st areas of these soils are in pasture. Many of the pas-
tures have been invaded by brush, and their productivity
is low. In many places the Gara and Ladoga soils have a
cover of scattered trees and grasses and occupy areas large
enough to be managed separately. The trees are of poor
quality and have little commercial value.

Steep slopes, low productivity, and the hazard of severe
arosion make the soils in this unit poorly suited to cultiva-
tion. Pasture and meadow are a good use.

Pastures on these soils need to be improved through
renovation or by seeding mixtures of more productive

rasses and legumes. If the slopes are not too gullied or
irregular, the existing plants can be removed in most areas
by contour tillage and a seedbed prepared. In renovated

astures oats generally are grown as a cover crop because
they can be pastured lightly the first year. In meadows a
oood aftermath should be maintained each fall to protect
the soil from erosion in winter and early in spring. Graz-
ing ought to be controlled.

Many areas of unimproved timber are arazed, but the
carrying capacity of these areas 1s moderate to low. If
such areas are needed for pasture, the trees and under-
brush should be removed. Then mixtures of grasses and
legumes can be seeded more easily, and the growth of the
plants will not be hindered by shade from the trees,

On these soils lime generally is needed, Pastures that
do not contain legumes respond if nitrogen and phos-

phate are applied.

Capability unit VIe-2

In this capability unit are moderately dark colored,
moderately sloping to moderately steep soils that are
somewhat poorly drained to very Qoorly drained. These
soils are in the Adair, Clarinda, and Shelby series. They are
on glacial till and are moderately eroded or severely
eroded. The surface layer is friable to firm and ranges from
light clay loam to clay in texture. The subsoil is clayey and
is exposed in many places.

The content of organic matter in these soils 1s low, and
tilth is poor. The available moisture capacity is good, but
the amount of available moisture is limited because runoff
is rapid. These soils generally are seepy and wet in spring,
but the Shelby-Adair complexes are not so wet as the
other soils in this group. The severely eroded Cla rinda soils
are very difficult to manage.

Steep slopes and the hazard of erosion make these soils
unsuitable for cultivation. Excess moisture is also a prob-
Jem in most places. These soils are hard to work, and it 1s
difficult to prepare a seedbed in them. (‘onsequently, hay
and pasture are a better use than grain. Alfalfa is not well
suited to these soils, but it can be grown on the drier areas.
Legumes more tolerant to wetness are better suited to these
soils. Small areas left idle are used chiefly as habitats for
wildlife.

Cultivation of these soils should be done only when
reseceding or renovating a pasture or meadow, Pastured
areas in unproductive grasses that have been invaded by
brush can be cleared and made productive if they are suit-

able for reseeding and renovation. Seedings of legumes and
orasses are difficult to establish in some places because these
coils are wet and are in poor tilth, Grazing must be con-
trolled until seedings are well established. Gullies that have
formed in the areas need to be filled and kept under sod for
use as waterways. .

Capability unit VIs-1

This capability unit consists only of Hagener soils, 9
to 18 percent slopes, moderately eroded. These soils are
strongly sloping to moderately stee and are excessively
drained. They generally occupy small areas in the uplands.
The surface layer is very friable. It is variable in texture
but is sandy loam in many places. The subsoil 1s loamy sand
or loamy fine sand.

The content of organic matter is high in these soils.
Permeability of the subsoil is rapid. The available mois-
ture holding capacity is low, and these soils are very
droughty. These soils are easy to work, but they dry out
rapidly. If cultivated, these soils are subject to water
erosion, and blowing of the sandy material may damage
young plants.

These soils are not suited to row crops. Even if the areas
oceur with soils better suited to cultivation, it is best to
leave them in hay or pasture. Oats can be grown as a nurse
crop on these solls when seeding mixtures of grasses and
legumes, and the crop can be grazed lightly the first year.

Leaving all crop residues on the surface increases the
water-holding capacity of these soils and provides protec-
tion from wind and water erosion. Placing terraces above
these soils further reduces the hazard of erosion. Terraces
generally are not built in these soils, however, because they
are difficult to maintain. Adding strawy material to these
soils increases the fertility and the content of organic mat-
ter and also helps to control erosion. If grazing is con-
trolled, production of forage is fairly good when rainfall
is normal or above normal.

On these soils new seedings respond well if lime and
phosphate fertilizer are applied. Topdressing bluegrass
pastures with nitrogen a.ng phosphate helps to promote
orowth of the plants and also replaces nutrients lost
through leaching and through removal of forage.

Capability unit VIle-1

This capability unit consists of moderately steep to very
steep, moderately well drained and somewhat poorly
drained soils. It 1s made up of Adair, Gara, and Shelby
s?lls and of Sandstone rock land. In the Adair, Gara, and
Shelby soils, the surface layer is variable and the subsoil is
clay loam to clay or silty clay in texture. These soils overlie
glacial till. Sandstone rock land is very sandy throughout
and overlies sandstone.

In the Adair, Gara, and Shelby soils, fertility and con-
tent of organic matter are low and permeability of the
subsoil is moderately slow to very slow. The available
moisture capacity is high, but runoff is rapid and only a
small amount of water enters the soil. Many areas of these
soils are cut by gullies.

Sandstone rock land is low in fertility and organic mat-
ter and holds only a small amount of water for plant use.
It is severely eroded and gullied.
~ In many places steep slopes, gullies, or rocks make it
impractical to work these soils with farm implements.
Improving pasture is difficult, and in many areas 1t 1s not
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worthwhile. Pasture on the moderately steep soils can be
improved in some places by removing the trees and under-
orowth and then seeding perennial grasses and legumes
that last a long time. These areas will erode unless grazing
is controlled and a protective cover is provided through-
out the year.

Most areas in this unit have a cover of grasses and scat-
tered trees and undergrowth. The trees are of poor quality
and have no commercial value but provide some protection

from erosion. The areas can be used as habitats for wild-
life.

Capability unit VIIw-1

Only the land type, Marsh, is in this capability unit. It
consists,of very wet areas or of areas that are under water
for most of the year. The areas are scattered throughout
the county.

Marsh has no value for farming. The areas generally are
in low places and lack suitable outlets for drainage. They
could be reclaimed for pasture or cultivated crops if the
level of water in the areas could be controlled.

At present Marsh is best suited for use as wildlife habi-
tats. Willows, cattails, and other plants that tolerate wet-
ness grow well in the marshy areas. Waterfowl, muskrats,
and upland game find cover, food, and nesting places in
and around the areas.

Soil Productivity

An estimate of expected yields should be made before
the cropping system is planned for a soil. Table 2 lists
predicted acre Fields of the principal crops on each soil in
the county 1if the soil has been managed well for 10 years
or more. A high level of management includes the follow-
Ing practices:

TarLe 2.—Predicted acre yields of the soils under a high level o f management

[Dashes indicate that the crop is not suited to the soil or is not generally grown on it]
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1. Controlling erosion.

2. Providing adequate drainage for wet soils.

3. Applying fertilizer and lime in the kinds and
amounts indicated by soil tests so that the soil
reaches levels of fertilization and reaction of those
suggested by the testing laboratory of Iowa
State University.

4. Planting corn in amounts that will produce a
plant pepulation no greater than the available
moisture will support. |

5. Using cropping systems suggested in the sub-

sectiogn “Mlzlll)mg%amgnt by Ca%%.%i]ity Units.”

Planting suitable varieties of crops.

Controlling weeds, plant diseases, and insects

effectively.

Cultivating and harvesting at the proper time.

Controlling floods.

Planting alfalfa or mixtures of alfalfa and

bromegrass for hay on suitable soils and, in three

euﬁ%ings the first year, obtaining yields listed in

table 2.

The average yields in table 2 are considered to be fairly
reliable appraisals of what can be harvested if a high level
of management is applied. They are based on research data
from experimental farms, on the experience of farmers, on
the judgment of soil scientists, and on the opinion of the
agronomy staff at Towa State University. Yields fluctuate
from year to year. A few farmers who use the best tech-
niques and management known today may exceed the esti-
mated yields by as much as about 10 percent. The averages
may be changed in the future by the introduction of new
crop varieties, by better fertilization practices, or by other
improved methods.

-
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Soil Corn Soybeans Oats Hay Pasture

: AH‘MI-‘U‘{I“—

Adair clay loam, 5 to 9 percent slopes, moderately eroded___ i ﬂgg g | T Eﬂ; i pulac: o

Adair clay loam, 9 to 14 percentslopes__________________ "~ TTTTTTTTEeS dE ==y 4 1 4

Adair clay loam, 9 to 14 percent slopes, moderately eroded_________ ~ i R <2 33 1 0

Adair clay loam, 14 to 18 percent slopes, moderately eroded________ | = 57| =mm=m==- 30 ‘g

Adalr sois,  to:9 percent slopes, severelyeroded. ___ ___ 7T | Ttossmas [ mmmom—me | oommnean -

Adair and Shelby soils, 9 to 14 percent slopes, severely eroded___ = ~ At 30 1.0

iﬁair_ alnld Sclimlby soils, 14 to 18 percent slopes, severely eroded_________ | ~=7" 777" [ mmmmmmmm | mmmmmmms : g

VRN BT & o s S e e = T DLl T T e o T e st Ol e e S e U e e 2

Ankenvfinesandy‘loam.s =~ . — T o T L T Temmmeeee () @) *) 1.5

Bremer silty eclay loam______ - O T N R A R Nty T o 62 30 47 2.5

ST A Nl T b B i e ot DL O v AR S et 70 34 92 3. 5

Clarinda silty clay loam, 5 to 9 percent slopes_ __________~ ~~~~~~TTTTmeoe- 3,_2 32 61 3. 5

Clarinda silty clay loam, 5 to 9 percent slopes, moderately eroded__ " *’E -------- 36 1.6

Clarinda silty clay loam, 9 to 14 percent slopes________ "~ =~~~ "TTTrm--- ,4'3' ~~~~~~~~ 34 1.5

Clarinda silty clay loam, 9 to 14 percent slopes, moderately eroded. TR e S 26 1.2

Clarinda soils, 5 to 18 percent slopes, severely eroded. e SRt e 22 1.0

Colo silty clay loam_ - _ ________ A - i T L e E Bl I ) P 1.0

Colo silt loam, overwash__________ LI ¥ i iy e s 50 30 64 3. 0

Colo-Nodaway complex._ ___________~ e 1 oy re—- 80 36 65 3.5

Corley silt'loam, 0 to 2 percent slopes_ ___ ey e s -ﬁO 31 60 3. 9

Gara loam, 9 to 14 percentslopes_ ________ .~ =~ T TTTToo- St [{g 30 zé :; §

Gara loam, 9 to 14 percent slopes, moderately eroded 0 G g ] == <. 9

Gara loam, 14 to 18 percent ﬁlilil,‘.l{"s_ s i ML dHI s e ~= L R e 42 2.5 125

Gara loam, 14 to 18 percent slopes, moderately eroded. TSR ~—se | eseao=r | e as s g g }{ljg

See footnotes at end of table,
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TasLE 2.— Predicted acre yields of the soils under a high level of management—Continued

ol

Soil Corn Soybeans Oats Hay Pasture
Animal-unit-
Bu. per acre | Bu. per acre Bu, per acre | Tons per acre days 1

Gara loam, 18 to 25 percent slopes, moderately eroded .- ane - S| R e S R 1.5 75
Gara soils, 14 to 18 percent slopes, severely eroded.- . _____-_ B e T | R U | (e 1.5 75
[Iagener soils, 9 to 18 percent slopes, moderately eroded._ -~ o oo | oo | —mmmmne 1.2 60
e e e R S 65 25 49 2. 2 110
Judson silt loam, 0 to 2 percent slopes_ - __ - ——enomoo e 90 35 67 4.0 200
Judson silt loam, 2 to 5 percent slopes_ - -~ oo 88 35 67 3.5 175
Judson silt loam, 5 to 9 percentslopes__ - -—-——cc----o--- 83 30 62 3.3 165
Judson-Colo complex, 2 to 5 percent slopes. - -~ 78 28 o6 3.3 165
Kennebecsiltloam_ - - s mmmmme——eme e W s 90 35 67 3.9 175
Ladoga silt loam, 2 to 5 percent slopes.. - ———-—----- e 84 30 63 3.8 190
Ladoga silt loam, 5 to 9 percent slopes... - —---c-c----——-------oo-o- 80 25 61 3.6 180
Ladoga silt loam, 5 to 9 percent slopes, moderately eroded - - - - 76 24 56 3.6 180
Ladoga silt loam, 9 to 14 percent slopes_ - - —---- - -c-------------oo- i [ 52 3. 4 170
Ladega silt loam, 9 to 14 percent slopes, moderately eroded - . - - - - _--____ BRI L4 48 3.4 170
Ladoga soils, 9 to 14 percent slopes, severely eroded_ _ _ - - - (1A R =T s 44 3.0 150
Ladoga silt loam, 14 to 18 percent slopes. ...~ s e e A N D AT N R 45 3.2 160
Ladoga silt loam, 14 to 18 percent slopes, moderately eroded__ ___ - - _-__ (0] [y W 42 3.0 150
Ladoga silt loam, benches, 2 to 5 percent slopes._ _ - - - - 84 30 63 3.8 190
Ladoga soils, 14 to 18 percent slopes, severely eroded_ _— ool o= | ammoe 2.8 140
e e e e e e mw e e e T M RS s SR s (e - SesRoleee
Marshall silty elay loam, 0 to 2 percent slopes. - - - e 90 35 67 4.0 200
Marshall silty clay loam, 2 to 5 percent ) (1] 0] RSN S 88 35 66 3.8 190
Marshall silty clay loam, 5 to 9 percent slopes_ ___—_--—-----—-------------- 8D 32 64 3D 175
Marshall silty clay loam, 5 to 9 percent slopes, moderately eroded. .. - _______ 80 28 60 3.4 175
Marshall silty elay loam, 5 to 9 percent slopes, severely eroded- - - - - 74 24 54 3.0 150
Marshall silty clay loam, 9 to 14 percent slopes._ - —------—Fromn-mooooo- (e e 56 3.4 170
Marshall silty clay loam, 9 to 14 percent slopes, moderately eroded___________ [ [ 52 3.4 170
Marshall silty clay loam, 9 to 14 percent slopes, severely eroded_ _ _ .- ____ o |, S D 50 2.8 . 140
Marshall silty clay loam, 14 to 18 percent slopes, moderately eroded__ - _______ BN e o 2 45 2.5 25
Marshall silty clay loam, 14 to 18 percent slopes, severely eroded___ _________ e il P R R 41 2.0 100
Marshall silty clay loam, benches, 0 to 2 percent slopes_ ___ - EE— 90 30 67 4.0 200
Marshall silty clay loam, benches, 2 to 5 percent slopes._ - - — oo 8% 35 66 4.0 200
Marshall silty clay loam, benches, 5 to 9 percent slopes, moderately eroded____ 80 25 60 4,0 200
Minden silty clay loam, benches_ - -~ -cc-oo--mo---- SR 90 35 67 3.8 190
BN Bty clay JoAM: e eSS SSmESnmmmmomas e 90 35 67 g 175
A e i et o 88 35 67 3.5 175
Nodaway silt loam, channeled . -~ —mc-c--m--o-—o—===ssmmomooomoomos | mmomsmpg | Sem s g | Sm = s m g 2.0 100
Olmitz loam, 2 to 5 percent S10pes. - - - - - - —-—=—-—=—=-=-==========oooooo o 80 35 60 4.0 200
e e s L o —ccamseseessmsooosoodn Sestemees esEsEsRailiEs st s el Reatams IS s =S n g || ST Ry
Sharpsburg silty clay loam, 0 to 2 percent 5] 0] o1 PR S 90 35 67 4.0 200
Sharpsburg silty clay loam, 2 to 5 percent slopes_ - - - - meeem e mmmmem e 85 35 64 4.0 200
Sharpsburg silty clay loam, 5 to 9 percent slopes_ —c--c—coom oo - 82 32 62 3.8 190
Sharpsburg silty clay loam, 5 to 9 percent slopes, moderately eroded..________ 78 28 58 3.6 180
Sharpsburg silty clay loam, 9 to 14 percent slopes_ - - - - FAlPer e 54 3.4 170
Sharpsburg silty clay loam, 9 to 14 percent slopes, moderately eroded______ ___ i e B T 50 3 4 170
Sharpsburg silty clay loam, 9 to 14 percent slopes, severely eroded._ - _ - ____ __ 17 | e iEs R 48 2.5 125
Sharpsburg silty clay loam, 14 to 18 percent slopes, moderately eroded._.____ __ BORIET Y T o 44 2.5 125
Sharpsburg silty clay loam, 14 to 18 percent slopes, e ATElY e RS L, R e e g iy (R T L = 2.0 100
Shelby loam, 5 to 9 percent slopes, moderately eroded - - - - 70 25 59 2.0 150
Shelby loam, 9 to 14 percent slopes._ - - _---—-----2-7----—=-----""""=7"""" O s b 46 DT 135
Shelby loam, 9 to 14 percent slopes, moderately eroded - — - - - - 0 SR 44 2.5 125
Shelby soils, 9 to 14 percent slopes, severely eroded - - - - - - ool 71 0 R 37 2 5 125
Shelby loam, 14 to 18 percent slopes_.—------------2-¢-—---==="=-=="=""""~ aljl S8 G008 37 2.3 115
Shelby loam, 14 to 18 percent slopes, moderately eroded. - - - ——----——- e ARUITNY as Sy 35 2.0 100
Shelby soils, 14 to 18 percent slopes, severely eroded - — - - - oo ommmmeo | e | o 2.0 100
Shelby loam, 18 to 25 percent slopes, moderately eroded . _ - oo | - e e e s e 150 60
Shelby soils, 18 to 30 percent slopes, severely eroded.——- - - —-——--—---———- el el [P ey PSS 1.0 50
Shelby-Adair complex, 5 to 9 percent slopes, moderately eroded_ . _-____ 62 21 47 2.5 125
Shelby-Adair complex, 9 to 14 percent SIOpes— - - - ——------- - r-=----="""~ Ay & e 37 2.3 115
Shelby-Adair complex, 9 to 14 percent slopes, moderately eroded_____________ Yl E S s SRS 35 2. 0 100
Shelby-Adair complex, 14 to 18 percent slopes, moderately eroded— .. _____ | ___.___ | ________| ________ 1. 6 80
Shelby-Adair complex, 18 to 25 percent slopes, moderately eroded___ | | ________| ________ 1. 4 70
Shelby-Adair complex, 18 to 30 percent slopes, severely eroded_ - - - | _______ =l e e o . 6 30
S T et I e PP S L e e 99 24 3922 3.0 150
Wabash silty clay 108M . - - ——cociom—ommm-==oso=me==ommsmEmosmono oo 60 25 3 20 3. 0 150
A R T I e ) 68 34 50 3.0 150
T A ey S T A e e e e i s 70 35 52 2 T 135

1 A term used to express the ga,rr}ring uapﬂ,cit:j" l?f pﬂﬂtlll'& It is
the number of animal units carried per acre mu_ltlplled by theﬂ num-
ber of days the pasture is grazed during a single grazing sSeason

days.

without injury to the sod. An acre of pasture that provides 30 days

? Variable,
3 Bushels of wheat.

of grazing for two cows has a carrying capacity of 60 animal-unit-
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Wildlife

Cass County supports many kinds of wildlife that con-
tribute to the economy of the county and that have recrea-
tional value. The kinds and numbers of wildlife that can
be produced and maintained in the county are largely de-
termined by the kinds and amounts of vegetation the soils
can produce and by the way the vegetation is distributed.

Wildlife is influenced by topography and by such soil
characteristics as fertility. Fertile soils are capable of
greater wildlife production than less fertile soils. Topog-
raphy affects wildlife through its influence on land use.
Extremely rough, 1rregular areas may be hazardous to
livestock and be unsuitable for crops, but the undisturbed
vegetation is often valuable to wildlife, If suitable vegeta-
tion is lacking in such areas, it can often be developed to
unprove conditions for desirable kinds of wildlife.

Wetness and water-holding capacity of the soils are im-
portant in selecting soils for constructing ponds for fish
and in developing and maintaining habitats for waterfowl,
Marsh areas can be developed to provide aquatic or semi-
aquatic habitats for waterfowl and for some furbearers.

The soils of CCass County produce suitable habitats for
a number of wildlife species. The nearly level and gently
sloping soils, however, generally are cropped intensively
and provide only limited shelter and nesting areas for
wildlife. Much of the wildlife is on the moderately sloping
to steep Gara, Ladoga, Marshall, Sharpsburg, and Shelby
soils in the uplands. Here pheasants, which were intro-
duced into the county some time ago, are most numerous.
Fox, squirrel, woodchuck, and cottontail rabbit also gen-
erally are abundant in the uplands. White-tailed deer fre-
quent soil association 6 and soils adjacent to this associa-
tion. Muskrat, mink, and other furbearing animals fre-
quent the rivers and creeks throughout the county. They
probably are most numerous in soil association 6, but they
occur along all of the watercourses. Fish are abundant in
the rivers and creeks of the county. Farm ponds provide ex-
cellent fishing 1f well managed.

The wildlife resources of the county are important pri-
marily for the opportunities they provide for recreation.
Many species of wildlife, however, such as songbirds,
hawks, owls, snakes, and other predators, are also bene-
ficial in the control of rodents and undesirable insects.

The combination of soils, topography, and vegetation in
the county favors the development of facilities for recrea-
tion. Soils in associations 2, 4, and 5 provide the most
opportunities because many of the sites have potential for
ponds. Many areas that are wet or otherwise have little
value for farming could be developed for recreation. Cold

Springs State Park, south of the town of Lewis, is an
example of such a development (fig. 10).

Increased travel by the American public also provides
opportunities for using suitable soils for recreational pur-
poses. Some areas along main highways are suitable sites
for overnight camping facilities or for use as picnic areas.
These would be a real convenience to travelers and an
additional source of income for landowners.

Although there are many areas in the county suitable for
wildlife, many more could be developed and recreational
benefits thus increased. The soils of any capability class
will support good wildlife habitats if properly used. Small,
odd-shaped areas of little value for other purposes can be
developed to encourage wildlife. Suitable for such a pur-
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pose are many areas of Sandstone rock land, of moderatel
steep or steep Adair, Gara, and Shelby soiis, and of soils
of the Shelby-Adair complexes.

Woodland

About 9,000 acres in Cass County is wooded (5). Most
of the woodland borders the East Nishnabotna and West
Nodaway Rivers and their larger tributaries. A few farms
have small woodlots, and most farmsteads have landscape
and windbreak plantings of trees and shrubs.

Most wooded areas are grazed and produce little mer-
chantable timber. Steep woodland areas generally are left
untouched. Woodland that adjoins pasture is little more
than a source of shade for livestock or a habitat for
wildlife,

The acreage of woodland in the county has not changed
significantly in recent years. Some areas have been con-
verted to cropland, and most of these converted areas are
along stream bottoms. The woodlots and buildings on
many vacant farmsteads have been removed and the areas
used for crops.

The farmers in Class County are concerned chiefly with
the planting of trees for windbreaks rather than for pro-
duction of timber. The demand for trees for lumber is
small, and the quality of the timber that is produced is
poor. Several agencies in Towa can assist woodland owners
in 1improving their products and marketing them. The Soil
Conservation Service can help woodland owners in de-
termining which soils are suitable for trees. State foresters
can assist in developing plans for managing new or old
stands of trees. The types of woodland in the county and
the suitability of the soils for planting various kinds of
trees are discussed in the paragraphs that follow.

Types of woodland

Two types of woodland occur in Cass County. They are
Ihe oak-hickory type and the soft maple-elm-cottonwood

ype.

The oak-hickory type is in the rolling uplands. The areas
are chiefly near the major streams, where the Gara and
Ladoga soils predominate. These soils are deep, are gently
sloping to steep, and have an average supply of moisture.
Besides the predominant oak and hickory, the stands in-
clude elm, basswood, hackberry, and green ash.

The soft maple-elm-cottonwood type is on nearly level
bottom lands and low benches. Here Alluvial land and the
Kennebec and Nodaway soils predominate. Besides the
predominant elm, soft maple, and cottonwood, the stands
include willow, various kinds of oak, hickory, green ash,
and black-walnut. The willow and cottonwood trees gen-
erally are near streams in areas that are most subject to
overflow and prolonged wetness.

_Landscape and windbreak plantings have been estab-
]]SIIE(I‘ in the county since the time of settlement. These
plantings include spruce and various kinds of pine and fir.

Planting suitability groups

The soils in Cass County have been placed in three
groups according to their suitability for planting trees.
l_he. soll series in each group are given, the soil characteris-
tics that affect the growth of trees are stated, and the trees
suitable for planting are listed. The lists include species
suitable for timber, windbreaks, and Christmas trees, as
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Figure 10—Fishing in the cool waters of Cold Springs State Park.

well as trees and shrubs for wildlife food and cover. [.ocal
and State publications can be consulted to learn which trees
are most suitable for specific uses.

Itl ;1‘&‘.11&’1‘;1].‘ Ilill‘t‘lwnmih‘ E]'nw ['rrml']}‘ 0l [it‘li]ré Th:lf ]1111'&"
been 1n cultivation a long time, where the soils are eroded
and depleted. For such sites, pines are better suited. Wild-
life plantings should include trees that provide both food
and cover. Soils that are flooded regularly are not suitable
for planting trees and shrubs for wildlife.

PLANTING SUITABILITY GROUP 1

This planting suitability group consists mainly of solls
in the rolling uplands, but a few of the soils are on low
benches and foot slopes. These soils are the most favorable
in the county for trees. They are in the Adair, Clarinda,
Gara. Judson. Kennebee, Ladoga, Marshall, Minden,
Nevin, Olmitz, Sharpsburg, and Shelby series. Slopes are
lnuinl}' 0 to 14 percent, tllt]ll;_!jll ﬁ]u!}l':—-‘ that face north and
ast are more than 14 percent.

Most soils in this group are deep. Permeability 1s moder-
ate to moderately slow in all but the Adair and Clarinda
soils. The Adair and Clarinda soils are fine textured and

very slowly permeable and are seepy and wet in many
[l]ill't*ﬁ.

Suitable trees for planting on most of the soils are east-
ern redcedar, Austrian pine, Dounglas-fir, European larch,
ponderosa pine, Scotch pine, black walnut, green ash, hack-
berry, and cottonwood. Only eastern redeedar, Scotch pine,
oreen ash, cottonwood, and hackberry are suitable for
planting on the Adair and Clarinda soils. Black walnut is
better suited to the Judson and Kennebec soils than to the
other soils 1n this group.

Trees and shrubs suitable for wildlife food and cover on
most of the soils are dogwood, honeysuckle, nannyberry,
ninebark, Asiatic trailing aspberry, eastern redcedar,
Russian-olive, multiflora rose, and wild plum. On the
Adair and Clarinda soils, however. only dogwood, honey-
suckle, and eastern redcedar are suitable for this purpn%e..

PLANTING SUITABILITY GROUP 2

Soils in this group are similar in depth and permeability
to these in planting suitability group 1. They are 1n the
rolling uplands and are in the Ankeny, Gara, Hagener,
Ladoga, Marshall, Sharpsburg, and Shelby series. Sand-
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stone rock land is also in the group. The sites are mostly on
south- and west-facing slopes that exceed 14 percent. A
few sandy soils, some of which are less sloping, are
included. Ay

Trees suitable for planting on the soils in this group are
eastern redcedar, ponderosa pine, Douglas-fir, Scotch pine,
European larch, Austrian pine, hackberry, cottonwood,
and green ash.

Shrubs and trees suitable for wildlife cover and food on
most of the soils are Asiatic trailing raspberry, choke-
cherry, hazlenut, honeysuckle, mulberry, multiflora rose,
nannyberry, ninebark, eastern redcedar, Russian-olive,
and wild plum. Only honeysuckle, eastern redcedar, Rus-
slan-olive, and wild plum, however, are suitable for plant-
ing for wildlife on the Ankeny and Hagener soils and on
Sandstone rock land.

PLANTING SUITABILITY GROUP 3

The soils in this group are nearly level and are on bottom
lands and low benches. They consist of Bremer, Calco,
Colo, Corley, Humeston, Nodaway, Wabash, and Zook
soils and of Alluvial land. These soils vary widely in tex-
ture and in permeability. They all receive excess water be-
cause of overflow or runoff.

Suitable trees for planting on the soils in this group are
cottonwood, hackberry, green ash, and soft maple. A
suitable shrub to plant for wildlife food and cover is
honeysuckle.

Engineering Properties of Soils

Engineers have studied soil characteristics that affect
construction and have devised systems of soil classifica-
tion based on these characteristics. Most of these studies,
however, have been at the site of construction, and for
this reason, general information about the engineering
properties of soils has not been readily available. Such
information is made available in this section. Engineers
can use it to—

1. Make studies of soil and land use that will aid in
selecting and developing sites for industries, bugi-
nesses, residences, and recreational areas.

2. Assist in planning and designing erosion and
flood control structures, drainage improvements,
and other structures for soil and water conser-
vation.

3. Make reconnaissance surveys of soil and ground
conditions that will aid in selecting locations for
highways and airports and in planning more de-
tailed soil surveys for the intended locations.

4, Locate probable sources of sand and oravel for
use in structures. [

5. Correlate pavement performance with soil map-

ing units, and thus develop information that will
Ee useful in designing and maintaining pavements.

6. Determine the suitability of soils for ci*ths-cnuntw
movement of vehicles and construction equipment.

7. Supplement information obtained from
published maps and reports and
photographs.

other
from aerial

It _sllou!d be emphasized that the interpretations made
in this soil survey are not a substitute for the sampling

and testing needed at a site chosen for a specific engi-
neering work that involves heavy loads or at a site where
excavations are to be deeper. than the depths of the layers
here reported. Also, engineers should not apply specific
values to the estimates for bearing capacity given in this
survey. Nevertheless, by using this survey, an engineer
can select and concentrate on those soil units most im-
portant for this proposed kind of construction, and in this
manner reduce the number of soil samples taken for
laboratory testing and complete an adequate soil inves-
tigation at minimum cost.

Some of the terms used by agricultural soil scientists
may be unfamiliar to the engineer, and some words—
for example, soil, clay, silt, and sand—may have special
meanings in soil science. These and other special terms
used in the soil survey are defined in the Glossary in the
back of this survey.

Engineering Classification Systems

Most highway engineers classify soil materials in ac-
cordance with the system approved by the American
Association of State Highway Officials (AASHO) (1).
In this system soil materials are classified in seven
principal groups. The groups range from A-1, consisting
of gravelly soils having high bearing capacity, to A-T,
which is made up of clayey soils having low strength
when wet.

Some engineers prefer to use the Unified soil classifica-
tion system (30). In this system soil materials are iden- - .
tified as coarse grained (8 classes), fine grained (6 classes),
or highly organic. An approximate classification can be
made in the field. Estimated classifications of the soils in
Cass County under both systems are given in table 3.

Soil Engineering Data and Interpretations

Information and interpretation of most siémiﬁcance to
engineers are given in tables 3, 4, and 5. The data in table
3 are based on the test data in table 5, on information in
other parts of the survey, and on experience with similar
solls in other counties. Table 5 presents laboratory test
data for samples taken from selected soil profiles in Cass
County. Additional information can be obtained from
other parts of the survey, especially from the sections
“General Soil Map,” “Descriptions of the Soils,” and
“Formation and Classification of Soils.”

The percentage passing sieves, shown in table 3, is the
normal range of so1l particles passing the respective screen
sizes,

Permeability refers to the rate of movement of water
through the undisturbed soil. Permeability depends largely
on the soil texture and structure.

Available water capacity is the amount of water in a
moist soil, at field capacity, that can be removed by plants.
These ratings, expressed in inches of water per inch of soil
depth, are of particular value to engineers engaged in
Irrigation.

Shrink-swell potential is a rating of the ability of soil

material to change volume when subjected to changes in
moisture. These soil materials rated high are normally un-
desirable from the engineering standpoint, since the in-
crease in volume when the dry soil is moistened generally
1$ accompanied by a loss in bearing capacity. In general,
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soils classed as CH and A-7 have high shrink-swell po-
tential., Clean sands and gravels (single-grain structure)
and soils containing a small amount of monplastic to
slightly plastic fines have low shrink-swell potential.

Interpretations of engineering properties of the solls are

iven in table 4. In this table are estimates of the suitabil-
ity of the soils of the county as a source of topsoil and
roadfill. Also in the table are estimates of soil features
affecting suitability of the soils for various engineering
purposes.

Soil Features Affecting Highway Work ®

Many of the soils of Cass County formed in loess that
overlies glacial till of Kansan age. The loess ranges from
more than 20 feet in thickness on the nearly level uplands
and tops of ridges to a thin layer in the more sloping areas.
Soils that formed in glacial till are in the more sloping
areas where the glacial till has been exposed.

The Minden soils are examples of soils derived from a
thick layer of loess in nearly level areas. These soils are
fine textured and are classified A-7 (ML~CL). They gen-
erally have moderately high group index numbers. Minden
soils contain organic matter to a depth of a foot or more
and are difficult to compact to good density. Their subsoil
is a more plastic silty clay. The more sloping Marshall and
Sharpsburg soils also formed in loess. These soils have a
Jess well developed surface layer than the more nearly level
soils, and they have a less plastic subsoil. Their subsoil 1s
classified A—6 to A-7-6 (ML-CL), and they have fairly
high group index numbers. Sloping soils formed in loess
erode readily if runoff is concentrated. Sodding, paving, or
construction of check dams is needed in gutters and ditches
for control of erosion.

In the soils derived from loess, the seasonal high water
table generally is above the contact of the loess and the
olacial till. In these areas the in-place density of the loess
is fairly low, and the moisture content is high. This high
moisture content may cause instability in embankments
unless it is controlled enough to permit the soil to be com-
pacted to high density. :

Because of their high in-place density, soils derived
from glacial till generally do not have an excessively high
moisture content and are more easily compacted than
s0ils derived from loess. On the nearly level to gently roll-
ing uplands, under a mantle of loess, are the remains of
the original Kansan till plain. This glacial till is heter-
ogenous and of poor quaFity for engineering work. The
upper layer is very plastic clay, or gumbotil, and 1s classi-
fied A-7-6 (19-20). This clay crops out on slopes toward
drainageways, where the loess is thin, and is the parent
material of the Adair and Clarinda soils. It is not stable
enough to be used for highway subgrades and should not
be used in fills that are within 5 feet of the finished grade.
If this clay occurs at grade in roadcuts, it should be re-
moved to a depth of 2 feet and should be replaced with
a backfill of good glacial till or of granular soil.

~ Below the clayey layer 1s heterogenous Kansan till that
is classified primarily A—6 (CL). This till erops out on the
lower part of slopes and is the parent material of the Gara
and Shelby soils. If this till occurs in or along grading
projects, it generally is placed in the upper subgrade 1n

'By RoperT E. BLATTERT, soils geologist, Towa State Highway
Commission.

unstable areas. Pockets and lenses of sand and gravel
commonly are interspersed throughout the till and In many
places are water bearing. Frost heaving is likely if the
road grade is only a few feet above such deposits and if
the deposits are overlain by loess or silty till. These deposits
can be drained or the soil above them can be replaced with
2 backfill of granular material or of clayey glacial till to
prevent frost heaving.

The soils of bottom lands formed in recent alluvium
washed from hills and uplands. Such soils as Colo, Jud-
son, Kennebec, and Wabash have a thick, organic surface
layer that may consolidate erratically under an embank-
ment load. Some of the soils, such as the Colo, Humeston,
and Wabash, have a subsoil that is classified A-T7 (CH).
These soils have low in-place density and a high content
of moisture. If an embankment in these soils is to be more
than 15 feet high, the soils should be carefully analyzed
to determine if they are strong enough to support it. Road-
ways through bottom lands should be constructed on a
continuous embankment that extends above the flood level.
The Nodaway soils, for example, contain lenses of fine
sand in places. If an embankment is constructed only a few
feet above the water table in such soils, frost heaving 1s
likely unless drainage is provided or unless materials that
are not susceptible to frost action are used in the subgrade.

The bedrock in Cass County consists of shale, limestone,
or sandstone. Care is needed if roadways are constructed
in shale areas because disturbance of the natural slopes
could cause the soil above the shale to slide. e

Included in table 4 are ratings that show the suitability
of the soils of the county as a source of topsoil that can be
used to promote the growth of vegetation on embank-
ments and in cuts in slopes, and in ditches, and as a source
of borrow for road construction. Topsoil consisting of or-
ganic material is not suitable for use on shoulders of high-
ways that are to support limited traffic during wet periods.
Ratings of the suitability of the soils as a source of sand
and gravel are not shown in the table, because few areas
in Cass County are suitable as sources of sand and gravel.

Conservation Engineering *

Engineering work for soil conservation in Cass County
consists chiefly of building structures for the control of

erosion and of installing systems for drainage and
irrigation.

Erosion control structures

Structures for the control of erosion in Cass County
consist chiefly of terraces, diversions, grassed waterways,
and of structures that help to stabilize gullies and hold
tj:"nte.r. These are discussed in the paragraphs that follow.
Some features that affect the suitability of the soils in the
county for these uses are shown in table 4. If technical
assistance 1s needed in installing a structure, it can be ob-
tained from the Cass County Soil and Water Conserva-
tion Ihstriet.
~ T'erraces—A terrace is a channel built across a slope to
intercept runoff and control erosion. All terraces help to
control erosion by reducing the length of slope and thus

permitting more intensive cultivation of the soils without
excessive loss of soil.

4
By Vouney H. SMITH, civil engineer, Soil Conservation Service.
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TABLE 3.—Estimates of soil properties
Depth Clagsification
Soil series and map symbol from .
surface USDA texture Unified
Inches
Adair (AdC2, AdD, AdD2, AdE2, ArC3, AsD3, AsE3). 0-8  I'Clayloam: oo et =l S Uil e Ml tie D 0vs & BB
(For properties of Shelby soils in mapping units AsD3 and 8-161|Clay. Jloams- c L35 TEes S &1 e A P T e 14 )
AsE3, refer to the Shelby series in this table.) =81 [ ClaY. casrea o ons s R Gl e
31-50 | Clay loam - o oo oo oo & O] RS T S
Alluvial land (Au)?l.
Ankeny (Ay). 0-40 | Fine sandy loam__ - - _________ i e e S Dl
Bremer (Br). 0-20 | Silty clay loam____ ___________ UHS16OFL oS0 i
20-28 | Lightsilty elay._ .. _________ 1 2 e G S A Yl
28=42 | Silty elay loam_ - - . .. CharGE L S sl S 1
42-60 Sttl*u.tiﬁud silt and silty clay MLorCLtoCH_..____._
oam.
Calco (Ca). 0-36 | Silty elay loam__ ... ___ B PR ol 6 2 N e e
36-50 | Silty elay loam ____ . _______ B ISR R i
Clarinda (CdC, CdC2, CdD, CdD2, CeD3). 0-12 | Silty clay loam-_ - _ .- - ___ OH or MH-CGHTES R0
12-00" | Silty clayorielnycocso oo a e
Colo (Cg, Ch, Cn). ; o 0-43 | Silty clay loam. ..o oon 0 QlnorGEl ) . o, bl
(For properties of Nodaway soil in mapping unit Cn, refer 43-61 | Silty clayleam - -t = -n s e
to the Nodaway series in this table.) :
Corley (CoA). =L Bl loamice s e (TN 1 S e Sl ST |
31-46 | Silty elayloam_.____ ... __ 87 Fio) Ui 87 5 PR SEE O
462600 | Slt loatal . SE e Sy Oy o T e e ey
Gara (GaD, GaD2, GaE, GaE2, GaF2, GrE3) O30 | L oEE = o o L e ) T e i et W ST
10=45 1 Clay lopi=s o Dot S QlropiCH =L oSt
Hagener (HaD2). 0-7 |Finesandyloam__.____________ v A T TS Y (s Y
7-25 | Loamy finesand_ ____________ ROV Lor dpmis- e, oy o W T ST T
29~607 | Eiye s P00 Ssas e i SNE tosP -l B
Humeston (Hu). 0-19 | Heavy silt loam______________ 71 e Ry o, YA Ly N
19=621 [ Silty elay. = 2 o e O e
Judson (JdA, JdB, JdC, JoB). 0-23 | Silt loam OL or CL
(For properties of Colo soil in mapping unit JoB, refer t 23— it o alhiv e rinis e T oot g
the Golo aaria in this tables er-to 3-60 | Light silty clay loam_________ Ol gudiot e, 2o oo tr
Kennebec (Ke). U=ad | i1 G- To8 m - ChL Oy P s |
34-55 | Silty elay loam_ _____________ Gl = T e
Ladoga (LaB, LaC, LaC2, LaD, LaD2, LaE, LaE2, LbB, LdD3, 0-14 | Siltloam_ ____ . ___ NI . o e AR e a Vgt J
LdE3). 14-50 | Silty clay loam____________ . |MLorMH to CH__.____
Marsh (Ma). (2) (D ies T s T T OFSNAE  LErmt Whs
Marshall (MhA, MhB, MhC, MhC2, MhC3. MhD MhD2 0-13 | Li |
: : : : U-1. ght silty clay loam__________ 0 P 02 FRESCREE SR S e
MhD3, MhE2, MhE3, MmA, MmB, MmC2). 13-58 | Silty clay loam__ . . ... MICCE. . Lad JE]
0878 | B HAT oA E O B e Ml e o B R e
Minden (Mn). 0-22 | Light silty clay loam._________ MEZ O, 5l
22-46 | Silty clay loam_______________ 1) P ) e e e o i
2660 [Bilt/loam_ 0" "o Rae T A ME-OE o 2 et
Nevin (Ne). 0-25 Light silty clay loam__________ 8 ) od (i (R e Sy bl |
25-60 | Bilty clay loam._______________ CH s Sl
Nodaway (NO, NW). 0-39 Silt loRrn. . Lr s N s S ) [ TR e~y g gl
39-50 | Silt loam_ ____ TSI e i O e e e
Olmitz (OmB). 0230 | 0RTn . %1 BT 0 |
23-54 | Light clay loam.____________. MI-CLes oo et ana,

See footnotes at end of table.
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significant in engineering

Classification—Continued Percentage passing sieve— Available Shrink-swell
Permeability water Reaction potential
AASHO No. 4 No. 10 No. 200 capacity
Inches -er inch
Inches per hour of soil pH value
F T R R e 100 98-100 70-90 0.2- 0.8 0. 18 5. 6-6. 0 | Moderate.
A-6(11) to A-7-6(15) - D e 100 98-100 70-85 0.2- 0.8 1] 5. 6-6. 0 | Moderate.
T b ) P SN 100 98-100 65-80 < 0. 05 . 15 5. 6-6. 0 | High.
A-6(12) to A-7T-6(15) occv-c - 100 98-100 60-75 0.2- 0.8 . 16 5. 6-6. 0 | Moderate.
i b e el L N I ge 100 100 35-50 2.5- 6.0 .14 6. 6-7. 3 | Low.
A-7-6(12) to A-7-5(17-20) .- - 100 100 95-100 0.2- 0.8 . 21 6. 6-7. 3 | High.
A—7-B17-20) oo ememmamm e 100 100 95-100 < 0. 05 . 18 6. 6-7. 3 | High.
RET—B(14-20) o ne e mmmm === 100 100 95-100 0.2- 0.8 . 19 6. 6-7. 3 | High.
i I e o e e S S S 100 100 95-100 0.8- 2.5 . 19 6. 6-7. 3 | Moderate to high.
or
0.2- 0.8
LG (S ) RS N S e R 100 100 95-100 0.2- 0.8 , 21 7. 9-8. 4 | High.
A—T7-6(14-18) oo 100 100 95-100 0.2- 0.8 . 18 7. 4-7. 8 | High.
A-7-6(14-18) . e et LR 100 100 95-100 0.2- 0.8 . 18 5. 6-6. 0 | High.
A 0T ) et O N 100 100 95-100 < 0. 05 . 16 5. 6-6. 0 | High.
VoA I 2 1) RIS SR e 100 100 95-100 0.2- 0.8 2l 6. 0-7. 3 | High.
R Rl 100 100 95-100 0.2- 0.8 . 18 6. 6-7. 3 | High.
01 100 100 95-100 0.8- 2.5 . 20 5. 1-6. 0 | Moderate.
L R N b PR S R S . 100 100 95-100 0.2- 0.8 . 17 5. 6-6. 0 | High.
A7 80-=04). e 100 100 95-100 0.8 2.5 .18 6. 1-6. 5 | Moderate.
4T ) T I R e 100 90-100 55-70 0.8- 2.5 . 19 5 6-6. 0 | Low to moderate.
| A-6(8) to A-7T-6(16) mcc oo 100 90-100 55-75 0.2- 0.8 Sk 5. 1-6. 0 | Moderate.
A oA e e 100 100 30-50 2.5—- 6.0 i, 5. 6-6. 0 | Low.
S T L I DR T B0 b I W T 100 100 15-25 5. 0-10. 0 . 06 5 6-6, 0| Low.
e L e R R 100 100 5-15 5. 0-10. 0 . 04 5. 6-6. 0| Low.
X 2 ) F R i i RN 100 100 95-100 0.8- 2.5 . 20 5. 1-5. 5 | Moderate to high.
b A=ty O, S S R b e 100 100 95-100 < 0. 05 g 6. 1-6. 5 | High.
A B ) o e o~ 100 100 95-100 0.8 2.5 ., 20 5. 6-6. 0 | Moderate.
$ T b o et o i S T 100 100 95-100 0.8 2.5 .18 5. 6-6. 0 | Moderate.
A-6(12) to A-7-6(14) - 100 100 95-100 0.8- 2.5 21 5. 6-6. 5 | Moderate.
A A e 100 100 95-100 0.8- 2.5 #19 6. 1-6. 5 | Moderate to high.
A=6(10)..._--- o e T L= 100 100 95-100 0.8 2.5 . 20 4. 5-6. 5 | Moderate.
= 1) [ L S s R e 100 100 95-100 0.2- 0.8 . 19 5. 1-5. 5 | High.
A-7T-5t0 A-T-6_ oo (3) ® ) ® (1) (2) (@)
A-6(10) to A—7-6(18) - ccc o= 100 100 95-100 0.8- 2.5 A 5.6-6.0 | Moderate.
A=6(10) 10/ A=T-6(18) - - - 100 100 95-100 0.8- 2.5 .18 5.6-6.5 | Moderate.
A-6(10) to A—7-6(15) .- - - - - 100 100 95-100 0.8- 2.5 .16 6.6-7.3 | Moderate.
A-6(12) to A-7-6(16) _____________ 100 100 094-100 0.5- 2.0 .20 5. 6-6.5 | Moderate to high.
R B12) Mo A=T-B10) o <ot on s 100 100 | 94-100|  0.5- 2.0 B e e s Tioh,
A-6(12) to A-7-6(16) - ________ 100 100 94-100 08 2.5 .16 5. 6-6.0 | Moderate to high.
A-6(12) to A-7-6(14) - __.___ 100 100 | 92-98 0.5~ 2.0 . 20 6. 1-7. 3| Mod to high
R T s T I M N T 100 100 | 92-98 0.2- 0.8 20 Bl g igh?‘“te L=
A—-6(9) to A=T-6(12) - -cceoccooc 100 100 90-97 0.8- 2.5 . 20 6.1-6.5 | Moderat
A-6(9) to A-7-6(12) .. ________ 100 100 95-100 0.8 2.5 .18 5. 6—6.3 I‘vlgdﬁ;itg:
A-6(10) to A-7-6(14) _____________ 100 00-98 30-50 0.8 2.5 . 18 5.6-6.0 | Moderat
A-6(10) to A—7-6(14) oo 100 90-98 30-50 0.5~ 2.0 .16 5.6-6. 0 h‘Igdiit{;:
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TaBLE 3.—Estimates of soil properties
Depth Classification
Soil series ¢ ap symbol from _
e s surface USDA texture Unified
Inches
t | Sa). 0-9, |/Sandyloam il . s s BlWlge e iz i teaind L) A8
Sentelane a5y - 9-50 | Fine sand and sandstone frag- Shodd S ey b T35 73—
ments.
harpsb SbA, SbB, SbC, SbC2, SbD, SbD2, SbD3, SbE2, 0-13 | Siltyelay loamece oo s ML-CL.ooeooooooe .
b ;It;p&)l%rg ( 13-560 | Silty clay loam_______________ ML-CL to CH._________
Shelby (ShC2, ShD, ShD2, ShE, ShE2, ShF2, SsD3, SsE3, Il M e D BLER = 8
SsF3, SyC2, SyD, SyD2, SyE2, SyF2, SyF3). §=4] | Glayloam._ S8 = 0 SN i MG 1 2 e I s A S
(For properties of Adair soils in mapping units SyC2 41=03 ROy To arn: 5 ST e e O Gy e a =0 e S
through SyF3, refer to the Adair series in this table.)

Wabash:
Silty clay (Wa). 0-28 | Siltyelay. .. .. .. 0 S o8 OH-CTH . o8 stk ol
28-55 | Silty elay_. . - __ 553 e — Ol SR e
Silty clay loam (Wb). 0-13 | Silty clay loam.____ . _________ OH-OH = Dimm ol s
19-—19 [(iSilty elay. F U E e OH-CH.. e oo
29-80 |1Bilfy elgy. e . o TR o il T T A Ul e o
Zook (Zo, Zk 9). 0-22 | Silty clay loam_______________ 01255 6] 5 INEINE N, s O L
2&-00 | Sy olay: SRR S e o) £ RN B 10 WS A

1 Variable.
* Not determined.

The average grades on graded terraces should range be-
tween 0.3 and 0.6 percent, but these grades can be varied
within safe limits to provide for a system of parallel ter-
races. Alinement of the terraces can be improved and the
terraces kept parallel by use of cut-and-fill construction
methods. If infertile subsoil is exposed when the terraces
are being built, topdressing the terrace channel and cuts
in slopes with barnyard manure and fertilizer js helpful.

Deep soils, such as the Marshall and Sharpsburg, allow
more latitude in the choice of terrace design than shallow
soils. By making deep cuts and high fills, level terraces can
be run parallel to each other and point rows can be elimi-
nated between the terraces, Bench-type, level terraces that
have a seeded backslope can also be used in these soils. Such
terraces provide fairly straight, level rows and more uni-
form distribution of moisture.

In general, initial terracing on any farm in this county
ought to be on upland soils t%nat are good for crops. Such
soils are likely to be cultivated fairly intensively. Terraces
in them should be made straight, and if feasible, they
should be made parallel if more than one terrace is used.
Terraces generally are not placed in Shelby and Adair
soils. Many areas of these soils are used for pasture and
hay, and terraces add little to their value for these uses.
Terraces can be built on the Shelby and Adair soils, but
management requirements generally are high.

Diversions—A diversion is a channel constructed across
a slope to intercept surface water and channel it to a sqfe
outlet. Diversions can be used to protect nearly level soils
on bottom lands and benches from being flooded by surface
runoff from adjacent, steeper soils. Thev can also be used
to protect sloping soils from excessive runoff from hicher
lying soils. Diversions should not be used as a substitute
for terraces on soils used for cultivated crops. They ought

to be included as an integral part of a planned terrace sys-'

tem. Soil is likely to be washed into channels of diversions
that are not protected by terraces and greatly reduce their
capacity and impair their function. The Judson, Kenne-
bec, Marshall, Nodaway, Wabash, and Zook soils are ex-
amples of soils in this county that can be protected in
places by diversions.

Grassed waterways—A grassed waterway is a chanpel,
covered by grass for protection against erosion, that con-
ducts runoff water away from cropland to a stable outlet.
Grassed waterways also provide outlets for graded ter-
races and diversions. Most of the drainageways in the up-
lands of the county are subject to erosion, and many miles
of grassed waterways therefore are needed.

Many drainageways in the county are gullied, and large
quantities of earth will have to be moved before the chan-
nels can be properly shaped. Graded waterways in this
county generally function properly if designed for runoff
flowing at a velocity of 4 to 5 feet per second. If the slope
and cross section will not permit the design of a channel
to keep the flow within these limits, structures for gully
control ought to be considered.

Most of the soils of the county are fertile enough to grow
suitable vegetation if the waterway has been shaped and
the velocity of the water reduced. If infertile soil is ex-
posed when the waterways are reshaped, barnyard manure,
fertilizer, or other fertile material must be applied before
a good cover of plants can be established. In most places
tile lines are needed on both sides of the waterways for
grass to be established and maintained. The tile lines also
helﬁ) to keep erosion to a minimum and to reduce wetness
S0 that the waterways can be crossed with farm machinery.

Other structures for controlling erosion.—Structures
most commonly used in this county for the control of ero-
S1on consist of concrete structures, such as drop spillways,
and of earth dams. Drop inlets controlling a head of 10 to
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Classification—Continued Percentage passing sieve— Available Shrink-swell
Permeability water Reaction potential
AASHO No. 4 No. 10 No. 200 capacity
Inches per inch
Inches per hour of soil pH value
A-2to A4 - 100 100 25-45 5. 0-10, 0 0. 10 6. 6-7.3 | Low.
e AR a e e R R (1) (1) 5—15 5.0-10. 0 .03 5.6-6.5 | Low.
A-6(10) to A-7T-6(16) - - —————- 100 100 95-100 0.5- 2.0 . 20 5 1-5. 5| Moderate to high.
A—T7-6(14-18) oo mmccmmm e 100 100 95-100 0.5- 2.0 .18 6. 1-6. 5 | Moderate to high.
A-B(8) to A-7T-6(16)__ - —————-——-- 100 90-100 55-70 0.8- 2.5 .18 5. 6-6. 0 | Moderate.
A-6(8) to A—7-6(16) - - — - —— - 100 90-100 55-70 0.2- 0.8 .16 5.6-6. 0 | Moderate.
A-6(8) to A—7T-6(16) - —cceccc-——-- 05-100 90-100 55-70 0.2- 0.8 .15 6. 6-7. 3 | Moderate.
e R 6-20) e — - = 2= 100 100 95-100 < 0. 05 .18 5.6-6.0 | High.
R 20) = oot 100 100 95-100 < 0.05 17 5.6-6. 0 | High.
R R 1 W O S 100 100 95-100 0.2- 0.8 . 18 6.6-7.3 | High.
B2 s 100 100 95-100 < 0. 05 B 6. 6-7. 3 | High.
= 016-20) e e e 100 100 95-100 < 0. 05 i i 6. 6-7.3 | High.
S AR i S 100 100 95-100 0.2- 0.8 . 20 5.6-6.5 | High.
R R G=2 ) T L —eaaeas 100 100 05-100 < 0.05 Tk 5.6-6.0 | High.

3 Overwash material ranges from 6 to

silt loam.

95 feet are used to stabilize gully heads and lateral
ing and to provide outlets for

grassed waterways.

16 inches in thickness and has properties similar to those of the

gully-
Con-

crete drop spillways are used to provide outlets for water-

ways and for tile in shallow, gullied areas.

Rarth dams can readily be built in Cass County because
suitable fill material commonly is available. Soil derived

from glacial till or loess, dependi

ood fill material. Such material generally is class

CL or ML. If the surface soil is highly organic, e
can be made relatively impervious
trench in the highly organic material
more impervious material. The more i

ng on the location, is

1fied as

arth fills
by excavating a core
and backfilling with
mpervious material

packs to a relatively high density and provides a stable
structure for low heads. Drainage is needed to provide

stability for slopes in high fills. .
Each erosion control structure presents diffier
lems. Technical assistance therefore should be

before major structures are planned.

Farm ponds—By making water avail
on all parts of a farm, ponds help to con

cause more of the acreage can

ing. Farm ponds also furnish water for

extended dry periods when many wells n the
dry. In addition they provide recre
and if located near buildings, they are

for fire protection.

Ponds can be established in all
they generally are placed in the rol

|

ation for the
a source of water

ing hills 11

from glacial material. In most places watertight

can be constructed by excavating through the
ganic surface layer and backfilling with more 11
glacial material. In a few places strata or pocke
occur in the glacial till. This coarse-t
presents special problems, and each site the

to be thoroughly investigated.

extured

it prob-
obtained

able to livestock
trol erosion be-
be used for rotation graz-
livestock during
county go
family,

sarts of the county, but
1 soils formed

pnnd&;

highly or-
npervious
ts of sand
1 material
refore needs

uppermost layer in Nodaway

Drainage and irrigation

Drainage is the chief engineering conservation practice,
though some irrigation is done. These practices are dis-
cussed in the paragraphs that follow. Some features affect-
?E}tlf suitability of the soils for these uses are shown in

able 4.

Drainage—Many soils of Cass County require artificial
drainage. Tile drainage is preferred if outlets are available
and the soil is moderately permeable. Open ditches are
used in areas where the soils are not suited to tile drainage
or in places where outlets for tile are not readily available.
Land grading is used in a few places, along with open
ditches, for drainage of bottom lands.

The Bremer, Colo, and Nevin soils are examples of soils
that can be drained effectively by tile. Tile works fairly
well in the Zook soils, but supplemental surface drainage
may be needed to make tillage less difficult. In the Bremer
and Nevin soils, outlets for tile are difficult to obtain be-
cause of the distance from the wet area to a suitable outlet.

Soils of the Adair, Clarinda, and Judson series and of
the Shelby-Adair complexes are among the soils of the
county that are affected by seepage from higher lying soils.
Installing interceptor tile lines at the upper boundaries of
these soils helps to reduce the seepage.

Tile does not work well if placed in the Humeston and
Wabash soils, because these soils have a very slowly per-
meable subsoil. In areas of these soils, a system of surface
drains and open ditches is the best to use for removing
surface water. In places, however, land grading can be
used to 1mprove surface drainage. Surface water can be
removed from the Corley and Humeston soils, which gen-
erally occur in small depressions on benches, by use of

‘.:5}‘1&1]”\}' surface rlrajns. Tile also can be used in these areas
1f a suitable outlet is available.
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TABLE 4 —Engineering |

Soil series and map symbols

Suitability as a source of—

Soil features affecting—

Farm ponds

Topsoil Road fill Highway loeation
Reservoir area
Adair (AdC2, AdD, AdD2, AdE2,| Poor-_._________ Not suitable to a depth | Very plastic; seepage Very slow permeability;
ArC3, AsD3, AsE3). : of 3% to b feet; good likely in cuts. slow seepage.
(For properties of Shelby stability, compaction,

soils in mapping units and workability and

AsD3 and AsE3, refer to low compressibility

the Shelby series in this below a depth of 3%

table.) to 4 feet; stones in

some places.

Alluvial land (Au).?
BT L () B Cropd(Cosy sl = Good; fair to good Erodes when exposed on | Not suitable soil: too

30 60 (o o i il P NS

BaleGilGa) e = o e

Clarinda (CdC, CdC2, CdD,
CdD2, CeD3).

Colo) (o GhoBn) e e
(For properties of Nodaway
soil in mapping unit Cn,
refer to the Nodaway
series in this table.)

e (O ) e e

Gara (GaD, GaD2, GaE, GaE2,
GaF2, GrE3).

Haccner(itaD2)l - S he

See footnote at end of table.

Fair in surface
layer; very poor
to not suitable
below.

Not suitable_ ___

Good_ ___

Fair to poor;

surface layer is
thin.

stability; slight to
medium compressi-
bility, good compac-
tion, bearing capacity,
and workability ; poor
resistance to piping.

Very poor; fair to poor
bearing capacity; fair
stability; poor com-
paction; high shrink-
swell potential;
seasonal high water
table.

Poor to very poor; fair
to poor bearing capac-
ity and shear strength;
seasonal high water
table; high compressi-
bility.

Not suitable; should not
be used within 5 feet
of grade in embank-
ments.

Poor to very poor; fair
to poor bearing ca-
pacity and shear
strength; seasonal
high water table; high
compressibility.

Poor; seasonal high
water table; subject to
ponding; fair to poor
bearing capacity; fair
to poor compaction.

Good; good shear
strength and bearing
capacity; slight com-
pressibility; good
workability and com-
paction,

Good; fair to good bear-
g capacity and shear
strength; slight com-
pressibility ; highly
erodible,

embankments.

Seasonal high water
table; plastie.

Seasonal high water
table; subject to flood-
ing in places; poor
foundation for high
fills.

Very plastic; wet and
seepy in cuts,

Seasonal high water
table; subject to
flooding in places;
poor foundation for
high fills.

Ponded in places in wet
seasons; seasonal high
water table.

Good embankment ma-
terial; in places cuts
are seepy ; stones oceur
In some places; rolling
topography.

Highly erodible on ex-
posed embankments;
loose sand is likely to
hinder hauling oper-
tions; in places seep-
age oceurs in deep
cuts.

porous to hold water.

Not suitable, because of
topography.

Not suitable, because of
topography.

Very slow permeability;
slow seepage.

Not suitable, because of
topography.

Not suitable, because of
topography.

Slow scepage; moderately
slow permeability;
sand pockets and
stones in a few places.

Material is too porous to
hold water; compacted
seal blankets or
bentonite seal needed.

i
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interpretations
Soil features affecting—Continued
Farm ponds—Continued - .
Agricultural drainage Irrigation Terraces and diversions Waterways
Embankment .

Fair stability to a depth
of 4 feet and good below
that depth; stones or
boulders occur in a few
places at a depth below
3% to 4 feet; impervious
for cores.

Fair to good stability;
good workability and
compaction; erodible on
slopes; poor resistance

to piping.

Fair stability; poor com-
paction; high shrink-
swell potential and
compressibility.

High content of organic
matter to a depth of 2
feet or more; fair to
poor stability; poor
workability and em-
bankment foundation.

Fair stability on flat

high shrink-swell po-
tential; highly sus-
ceptible to eracking and
slumping.

High content of organic
matter to a depth of 2
feet or more; fair to
poor stability; poor
workability and em-
bankment foundation.

Fair stability; fair to poor
workability and com-
paction; slow permea-
bility when compacted.

Good stability; slow per-
meability when com-
pacted; good for imper-

good resistance to
piping.

on flat slopes; poor
resistance to piping;
highly erodible.

slopes; poor compaction;

vious cores and blankets;

Fair strength and stability

Wetness caused by seep-
age; use interceptor
tile at contact zone
between loess and till.

Notneededy - - o oo oo - -

Tile and surface drain-
age needed in places;
protection from over-
flow needed in places.

Tile and surface drains
suitable if outlets
can be obtained;
oceasional flooding;
protection from over-
flow needed.

Use interceptor tile at
contact zone between
loess and till to inter-
cept seepage; tile
drains do not work
well.

Tile and surface drains
are suitable if outlets
can be obtained; oc-
casional flooding; pro-
tection from overflow
needed.

Subject to ponding after
heavy rains; surface
drains can be used if
outlets can be
obtained.

Not needed._ - - - - = ——--

Not needed_ _ . - - - ~—---

Slow intake of water;
subjeet to runoff and
erosion ; seasonally
wet and seepy.

Low water-holding
capaeity ; rapid intake
of water, and fre-
quent applications of
water are needed.

Medium intake of water;
high water=holding
capaecity ; poorly
drained; drainage
needed.

High water-holding
capacity ; medium
intake of water;
drainage and protec-
tion from overflow
needed.

High water-holding
capacity ; subject to
runoff and erosion;
seasonally wet and
seepy.

High water-holding
capacity; medium
intake of water; drain-
age and protection
from overflow needed.

High water-holding
capacity ; medium
intake of water; drain-
age needed to prevent
ponding.

High water-holding ca-
pacity ; medium intake
of water; subject to
runoff and erosion;
irrigation questionable
because of topography.

Low to very low water-
holding capacity; in-
take of water is very
rapid, and frequent
applications of water
are needed; subject to

severe erosion.

Poor workability ; dif-
ficult to vegetate
channels and back-
slopes; interceptor tile
is needed upslope;
poorly suited to
terraces.

Not needed, because of
topography.

Not needed, because of
topography.

Not needed, because of
topography.

Not suitable; difficult to
work and to vegetate
channels and back-
slopes.

Not needed, because of
topography.

Not needed, because of
topography.

Stony in places; channels
and back slopes diffi-
cult to vegetate and
erode readily; con-
struction difficult on
steep slopes; in places
interceptor tile is re-
quired because of seep-
age from areas above,

Surﬂ}ee layer and sub-
soil are sandy and
highly erodible; chan-
nels and backslopes
are difficult to vege-
tate because of erosion
and low fertility.

Poor workability ; dif-
ficult to vegetate;
low fertility; generally
wet.

Not needed, because of
topography.

Not needed, because of
topography.

-

Not needed, because of
topography.

Difficult to work and to
vegetate; wet and

seepy.

Not needed, because of
topography.

Not needed, because of
topography.

Difficult to vegetate;
erodes readily; adding
fertilizer is helpful in
establishing vegetation.

Sandy material; highly
erodible and difficult
to vegetate,




62

SOIL SURVEY

TABLE 4.—Fngineering

Suitubility as a source of—

Soil features affecting—

Soil series and map symbols

Topsoil

Road fill

Highway location

Farm ponds

Reservoir area

Humestonmi(HU) S s - e

Judson (JdA, JdB, JdC, JoB)___._
(For characteristics of Colo
soil in mapping unit JoB,
refer to the Colo series in
this table.)

Kennebec (Ke) _ - - - - - ___

Ladoga (LaB, LaC, LaC2, LaD,
LaD2, LaE, LaE2, LbB, LdD3,
LdE3).

Marshl(IMa) me e e e e e e e

Marshall (MhA, MhB, MhC,
MhC2, MhC3, MhD, MhD2,
MhD3, MhE2, MhE3, MmA,
MmB, MmC2).

Minden (Mn) e aoacacae ctra

Nevin (Ne) oo .

Nodaway (No, Nw)____________

Fair in surface
layer; very poor
to not suitable
below.

Good_ _ . _______

Good to fair ex-
cept in severely
eroded areas.

Not suitable_ _ ___

Fair to good ex-
cept in severely
eroded areas.

Very poor; poor work-
ability; high shrink-
swell potential; sea-
sonal high water table;
poor compaction; slow
permeability when
compacted; fair to
poor bearing capacity.

Fair; fair to poor shear
strength and bearing
capacity; fair work-
ability ; medium to
high compressibility;
high content of organic
matter to a depth of 2
feet or more.

Poor; fair to poor bear-
ing capacity; fair to
good compaction; high
compressibility ; water
table is high in years
when rainfall is
excessive.

Poor; fair workability;
fair to poor compac-
tion; fair bearing
capacity; moderate to
high shrink-swell
potential; medium to
high compressibility.

Not suitable______ _____

Fair; fair to poor bear-
ing capacity and
shear strength; fair
workability ; medium
to high compressibil-
ity.

Fair to poor; fair to
poor bearing capacity
and shear strength;
medium to high
compressibility; fair
workability.

Fair to poor; fair to
poor bearing capacity;
fair workability; high
compressibility.

Fair; in places the water
table is high in wet,
seasons; fair to poor
bearing capacity; fair
compaction; medium
jo;:- high compressibil-
ity.

Very plastie; scasonal
high water table.

Fair embankment ma-
terial; high content of
organic matter to a
depth of 2 feet or
more,

Subject to flooding; high
content of organie
matter to a depth of 2
or 3 feet; poor founda-
tion for high fills.

In places deep cuts are
wet and hard to ex-
cavate because of the
underlying till; rolling
topography.

Very wet or water
stands on the areas
during most of the
year.

Wet and hard to exca-
vate below the water
table in deep cuts;
rolling topography.

Nearly level soil; high
content of organic
matter to a depth of
1}4 feet or more.

Nearly levelt opography;
high content of or-
ganic matter to a
depth of 1% feet or
more.

In places water table is
hlgl} in wet seasons;
subject to overflow.

Not suitable, because of
topography.

Moderate permeability
if not compacted; pond
bottom should be
scarified and com-
pacted to reduce
seepage.,

Not suitable, because of
topography.

Pond bottom should be
compacted and scari-
fied to reduce seepage;
moderate permeability
if not compacted.

Not applicable_ .. ... __

Mapping units MhA
through MhE3: mod-
erate permeability
when uncompacted;
pond bottom should
be scarified and
compacted.

Mapping units MmA,
MmB, and MmC2:
sites not suitable,
because of topography.

Not suitable, because of
topography.

Not suitable, because of
topography.

Not suitable, because of
topography.
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Soil features affecting—Continued

Farm ponds—Continued

Embankment

Agricultural drainage

Irrigation

Terraces and diversions

Waterways

Fair stability; poor com-
paction; high shrink-
swell potential; good
resistance to piping.

Fair stability, compaction,
and workability ; medium
to high compressibility;
high content of organic
matter to a depth of 2
feet or more.

Fair stability; fair com-
paction below a depth of
more than 2 or 3 feet;

oor embankment
oundation.

Fair stability; fair to poor
compaction; slow
permeability when
compacted.

Not applicable___________

Fair stability, compac-
tion, and workability;
medium to high com-
pressibility; fair re-
sistance to piping.

Fair stability ; medium to
high compressibility;
fair to poor shear
strength; fair resist-
ance to piping.

Fair stability; high com-
pressibility; fair to
poor shear strength;
fair resistance to

piping.

Fair stability ; moderate
shrink-swell potential;
poor resistance to
piping; erodible on
exposed embankments.

284-563 O—68——5

Tile drains do not work
well; surface drains
suitable if outlets can
be obtained; protection
from overflow needed.

Drainage not needed;
protection from runoff
from adjacent slopes
needed.

Requires protection from
overflow; tiling not
needed.

Notneededcocoicaaassn

Some areas have po-
tential for draining,
but outlets generally
are difficult to obtain.

Notneedets e o

Generally not needed,
but water accumulates
on some areas after
rains, and these re-
quire surface drainage.

Generally not needed;
should be protected
from overflow.

Should be protected from
overflow; tile and
surface drainage gen-
erally not needed.

High water-holding ca-
pacity; slow intake of
water; poorly drained;
drainage needed.

Medium intake of water;
high water-holding
capacity ; subject to
erosion on slopes and
to runoff from adjacent
uplands.

Medium intake of water;
high water-holding
capacity; subject to
overflow in places.

High water-holding ca-
pacity; medium intake
of water; rolling
topography; subject
to water erosion.

Not applicable_ - _______

High water-holding ca-~
pacity; medium intake
of water; sloping or
steep areas subject to
erosion and runoff.

High water-holding ea-
pacity ; medium intake
of water.

Medium intake of water;
high water-holding
capacity ; drainage
needed in places if
irrigated.

High water-holding ca-
pacity; medium intake
of water; subject to
overflow.

Not needed, because of
topography.

Diversions suitable if
needed; no limitations
for terraces if adjacent
slopes are protected by
conservation practices.

Not needed, because of
topography.

Soil conditions favorable;
no other limitations
except for mapping

unit LbB, where topog-

raphy may not be
suitable.

Not applicable. .« .- _.

Soil properties favorable
and no limitations,
other than topography
in mapping units
MmA, MmB, and

MmC2 may not be
suitable,

Not needed, because of
topography.

Not needed, because of
topography.

Not needed, because of
topography.

Not needed, because of
topography.

Soil properties favorable;
no limitations.

Not needed, because of
topography.

Soil properties favorable;
no limitations.

Not applicable.

Soil properties favorable;
no limitations.

Not needed, because of
topography.

Not needed, because of
topography.

Not needed, because of
topography.
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TABLE 4.—Engineering

Soil series and map symbols

Suitability as a source of—

Soil features affecting—

Topsoil

Road fill

Highway location

Farm ponds

Reservoir area

Ol (OmMB) s e s e e -

Sandstone rock land (Sa)..______

Sharpsburg (SbA, SbB, SbC,
SbC2, SbD, ShD2, SbD3,
SbE2, SbE3).

Shelby (ShC2, ShD, ShD2, ShE,
ShE2, ShF2, SsD3, SsE3,
SsF3, SyC2, SyD, SyD2, SyE?2,
SyF2, SyF3).

(For properties of Adair
soils in mapping units
SyC2 through SyF3, refer
to the Adair series in this
table.)

Wabash (Wa, Wb) - o oo oo

Ziook (Zo, Zk) - coe e oo

Not suitable_ __ __

Fair to poor; thin
layer of ma-
terial high in
content of
organic matter.

Fair; fair bearing ca-

pacity; medium com-
pressibility; fair to
good workability and
compaction; content of
organic matter 1s

fairly high to a depth
of 2 feet.

Good to fair; erodes

readily; low shrink-
swell potential; good
shear strength; slight
compressibility; varia-
ble depth to sandstone
bedrock.

Poor to very poor; fair

to poor bearing ca-
pacity and shear
strength; medium
compressibility; high
shrink-swell potential.

Good; good shear

strength; slight com-
pressibility; good
workability and
compaction.

Very imur; high water

table and shrink-
swell potential; poor
compaction and bear-
ing capacity.

Very poor; high water

table and shrink-
swell potential; poor
compaction and bear-
Ing capacity.

Fair embankment ma-

terial; content of
organic matter is
fairly high to a depth
of 2 feet.

In many places shallow

to sandstone fragments
or to bedrock; rolling
topography; fair em-
bankment material;
high content of or-
ganic matter to a
depth of 2 feet or
more.

Plastic; in places wet

and seepy in deep
cuts.

Good embankment ma-

terial; contains some
stones and boulders;
in places cuts are
seepy; rolling
topography.

Plastic; high water

table; subject to
flooding.

Plastic; high water

table; subject to
flooding.

Moderate permeability

above the underlying
glacial till; moderately
slow permeability and
slow seepage in the
glacial till.

In many places shallow

to bedrock or rock
fragments; rapid per-
meability and seepage
in surface layer; mod-
erate permeability if
not compacted; pond
bottom should be
scarified and com-
pacted to reduce
seepage.

Moderate to moderately

slow permeability in
the loess; moderately
slow permeability and
slow seepage in the
underlying glacial till.

Slow seepage; moder-

ately slow permeability
if not compacted;

sand pockets and
stones in a few

places.

Not suitable, because of

topography.

Not suitable, because of

topography.

1 Variable.
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Soil features affecting—Continued

Farm ponds—Continued

Embankment

Agricultural drainage

Irrigation

Terraces and diversions

Waterways

Fair stability; fair to
good workability and
compaction; medium
compressibility.

In many places shallow
to sandstone fragments
or bedrock; generally
not suited.

Fair stability; fair to poor
compaction; medium
compressibility; high
shrink-swell potential.

Good stability; slow
permeability if com-
pacted; good for im-
pervious cores and
blankets; good resistance
to piping.

Fair to poor stability;
high shrink-swell poten-
tial and compressibility.

Fair to poor stability; high
shrink-swell potential
and compressibility.

Not needed; protection
from runoff from
adjacent uplands
needed.

Not needed..cocooz oo

Not needed__ _ _ - - - --

Not needed._ . _ _ - _ - ____

Tile drains do not work
well, excess water can
be removed by open
diteh and surface
drains; outlets may be
difficult to protect
from overflow.

Tile drains work only
fairly well, and open
diteh and surface
drains are sometimes
needed in addition to

tile to correct wetness.

High water-holding ca-
pacity ; medium intake
of water; protection
from runoff from
nearby slopes needed.

Very rapid to rapid in-
take of water; very
low water-holding ca-
pacity; tillage not
feasible in most places.

High water-holding ca-
pacity; medium intake
of water; sloping areas
subject to runoff and
erosion.

High water-holding ca-
pacity; medium intake
of water; subject to
runoff and erosion.

Very high water-holding
capacity; drainage
needed before irriga-
tion; subject to over-
flow; intake of water
variable because of
eracking when dry.

Very high water-holding
capacity; drainage
needed before irriga-
tion; subject to over-
flow; intake of water
variable because of
cracking when dry.

Diversions suitable if
needed; no limitations
for terraces if adjacent
slopes are protected by
conservation practices.

Very shallow; subject to
erosion.

Soil properties favorable;
no limitations.

Stones in some places;
backslopes and chan-
nels are difficult to
vegetate in places;
difficult to build on
steep slopes; channels
and backslopes are
subject to erosion.

Not needed, because of
topography.

Not needed, because of
topography.

Soil properties generally
favorable; no limita-
tions.

In many places shallow
to sandstone fragments
or bedrock; construc-
tion difficult; very
erodible and is difficult
to vegetate.

Soil properties favorable;
no limitations.

Difficult to vegetate in
many places; addi-
tional fertilizer needed
to establish vegeta-
tion; erodes readily.

Not needed, because of
topography.

Not needed, because of
topography.
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TABLE b.—FE ngineering test data for soil samples taken

[Tests performed by the Towa State Highway Commission in accordance with standard

Moisture-Density !
Towa
Soil name and location Parent material report Depth Horizon Maximum
No. dry Optimum
AADI1 density moisture
Colo silty clay loam: Inches Lb. per cu. Jt. Percent
354 ft. S. and 84 ft. E. of the N.W. corner of | Alluvium. 12041 18-43 | A31&A32_ . ______ 08 23
NWYNWY, sec. 33, T. 75 N., R. 36 W.
Kennebec silt loam:
480 ft. N. and 66 ft. W. of the SE. corner of | Alluvium. 12040 18-40 |A3&B11________._ 96 22
SEXSEY, sec. 34, T. 75 N., R. 36 W.
Marshall silty clay loam:
120 ft. N. and 310 ft. W. of the SE corner of | Wisconsin loess. 12036 018 T i 95 23
NEYSEY, sec. 23, T. 77 N., R. 37 W. 12037 20-33 | B2y .- - 97 22
12038 4600 | B2 sl 101 19
Wabash silty clay:
250 ft. N. and 100 ft. E. of the SW corner of | Alluvium. 12039 15-48 | A3, Bl, & B2g__._ 95 23
SEUNWI, sec. 13, T. 77 N., R. 36 W.

1 Based on AASHO Designation T 99-57, Method A, (1).

2 Mechanical analyses according to AASHO Designation T 88-57 (7). Results by this procedure frequently may differ somewhat from
results that would have been obtained by the soil survey procedure of the Soil Conservation Service (SCS). In the AASHO procedure, the
fine material is analyzed by the hydrometer method and the various grain-size fractions are calculated on the basis of all the material, including
that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is analyzed by the pipette method and the

Detailed information on drainage for the soils of Cass

County can be obtained from the Iowa Drainage Guide,
Special Report No. 13, published by JTowa State
University.

[rrigation—The use of irrigation for farming is limited
in Cass County because the flow of streams during the ir-
rigation season generally is small and the supply of under-
ground water is inadequate. Reservoirs for maintaining a
supply of water would be expensive to build and would be
difficult to maintain because of the high rate of sedimen-
tation. Further information about the suitability of the
soils in the county for irrigation can be obtained from the
Towa Sprinkler Irrigation Guide, Special Report No. 11
published by Iowa State University.

"

Formation and Classification of Soils

In this section the factors that have affected the forma-
tion of the soils in Cass County are discussed. Also dis-
cussed is the classification of the soils by higher categories.
Detailed descriptions of profiles considered representative

of the series are given in the section “Descriptions of the
Soils.”

Factors of Soil Formation

Soil 1s produced by the action of soil-forming processes
on materials deposited or accumulated by geologic agen-
cies. The characteristics of the soil at any given pr}intzu-e
determined by (1) the physical and mineralogical COmpo-
sition of the parent material; (2) the climate under which
the soil material has accumulated and existed since acei-
mulation; (3) the plant and animal life on and in the soil ;

(4) the relief, or lay of the land; and (5) the length of
time the forces of soil development have acted on the soil
material.

Climate and vegetation are active factors in the forma-

tion of soils. They act on the parent material that has
accumulated through the weathering of rocks and slowly
change it into a natural body that has genetically related
horizons. The effects of climate and vegetation are condi-
tioned by relief. The parent material also affects the kind
of profile that can be formed, and in extreme cases, deter-
mines 1t 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. Generally a long time is required
for the development of distinct horizons.
_ The factors of soil formation are so closely interrelated
in their effects on the soil that few generalizations can be
made regarding the effect of any one unless conditions are
specified for the other four. Many of the processes of soil
development are unknown.

Parent material

The principal parent materials in Cass County are loess,
glacial till, alluvium, and windblown sand. Less extensive
parent material is residuum, weathered in place from bed-
rock. The relationship of the major soils in Cass County
to parent material and to position on the landscape is
shown in figure 11.

~ Loess, which was deposited by wind, is the most exten-
sive parent material in the county. It consists mainly of
silt but includes small amonnts of clay and is assumed to
have been calcareous when deposited. Unweathered loess is
silt loam to light silty clay loam in texture. The mineral

|
J
i
|
i
|
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procedures of the American Association of State Highway Officials (AASHO)]

Mechanical analysis ? Classification
Percentage passing sieve— Percentage smaller than-— Liquid Plasticity.
limit index AASHO3 Unified ¢

No. 60 No. 200 0.05 0.005 0.002 0.001

(0.25 mm.) | (0.074 mm.) mm. mm. mim. mim,
100 99 97 50 43 39 o7 36 |A-7T-6(19) . __________ CH.
100 96 91 33 26 21 42 21 |A-7-6(183) - e oo~ CL.
............ 100 91 36 27 22 43 PO A=-T=6(13) - o __-_ | OL.
____________ 100 91 39 33 29 45 22 |A-7-6(14)_____________| CL.
____________ 100 90 33 27 24 42 RN AT ULt e s B Ul (O,
100 98 93 29 48 37 68 42 | A-7-6(20) - o oo oo CH.

material coarser than 2 millimeters in diameter is excluded from ealculations of grain-size fractions. The mechanical analyses used in this

table are not suitable for use in naming textural classes for soil.
3 Based on AASHO Designation M 145-49 (1).
4 Based on the Unified Soil Classification System (30).

composition is heterogeneous (8), and mineral plant
nutrients are abundant.

The Corley, Ladoga, Marshall, Minden, and Sharpsburg
soils formed in loess. In general, the mantle of loess 1s
thickest on the nearly level flats and wide divides in the
uplands. Much of the loess on the side slopes has been
washed away. The amount remaining depends on the steep-
ness of the slope and its position. The physical character-
isties of the Minden soils as they occur in adjoining Shelby
County are described in a study made by Ulrich (26), and
those of the Corley, Minden, and Marshall soils on benches
are described in a study made by Corliss and Ruhe (3).
_ Glacial till is the second most extensive parent material
in Cass County. Most of this glacial till is from the Ilansan
glaciation. The unweathered glacial till is a firm, calear-
eous clay loam. It contains pebbles, boulders, andﬁsand,
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 heterogen-
eous (8) and is similar to that of the particles I un-
weathered loess.

Soils formed on the Kansan till plain during the Yar-
mouth and Sangamon interglacial ages. This was before
the loess was deposited. On the nearly level areas the soils
were strongly weathered and had a gray clay subsoil called
gumbotil (7, 32). This gumbotil is several feet thick and
is very slowly permeable. The only primary minerals re-
maining in these strongly weathered soils are those most
Fesistant. to weathering. Soils that formed on the more slop-
ing parts of the Kansan till plain were less strongly
weathered, more reddish, and not so thick as soils that
formed on level areas. These more sloping soils formed
during the Sangamon interglacial stage. They have a
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layer of pebbles or a stone line in the upper part in most
places (76).

The soils that formed during the Yarmouth and Sanga-
mon ages were covered by loess during the Wisconsin age
(32). They are called paleosols (fig. 12). Several studies
of buried soils have been made (14, 17, 20, 21, 22). In one
of his studies, Simonson concluded that the buried soils
had been altered by bases that leached from the overlying
materials and resaturated the buried soils (27).

Geologic erosion has removed the loess from many
slopes and has exposed strongly weathered paleosols. In
some places the paleosols have been beveled or truncated so
that only the lower part of the strongly weathered soil
remains. In other places erosion has removed all of the
paleosol and has exposed till that is only slightly weathered
at the surface. _

The parent material of soils derived recently from till
ranges from relatively unweathered till to strongly weath-
ered pz_ﬂeosnl_s. The unweathered till occupies areas where
geologic erosion has been most active. The Clarinda soils
have formed where the most strongly weathered, gray pale-
osols erop out. The Adair soils have formed where the less
strongly weathered, reddish paleosols crop out. Shelby
and Gara soils have formed in unweathered or only slightly
weathered Kansan till that has had the overlying paleosols
removed by geologic erosion.

Alluwvivwm 1s the third most extensive parent material in
Cass County. It consists of sediment laid down along major
streams and narrow upland drainageways and on low
benches. The texture of the alluvium varies widely because

of di‘ﬂ'ere-nces in the materials from which it came and in
the time 1t was-deposited.
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Figure 11.—Relationship of the major soils in Cass County to parent material and to position on the landscape.

Some of the alluvial material has been transported only
short distances and is called local alluvium. Such alluvium
retains many of the characteristics of the soils from which
it has washed. The Judson soils, for example, generally
are at the base of slopes below soils formed in loess. The
material in which they formed washed or rolled down the
slope. Judson soils generally are silt loam in texture, as
are the loess-derived soils.

The Nodaway and Ankeny soils and Alluvial land have
formed in recent alluvium and range from silt loam to
sandy loam or sand in texture. The Kennebec, Colo, Zook,
and Wabash soils, listed in order of increasingly finer tex-
ture, have formed in alluvium consisting of local sediment
washed from nearby uplands and intermixed with sedi-
ment that washed from longer distances. These soils are
older and darker colored than the Ankeny and Nodaway
soils and Alluvial land. The Bremer and Nevin soils and
Wabash silty clay loam formed in still older alluvium.
These soils are above the level of the present flood plain
on low benches. They are either silty or clayey, depending
on the source of the alluvium or on the way the material
was sorted or deposited by the floodwater.

Windblown sand 1s not an extensive parent material in
Cass County. It occurs on north- and west-facing slopes
along the Kast Nishnabotna River, Troublesome Creek,
and Turkey Creek and along minor tributaries of these
streams. This sandy material is believed to have originated
in valleys of these streams in the Late Wisconsin period.
Later 1t was blown by wind onto slopes along the streams.

Windblown sand consists chiefly of quartz, which is very
resistant to weathering. It has not been altered much
since it was deposited. Hagener soils are the only soils in
Cass County formed in windblown sand. They have a
high content of sand and a low content of clay.

Residuum s the material derived from the weathering
of rock in place. It is a minor parent material in Cass
County and is derived mainly from limestone, shale, and
sandstone. In most of the county, the bedrock is buried
beneath loess, glacial till, alluvium, and windblown sand.
. Most of the limestone and shale are of the Carbon-
iferous period and belong to the Missouri series of Penn-
sylvanian age (25). These rocks are exposed in the west-
ern part of the county along valleys of the East Nishna-
botna River and of Indian Creek and Spring Creek. Most
of the outcrops of these rocks are in the southwestern
part of the county. They are small, and many areas are
shown on the detailed soil map by symbols for rock
outerops.

The remaining bedrock in the county is Dakota sand-
stone of Upper Cretaceous time. In many places this
sandstone overlies the Pennsylvanian limestone and crops
out below areas of loessal and glacial deposits. Sandstone

rock land is the only mapping unit derived from sand-
stone 1n this county.

Climate
Cass County soils, according to recent evidence, have
been developing under the influence of a variable climate.
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Figure 12—Roadcut showing a paleosol covered by loess.

Walker (29) in recent studies concluded that in the post-
Cary glaciation, which occurred between 10,500 and
13,000 years ago, the climate was cool and the vegetation
was dominantly conifers. Between about 8,000 to 10,500
years ago, however, the climate became warmer. As a
result, the vegetation changed from forests of conifers
to a mixed forest in which hardwoods were prominent.
Then about 8,000 years ago the climate became warmer
and drier. Herbaceous prairie plants became dominant
and have remained so to the present time. McComb and
Loomis (77) concluded from studies made of the transi-
tion from forest to prairie in central Towa that a late
change in postglacial climate from a fairly dry climate
to a climate marked by a moderate amount of moisture
has taken place. Walker’s evidence indicates that this
change to a midcontinental subhumid climate probably
occurred about 3,000 years ago.

Nearly uniform climate prevails throughout Cass
County. Therefore, although the climate generally has
had an important influence on the characteristics of the
soils, it has not caused major differences among them.
Weathering of the parent material by water and by air
is activated by changes in temperature. As the result of
weathering, changes caused by both physical and chemical
actions take place. Rainfall has influenced the formation

of the soils through its affect on the amount of leaching
in soils and on the kind of plants that grow. '

The influence of the general climate of a region i1s modi-
fied by local conditions in or near a developing soil. For
example, soils on south-facing slopes, such as the Hage-
ner soils, formed under a microclimate that is warmer and
drier than the average climate of nearby areas. On the
other hand, poorly drained Corley soils, and other soils
that formed in low areas, where water is likely to pond,
have formed under a colder and wetter climate than
surrounding soils. These local differences influence the
characteristics of the soils and account for some of the
differences among soils within the same general climatic
reglon.

Plants and animals

Vegetation has greatly influenced the development of
soils in Cass County and has caused some differences in
morphology among the soils. The native vegetation in
the county was mainly big and little bluestem grasses, but
a few areas on slopes that border the major streams and
their tributaries were in trees (31).

According to original land surveys, made between 108
and 135 years ago, about 30,720 acres in Cass County
were under forest. In 1954, however, only about 9,000
acres were wooded (6). In Cass County the Gara and
Ladoga soils are the only soils formed mainly under forest
vegetation. These soils make up about 10,000 acres, which
1s about the same as the acreage estimated as wooded in
1954. The difference in area of soils formed under forest
and the area originally estimated as under forest is prob-
ably because many of the areas in the original land survey
had brush or young trees on them or only scattered trees.
In such areas the woody vegetation did not markedly
affect the soils. :

Marshall soils are an example of soils that formed under
prairie grasses. The prairie grasses have thick, fibrous
roots that penetrate the soil to a depth of 12 to 15 inches.
Because of this vegetation, Marshall soils have a thicker,
darker colored surface layer than do soils that formed
under trees, and this layer contains more organic matter
and nitrogen. Also, soils that formed under trees gen-
erally are more acid than soils that formed under grass.
Soils, such as the Ladoga, however, have properties inter-
mediate between soils formed entirely under prairie grasses
and soils formed entirely under trees. It is believed that
Ladoga soils first developed under prairie grasses and
then later trees encroached on the areas.

Micro-organisms also have an important part in the
development of the soil profile. They are a source of or-
ganic matter. They also help to break down organic matter,
to c.'hmlgez soll structure, and to make nutrients stored in
the organic matter available to plants.

Insec:ts, worms, rodents, and man also have influenced
formation of soils. Man, in particular, has been respon-
sible for extensive changes in the soils by removing the

cover of planﬁts on sloping areas and thus causing ac-
celerated erosion,

Relief

Relief, or topography, refers to the lay of the land. It
ranges from nearly level to very steep in Cass County. Re-
lief 1s an 1mportant factor in soil formation because of its
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effect on drainage, runoff, the height of the water table,
and erosion.

Even though soils have formed from the same parent
material, the influence of relief is seen in the color, thick-
ness, and horizonation of the soils. In level areas, both 1
the uplands and on benches, soils have a thicker surface
layer and a more mottled subsoil than soils in more sloping
areas. Also the clay content of the B horizon generally 1s
greater. This is because water runs off more slowly, more
of it percolates through the soil, and thus more clay 1s
moved downward from the A horizon into the B horizon.
In addition soils on summits are older than those on side
slopes, and in this way, relief affects the soil forming
factor of time.

The soil forming factor of climate also is affected by re-
lief. Nearly level areas or areas in depressions collect and
hold water for a period of time, and soils in such areas are
more poorly drained and colder than those on slopes where
runoff is more rapid. Examples of soils formed in drier and
warmer areas are the Sharpsburg soils, in sloping areas.
Bremer soils are examples of soils formed on nearly level
benches or in depressions.

Relief also affects the color of the B horizon through its
affect on drainage and soil aeration. The subsoil of a soil
that has good drainage generally is brown because iron
compounds are well distributed throughout the horizon
and are oxidized. On the other hand, the subsoil of soils
that have restricted drainage is gray or mottled. Marshall
soils are examples of soils that have good drainage, and
Corley soils are examples of soils that have poor drainage.
Time

Time is required for climate and living organisms to
affect the parent material of soils. The soils of Cass County
range from extremely young to very old. The Nodaway
soils are young. They have formed in alluvial material,
some of which was deposited after the county was settled.
The Clarinda soils are very old and formed from till that
weathered for perhaps 450,000 years during the Yarmouth
and Sangamon interglacial ages (7). This material was
covered by loess during the Early Wisconsin age (17).
More recently the material has been exposed to weathering
again when the loess was removed by erosion. As a result
of the long periods of weathering, the Clarinda soils have
a fine-textured B horizon, 3 to 8 feet thick.

Adair soils have a history of formation similar to that
of the Clarinda soils, but the Adair soils probably weath-
ered for only 115,000 years before they were covered by
the loess. Further weathering has taken place since the
loess was removed. The Adair soils are also old but are
younger than the Clarinda soils. The B horizon of Adair
soils 1s 2 to 4 feet thick and is moderately fine to fine in
texture.

Like the Adair and Clarinda soils, the Shelby soils have
formed 1n glacial till. Shelby soils, however, have weath-
ered only during Late Wisconsin and Recent times, or for
a period of 14,500 years or less. The B horizon of the Shelby
so1ls 1s 114 to 3 feet thick and is moderately fine in texture.

The radiocarbon technique ( 19) for determining the
age of czlrbnpnceous material found in loess and till has
been useful in dating soils formed partly in Wisconsin
age. According to Ruhe and Scholtes (77), Early Wiscon-
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sin is the age of the upper part of the Wisconsin loess on
uneroded uplands. Based on these dates the age of loessal
soils on stable divides, such as the nearly level Minden,
Marshall, and Sharpsburg soils, 1s about 14,000 years.
Much of the loess hias been removed from the side slopes by
geologic erosion and deposited downslope (78), where 1t
has accumulated to form local alluvium. The soils that
have formed on the side slopes that ascend to the divides
are not older than those on the divides and some are less
than 1,800 years old (4). The base of the alluvium in
stream valleys is less than 1,800 years old. From this ma-

terial the Colo, Kennebec, Nodaway, Wabash, Zook, and
similar soils formed.

Classification of Soils

Soils are classified so that we can more easily remember
their significant characteristics. Classification enables us
to assemble knowledge about the soils, to see their relation-
ships to one another and to the whole environment, and to
develop principles that help us to understand their
behavior and their response to manipulation. 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 cate-
gories that are used in detailed soil surveys so that knowl-
edge about the soils can be organized and applied in man-
aging farms, fields, and woodlands; in developing rural
areas; in engineering work; and in many other ways. They
are placed in broad classes to facilitate study and compar-
1son in large areas, such as countries and continents.

Two systems of classifying soils have been used in the
United States in recent years. The older system was
adopted in 1938 (2) and later revised (24). The system cur-
rently used was adopted for general use by the National
Cooperative Soil Survey in 1965. The current system 1is
under continual study (23, 28). Therefore, readers inter-
ested in developments of this system should search the
latest literature available. In this subsection some of the
classes in the current system and the great soil groups of
the older systems are given for each soil series in table 6.
The classes in the current system are briefly defined in the
following paragraphs.

Orper: Ten soil orders are recognized in the current
system. They are Entisols, Vertisols, Inceptisols, Aridisols,
Mollisols, Spodosols, Alfisols, Ultisols, Oxisols, and Histo-
sols. The properties used to differentiate the soil orders
are those that tend to give broad climatic groupings of
soils. Two exceptions, Entisols and Histosols, occur in
many different climates.

Table 6 shows the three soil orders in Cass County—
Entisols, Mollisols, and Alfisols. Entisols are recent min-
eral soils that do not have genetic horizons or have only the
beginnings of such horizons. Mollisols have surface layers
that are darkened by organic matter. Alfisols have argillic
horizons with more than 35 percent base saturation.

SusBorper: Each order is subdivided into suborders,
primarily on the basis of those characteristics that seem to
produce classes with the greatest genetic similarity. The
suborders narrow the broad climatic range permitted in
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TapLe 6.—Soils series classified according to the current system of classification and the 1938 system
with its later revisions

Current system ! 1938 classification
Series
Family Subgroup Order- Great soil group
Adair.. . oo Fine, montmorillonitic, mesic *_ - _____ Aquie Argiudolls_ ______ Mollisols_ .. _ | Brunizems.
Ankeny. ... -_ Coarse-loamy, mixed, mesic____ ... Cumulic Hapludolls__.__ Mollisols_ - _. | Brunizems.
Bremer_ .. ... Fine, montmorillonitic, noncalcareous, | Cumulic Haplaquolls___- Mollisols_ _ .. | Humic Gley soils.
mesic.
Caleo. . - Fine-silty, mixed, calcareous, mesic_.. | Cumulic Haplaquolls____ Mollisols. . .. | Humic Gley soils intergrading to
Alluvial soils.
Clarinda. ... -_ Fine, montmorillonitic, noncalcareous, | Vertic Argiaquolls_ .____ Mollisols. - .. | Humiec Gley soils.
mesic, sloping.?
(s} [ IS Fine-silty, mixed, noncalcareous, Cumulic Haplaquolls._.. | Mollisols---- | Humic Gley soils intergrading to
mesic. Alluvial soils.
Plorley. e ae- Fine-silty, mixed, mesic_ _ _______ ____ | Argiaquic Argialbolls__._ | Mollisols. - .. | Planosols.
Gy Fine-loamy, mixed, mesic____ . .-~ _ - Molliec Hapludalfs_ - ____ Alfisols______ Gray-Brown Podzolic soils inter-
grading to Alluvial soils.
Hagener_ . ___._ Sandy; mixed, mesiC... - -ccoma—-c-—= intic Hapludolls. - ___ Mollisols. - - . | Brunizems.
Humeston..__ - Fine, montmorillonitic, mesic______. - Argiaquic Argialbolls..._ | Mollisols- - __ | Planosols.
Judson________ | Fine-silty, mixed, mesic_- - - - .- Cumulic Hapludolls_____ Mollisols_ - .. | Brunizems.
Kennebee. - . __ Fine-silty, mixed, mesic_ - _ - ____ Cumuliec Hapludolls_____ Mollisols_ - - | Brunizems.
JL.adoga_ _ _____ Fine, montmorillonitic, mesic_ .- Mollic Hapludalfs_ _____ Alfisols_ ... Gray-Brown Podzolie goils inter-
grading to Brunizems.
Marshall __ ____ Fine-silty, mixed, mesie?_ .- Typic Hapludolls___ __ __ | Mollisols_ - __ | Bruinzems.
Miniden.— - —.-- Fine-silty, mixed, mesic_ - - .- ___ ———— | Aquie Hapludolls__ .. ... Mollisols_ - - - | Brunizems.
Nevin. - oo ... Fine-silty, mixed, mesic_ - - .- - Aquic Argiudolls_ - - ____ Mollisols.- - .. | Brunizems.
Nodaway - - -- Fine-silty, mixed, mesic_ - - - - - - —---- Typic Udifluvents______ Entisols__ ___ Alluvial soils.
51 i e Fine-loamy, mixed, mesi¢_..--------- | Cumulic Hapludolls_____ Mollisols. .-~ | Brunizems.
Sharpsburg_.__ | Fine, montmorillonitic, mesic 2. - -—--_ Typic Argiudolls__ _____ Mollisols_ _ . | Brunizems.
Shelby oe e e ee - Fine-loamy, mixed, mesic * . - _ - - —-- Typic Argiudolls_ - _____ Mollisols_ _ __ | Brunizems.
Wabash_______ Fine, gluntmnrillunitic, noncalcareous, | Vertic Haplaquolls______ Mollisols. - .- | Humie Gley soils.
mesic.
e e S Fine, montmorillonitic, noncalcareous, Cumulic Haplaquolls.._. | Mollisols. .. | Humic Gley soils.
mesic.

1 Placement of some soil series in the current system of classifica-
tion, particularly in families, may change as more information
becomes available.

2 The severely eroded Mollisols are outside the allowable range
of any series defined as a Mollisol. It is expected that in the future

the orders. The soil properties used to separate suborders
mainly reflect either the presence or absence of waterlog-
oing, or soil differences resulting from climate or
vegetation.

rEAT GroUP: Soil suborders are separated into great
groups on the basis of uniformity in the kinds and se-
quence 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 have pans that in-
terfere with growth of roots or movement of water. The
features used are the self-mulching properties of clays, soil
temperature, major differences in chemical composition
(mainly ecalcium, magnesium, sodium, and potassium),
and the like. The great group is not shown separately In
table 6, because it is the last word in the name of the sub-
group.

Suneroup: Great groups are subdivided into sub-
groups, one representing the central (typic) segment of
the group and the 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 properties inter-
grade outside of the range of any other great group, sub-
order, or order. The names of subgroups are derived by

the severely eroded units will be classified in new series. Pending
further study and recommendations by the National Cooperative

Soil Survey they are being correlated as severely eroded phases
in this correlation.

placing one or more adjectives before the name of the
great group. An example is Typic Hapludolls.

Famiry: Families are separated within a subgroup
primarily on the basis of properties important to the
growth of plants or behavior of soils when used for en-
gineering. Among the properties considered are texture,
mineralogy, reaction, soil temperature, permeability,
thickness of horizons, and consistence. An example is the
fine-silty, mized, mesic family of Typic Hapludolls.

Series: The series consists of a group of soils that
formed from a particular kind of parent material and
have genetic horizons that, except for texture of the sur-
face soil, are similar in differentiating characteristics and
in arrangement in the soil profile. Among these character-
istics are color, structure, reaction, consistence, and min-
eralogical and chemical composition.

New soil series must be established and concepts of some
established series, especially older ones that have been
used little in recent years, must be revised in the course
of the soil survey program across the country. A proposed
new series has tentative status until review of the series
concept at state, regional, and national levels of respon-
sibility for soil classification results in a judgment that
the new series should be established. All of the soil series
described in this survey have been established.
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Laboratory Analyses

In table 7 data obtained by mechanical and chemical
analyses for three selected soils of the Marshall series in
Cass County are given. A profile description of sample
number S-63-Ia-15-2 is given in the section “Desecriptions
of the Soils.” _

The data in table 7 are useful to soil scientists in classify-
ing soils and in learning how the soils formed. They are
also helpful in estimating water-holding capacity, wind
erosion, fertility, tilth, and other properties that affect soil
management.

Samples of the Marshall soils for which the data are
given were taken in the same field in the NW14SE1, of
sec. 34, T. 77 N., R. 37 W., in the northwestern part of the
county. Sample S-63-Ta-15-1 was taken on a moderately
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less than 1 percent. Sample S-63-1a-15-2 was taken on a
stable convex slope of about 3 percent that faced west, and
sample S-63-Ta—15-3 was taken on a nearly unstable con-
vex side slope of 7 percent downslope from the other two
samples.

A number of systematic trends are shown by the data
in table 7. Depth to the layer of maximum clay accumula-
tion, thickness of the solum, and depth to the silt loam
texture all decrease as the gradient of the slope increases.
The thickness of material that 1s 0.58 percent or more
organie carbon also decreases, as well as the depth to relict
mottles that have a chroma of 2. Data from adjacent
Shelby County, based on Marshall soils sampled in a
similar transverse position, indicate that the depth to pH
values of 6.1 or more also systematically decreases with
increasing slope. The data in table 7 for samples S-63-
Towa-15-1 and S-63-lowa-15-2 indicate a similar reac-

broad, slightly convex, upland divide that had a slope of

TABLE T.—Analytical data

[Analyses were made at Soil Survey Laboratory, Soil Conservation Service, Lincoln, Nebr.

Particle size distribution
Total Sand
Soil name, location, and Horizon | Depth

sample number Silt
Silt Clay Very | Coarse | Medium| Fine Very | (0.05 to

Sand |(0.05 to| (less | coarse | (1.0 to | (0.5 to |(0.25 to| fine 0.002

(2.0 to | 0.002 than | (2.0 to 0.5 0.25 0.10 |(0.10 to| mm.)

1.0 mm.)] mm.) | 0.002) 1.0 mm.) mim.) min.) 0.05
mim,) mm.)

Inches | Percent Percent Percent Percent Percent Percent Percent Percent Percent
Marshall silty clay loam: Ap 0-7 2. 3 69. 1 28. 6 (2) 0.1 0.1 0. 2 1.9 37.9
642 feet south of the center of the | A12 7-16 2.0 65. 0 33. 0 (2) .1 oL | o2 1.6 33. 9
road and 719 feet east of the A3 16-23 2 2 64, 4 33. 4 (2) | o y 2 1. 8 33, 2
northwest corner of NWYSEY | B21 23-28 gl 63. 3 34. 0 0.1 5D 22 3 1.9 33.0
sec.34, T.77 N., R.37 W, Cass | B22 28-36 B 64. 3 32 il e .2 2 .4 2.4 36. 4
County, Iowa (S-63 Iowa-15-1). | B23 36-44 3.6 66. 3 30 Ll =0\ vl -8 3.0 38. 2
B31 44-52 Sy 67. 8 2hoh| e sies i | | .2 3.3 39. &
B32 52-60 3. 4 47. 4 20, 2l 01 RS ) 3.0 39. 1
1 60-72 3. 6 68. 9 20 Dl emee () | . 3. 3 40. 0
Marshall silty clay loam: 820 feet | Ap 0-7 2. 8 66. 3 30. 9 | .1 el L. 2. 3 38, 4
south of the center of the road Al2 7-13 2. 5 64. 5 T ] e i ol L, 2.1 36. 1
and 500 feet east of the north- A3 13-18 2.7 64. 1 33. 2 (*) . 2 o D 22 35. 5
west corner of NWYSEY sec. 34, | B21 18-26 3.7 64. 5 31. 8 (2) 2 2 4 2.9 36. 7
T. 77 N., R. 37 W., Cass County, | B22 26-34 ot 68. 5 P Y =S - ] ) 3 3. 2 38. 1
TIowa (S-63-Iowa—15-2). B31 34-41 4. 1 67. 7 28 i e i | v '3 3.6 39. 4
B32 41-47 3. 6 67. 3 #A2 1 ] B i 3 | .4 0 38. 2
B33 47-58 4. 0 68. 3 AR A e i | N | £ 39 40. 6
C1 58-68 3.9 69. 2 .4 TR I R (2) o ! S 3.5 39. 3
C2 6872 3.2 68. 8 B8N e e T .1 .2 2.8 40. 4
C3 72-76 3.4 68, 3 AL | PR ) (%) . 2 3. 2 39. 6
Marshall silty clay loam: 798 feet | Ap 0-6 3.3 65. 0 <8 i [ B 2man 1 1 2 2.9 39. 5
south of the center of the road A3 6-10 3.0 63, 7 o w Sl LG UGS (1)' 1 2 2 7 36. 3
and 379 feet east of the north- B21 10-18 2.9 65. 8 5 | B s (2) ) 9 2.6 36. 6
west corner of the N W4SEY see. | B22 18-25 2. 8 67. 2 SO ol () - 2 2.5 36. 9
34, T. 77 N., R. 37 W., Cass B3l 25-32 L B O el (2) & 9 2.7 37. 8
County, Iowa (S-63-Iowa-15-3). gg% ggwig 2.6 68. 2 29- 20kt T (2) 9 .9 2.3 38. 2

3 0- s | 60ralh ord Sine = ' : ; '
234 44._4% ----------------- ? ----- ( ) - 1 . 2 2- 2 40- 1

1 47-5: 2.7 8O0 DRIaN| S . SR R TR iR | Wt N ek
C2 53-58 Al 710" 2606 S0t Eﬂg H 4 =2 3.9

C3 28-60 2. 3 69. 9 Az SN e (2) (2) 1 2 2 30, 1

C4 60-63 Dol ol R ] (B ) b Wit (2) 2) ‘9 2 1 40. 1
C5 63-69 HEAR| I 72 NS o T o [ 1 ok 2 8 420

C6 69-77 Zotells TLAN 259 | R b 9 2. 4 39, 4

! A bar is about 0.987 atmosphere of pressure. 2 Trace.
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tion, but that for the remaining sample shows that it 18
medium acid to a depth of 44 inches. Although these prop-
erties have a systematic relationship to the increasing
aradient of a slope, they may be partly because of differ-
ences in the age of materials. In general soils on side
slopes are younger than those on summits (6, 78).

All samples used to obtain the data in table 7 were col-
lected from carefully selected pits. The samples are con-
sidered representative of the soil material that is made up
of particles less than three-fourths of an inch 1n diameter.
Unless otherwise noted, all laboratory analyses recorded
in table 7 were made on material that passed the 2 milli-
meter sieve, and the data are reported on an ovendry basis.

If necessary, the samples were sieved afiter being dried,
and rock fragments larger than three-fourths of an inch
were discarded. The material less than three-fourths of an

for selected soil profiles

Dashes in columns indicate values were not determined]

73

inch was rolled, erushed, and then sieved by hand to re-
move rock fragments larger than 2 millimeters in diameter.

Standard methods of the Soil Survey Laboratory were
used to obtain most of the data in table 7. The particle
size analysis was made by the pipette method (9, 10, 17).
Organic carbon was determined by wet combustion, using
a modification of the Walkley-Black method (73). Reac-
tion was determined with a glass electrode at 1: 1 soil-water
ratio.

General Nature of the County

This section was written chiefly for those not familiar
with Cass County. It discusses pﬁysiﬂgraphy, relief, and
drainage; water supply; climate; settlement and popula-
tion; community and farm facilities and industries; and

Particle size distri- Bulk density Water content at— Ratio to
bution—Continued clay
Coefhi-
Carbon- cient of
Organic| Nitro- |nitrogen linear Reac- | Extrac-
carbon gen ratio expansi- 13 to | tion table | 15 bar
0.02 t0|0.20 t0|2.0 to Field 4 Air- bility Field 14 15 15 (water | acidity | water!
0.002 | 0.02 | 0.1 state | bar!'| dry state | bar! | bar!| bar?!| 1:1)
mm. | mm. | mm.
Percent |Percent |Percent | Percent Percent Gm.[cc. | Gm.[ecc.| Gm.[ce. Perecent | Percent | Percent | In.[In. pH Meg.[100
gm.
31.2139.9| 0.4 2.46| 0.189 g 1.34| 1.34| 1. 44 0.024: 2. 81 25.2 |'12..5 1 0.17 5. 6 12. 7 0. 44
31, 11:30. 6 .4 2. 14 . 142 12 1.19] 1.16| 1. 28 . 032 20.0| 32.7114. 0 .22 D4t 11.9 .42
3l 2/:35. 1 .4 1. 61 . 142 11 1.22| 1. 19| 1, 34 .040| 28.5| 32.4 ]| 14.6 vk 59 10, 3 .44
30.3 | 35. 1 . 8 1. 00 . 093 11 1.26| 1.24| 1. 42 . 047 28,2 | 28.5 | 15.7 . 16 9. 9 8. 6 . 46
27.91 39. 0 .8 .08 . 062 9 1.28 | 1. 28| 1. 45 044 | 26.9| 28.1 | 15. 2 . 16 6. 0 .0 . 47
2.4 i W e 5 BN . 6 A Rl (aE e . [ U el 1. 38| 1.33 | 1. 48 . 036 20.6 | 27.1 | 14.6 A 6. 1 6. 2 . 49
28.3 | 42. 9 | A Ll Ry 1.38| 1. 32| 1. 46 .036| 22.5|26.3|14.0| .16 6. 2 55 . 49
28. 3 | 42. 2 .4 T L5 2yl S R IR 1.36| 1. 32 | 1. 46 J036:1° 251 2704 a4 | 18 6. 4 4, 8 . 48
28.9 | 43. 4 -8 1 B S L ] 1.34| 1. 30| 1. 42 028 | 26.7| 28.3113.7| .19 6. 5 4 0 . 50
27.9| 40. 8 .5 2 14 179 12 1,420 Jrd2iNils53 . 024 24. 41 24,0 | 13.5 D a. L7 .44
28.4| 38.3 .4 1. 82 151 12 1231 222 =88 2028 28 L N2 1 11137 . 16 5.3 19.3 .42
28.6| 37.8 0 37 125 11 1.24 1 1,221 1.36 036 | 27.4 ) 26.8 | 14. 2 .15 6.0 0.8 =5 4
27.8| 39. 8 . 8 .62 . 065 10 1.20| 1.21| 1.34 036 28.0 ] 25.4 [ 14. 3 A I 6. 1 (e . 45
30.4| 41.4 5 46 047 10 1..221 1.24 | 1.36 . 032 27.3 |1 25.4 | 14. 0 . 14 6.1 5.8 .90
28.3 | 43.1 o S IS TR o 1.29 | 1.28/| 1.42 ,036| 26.6|25.2(13.5| .15 6.2 4.9 .48
29.1| 41.4 SNE Tl e S st [t o I | B, R B e | e (MR T T 6.2 Beod .48
27.7 | 44. 3 N 5 I o il | T 1.34( 1.30| 1.43 032 | 23.926.8 |12.0/| .19 6. 2 5.0 .43
29.9 | 43.0 .4 N RN O | 2 1.36]| 1.32| 1.44 .028 | 25 2262 |13.,0| .17 6.3 4.3 48
28.4 | 43.3 4 S e S e (8 e 1.38| 1.32| 1.44 D281 26.2 26,7 | 14:2. | .16 6. 4 3.0 51
o8.7|42:9 | .2 0% |Pemel ne ey bleks o BE I DT e T e o B [ 6.5 3.2 .47
25.5|42.5 | .4| 2.05 170 12| 1.39| 1.40| 1.52 .028 | 26.6 | 25.0 | 13. 3
O7o4 | 30dsl o8l 1.45 129 i1 | 4,23 102318 028 | 28.3|27.3 13.5 :ig g'g %é'? 139
29.2|39.3 | .4 . 86 085 10| 1.22| 1.20] 1.32 .032| 28.2|27.2 |13 2| .17 6.0 7.6 .42
30.3 | 39.0 g . 54 058 0 1.20( 1.20] 1. 32 032 28.4 126.1 [13.6 .15 5.9 6.5 . 45
29.6 | 40. 6 .3 PANNANE. S ee===2 v.22] 125 1.39 036 | 28.8 |127.2 |14.6 16 5 0 5.8 49
30.0| 40.6 | .3 Mol Jee o | e 1.30| 1.27| 1.41 .036| 28.3|27.6|14.3| .17 5.9 5.6 49
20.6| 42.4 .3 sl e R S S 1.34( 1.31] 1,44 082" 920l 276 140l A8 6.0 56 50
...... Wit Ll T et W S s B e bl UL 032 29.0|33.2|12.8 25 6 1 6 2 " 49
28.1| 43.6 1 7 o) g e e [ R 1,36 1.32| 1.46 036 24.4|28.1113.8| .19 6. 4 3 5 49
31.1 | 42, 2 2 Y e e nillls sene Bl 1,36 1.32| 1.43 028| 25.3]127.9113.1 90 6. 4 3'5 49
30. 8] 41.4 [ 1 Sl e ] e s e || A N v | Tivpgl| 6. 4 4.0 A8
32.0| 42.3| .2 TR e i il e | B AR ok S (FTEEPT ey | | I o TR M Gih 3.2 .55
30.4| 45.2 .6 e 0 St | s 1.36| 1.30| 1.40 024| 28.6(29.113.2| .21 6.5 3.7 .55
32 0| 41.9| .3 v M AL 1.39| 1.32| 1.45 032 28.9|28.8|13.4| .20 7.0 1.9 .52
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transportation and markets. It also gives facts about the
agriculture.

Physiography, Relief, and Drainage

Cass County 1s part of an extensive glacial drift plain,
mantled with loess, that slopes gently toward the south-
west and 1s cut by streams that flow south and southwest
(25). All of the valleys of the larger streams have a well-
developed flood plain that i1s bordered by an older flood
plain, or second bottom.

The chief streams dissecting the county are the East
Nishnabotna River and Turkey, Troublesome, and Indian
Creeks. Along the lower reaches of the valleys of each of
these streams is a broad flood plain bordered by second
bottoms or low benches. The second bottom of the East
Nishnabotna River and of Indian Creek is about 8 feet
above the present flood plain. This second bottom extends
southwestward from Lewis to the county line and ranges
from 1 to 3 miles in width. The second bottom of the East
Nishnabotna River also extends from Lewis northward
along the river to several miles north of Atlantic. Along
Indian Creek north of Lewis, the second bottom of Indian
Creek is also evident in many places northward to the
county line.

The relief of the county ranges from nearly level to
steep. Along the eastern side of the county in Lincoln
Township, the terrain is rolling. The valleys become pro-
gressively deeper and broader to the south and southwest.
They are deepest along the south county line, and the ter-
rain here is the most rugged in the county. The lowest
elevation 1s 1,080 feet and is in the bed of Spring Creek,
west, of Lewis; and the highest is 1,317 feet, on the first
hill south of Cumberland (25).

The landscape of Cass County is characteristic of that
occurring in much of southern ITowa. A landscape similar
to that in Cass County has been studied in detail by Ruhe

(Z5). Ruhe observed that the slopes along the axis of the
interfluves are broken in many areas at two or three places
by distinet changes in gradient. Each interfluve has a se-
quence of stepped levels that rise from the valley shoulders
to the upland divide. Ruhe concluded that this sequence
of levels is the result of multicyclic erosion of glacial til]
landscape that has been further complicated by a mantle
of loess.

The relief is closely related to the geologic deposits, es-
pecially those of the Kansan and post-Kansan stages (25).
The present landscape was formed in the Pleistocene pe-
riod during the Late Wisconsin interglacial stage. In this
period deposits first laid down by the Nebraskan glacial
stage and later by the Kansan glacial stage were covered
by loess. Underlying the loess and olacial material is Da-
kota sandstone of the Upper Cretaceous period and Mis-
sourl limestone and shale of the Pennsylvanian period.

Cass County is drained by the Missouri River and its
tributaries. The principal drainage systems in the county
are shown in figure 13.

The East Nishnabotna River, Turkey Creek, and their
tributaries drain more than half of the county: Seven
Mile Creek and the West Nodaway River and their trib-
utaries drain the rest. The channels of these creeks and
rivers originally meandered in some places, but they have
been straightened to reduce flooding.

SURVEY

The East Nishnabotna River begins in Audubon
County to the north and enters Cass County at about the
middle part of its northern border. It leaves the county
in the southwest corner of Cass Township. Turkey Creek
rises a few miles east of the northeast corner of the
county and flows southwestward to join the East Nish-
nabotna River in the northern part of Cass Township.
Indian Creek, which is near the western border of the
county, enters Cass County in the northwest corner and
empties into the East Nishnabotna River about 214 miles
west of Lewis. It drains the areas between the East Nish-
nabotna River and the East Fork of the West Nishnabotna
River. Both Seven Mile Creek and the West Nodaway
River originate in Cass County. They both leave the

county in Noble Township, where they are about 3 miles
apart.

Water Supply

On most farms in the county, water for domestic use
and for livestock comes from wells. These wells are dug or
drilled 30 to 248 feet deep (25). In the river valleys an
abundant supply of water is obtained from sand points
driven 40 feet deep into the sand underlying the river beds.
In most years the wells are deep enough to furnish ample
water, but the shallow wells are likely to go dry during
droughts. Farm ponds are a reserve source of water for
livestock on a few farms, and on some farms streams are
a supplemental source of water.

The town of Atlantic has a municipal water system and
obtains its water from wells along the East Nishnabotna
River. Most of the other towns in Cass County also have
municipal water supplies.

Climate®

The inland location of Cass County gives it a stimu-
lating continental climate. Changes in weather are fre-
quent and often pronounced. This is mainly because the
county 1s near two major storm tracks—one from the
southwest and the other from the northwest.

Summers are warm and winters are cold, but prolonged
periods of extreme heat or intense cold are rare. Sunny
skies and southerly winds prevail in summer. Winters
are somewhat cloudy, and the prevailing winds are from
the northwest. Minimum temperatures vary somewhat
throughout the county, particularly on calm, clear nights
when farm lowlands may have a temperature several de-
grees lower than that of the uplands or of urban areas. The
amount of moisture received from showers varies consid-
erably over short distances, but the seasonal total is about
the same throughout the county. Otherwise, variations in

climate are slight, and the Atlantic record, summarized

in table 8, is representative of Cass County.

_ About 73 percent of the annual precipitation falls dur-
mg the growing season, or from April through September.
On the average, rain is most abundant in June and Au-
gust. Measurable rainfall occurs on about 98 days a year,
and 0.1 of an inch or more occurs on about 57 days in a
year. Because growing corn requires about an inch of water
a week, dry spells cause concern in some summers. Pro-

*Prepared by Paur J. Warre, State climatologist, U.S. Weather
Bureau.
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Figure 13.—Principal drainage systems in Cass County.
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TaBLE 8.—Precipitation and temperature,
[Based on a 30-year period

Precipitation (in inches) Temperature (°F.)
Greatest daily Snow, sleet
Month Average Average
Average 3 Greatest Greatest daily daily Average
Inches | Year | Average monthly daily maximum | minimum | monthly
Inches | Year | Inches | Year

January..._..._.____ 1. 05 1,24 | 1932 8.1 33.7 | 1936 10.6 | 1932 31. 9 10. 6 21. 3
HeBIIary. s et . 96 1. 43 | 1948 5. 6 17. 9 | 1939 11. 0 | 1945 36. 0 14. 9 25. 5
MATEH S e o 1. 85 2.12 | 1946 7.6 30.4 | 1948 13. 0 | 1948 46, 3 24 6 35. 5
AR el 2. 63 2.25 | 1941 1.0 6.9 | 1945 6.9 | 1945 62. 7 37.:1 49. 9
IV, i S e Sk S 4. 00 2. 78 | 1946 o 2.0 | 1945 2.0 | 1945 73. 6 48. 5 61. 1
Jne s S 4. 85 3. 80 | 1941 0 [ S (=== e & = e 82. 8 58. 9 70. 9
THIFER S0E Senstun® 3. 44 5. 35 | 1948 0 R [Tl A1 B 88. 9 62. 9 75. 9
AUGHELEE o B 4. 62 4 51 | 1935 0 OF e ) SR EOY 86. 4 61. 5 74. 0
September_ _ _ _____ 3. 31 3. 15 1958 0 (*) 1942 (1) 1942 78. 4 51. 8 65. 1
Detober .- - .2 1. 99 3. 78 | 1931 (*) 0.9 | 1932 .9 | 1932 67. 6 40, 5 54, 1
November_.__ _____ 1. 64 2. 79 1931 2. 8 125 1957 10. O 1957 48. B 26. 2 37. 5
December. . _______ . 84 1. 49 | 1941 4.4 13.4 | 1951 5 5 |21940 33. 5 17. 0 25. 3
) OO 31. 18 5 .35 | 1948 29. 6 33.7 | 1936 13. 0 | 1948 61. 4 37. 9 49. 7

I Degree days based on 65° F. The heating degree-days for a day
are determined by subtracting the average daily temperature from
65. These daily values are totaled to obtain the number of degree-

longed drought 1s not common, however, and soil moisture
reserves generally are adequate to supply erops with water
even during dry spells. The chance of receiving an inch
or more of rainfall per week during the nritirargmwing
period ranges from about 1 i 2 early in June to about
1 1n 4 late in July. The approximate frequency of rains of
stated duration and intensity is shown in table 9.

The largest amount of rainfall recorded in a day was
3.58 Inches at Atlantic on August 30, 1922, Such a rainfall
in 24 hours can be expected about once in every 40 years.
Occasionally there are floods, most often in June from
heavy rainfall or in February and March from snowmelt
and rainfall. Overflow from the FEast Nishnabotna River
has caused some of the most damaging floods in the county
i the past 50 years.

About 50 thunderstorms occur in the average year, and
45 of these occur in the warmer 6 months of the year, dur-
g the growing season. The thunderstorms ocecasionall
are accompanied by high wind, heavy rainfall, and hail.
Tornadoes can be expected once or twice about every 5
years.

The average amount of snowfall received in the county
1s about 30 inches a year. In the season of 1911-1912, how-
ever, 66 inches of snow fell, and in the season of 1921-1992
only 4.4 inches fell. In about half the winters, the greatest
daily snowfall is more than 7 inches. The average date of
the first snowfall of an inch or more is December 5.

Temperatures vary markedly in Cass County through-
out the year. The average coldest winter temperature is

—20° F. In about half of the summers, the hottest tem-
perature is about 100° or higher."A temperature of above
90° or higher, which is too hot for the best growth of most
plants, occurs on an average of 35 days a year. A tempera-
ture of zero or colder occurs on an average of 16 days a
year. T'he coldest temperature of record was —38° on Janu-
ary 19, 1892, and the hottest was 117° on July 25, 1936.

days in a month. For example, to determine the average degree
days for January in an S-year period, total the degree-days for
each January in that period and divide by eight.

Table 10 shows the probabilities of the last freezing tem-

perature in spring and the first freezing temperatures in -

fall in this county. It shows, for example, that there is a
10 percent chance of a temperature of 32° or lower occur-
ring not later than April 18. That is, 9 years in 10, a tem-
perature of 32° or lower will ocenr after April 18. The
average date of the last temperature of 32° or lower in
spring 1s May 4, and the average date of the first tempera-
ture of 32° or lower in fall is October 4, or a growing
season of about 153 days.

Settlement and Population

Before settlement began in Cass County in 1833, the
Pottawattamie Indians had encampments along many of
the streams. Their main village was west of the present
town of Lewis (25), where the Des Moines and Keokuk
routes of the old Mormon Trail also joined. The county
originally was part of Keokuk County, which extended
westward to the Missouri River. In 1851 the present
boundaries of the county were established and the county
named in honor of Lewis Cass, United States Senator
from Michigan. The first county seat was at Lewis, but
I 1869 Atlantic became the county seat.

Mormons were among the first settlers in the county,
and remnants of the old Mormon Trail are still visible
near Seven Mile Creek. Another historical site is an old
sandstone house on a hill near Lewis, which served as a
part of the underground railway for runaway Negro slaves
during the Civil War. ) b

In 1960, according to the 1.S. Census of Population,
there were 17,919 people in Cass C ounty. Of these, 6,890
]t\'f‘fl In Atlantic; 1,233 lived in Anita: and 1,207 lived in
Griswold. The combined population of the towns of Cum-
berland, Lewis, Marne, Massena, and Wiota was 1,782.
Most of the remaining people lived on farms.

[ —— W A— .
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Atlantic Station, Cass County, Iowa
from 1931 through 1960]
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Temperature (°F.)—Continued Average number of days with—
Average Maximunt temperature Minimum temperature
Record high Record low degree Precipita- of— of—
days! tion of 0.10
et 90° and 32° and 32° and Z d
Year more an an an ero an
e i S above below below below

65 1944 —29 1957 1, 352 3 0 15 30 7

69 1932 . —34 1958 1, 109 3 0 11 27 4

86 1938 —31 1960 918 5 0 5 25 1

89 | 21960 6 1936 453 6 0 0 11 0
105 1934 24 1931 198 7 1 0 2 0
104 1933 36 2 1956 45 7 6 0 0 0
117 1936 43 1960 0 3 14 0 0 0
111 | 2 1936 34 1934 9 7 10 0 1 0
102 1939 22 1942 108 5 4 0 1 0

93 1953 11 2 1954 366 4 )] 20 7 0

78 | 21953 —16 1952 825 3 0 3 21 (3

69 1939 — 22 1951 1, 184 2 0 11 29 4
117 1936 —34 1958 6, 567 57 35 45 154 16

2 Also on earlier dates, months, or years.
? Less than one-half day.
i Trace.

TasLe 9.—Frequency of rains of stated duration and
intensity in Cass County,lowa

Duration of—
Frequency !
g 14 1 2 3 6 12 24
hour | hour | hours | hours | hours | hours | hours
Inches Inches Inches Inches Inches Inches Imches
meear... - 1.1 1.3 1.6 i 2.0 22 2.5}
< years. ... 1.5 1.6 1.9 e 2.4 2.8 3. 2
O years.... =% 2 AT 2.7 3. 1 3.6 4,1
10 years.__ - 1.9 2.0 2.8 3.1 3. 6 4,2 45 8
20 years_. . B 2.8 3. 3 3.6 4.1 4, 8 b, 4
50 yvears. .. 2:.b 3.2 Bl 4,0 4.8 5. 4 6.2
100 years.. 2.8 3.6 4.1 4.5 5.2 6.0 6.8

I Expresses the frequency of the specified number of inches of
rainfall at given time intervals. For example, 1.1 inches of rain can
be expected to fall in one-half hour once each year (100 percent
probability), but 2.8 inches can be expected to fall in one-half hour
only once in 100 years (1 percent probability).

Community and Farm Facilities and Industries

Atlantic, the largest city in the county, is a modern
city with excellent facilities for serving its residents. Many
of the residents are active in promoting cultural and recrea-
tional events and in maintaining city-farm relationships.

The farms in Cass County generally have a substantial
farmhouse and farm buildings. Most of the farms have
electricity, running water, a telephone, automobiles, and
modern farm equipment.

Educational facilities are available to all the children
in the county through consolidated elementary schools and
high schools. Schoolbuses transport the children to and
from most of the schools. Rural mail reaches all farms in
the county. A hospital provides health services, and
churches of most denominations serve the county.

In Atlantic recreation is provided through golf courses,
a city park, a swimming pool, and a theater. Fishing,

TaBLe 10.—Probabilities of last freezing temperatures in spring and first freezing temperaturesin fall

Dates for given probability and temperature

20° F. or lower | 24° F. or lower | 28° F. or lower | 32° F. or lower

Probabilit
g 16° F. or lower
Spring:
Iyvearan 10 notlater than.  —c_ oo ccnoicimuas Mareh 5
3 years in 10 not later than_ - _ _ _ _ __ ... Sy el March 14
5 years in 10 not later than_ _ _ _ - March ?1
yvearsdn 10mot Iaterthan . - _c_ oo oo saa = Mal:ch 28
n S yearman 10 notlater than . .- - - c o —ccccmaaaae April 6
all:
1 yearin 10 earlier than_ - - _ ___ - ciccoo-o-- October 28

3 years in 10 earlier than
2 years in 10 earlier than
7 years in 10 earlier than
9 yvears in 10 earlier than

e —— e

-

P ——— A

=

| —

November 6

November 13
November 20
November 29

March 15
March 25
April 1
April 8
April 18

October 18
October 27
November 3
November 10
November 19

March 24
April 2
April 9
April 16
April 25

October 9
October 19
Oetober 26
November 2
November 12

April 6
April 15
April 21
April 26
May 6

October 2
October 11
October 18
October 25
November 3

April 18
April 27
May 4

May 10
May 19

September 19
September 28
October 4
October 10
October 19
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swimming, picnicking, and hiking can be enjoyed in Cold
Springs State Park near Lewis and throughout the county.

The industries in Cass County are mainly those that
process agricultural products. A major industry in Atlan-
tic i1s a plant that produces animal feed and minerals. A
research farm connected with this industry is a few miles
south of Atlantic on U1.S. Highway 6. A fairly large lime-
stone quarry is on the western edge of Atlantic, and there
are one or two smaller limestone quarries elsewhere in
the county.

Transportation and Markets

Two railway systems serve the county. The main line of
one crosses the county in an east-west direction, passing
through Atlantic, Wiota, and Anita. A spur of the other
comes from the south to Griswold, and another spur of the
same railroad extends from Cumberland, through Mas-
sena, and goes eastward out of the county. In addition air
transport is provided through services of the Atlantic Air-
port, which 1s about a mile west of Atlantic.

State, interstate, and county highways traverse the
county. U.S. Highways 6 and 71, as well as several State
highways, crisscross the county. When completed, Inter-
state Highway 80 will also pass through the county. There
are also many gravel and blacktop roads. Thus, most
farms in the county are near good all-weather roads that
provide a way to markets and trading centers.

Beef cattle, hogs, and other livestock intended for
slanghter generally are trucked to market at Omaha, Nebr.,
or to other livestock markets in Towa and Missouri. Some
beef cattle and feeder stock, however, are marketed through
various community sale barns in several parts of the
county. Corn and other grains are bought and sold th rough
local grain dealers. 4

Agriculture

The agriculture of Cass County is based mainly on the
production of corn, soybeans, oats, wheat, hay, and pasture
and on the production and marketing of livestock and
livestock products. The number of farms has been de-
creasing in recent years, but the size of the individual
farms has increased. In the paragraphs that follow some
facts about the agriculture are given. The statistics used
are from the 1964 State of Iowa Annual Farm Census.

Farms and farm tenure—The county had 1,615 farms
in 1964. The total land in farms amounted to 356,036 acres,
and the average size of the farms was 220 acres.

Full owners operated 55 percent of the land in farms in
1964. The remaining 45 percent of the land was rented by
farm operators.

Crops and pasture—Most of the cropland in Cass
County is used for grain, which is fed to the livestock on
the farms. Soybeans 1s the chief cash crop, but some corn
also 1s sold. The soybeans are sold at elevators and then
generally are shipped to markets in Towa and Nebraska.
The acreage of the principal crops grown in Class County
follows: ;
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Acres

Corn for All PO POBe e e e e e s e 102, 716
DALS oot iy s e et S £ L Ty SIS 26, 020
MOPURANE chi s e e it e e T s 19, 713
HAy,; Allccoucmusmamnaniam e s e e 40, 740
Alfalfa and alfalfa mixtures. e e 24, 860
(loyver and timothy and mixtures of these__ . ________ 15, 108
SIOAT] ETAITIR . o oo S o eI S B SR e 576
DEHEY DUY Ul e e R S 196

Oats, the second largest grain crop grown, is planted
widely as a nurse crop for seedings of legumes and grasses.
After the grain is harvested, the straw is baled and used as
bedding for livestock on many of the farms.

Mmor grains grown in ﬂv'xe county are wheat, grain
sorghum, popcorn, and barley. Wheat is often grown on
poorly drained soils on low benches and bottom lands.

Hay crops are grown extensively in the cropping sys-
tems used on the farms. Most of the hay is fed to the live-
stock on the farms. The plants generally grown for hay
are alfalfa, red clover, bromegrass, and orchardgrass.

In 1964 pasture occupied 96,459 acres in Cass County.
Most of the pasture is on the steeper soils adjacent to the
major streams and their tributaries. Large areas of pasture
are in the southeast quarter of the county and in the north-
east corner, where the terrain is rough. Many of the un-
improved pastures consist of Kentucky bluegrass, and
some consist of brushy cutover woodland. The improved
pastures are made up of mixtures of legumes and grasses,
such as alfalfa and bromegrass or of red clover or alsike
clover and orchardgrass.

Livestock and livestock products—The raising of live-
stock has always been important in Cass County. The prin-

-

cipal kinds of livestock raised in Cass County and sold in
1964, were as follows:

Kinds of livestock : Number
Grain-fed’ catile sgld ot SN SN S 49, 355
Grain-fed sheep and lambs_________________________ 5, 127
Calved: borDa o i g o o e G R 18, 074
Lamibs bomose oo -0 L e o PR ol 3,173
Nows farrowing Tl L oo SR e b T 9,214
Sows farrowing, spring_. - -~ . = ___ 14,129
Milk cows, 2 years old and older—___________________ 3,259
Beef cows, 2 years old and older— . _________ 15, 943
Hens and pullets of layingage_ - _______________ 149, 619
Chickens: -0 . . g 0 T Drriiiyenn Nudtainn i S i 144, 904
PUEREYS: e s, oD oot ot e TR R 4, 192

Feeding cattle for market is the most important livestock
enterprise in the county. Many beef cowherds are main-
tained, and several of these are purebred herds. Dairy herds
are also important, and the dairy products generally are
marketed through local creameries,

Hogs are raised throughout the county, and some of the
hogs are purebreds. The hogs are fed corn produced on
theifnrms and are fattened for market at nearby packing
centers.

Poultry also is important in Cass County, but the num-
ber of poultry raised has decreased in recent years.
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Glossary

Acidity. (See Reaction.)

Alluvium. Fine material, such as sand, silt, or clay, that has been
deposited on land by streams.

Available moisture capacity. The difference between the amount
of water in a soil at field capacity, and the amount in the same
soil at the permanent wilting point. Commonly expressed as
inches of water per inch depth of soil. (Also called moisture-
holding capacity or water-holding capacity.)

Bottom land. The normal flood plain of a stream and the old al-
luvial plain that is seldom flooded. (See Bottoms, first, and
Bottoms, second,)

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 s0il containing enough calcium carbonate (often
with magnesium carbonate) to effervesce (fizz) visibly when
treated with cold, dilute hydrochloric acid.

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

Clay films. A thin coating of clay on the surface of a soil aggre-
gate. Synonyms: Clay coat, clay skin.

Concretions. Hard grains, pellets, or nodules of various sizes,
shapes, and colors consisting of concentrations of compounds
that cement the soil grains together., The composition of some
concretions is unlike that of the surrounding soil. Calcium
carbonate and iron oxide are examples of material commonly
found in concretions.

Consistence, soil. The feel of the soil and the ease with which a
lump‘can be erushed by the fingers. Terms commonly used to
describe consistence are

Loose. Noncoherent; will not hold together in a mass.

Friable. When moist, erushes easily under gentle to moderate
pressure between thumb and forefinger and can be pressed

' together into a lump.

Firm. When moist, erushes under moderate pressure between
thumb and forefinger, but resistance is distinctly noticeable.

Plastic. When wet, readily deformed by moderate pressure but
can be pressed into a lump: will forin a wire when rolled

- between thumb and forefinger.

Sticky. When wet, adheres to other material; tends to stretch

somewhat and pull apart, rather than pull free from other
material.
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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 and brittle; little affected by moistening.

Contour tillage. Cultivation that follows the contour of the land,
generally almost at right angles to the slope.

Flood plain, Nearly level land, consisting of stream sediment, that
borders a stream and is subject to flooding unless protected
artificially.

Horizon, soil. A layer of soil, approximately parallel to the sur-
face, that has distinet characteristies produced by soil-forming
processes.

O horizon. The layer of organic matter on the surface of a
mineral soil. This layer consists of decaying plant residues.

A horizon. The mineral horizon at the surface or just below an
O horizon. This horizon is the one in which living organ-

isms are most active and it is therefore marked by the
accumulation of humus. The horizon may have lost one or
more of soluble salts, clay, and sesquioxides (iron and
aluminum oxides),

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 (1) distinec-
tive characteristics caused by accumulation of clay, ses-
quioxides, humus, or some combination of these; (2) pris-
matic or blocky structure; (3) redder or stronger colors
than the A horizon; or (4) some combination of these. The
combined A and B horizons are usually called the solum,
or true soil. If a soil lacks a B horizon, the A horizon
alone is the solum.

C horizon. The weathered rock material immediately beneath
the solum. This layer, commonly called the soil parent
material, is presumed to be like that from which the over-
lying horizons were formed in most soils. If the underlying
material is known to be different from that in the solum,
a Roman numeral precedes the letter C.

R layer. Consolidated rock beneath the soil. The rock usually
underlies a C horizon but may be immediately beneath an
A or B horizon.

Leaching, soil. The removal of materials in solution by the passage
of water through the soil.

Moisture-holding capacity. See Available moisture capacity.

Mottled. Irregularly marked with spots of different colors that
vary in number and size, Mottling in soils usually indicates
poor aeration and lack of drainage. Descriptive terms are as
follows: Abundance—few, common and many; size—fine,
medium, and coarse; and contrast—faint, distinct, and
prominent. The size measurements are these: fine, less than
o millimeters (about 0.2 inch) in diameter along the greatest
dimension ; medium, ranging from 5 millimeters to 15 milli-
meters (about 0.2 to 0.6 inch) in diameter along the greatest
dimension; and coarse, more than 15 millimeters (about 0.6
inch) in diameter along the greatest dimension.

Parent material. The weathered rock or partly weathered soil
material from which soil has formed; horizon C in the soil
profile.

Ped. An individual natural soil aggregate, such as a crumb, a
prism, or a block, in contrast to a clod.

Permeability, soil. The quality of a soil horizon that enables water
or air to move through it. Terms used to describe permeability
are very slow, slow, moderately slow, moderate, moderately
rapid, rapid, and very rapid.

Reaction, soil. The degree of acidity or alkalinity of a soil expressed
in pH values. A soil that tests to pH 7.0 is precisely neutral in
reaction, because it is neither acid nor alkaline. In words the
degree of acidity or alkalinity are expressed thus:

pH pH
Extremely acid .__ Below 4.5 Mildly alkaline_.__ 7.4 to 7.8
Very strongly acid- 4.5 to 5.0 Moderately alkaline
Strongly acid-__._._ 5.1 to 5.5 79 to 84
Medium acid______ 5.6 to 6.0 Strongly alkaline_. 85 to 9.0
Slightly acid______ 6.1 to 6.5 Very strongly
INGUEPHT- 0 — o2 6.6 to 7.3 alkaline____ 9.1 and higher

Sand. As a soil separate, individual rock or mineral fragments
ranging from 0.05 to 2.0 millimeters in diameter. Most sand
grains consist of quartz, but they may be of any mineral com-
position. As a textural class, soil that is 85 percent or more
sand and not more than 10 percent clay.

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

Soil. A natural, three-dimensional body on the earth’s surface that
Supports plants and that has properties resulting from the
integrated effect of climate and living matter acting upon par-
ent material, as conditioned by relief over periods of time.

Solum, soil. The upper part of a soil profile, above the parent ma-
terial, in which the processes of soil formation are active. The
solum in a mature soil consists of the A and B horizons. Gen-
erally, the characteristics of the material in these horizons are
unlike those of the underlying material, The living roots and
other plant and animal life characteristic of the soil are largely
confined to the solum,

Structure, soil. The arrangement of primary soil particles into
compound particles or clusters that are separated from adjoin-
Ing aggregates and have properties unlike those of an equal
mass of unaggregated primary soil particles, The principal
forms of soil structure are platy, ( laminated), prismatic, (ver-
tiea_l axis of aggregates longer than horizontal), columnar
(prisms with rounded tops), blocky (angular or subangular),
and granuler, Structureless soils are (1) single grain (each
grain by itself, as in dune sand) or ( 2) massive (the particles
adhering together without any regular cleavage, as in many
claypans and hardpans).

Subsoil. Technically, the B horizon ; roughly, the part of the pro-
file below plow depth.

Substratum. Any layer lying beneath the solum, or true soil: the
O or R horizon.

Surf;u:e soil. The soil ordinarily moved in tillage, or its equivalent
In uncultivated soil, about 5 to 8 inches in thickmess. The
plowed layer,

Terrace ‘(structural). An embankment or ridge, constructed across
sloping soils on the contour or at a slight angle to the contour.
The terrace intercepts surplus runoff so that it may soak into
the soil or flow slowly to a prepared outlet without harm.
Terraces in fields are generally built so they can be farmed.
Terraces intended mainly for drainage have a deep channel
that is maintained in permanent sod,

Textqre, spll. The relative proportions of sand, silt, and clay par-
tl{,‘l?s In a mass of soil. (See also clay, sand, and silt.) The
basic textural classes, in order of increasing proportions of fine
particles are as follows: sand, loamy sand, sandy loam, loam,
silt loam, silt, sandy clay loam, eclay loam, silty clay loam,
sandy clay, silty clay, and clay. The sand, loamy sand, and
sandy loam classes may be further divided by specifying

1 “eoa;se," “fine," or ‘‘very fine.”

Tilth, soil. The condition of the soil in relation to the growth of
plants, especially soil structure. Good tilth refers to the fri-
able state and is associated with high noncapillary porosity
and stable, granular structure. A soil in poor tilth is non-
friable, hard, nonaggregated, and difficult to till.

Water-holding capacity. See Available moisture capacity,

U.5. GOVERNMENT PRINTING OFFICE : 1968 O - 284-563

b i W



GUIDE TO MAPPING UNITS

[For a full description of a mapping unit, read both the description of the mapping unit and the soil series to which the mapping unit belongs.
s
[See table 1, p. 8, for the approximate acreage and proportionate extent of the soils and table 2, p. 50, for predicted yields. ‘Infor.-mation
about the wildlife and the woodlands in the county are in the sections beginning on p. 52. For information significant to engineering, see
the section beginning on p. 54]

Described Capability unit Described Capability unit
Map on Map on
symbol Mapping unit page Symbol Page symbol Mapping unit page Symbol Page
AdC2  Adair clay loam, 5 to 9 percent slopes, moderately eroded---==-=-=====-= 9 IIIe-2 L6 MhC Marshall silty clay loam, 5 to 9 percent Slopeg=====m=mmmmmmecccceaomeaao 27 IIIe-1 45
AdD Adair clay loam, 9 to 14 percent slopes==-=====--=mcmommmcmmmommmee 9 IVe-2 L8 MhC2 Marshall silty clay loam, 5 to 9 percent slopes, moderately eroded-----=- 27 IITe-1 L5
AdD2  Adair clay loam, 9 to 1L percent slopes, moderately eroded------------- 9 IVe-2 L8 MhC 3 Marshall silty clay.loam, 5 to 9 percent slopes, severely eroded-------- 28 IIIe-1 L5
AdE2  Adair clay loam, 14 to 18 percent slopes, moderately eroded=----=--====- 10 VIe-2 L9 MhD Marshall silty clay loam, 9 to 14 percent slopes===-=-=mmmmemmcccccmcaaa- 28 IIle-3 L6
ArC3 Adair soils, 5 to 9 percent slopes, severely eroded------=--==-=-c=e--- 10 IVe-2 L8 MhD2 Marshall silty clay loam, 9 to 14 percent slopes, moderately eroded-=---- 28 IIIe-3 L6
AsD3  Adair and Shelby soils, 9 to 1L percent slopes, severely eroded-------- 10 VIe-2 L9 MhD3 Marshall silty clay loam, 9 to 14 percent slopes, severely eroded------- 29 IIIe-3 L6
AsE3 Adair and Shelby soils, 14 to 18 percent slopes, severely eroded------- 10 VIIe-1 L9 MhE2 Marshall silty clay loam, 14 to 18 percent slopes, moderately eroded---- 29 IVe-1 L7
Au Alluvial langde--=====s o e e e e ————— 10 ITTw-1 L7 MhE 3 Marshall silty clay loam, 14 to 18 percent slopes, severely eroded------ 29 IVe-1 L7
Ay Ankeny fine sandy lO&mM===mmmmmmm oo o o e e 11 IIIs-1 L6 MmA Marshall silty clay loam, henches, O to 2 percent slopes===========cea=- 29 I-1 43
Br Bremer silty clay lo@m==—m=mmmmm e e e e 12 ITw-2 L5 MmB Marshall silty clay loam, benches, 2 to 5 percent slopes-=-====m=-—-ee-- 29 IIe-1 LL
Ca Calco silty clay loam==-==-mmem oo e e e e 12 ITw-1 Lh MmC2 Marshall silty clay loam, benches, 5 to 9 percent slopes, moderately
Ccdac Clarinda silty clay loam, 5 to 9 percent slopes=-==---ceccccccccccena—— 13 IVw-1 L8 EYOAEA === o e e e e e e e e e - ————————— 30 IITe-1 L5
€dc2 Clarinda silty clay loam, 5 to 9 percent slopes, moderately eroded----- 1L IVw-1 48 Mn Minden silty clay loam, benches=-====== oo m oo oo 31 I-1 43
cap Clarinda silty clay loam, 9 to 1k percent slopes========mmeeoccommaama- 1k IVe-2 L8 Ne Nevin silty clay lo@me====mmmmmmece; - e ————— 71 I-1 43
CdD2 Clarinda silty clay loam, 9 to 1L percent slopes, moderately eroded---- 14 IVe-2 L8 No Nodaway silt lo@m=====m=mmm e e e - 32 I-2 43
CeD3 Clarinda soils, 5 to 18 percent slopes, severely eroded==---===m===e==- 14 VIe-2 L9 Nw Nodaway silt loam, channeled======m=mm=mmmm oo - e 32 Vw-1 48
Cg Colo silty clay loame==mmmmmmm- - ——————— - e 15 ITw-1 Ly OmB Olmitz loam, 2 t0 5 percent SlOpES=====mmmmmeccmaccccccccmcceee———————— 33 IIe-2 Ly
Ch Colo silt loam, OVerwaSh==mmm=mmmmmmmm - —————————— e e e e e e 15 IIw-1 Ly Sa Sandstone rock 1and===m==mmm=mm = e e e e 33 VIIe-1 L9
Cn C010-Nodaway COMPLEX= === m=mm=mmmm - e 16 ITw-1 Ly SbA Sharpsburg silty clay loam, O to 2 percent slopeS=--=-===m==me-mmeceeae-- 34 I-1 43
CoA Corley silt loam, O to 2 percent SlopeS==-===m=mm-cmmcommco e 16 ITw-2 L5 SbB Sharpsburg silty clay loam, 2 to 5 percent slopes=======—=-me---coceoaaax 34 IIe-1 Ly
GaD Gara loam, 9 to 14 percent SlopeS-====m===mm - oo 17 IVe-1 L7 SbC Sharpsburg silty clay loam, 5 to 9 percent slopes-----====--mecmcmecao-- 34 IIIe-1 L5
GaD2 Gara loam, 9 to 1L percent slopes, moderately eroded=--=mm====mcmeec—a- 18 IVe-1 L7 SbC2 Sharpsburg silty clay loam, 5 to 9 percent slopes, moderately eroded---- 35 IITe-1 L5
GaE Gara loam, 14 to 18 percent slopeS======mm-mmmm oo e 18 VIe-1 L8 SbD Sharpsburg silty clay loam, 9 to 1l percent slopes======mmecmccmceccana- 35 IIIe-3 46
GaE2 Gara loam, 1L to 18 percent slopes, moderately eroded--========m=ce=eu- 18 VIe-1 48 SbD2 Sharpsburg silty clay loam, 9 to 1L percent slopes, moderately eroded--- 35 IITe-3 L6
GaF2 Gara loam, 18 to 25 percent slopes, moderately eroded=---=====--m-eae-o 18 VIIe-1 L9 SbD3 Sharpsburg silty clay loam, 9 to 14 percent slopes, severely eroded----- 35 IVe-1 L7
GrE3 Gara soils, 14 to 18 percent slopes, severely eroded-----===--=-e--c=-- 19 VIIe-1 L9 SbE2 Sharpsburg silty clay loam, 14 to 18 percent slopes, moderately eroded-- 36 IVe-1 L7
HaD2 Hagener soils, 9 to 18 percent slopes, moderately eroded=-----====-=—=- 19 VIs-1 L9 SbE 3 Sharpsburg silty clay loam, 1Lk to 18 percent slopes, severely eroded---- 36 VIe-1 48
Hu Humeston silt lo@me=me e e oo oo oo e e e 20 - IITw-1 L7 ShC2 Shelby loam, 5 to 9 percent slopes, moderately eroded-----=----meemmaaax 37 IIle-1 L5
Jda Judson silt loam, O to 2 percent SlOpeS=--=mmmmmmcmmcococmc— e 21 I-2 L3 ShD Shelby loam, 9 to 1L percent slopes======m=mmmcme o e m e 37 IIIe-3 46
JaB Judson silt loam, 2 to 5 percent slopeg======mm=mmmcmmmccc e 21 ITe-2 Ly Shp2 Shelby loam, 9 to 14 percent slopes, moderately eroded=--======-m=-eec-- 37 IIIe-3 L6
Jac Judson silt loam, 5 to 9 percent slOpeS====m==mmmmmmcmccc e L IITe-1 L5 ShE Shelby loam, 14 to 18 percent slopeS=======mmmeeecmcmcc e ———— 38 IVe-1 L7
JoB Judson-Colo complex, 2 to 5 percent SlOpeS======-mmcmmcmomcmcmcmmeem 22 ITw-1 Ly ShE2 Shelby loam, 14 to 18 percent slopes, moderately eroded==-===-==m=-eeea-- 38 IVe-1 L7
Ke Kennebec silt lo@m-========mecm oo e e ———— 22 I-2 L3 ShF2 Shelby loam, 18 to 25 percent slopes, moderately eroded---=-=====m-==-ea- 38 VIe-1 48
LaB Ladoga silt loam, 2 to 5 percent SlOpeS========mc oo 23 IIe-1 Ly SsD3 Shelby soils, 9 to 14 percent slopes, severely eroded=---====---emcacea- 38 IVe-1 L7
LaC Ladoga silt loam, 5 to 9 percent slopes--=------ S ——————— 2k IITe-1 45 SsE3 Shelby soils, 14 to 18 percent slopes, severely eroded==-===-===-=e-a=-- 38 VIe-1 48
LaC2 Ladoga silt loam, 5 to 9 percent slopes, moderately eroded------------- 2k IITe-1 L5 SsF3 Shelby soils, 18 to 30 percent slopes, severely eroded--==--===smm-cmecea- 39 VIiIe-1 Lo
LaD Ladoga silt loam, 9 to 1L percent slopes==s=mm==mmmcommcccccc e cceeeem 2L IITe-3 L6 syc2 Shelby-Adair complex, 5 to 9 percent slopes, moderately eroded-=-====---- 39 IITe-2 L6
LaD2 Ladoga silt loam, 9 to 1L percent slopes, moderately eroded=--=-=-====== 2L IITe-3 L6 SyD Shelby-Adair complex, 9 to 1L percent slopes-======-memcmccmcmcmmcmaanae 39 IVe-1 L7
LaE Ladoga silt loam, 1k to 18 percent slopes========mmmmmemocmmo o 2k IVe-1 L7 SyDe Shelby-Adair complex, 9 to 14 percent slopes, moderately eroded=-==--=-==- 39 IVe-1 L7
LaE2 Ladoga silt loam, 14 to 18 percent slopes, moderately eroded--=---===-- 25 IVe-1 L7 SyE2 Shelby-Adair complex, 1L to 18 percent slopes, moderately eroded--=-=---- Lo VIe-2 L9
LbB Ladoga silt loam, benches, 2 to 5 percent slopeS====-=mm-mcmcomococoaooo 25 ITe-1 Ll SyF2 Shelby-Adair complex, 18 to 25 percent slopes, moderately eroded--=-=----- Lo VIIe-1 Lo
LdD3 Ladoga soils, 9 to 1L percent slopes, severely eroded--=-=-====m=mmm-eo 25 IVe-1 L7 SyF3 Shelby-Adair complex, 18 to 30 percent slopes, severely eroded=-==-==-=-=--=- Lo VIIe-1 L9
LdE3 Ladoga soils, 14 to 18 percent slopes, severely eroded---------===-===x 25 VIe-1 L8 Wa Wabash silty clay-—--=esm=cmcmmccecccocesccmcmccmsacmcamomommm—m——m——— e L1 IIIw-1 L7
Ma MEr S = = = = o m e e e e 26 VIIw-1 50 Wb Wabash silty Clay 1oGM-smc—measaSmmamsnmme S S e o e o i o e L1 IITw-1 L7
MhA Marshall silty clay loam, O to 2 percent slopeS-====mm=mmmmm-e———e-———- o7 I-1 L3 Zo Zook silty clay loaM==-=memccmmemccaceccecaa e e e a—cmmmmm e e m . Lo IIw-1 i
MhB Marshall silty clay loam, 2 to 5 percent SlOpeS====m==mmmmcccmccam—co—-- 27 ITe-1 L Zk Zook silt loam, OVerwash-===ses--eemeccccecemccccecemmeesccscccsmem-e-——- L2 IIw-1 i
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SOIL CONSERVATION SERVICE

IOWA AGRICULTURAL EXPERIMENT STATION

GENERAL SOIL MAP
CASS COUNTY, IOWA

SOIL ASSOCIATIONS

Marshall association: Mostly nearly level to moderately
sloping, well-drained soils on uplands

Marshall-Shelby-Adair association: Mostly moderately
sloping to steep, well-drained to somewhat poorly
drained soils on uplands

Sharpsburg association: Nearly level to steep, well
drained or moderately well drained soils on uplands

Sharpsburg-Shelby-Adair association: Mostly gently
sloping to steep, well-drained to somewhat poorly
drained soils on uplands

Shelby-Adair association: Mostly strongly sloping
to steep, well-drained to somewhat poorly drained
soils on uplands

Nodaway-Zook-Colo association: Nearly level, moderately
well drained to poorly drained soils on bottom lands

Marshall-Bremer-Nevin association: Nearly level, well-
drained to poorly drained soils on benches
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U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

IOWA AGRICULTURAL EXPERIMENT STATION

WORKS AND STRUCTURES

Highways and roads

Divided « oo oo e T

Bual o semh se el

Good Moter . o saiv wies wiels

Highway markers

National Interstate. .. .......

State or cCOUNtY.s s s v s 6050

Railroads

Singletrackicie + s os o as s o = "

Multidlestiaeks o oeise 75 g o

Abandoned ............

Bridges and crossings

Beriie s s s n ol o5 o8 o med —--F!-
Fordn i ol il ads s e s Ford
CraEBrs S ava e bt ovaashs & 537 . | .
By R: BV v» o Sred mibite miss'ts | +
Ri R URdRr. 4.5 o iheisie s . - _;_I_._
JLIC (0 O W s y Tunnel -
BOIIGINGES =« -« o0 1 o w0 wiaaaior o mie e @
SERO0I s = 55 ¢ 515 5 G mEe A5G &
CRUTEH w55 3 558 HR €8s 50 -3
Mines and Quarries . . .« oo v vt L
Pits, gravel or other. .. .......
POWEr IiNes.s s sm et s s ~ o
Pipeline. « e « v o v v v u —— i i ——
/
Cemetony, ».- « wav & wave w9 7 as 3 ::_r;

RRRECS ok o dn 25l 2 i amos ot « O

CONVENTIONAL SIGNS

BOUNDARIES
National or state...........
COMAYE cois & oo e ata TN 0 et 2ol ———
Minor civil division. ... ....
Land division corners. . ... ...
Resernvation. <. : s d wicswiss
Land grant. . s oo e aiets 4 —

Small park, cemetery, airport . .

DRAINAGE
Streams, double-line
Parennial uisow & 5.0 55k e e et
Intermittent. .. .......... S R e e

Streams, single-line

PEYBRAA] v g nnie st 505 e

Intermittent

Crossable with tillage

implements . . ......... — e

Not crossable with tillage .

implements « «......... T e

Not crossable with tillage T d

implements, stabilized grade - AR
CANAL

J

Canals and ditches. . ........

Lakes and ponds

PEIONAIA] <veie Site s 35 5 viEs @

e \_’:/

Intermittent. . . ............ TENR L
Wells, Water: ... e 555 v s Sow ik o - flowing
SR BA o s % ol T e o
MBFSH Or SWAIMD: - eu5; + 5 hehorins nta 45s R
WEBESDBE oo oiain i e Yt
Alluvial fan @ o oo o suain snlae S s /—\6
Drainage end .. oveccosne o TS e e P S

RELIEF

Escarpments

Bedrock VUVVVV VYV Y YWY VY Yy

ERBRGT wis a0, oot et el “”“"'""'n\muu,,/“
Prominetit peak i : 4506 s 35 2 ws 50 ’:}
Depressions

Large Small

Crossable with tillage W,

pteTneRts) L et N v s A 0

li\lotlcrossat\ble with tillage an i

DRIEMERS ¢ wivy dunre ovveg 5 w5 ol d

Contains water most of v,

te e o o cejuranie snanis sads win - 2 [}

T

SOIL SURVEY DATA

Soil boundary

and symbol. « e e S 5o
e
oo
Gravel « v:vh s e %5 o aia R Lo
o O
Stony, very stony. 2., SEEL | &
Sandstone or Vel
limestone outcrops . . ....... - o
v
Shale outcrops . . .s . ou . s N [
Sand spot ... .. PIPROR R - - -
Gumbo or scabby spot. .. ....see.- i
Made landy + .« '« ume =
Severely sheet eroded spot ........ o
Blowout, wind erosion. .., ........ ]
Gully, not crossable
with tillage implements . . ......... [ e AR
Clay spot, less than 2 acres........ X
Clay spot, narrow band,
240 5 acres.. « « v o o S TSI = % — %
Calcareous spot, less than 2 acres. . . (0]
Calcareous spot, narrow band,
2o B ACTeS ». - » « 4 iies SN B O — &
Spot of Corley soil,
less than ‘2 acresi « . « - sisnmeme, , . G
Spot of Shelby soil,
less than 2 acres . a- o aaes - SRR +H
Spot of Shelby soil, narrow band,
210 5 B0IES. «v o vaid ek IR H#— 3 — #

SYMBOL

AdC2

AdD
AdD2

AdE?2

ArC3
AsD3

AsE3

Au
Ay

Br

Ca
CdC
CdC2

CdD
CdD2

CeD3

Cg
Ch
Cn
CoA

GaD
GaD2
GoE
GoE2
GaF?2
GrE3

HaD2
Hu

JdA
JdB
JdC
JoB

Ke

LaB
LaC
LaC2

LaD
LaD2

LaoE
LaE?2

LbB
LdD3
LdE3

Ma
MhA
MhB

SOIL LEGEND

The first capital letter is the initial one of the soil name.
A second capital letter, A, B, C, D, E, or F, shows the
slope. Most symbols without a slope letter are those of
nearly level soils or land types, but some are for land
types that have a considerable range of slope. A final
number, 2or 3, in the symbol, shows that the soil is
moderately eroded or severely eroded.

NAME

Adair clay loam, 5 to 9 percent slopes, moderately
eroded

Adair clay loam, 9 to 14 percent slopes

Adair clay loam, 9 to 14 percent slopes, moderately
eroded

Adair clay loam, 14 to 18 percent slopes, moderately
eroded

Adair soils, 5 to 9 percent slopes, severely eroded

Adair and Shelby soils, 9 to 14 percent slopes,
severely eroded

Adair and Shelby soils, 14 to 18 percent slopes,
severely eroded

Alluvial land

Ankeny fine sandy loam

Bremer silty clay loam

Calco silty clay loam

Clarinda silty clay loam, 5 to 9 percent slopes

Clarinda silty clay loam, 5 to 9 percent slopes,
moderately eroded

Clarinda silty clay loam, 9 to 14 percent slopes

Clarinda silty clay loam, 9 to 14 percent slopes,
moderately eroded

Clarinda soils, 5to 18 percent slopes, severely
eroded

Colo silty clay loom

Colo silt loam, overwash

Colo—Nodaway complex

Corley silt loam, 0 to 2 percent slopes

Gara loam, 9 to 14 percent slopes

Gara loam, 9 to 14 percent slopes, moderately eroded
Gara loam, 14 to 18 percent slopes

Gara loam, 14 to 18 percent slopes, moderately eroded
Gara loam, 18 to 25 percent slopes, moderately eroded
Gara soils, 14 to 18 percent slopes, severely eroded

Hagener soils, 9 to 18 percent slopes, moderately
eroded
Humeston silt loam

Judson silt loam, O to 2 percent slopes
Judson silt loam, 2 to 5 percent slopes
Judson silt loam, 5 to 9 percent slopes
Judson—Colo complex, 2 to 5 percent slopes

Kennebec silt loam

Ladoga silt loam, 2 to 5 percent slopes

Ladoga silt loam, 5 to 9 percent slopes

Ladoga silt loam, 5 to 9 percent slopes, moderately
eroded

Ladoga silt loam, 9 to 14 percent slopes

Ladoga silt loam, 9 to 14 percent slopes, moderately
eroded

Ladoga silt loam, 14 to 18 percent slopes

Ladoga silt loam, 14 to 18 percent slopes, moderately
eroded

Ladoga silt loam, benches, 2to 5 percent slopes

Ladoga soils, 9 to 14 percent slopes, severely eroded

Ladoga soils, 14 to 18 percent slopes, severely eroded

Marsh
Marshall silty clay loam, O to 2 percent slopes
Marshall silty clay loam, 2 to 5 percent slopes
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Marshall silty clay loam, 5 to 9 percent slopes
Marshall silty clay loam, 5 to 9 percent slopes,

moderately eroded

Marshall silty clay loam, 5 to 9 percent slopes,

severely eroded

Marshall silty clay loam, 9 to 14 percent slopes
Marshall silty clay loam, 9 to 14 percent slopes,

moderately eroded

Marshall silty clay loam, 9 to 14 percent slopes,

severely eroded

Marshall silty clay loam, 14 to 18 percent
moderately eroded

Marshall silty clay loam, 14 to 18 percent
severely eroded

slopes,

slopes,

Marshall silty clay loam, benches, 0 to 2 percent slopes
Marshall silty clay loam, benches, 2 to 5 percent slopes
Marshall silty clay loam, benches, 5 to 9 percent slopes,

moderately eroded
Minden silty clay loam, benches

Nevin silty clay loam
Nodaway silt loam
Nodaway silt loam, channeled

Olmitz loam, 2 to 5 percent slopes

Sandstone rock land

Sharpsburg silty clay loam, O to 2 percent

Sharpsburg silty clay loam, 2 to 5 percent

Sharpsburg silty clay loam, 5 to 9 percent

Sharpsburg silty clay loam, 5 to 9 percent
moderately eroded

slopes
slopes
slopes
slopes,

Sharpsburg silty clay loam, 9 to 14 percent slopes
Sharpsburg silty clay loam, 9 to 14 percent slopes,

moderately eroded

Sharpsburg silty clay loam, 9 to 14 percent slopes,

severely eroded

Sharpsburg silty clay loam, 14 to 18 percent slopes,

moderately eroded

Sharpsburg silty clay loam, 14 to 18 percent slopes,

severely eroded

Shelby loam, 5 to 9 percent slopes, moderately eroded

Shelby loom, 9 to 14 percent slopes

Shelby loam, 9 to 14 percent slopes, moderately eroded

Shelby loam, 14 to 18 percent slopes

Shelby loam, 14 to 18 percent slopes, moderately eroded
Shelby loam, 18 to 25 percent slopes, moderately eroded
Shelby soils, 9 to 14 percent slopes, severely eroded
Shelby soils, 14 to 18 percent slopes, severely eroded
Shelby soils, 18 to 30 percent slopes, severely eroded
Shelby—Adair complex, 5 to 9 percent slopes, moderately

eroded

Shelby—Adair complex, 9 to 14 percent slopes
Shelby—Adair complex, 9 to 14 percent slopes, moderately

eroded

Shelby—Adair complex, 14 to 18 percent slopes, moderately

eroded

Shelby—Adair complex, 18 to 25 percent slopes, moderately

eroded

Shelby—Adair complex, 18 to 30 percent slopes, severely

eroded

Wabash silty clay
Wabash silty clay loam

Zook silty clay loam
Zook silt loam, overwash

Soil map constructed 1967 by Cartographic Division,
Soil Conservation Service, USDA, from 1955 aerial
photographs. Controlled mosaic based on lowa plane
coordinate system, south zone, Lambert conformal
conic projection, 1927 North American datum.
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