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HOW TO USE THIS SOIL SURVEY

HIS SOIL SURVEY contains information

that can be applied in managing farms
and ranches; in selecting sites for roads, ponds,
buildings, or other structures; and in judging
the suitability of tracts of land for agriculture,
industry, or recreation.

Locating Soils

All the soils of Stafford 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 symbols. 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. This guide lists all of the
soils of the county in alphabetic order by map
symbol. It shows the page where each soil is
described, and also the page for the capability
unit and range site in which the soil has been
placed.

Interpretations on colored maps showing the
relative suitability or degree of limitations of
soils for many specific purposes can be de-
veloped by using the soil maps and information
in the text. Interpretations not included in the
text can be developed by grouping the soils
according to their suitability or limitations for
a particular use. Translucent material can be
used as an overlay over the soil map and col-
ored to show soils that have the same limita-
tion or suitability. For example, soils that have

a slight limitation for a given use can be col-
ored 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 farmers
can learn about use and management of the
soils from soil descriptions in the section “Man-
agement of Soils for Dryland Crops,” “Manage-
ment of Soils for Irrigated Crops,” from the
discussions of range sites and from the section
“Use of Soils for Windbreaks.”

Game managers, sportsmen, and others can
find information about soils and wildlife in the
section “Uses of Soils for Wildlife.”

Ranchers and others interested in range can
find, under “Use of Soils for Range,” group-
ings of the soils into range sites according to
their suitability for range, the names of many
plants that grow on each range site, and also
the expected annual yield of each site under
specified conditions,

Community planners and others concerned
with suburban development can read about the
soil properties that affect the choice of home-
sites, industrial sites, schools, and parks in the
section “Engineering Uses of the Soils.”

Engineers, builders, and others will find,
under ‘“Engineering Uses of the Soils” and
“Soil Properties,” tables that contain test data,
estimates of soil properties, and information
about soil features that affect engineering
practices.

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 Stafford County may be espe-
cially interested in the section “General Soil
Map,” where broad patterns of soils are de-
scribed. They may also be interested in the
section “General Facts About the County,”
which gives additional information about the
county.

Cover: Grain sorghum and

Pratt loamy fine sand, hummocky.

wheat stubble mulch strips,
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SOIL SURVEY OF STAFFORD COUNTY, KANSAS

By Darold A. Dodge, Bruce R. Hoffman,
and Marcellus L. Horsch, Soil Conservation Service

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

STAFFORD COUNTY is in the central part of Kan-
sas (see facing page). The total area of Stafford
county is 795 square miles, or 508,800 acres. Stafford
county extends about 80 miles from the northernmost
point to the southern border and 30 miles from east to
west. St. John, the county seat, is near the center of
Stafford county.

Farming is the principal industry. Wheat, grain sor-
ghum, and cattle are the main enterprises and sources
of income. Irrigation farming is practiced by many
farmers throughout the county.

How This Survey Was Made

Soil scientists made this survey to learn what kinds
of soils are in Stafford 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 observed steepness, length, and shape of slopes;
size of streams; kinds of native plants or crops; kinds
of rock, and many facts about the soils. They dug or
bored many holes to expose soil profiles. A profile is
the sequence of natural layers, or horizons, in a soil.
It extends from the surface down into the parent mate-
rial that has not been changed much by leaching or by
roots or plants.

The soil scientists made comparisons among the pro-
files they studied, and they compared these profiles with
those in counties nearby and in places more distant.
They classified and named the soils according to nation-
wide procedures. The soil series and sotl phase are the
categories of soil clasgification most used in a local
survey.

Soilg that have profiles alike or almost alike make
up a soil series. Except for different texture in the
surface layer, all the soils of one series have major
horizons that are similar in thickness, arrangement,
and other important characteristics. Each soil series
is named for a town or other geographic feature near
the place where a soil of that series was first observed
and mapped. Pratt and Carwile for example, are the
names of two soil series. All the soils in the United
States having the same series name are essentially
alike in those characteristics that affect their behavior
in the undisturbed landscape.

Soils of one series can differ in texture of the sur-

face soil and in slope, hazard of erosion, or some other
characteristic that affects use of the soils by man. On
the basis of such differences, a soil series is divided
into phases. The name of a soil phase indicates a fea-
ture that affects soil management. For example, Pratt
loamy fine sand, undulating, is one phase, and Pratt
loamy fine sand, hummocky, is another phase within
the Pratt series.

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

The areas shown on a soil map are called mapping
units. A mapping unit is nearly but not exactly equiva-
lent to a phase because it is not practical to show on
the map scale all minor areas of some other kind of
soil that has been included within the mapped area
that is dominantly of a recognized soil phase.

Some mapping units are made up of soils of differ-
ent series, or no series name is assigned. Two such
kinds of mapping units are shown on the maps of
Stafford County, soil complexes and undifferentiated
groups.

A 30il complex consists of areas of two or more soils,
so intermingled or so small in size that they cannot be
shown separately on the soil map. Each area of a com-
plex contains some of each of the two or more dominant
soils, and the pattern and relative proportions are
about the same in all areas. The name of a soil complex
consists of the names of the dominant soils joined by
a hyphen. An example is Pratt-Carwile complex, 0 to 8
percent slopes.

An undifferentiated group is made up of two or
more soils or surface textures that could be delineated
individually but are shown as one unit because, fc_wr
the purpose of the soil survey, there is little value in
separating them. The pattern and proportion of soils
are not uniform. An area shown on the map may be
made up of only one of the dominant soils, or of two
or more. Plevna soils is an undifferentiated group in
Stafford County. .

While the soil survey is in progress, samples of soil
are taken, as needed, for laboratory measurements and
for engineering tests. Laboratory data for the same
kinds of soils in other places are assembled and are used
for references in descriptions and interpretations. Data
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2 SOIL SURVEY

on yields of crops under defined practices are assembled
from farm records and from field plots or plot experi-
ments on the same kinds of soil. Yields under defined
management are estimated for all the soils.

Soil scientists set up trial groups of soils on the basis
of yield and practice tables and other data. They test
these groups by further study and by consultation with
farmers, ranchers, agronomists, engineers, and others,
Then they adjust the groups according to the results
of their studies, observations, and consultations. Thus,
the groups that are finally evolved reflect up-to-date
knowledge of soils and their behavior under present
methods of use and management.

General Soil Map

The general soil map at the back of this survey
shows, in color, the soil associations in the survey area.
A soil association is a landscape that has a distinctive
pattern of soils in defined proportions. It typically con-
sists of one or more major soils and at least one minor
soil, and it is named for the major soils. The soils in an
association can occur in other associations, but in
different patterns.

A map showing soil associations is useful to people
who want to have a general idea of the soils in a survey
area, who want to compare different parts of that area,
or who want to locate large tracts that are suitable for
a certain kind of land use. Such a map is a useful gen-
eral guide for broad planning on a watershed, a wooded
tract, or a wildlife area or for broad planning of re-
creational facilities, community developments and such
engineering works as transportation corridors. It is not
a suitable map for detailed planning for management
of a farm or field or for selecting the exact location of
a road or building or other structure, because the soils
within an association ordinarily vary in slope, depth,
stoniness, drainage, and other characteristics that
affect their management.

Soil association names and definitions on the general
soil map may not fully agree with those of the general
soil map in adjacent counties published at a different
date. Differences in the maps are the result of improve-
ment in the classification or refinements in soil series
concepts.

The terms for texture used in the title of the associa-
tions apply to the texture of the surface layer of the
major soils. For example, in the title of Pratt-Carwile
association, the words “sandy soils” and “loamy soils”
refers to the texture of the surface layer.

The soil associations in this survey area are de-
scribed in the paragraphs that follow.

1. Pratt-Tivoli Association
Undulating to hilly sandy soils; on uplands

This association (fig. 1) is on short and medium
length slopes in complex wind-modified areas. It makes
up 10 percent of the county. It is 59 percent Pratt
soils, 83 percent Tivoli soils, and 8 percent minor soils.

The Pratt soils are deep and undulating to rolling.
They are in complex wind-modified areas. They com-
monly occur with Tivoli soils. Typically the surface
layer is loamy fine sand about 8 inches thick, and the
subsoil is heavy loamy fine sand about 20 inches thick.
The underlying material is loamy fine sand. Pratt soils
formed in sandy eolian sediment. They are well
drained. Permeability is rapid, and available water
capacity is low.

Tivoli soils are deep and undulating to hilly. They
are at the higher elevations. Typically the surface
layer is fine sand or loamy fine sand about 6 inches
thick. The underlying material is fine sand. Tivoli soils
formed in sandy eolian sediment. They are excessively
drained. Permeability is rapid, and available water
capacity is low.

Among the minor soils in this association are Attica,
Dillwyn, and Carwile. Small intermittent lakes form
in areas where the surface is concave. The deep, gently
sloping Attica soils are at a slightly lower elevation
than Pratt soils. The deep, nearly level to gently rolling,
somewhat poorly drained Dillwyn and Carwile soils
and intermittent lakes are in the low areas.

Most of this association -is used for range. Small
fields of Pratt, Attica and Carwile soils are used for
cultivated crops. The soils are well suited to native
grasses commonly grown in the county, but they are
poorly suited to dryland crops.

The main management needs are proper range man-
agement of the native grassland, protecting the soil to
prevent blowing, conserving moisture, and maintain-
ing soil fertility.

2. Pratt-Carwile Association

Undulating to rolling sandy soils, and mearly level
loamy soils; on uplands

This association (fig. 2) is on short and medium
length slopes in a complex wind-modified landscape.
It makes up 43 percent of the county. It is 64 percent
Pratt soils, 26 percent Carwile soils, and 10 percent
minor soils.

Pratt soils are deep and undulating to rolling. They
are in complex wind-modified areas. Typically, the
surface layer is loamy fine sand about 8 inches thick,
and the subsoil is heavy loamy fine sand about 20
inches thick. The underlying material is loamy fine
sand. Pratt soils formed in sandy eolian sediment.
They are well drained. Permeability is rapid, and
available water capacity is low.

Carwile soils are deep and nearly level. They are
on short and medium length, slightly concave slopes
in low areas. Typically the surface layer is fine sandy
loam about 7 inches thick. The upper part of the sub-
soil is sandy clay loam about 7 inches thick, and the
lower part of the subsoil is sandy clay about 24 inches
thick. The underlying material is sandy clay loam.
Carwile soils formed in loamy and clayey old alluvium.
They are somewhat poorly drained. Permeability is
slow, and available water capacity is high. Runoff is
slow, or the surface is ponded.
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Figure 1.—A representative pattern of soils in the Pratt-Tivoli associstion.

Among the minor soils in this association are Naron,
Tivoli, Attica, and Tabler. Small intermittent lakes
form in low areas of Carwile and Tabler soils. The
deep, gently sloping Attica soils are at a slightly lower
elevation than the Pratt soils. The undulating to hilly
Tivoli soils are in the higher areas of the landscape,
and the nearly level and gently sloping Naron soils are
in the intermediate convex areas. The nearly level
Tabler soils are in low areas near Carwile soils and at
a slightly lower elevation in the landscape.

Most of this association is used for crops. The soils
are well suited to dryland and irrigated crops and
grasses commonly grown in the county. Small areas of
Pratt and Tivoli soils are used as range. They are well
suited to native grasses commonly grown in the county.

The main management needs are protecting the soil
from blowing, conserving moisture, controlling water
erosion and ponding, and maintaining soil fertility.

3. Naron-Farnum Association

Nearly level and gently sloping loamy soils; on uplands

This association (fig. 8) is on medium and long con-
vex ridges and in low nearly level convex areas that
have weakly defined drainageways. It makes up 23
percent of the county. It is 68 percent Naron soils, 22
percent Farnum soils, and 10 percent minor soils.

Naron soils are deep and nearly level and gently
sloping. They are on medium and long convex ridges
and in nearly level convex areas. Typically, the surface
layer is fine sandy loam. The subsoil is about 30 inches
thick. It is fine sandy loam in the upper part, sandy
clay loam in the middle part, and fine sandy loam in
the lower part. The underlying material is fine sandy
loam. Naron soils formed in loamy and sandy eolian
deposits. They are well drained. Permeability is mod-
erate, and available water capacity is high.
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Figure 2. — A representative pattern of soils in the Pratt-Carwile association.

Farnum soils are deep and nearly level. They are
in medium and long, low convex areas. Typically, the
surface layer is loam about 9 inches thick or fine sandy
loam 11 to 17 inches thick. The upper part of the sub-
soil is clay loam about 31 inches thick. The underlying
material is generally loam, but in places it is clay loam,
sandy clay loam, or fine sandy loam. Farnum soils
formed in stratified, loamy old alluvium that in places
has sand or clay layers. These soils are well drained.
Permeability is moderately slow, and available water
capacity is high,

Among the minor soils in this association are Car-
wile, Pratt, and Tabler soils, Small intermittent lakes
form in low areas of Carwile, Naron, and Tabler soils.
The deep, nearly level Carwile and Tabler soils are in
short and medium length low areas. The deep, undulat-
ing to rolling Pratt soils are in complex areas that
have been modified by wind.

Most of this association is used as cropland. It is
well suited to dryland and irrigated crops and grasses
commonly grown in the county. Small areas of Pratt
soils are used as range.

The main management needs are controlling soil
blowing and water erosion, conserving moisture, and
maintaining soil fertility and tilth. Areas of native
grasses need proper range management.

4. Blanket-Farnum Association

Nearly level loamy soils; on uplands

This association (fig. 4) is on medium and long con-
vex ridges and in broad areas that have weakly defined
drainageways. It makes up 12 percent of the county.
It is 48 percent Blanket soils, 87 percent Farnum soils,
and 15 percent minor soils.

Blanket soils are deep and nearly level. They are in
medium and long, convex, broad areas. The surface
layer is silt loam about 10 inches thick, and the subsoil
is silty clay loam and silty clay about 42 inches thick.
The underlying material is silty clay loam. Blanket
soils formed in moderately fine textured loess and old
alluvium. They are well drained. Permeability is mod-
erately slow, and available water capacity is high.
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Figure 3.—A representative pattern of soils in the Naron-Farnum association.

Farnum soils are deep and nearly level. They are
on medium and long convex ridges and in broad areas.
Typically the surface layer is loam about 9 inches thick,
and the subsoil is loam and clay loam about 44 inches
thick. The underlying material is generally loam, but
in places it is clay loam, sandy clay loam, or fine sandy
loam. Farnum soils formed in stratified, loamy old
alluvium that in places has sand or clay layers. They
are well drained. Permeability is moderately slow, and
available water capacity is high.

Among the minor soils in this association are Car-
wile, Naron, and Tabler. Small intermittent lakes form
in low areas of nearly level Tabler soils. The nearly
level, somewhat poorly drained Carwile soils are in
slightly concave areas and are near Blanket and Far-
num soils. The nearly level and gently sloping Naron
goils are on long convex ridges and are in higher areas
that have been modified by wind.

Most of this association is used for growing dryland
and irrigated crops. The soils are well suited to all
crops and grasses commonly grown in the county.
Small areas are used for growing native grasses.

The main management needs are controlling soil
blowing, water erosion, and ponding ; conserving mois-
ture; and maintaining soil fertility. Areas of native
grasses need proper range management.

5. Natrustolls-Plevna Association

Nearly level, salt-affected loamy soils, and loamy soils
with a seasonally high water table; on flood plains

This association (fig. 5) is on wet low terraces and
flood plains and in channeled areas of streams. Stream
channels have a low gradient and have formed exten-
sive meanders. This association makes up 9 percent of
the county. It is 50 percent Natrustolls, 27 percent
Plevna soils, and 23 percent minor soils.

Natrustolls are deep and nearly level. They are on
long, broad, low terraces and flood plains. Typically,
the surface layer is fine sandy loam, loam, or clay loam
about 8 inches thick. The subsoil is sandy clay loam or
clay loam that is high in sodium salts and is about 15
inches thick. The underlying material is clay loam or
fine sandy loam. Natrustolls formed in loamy calcare-
ous alluvium that contains layers of sand or clay in
places. They are somewhat poorly drained. Permeabil-
ity is moderately slow, and available water capacity is
moderate. Natrustolls are subject to occasional flood-
ing.

Plevna soils are deep and nearly level. They are in
slight depressions on flood plains and on roughly
broken, channeled flood plains. Typically, on the flood
plains, the surface layer is fine sandy loam about 12
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Figure 4.—A representative pattern of soils in the Blanket-Farnum association.

inches thick, and the subsoil is mottled fine sandy loam
about 26 inches thick. The underlying material is fine
sand. Plevna soils formed in loamy alluvium underlain
in many places by sandy and clayey material. They are
poorly drained and have a seasonally high water table.
Above the water table permeability is moderately
rapid. Available water capacity is moderate. Runoff is
very slow.

In channeled areas the surface layer of Plevna soils
is typically fine sandy loam, but it is loamy fine sand
or clay loam in places. The underlying material is high-
ly stratified loamy and sandy recent alluvium. The
channeled areas are frequently flooded.

Among the minor soils in this association are Car-
wile, Dillwyn, Kingman, Naron, Zenda, and Waldeck.
All of these soils except Naron are poorly drained or
somewhat poorly drained. Carwile soils are deep and
nearly level. They are in intricate patterns with other
soils having layers high in sodium. They are in short
and medium concave areas along the outer valley bor-
ders in slightly higher areas than other valley soils.

Dillwyn soils are deep and nearly level to gently rolling.
They are in intricate patterns with the Plevna soils
and are in higher areas. Kingman soils are deep, nearly
level, and slightly depressional silty clay loams. They
are in the lower areas on broad flood plains near the
outer part of the valley. Waldeck soils are deep and
nearly level. They are on convex natural levees of the
flood plains. Naron soils are deep, nearly level and
gently sloping, and well drained. They are in medium
length, convex, isolated areas at intermediate eleva-
tions and in higher areas that grade to the broad up-
land. Zenda soils are deep and nearly level and are on
low terraces and flood plains. They are in intricate pat-
terns with the Natrustolls.

Most of this association is in native grassland. Small
areas are cultivated, mostly in fields of minor soils
above the flood plain.

The main management needs in cultivated fields are
reducing soil crusting, controlling soil blowing and
soil erosion, and maintaining soil fertility. Areas of
native grasses need proper range management.
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Figure 5.—A representative pattern of soils in the Natrustolls-Plevna association.

6. Dillwyn-Tivoli Association

Nearly level to gently rolling, wet sandy soils and un-
dulating to hilly sandy soils; on uplands

This association is on short complex slopes in a
nearly level to hilly landscape that has been modified
by wind. It makes up 3 percent of the county. It is
55 percent Dillwyn soils, 30 percent Tivoli soils, and
15 percent minor soils.

Dillwyn soils are deep and nearly level to gently
rolling. They are in areas of short complex slopes that
have been modified by wind. Typically, the surface
layer is loamy fine sand about 8 inches thick, and the
subsoil is mottled fine sand about 20 inches thick. The
underlying material is fine sand. The Dillwyn soils have
a seasonally high water table. Dillwyn soils formed in
well sorted eolian sands. They are somewhat poorly
drained. Above the water table permeability is rapid.
Available water capacity is low.

Tivoli soils are deep and undulating to hilly. They
are in short complex areas that have been modified by
wind and are generally in the higher areas of the land-
scape. Typically, the surface layer is loamy fine sand
or fine sand about 6 inches thick, and the underlying

material is fine sand. Tivoli soils formed in sandy
eolian sediment. They are excessively drained. Per-
meability is rapid, and available water capacity is low.

Among the minor soils in this association are Pratt
and Plevna soils and small areas of Carwile soils and
Natrustolls. Also in this association are intermittent
lakes. Pratt soils are deep and undulating to rolling.
They occur with Tivoli soils in about the same area.
Plevna soils are deep, nearly level, and wet. They occur
with Dillwyn soils in about the same or slightly lower
areas. Carwile soils are deep and somewhat poorly
drained. Natrustolls, intermittent lakes, and Carwile
soils are in the low areas.

Most of this association is used for range. Some
small areas of Pratt and Carwile soils are used for
cultivated crops, and some areas of Plevna soils are
used for hayland. This association is well suited to
native grasses commonly grown in the county and is
poorly suited to dryland crops. The main management
needs of this association are controlling soil blowing,
conserving moisture, and maintaining soil fertility.
Areas of native grasses need proper range manage-
ment.
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Descriptions of the Soils

In this section the soils of Stafford County are de-
scribed and their use and management are discussed.
Each soil series is described in detail, and then, briefly,
the mapping units in that series. Unless specifically
mentioned otherwise, it is assumed that what is stated
about the soil series holds true for the mapping units
in that series. Thus, to get full information about any
one mapping unit, it is necessary fo read both the de-
scription of the mapping unit and the desecription of
the soil series to which it belongs.

An important part of the description of each soil
series is the soil profile, that is, the sequence of layers
from the surface downward to bedrock or other under-
lying material. Each series contains two descriptions
of this profile. The first is brief and in terms familiar
to the layman. The second is more detailed and is for
those who need to make thorough and precise studies
of the soils. Color terms are for dry soil unless other-
wise stated. The profile described in the soil series is
representative for mapping units in that series. If a
given mapping unit has a profile in some way different
from the one described in the series, these differences
are stated in the description of the mapping unit, or
they are apparent in the name of the mapping unit.
The description of each mapping unit contains sugges-
tions on how the soil can be managed. The general
management of soils in this county is discussed in the
section, “Planning the Use and Management of the
Soils.”

As mentioned in the section “How This Survey Was
Made,” not all mapping units are members of a soil
series. Natrustolls, for example, do not belong to a soil
series, but are listed in alphabetic order along with
the soil series.

Preceding the name of each mapping unit is a sym-
bol that identifies the mapping unit on the detailed soil
map. Listed at the end of each description of a mapping
unit are the capability unit and range site in which the
mapping unit has been placed. The page for the de-
scription of each mapping unit or other interpretive
group can be found in the “Guide to Mapping Units”
at the back of this survey.

The acreage and proportionate extent of each map-
ping unit is shown in table 1. Many of the terms used
in describing soils can be found in the “Glossary,” and
more detailed information about the terminology and
methods of soil mapping can be obtained from the Soil
Survey Manual (13).1

Albion Series

The Albion series consists of deep, gently sloping,
somewhat excessively drained soils on uplands. These
soils formed in loamy old alluvium.

In a representative profile the surface layer is brown
sandy loam about 10 ‘inches thick. The upper part of
the subsoil is brown, friable sandy loam about 10 inches
thick, and the lower part of the subsoil is yellowish

tT{alic numbers in parentheses refer to Literature Cited, p. 57.

TABLE 1.—Acreage and proportionate extent

of the soils
Map Per-
symbol Soil name Acres cent
An | Albion sandy loam, 1 to 4 percent slopes.. 1,300 0.3
At Attica fine sandy loam, 1 to 4
percent slopes 5,040 1.0
Ba Blanket, silt loam 19,150 3.8
Ca | Carwile fine sandy loam 59,520 11.7
Cw | Carwile complex 3,840 8
Cx | Clark loam, 1 to 3 percent slopes..... 2,990 .6
Dp | Dillwyn-Plevna complex........... 8,750 1.7
Dt | Dillwyn-Tivoli loamy fine s X
0 to 15 percent slopes.......ccmveceeveemcuennenne 14,360 2.8
Fa | Farnum fine sandy loam 14,240 2.8
Fr Farnum loam 22,700 4.5
Kg | Kingman silty clay loam..............ccoeeee... 3,120 .6
Na | Naron fine sandy loam 90,440 17.7
Nu | Natrustolls.. 16,900 3.3
Pa Plevna soils 9,090 1.8
Pe Plevna soils, channeled 2,640 5
Ph Pratt loamy fine sand, hummocky............. 20,540 4.0
Po | Pratt loamy fine sand, undulating.............. 96,530 19.0
Pr Pratt-Carwile complex, 0 to 8
percent slopes 59,260 11.6
Pt Pratt-Tivoli loamy fine sands, i
hummocky 26,960 5.3
Ta | Tabler loam.... 8,420 1.7
Tv Tivoli fine sand, hilly.. 7,960 1.6
Wa | Waldeck fine sandy loam 4,770 9
Za Zenda-Natrustolls complex. ... ...........cccoc..... 4,750 9
Big salt marsh, little salt marsh, and
associated low areas....................... 5,406 1.1
Gravel pits.. 6 )
Total land area........cooeocoeeoceeeaeeea. 508,736
Water areas, more than 40 acres._......| 64 | (1)
Total area. 508,800 | 100.0

'Less than 0.1 percent.

brown, friable, coarse sandy loam about 10 inches
thick. The underlying material is light yellowish brown
coarse sand and fine gravel.

Permeability is moderately rapid. Available water
capacity is low, and natural fertility is low.

Albion soils are suited to such dryland crops as
winter wheat and sorghum. They are well suited to
native grasses.

Representative profile of Albion sandy loam, 1 to 4
percent slopes, in grassland, 80 feet east and 100 feet
south of the northwest corner of the southwest quarfer
of sec. 3, T. 25 S,, R. 11 W,

A1—0 to 10 inches; brown (10YR 5/3) sandy loam, dark
brown (10YR 3/3) when moist; weak medium granu-
lar structure; slightly hard and friable; many fibrous
roots; few fine pebbles as much as 1 inch in diameter;
slightly acid; gradual smooth boundary.

B2t—10 to 20 inches; brown (10YR 5/3) heavy sandy
loam, dark brown (10YR 3/3) when moist; weak
medium subangular blocky structure; hard and fri-
able; many fibrous roots; common rounded pebbles;
slightly acid; gradual smooth boundary.

B3—20 to 30 inches; yellowish brown (10YR 5/4) coarse
sandy loam, dark yellowish brown (10YR 4/4) when
moist; weak fine granular structure; slightly hard
and friable; few roots; common rounded pebbles;
slightly acid; diffuse smooth boundary.
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IIC—30 to 60 inches; light yellowish brown (10YR 6/4)
coarse sand and fine gravel, yellowish brown (10YR
5/4) when moist; single grained; loose; very friable;
slightly acid.

The A horizon is brown or dark grayish brown sandy
loam 6 to 12 inches thick. Generally it is slightly acid,
but in places reaction is medium acid. The B horizon is
14 to 24 inches thick. The B2t horizon is sandy loam. The
B3 horizon is slightly acid or medium acid coarse sandy
loam or loamy sand. The IIC horizon is layers of medium
sand, coarse sand, and fine gravel. Depth to the IIC hori-
zon is 20 to 30 inches.

Albion soils are similar to Pratt and Attica soils. The
coarse-textured C horizon is shallower in Albion soils
than it is in those soils.

An—Albion sandy loam, 1 to 4 percent slopes. Thig
gently sloping soil is on convex ridgetops. Included
with this soil in mapping are a few areas of Farnum
and Naron soils. Also included are small areas of sand
and gravel beds.

Runoff is slow. Water erosion and soil blowing are
problems if the soil is not protected by native grasses,
crops or crop residue. Careful management is needed
to conserve moisture, control erosion, and improve
soil fertility.

Most of the acreage of this soil is used for range, but
small areas are used for dryland crops. Capability unit
ITIe-3 dryland and IIle-3 irrigated; Sandy range site.

Attica Series

The Attica series consists of deep, gently sloping,
well drained soils on uplands. These soils formed in
loamy and sandy eolian sediment.

In a representative profile the surface layer is gray-
ish brown fine sandy loam about 10 inches thick. The
subsoil is brown, friable and very friable fine sandy
loam about 29 inches thick. The underlying material
is light yellowish brown fine sandy loam.

Permeability is moderately rapid. Available water
capacity is moderate, and natural fertility is medium.

Attica soils are well suited to dryland and irrigated
crops and to native or tame grasses commonly grown
in the county. Major crops are winter wheat, sorghum,
and alfalfa.

Representative profile of Attica fine sandy loam,
1 to 4 percent slopes, in a cultivated field, 2,490 feet
east and 300 feet south of the northwest corner of sec.
2, T.24S,R.15W.

Ap—O0 to 10 inches; grayish brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak fine granular structure; slightly hard and
friable; many roots; medium acid; gradual smooth
boundary.

B2t—10 to 21 inches; brown (10YR 5/3) fine sandy loam,
dark brown (10YR 4/3) when moist; weak medium
subangular blocky structure; slightly hard and fri-
able; clay bridges between sand grains; common roots;
slightly acid; clear smooth boundary.

B3—21 to 39 inches; brown (10YR 5/8) fine sandy loam,
dark brown (10YR 4/3) when moist; weak fine granu-
lar structure parting to massive in the lower part;
soft and very friable; few roots; neutral; diffuse
smooth boundary.

C—39 to 60 inches; light yellowish brown (10YR 6/4)
fine sandy loam, yellowish brown (10YR 5/4) when
moist; massive; soft and very friable; neutral.

The A horizon is grayish brown and is 6 to 18 inches
thick. It is typically fine sandy loam but is loamy fine sand
in places. The B horizon is brown fine sandy loam 16 to
35 inches thick. The C horizon is light yellowish brown,
yellowish brown, or pale brown fine sandy loam, sandy
loam, or loamy fine sand.

Attica soils are similar to Albion, Naron, Farnum, and
Pratt soils. They are near Carwile and Tivoli soils. Attica
soils are deeper to the sandy or gravelly C horizon than
Albion or Tivoli soils. They have less clay in the B horizon
than Farnum, Naron, or Carwile soils and less sand in
the B horizon than Pratt soils.

At—Attica fine sandy loam, 1 to 4 percent slopes.
This soil is on wind modified uplands. Slopes are con-
vex and short to medium in length. Included in map-
ping are a few areas of Carwile, Farnum, Naron, and
Pratt soils.

Runoff is slow. Careful management of cultivated
crops and crop residue is needed to control soil b}qw-
ing, conserve moisture, and maintain tilth and fertility.

Most of the acreage of this soil is used for dryland
or irrigated crops. Small areas are in native grass used
for grazing. Capability unit Ile-2 dryland and Ile-2
irrigated ; Sandy range site.

Blanket Series

The Blanket series consists of deep, ‘well drained,
nearly level soils on uplands. These soils formed in
moderately alkaline, moderately fine textured loess and
old alluvium. )

In a representative profile the surface 1aye1: is dark
grayish brown silt loam about 10 inches thick. The
subsoil is about 42 inches thick. The upper 11 inches
is dark grayish brown firm silty clay loam. The next
28 inches is firm grayish brown silty c[ay. The lower
8 inches is light brownish gray, firm su}ty clay loam.
The underlying material is pale brown sﬂt_y clay loam.

Permeability is moderately slow. Available water
capacity is high, and natural fertility is high. The sur-
face tends to crust after rains. o

Blanket soils are well suited to dryland and irrigated
crops and native or tame grasses commonly grown in
the county. Major dryland crops are winter wheat, sor-
ghum, and alfalfa (fig. 6). Irrigated corn and alfalfa
are grown in places. ) . .

Representative profile of Blanket silt loam in a culti-
vated field, 1,260 feet east and 80 feet south of the
northwest corner of sec. 12, T. 24 S.,, R. 12 W.

Ap—O0 to 10 inches; dark grayish brown (10YR 4/2) silt
loam, very dark grayish brown (10YR 3/2) when
moist; moderate medium granular structure; hard and
friable; many roots; slightly acid; gradual smooth
boundary. .

B21t—10 to 21 inches; dark grayish brown (10YR 4/2)
silty clay loam, very dark grayish brown (10YR 3/2)
when moist; moderate medium subangular blocky
structure; hard and firm; many roots; thin patchy
clay films; slightly acid; gradual smooth boundary.

B22t—21 to 32 inches; grayish brown (10YR 5/2) silty
clay, very dark grayish brown (10YR 3/2) when
moist; moderate medium blocky structure; very hard
and firm; many roots; thin continuous clay films;
neutral; gradual smooth boundary. .

B31ca—32 to 44 inches; grayish brown (10YR 5/2) silty
clay, dark grayish brown (10YR 4/2) when moist;
moderate medium subangular blocky structure; very
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Figure 6.—Cutting hard red winter wheat on Blanket silt loam
near Stafford, Kansas.

hard and firm; common roots; many fine and medium
soft masses of lime and fine concretions; strongly ef-
fervescent; moderately alkaline; gradual smooth
boundary.

B32ca—44 to 52 inches; light brownish gray (10YR 6/2)
silty clay loam, grayish brown (10YR 5/2) when
moist; moderate fine subangular blocky structure;
hard and firm; few roots; many fine and medium
soft masses of lime and fine concretions; strongly
effervescent; moderately alkaline; diffuse smooth
boundary.

C—52 to 60 inches; pale brown (10YR 6/3) silty clay
loam, brown (10YR 5/3) when moist; moderate fine
granular structure parting to massive in the lower
part; slightly hard and friable; few fine soft masses
of lime and fine concretions; strongly effervescent;
moderately alkaline.

The A horizon is typically dark grayish brown or gray-
ish brown silt loam or silty clay loam 6 to 12 inches thick.
The B2t horizon is mostly silty clay but is silty clay loam
in places. It is 28 to 58 inches thick. The B3ca horizon is
silty cldy loam or clay loam. The C horizon is pale brown,
brown, or yellowish brown silty clay loam or clay loam.
Fine and medium soft masses of lime or lime concretions
are at a depth of 28 to 44 inches.

Blanket soils are similar to Farnum soils. They are
near Clark and Tabler soils and adjacent to small spots
of clay soils in depressions and small spots of soils that
have horizons high in content of sodium. Blanket soils
have more clay in the B2t horizon than Farnum soils.
Blanket soils have a clayey B2t horizon similar to that of
Tabler soils, but they have a more gradual transition be-
tween the A and B2t horizons. Unlike Clark soils, Blanket
1s.oi]s do not have horizons that are high in content of
ime.

Ba—Blanket silt loam. This nearly level soil is in
broad convex areas.

Included with this soil in mapping are small areas
of Farnum and Tabler soils. Also included are small

areas of soils that have a high concentration of soft
masses of lime and concretions in the subsoil. Others
have a layer high in content of sodium.

Runoff is slow. Careful management of cultivated
crops and crop residue is needed to control soil blow-
ing, conserve moisture, and maintain soil tilth and
fertility. Water erosion is a management concern on
long slopes.

Most of the acreage of this soil is used for dryland
and irrigated crops. Small areas are used for native
grass pasture. Capability unit ITe-1 dryland and Class
I irrigated; Loamy Upland range site.

Carwile Series

The Carwile series consists of deep, nearly level,
slightly concave, somewhat poorly drained soils on up-
lands. These soils formed in stratified loamy eolian
sediment or in loamy and clayey old alluvium.

In a representative profile the surface layer is gray-
ish brown fine sandy loam about 7 inches thick. The
subsoil is about 31 inches thick. The upper 7 inches is
dark grayish brown, friable sandy clay loam. The next
18 inches is light brownish gray, very firm sandy clay.
The lower 6 inches is very pale brown, very firm, sandy
clay. The underlying material is very pale brown sandy
clay loam,

Permeability is slow. Available water capacity and
natural fertility are high.

Carwile soils are well suited to dryland and irrigated
crops, native and tame grasses, and trees and shrubs
commonly grown in the county. Major crops are winter
wheat, sorghum, and alfalfa. Irrigated corn, potatoes,
and soybeans are grown in places.

Representative profile of Carwile fine sandy loam in
a cultivated field, 1,680 feet north and 150 feet east of
the southwest corner of sec. 30, T. 22 S.,, R. 11 W.

Ap—O0 to 7 inches; grayish brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak fine granular structure; slightly hard
and friable; many fine roots; medium acid; gradual
smooth boundary.

B1—7 to 14 inches; dark grayish brown (10YR 4/2)
sandy clay loam, very dark grayish brown (10YR 8/2)
when moist; weak fine subangular blocky structure;
hard and friable; many fine roots; slightly acid;
gradual smooth boundary.

B2t-—14 to 32 inches; light brownish gray (10YR 6/2)
sandy clay; common medium distinct mottles of light
brown (7.5YR 6/4), brown (10YR 5/3) when moist;
moderate medium subangular bloeky structure; very
hard and very firm; common fine roots; clay films on
many peds; neutral; gradual smooth boundary.

B3—32 to 38 inches; very pale brown (10YR 7/3) sandy
clay; common medium distinct mottles of brownish
yellow (10YR 6/6), pale brown (10YR 6/3) when
moist; fine and medium subangular blocky structure;
very hard and very firm; few roots; patchy clay
films; mildly alkaline; gradual smooth boundary.

C—38 to 60 inches; very pale brown (10YR 7/3) sandy
clay loam; many fine distinct mottles of brownish
yellow (10YR 6/6) and common medium distinct
mottles of light brown (7.5YR 6/4), pale brown
(10YR 6/3) when moist; massive; hard and friable;
slight effervescence; moderately alkaline, many fine
calcium carbonate concretions.

The A horizon is grayish brown, dark grayish brown, or
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brown and is 4 to 12 inches thick. It is typically fine sandy
loam, but it is loam or loamy fine sand in places. The B
horizon is 26 to 48 inches thick. The B1 horizon is dark
grayish brown, brown, or dark brown sandy clay loam
or loam. The B2t horizon is sandy clay, clay, or clay loam.
It is light brownish gray, grayish brown, or brown. The
B3 horizon is very pale brown, pale brown, or yellowish
brown sandy clay, clay, or sandy clay loam. The C horizon
is very pale brown, pale brown, yellowish brown, brownish
yellow, strong brown, or reddish brown loamy or clayey
sediment. It is commonly moderately alkaline and
calcareous.

Carwile soils are similar to Tabler soils. They are near
Attica, Farnum, Naron and Pratt soils. Carwile soils have
less sand than Attica and Pratt soils. They are dark
colored to lesser depth than Farnum and Tabler soils.
Carwile soils have more clay in the B horizon than Far-
num and Naron soils.

Ca—Carwile fine sandy loam. This nearly level soil
has short to medium, slightly concave slopes. It has
the profile described as representative of the series.

Included in places with this soil in mapping are
small areas of Farnum, Naron, Pratt, and Tabler soils.
Also included are some small areas of similar soils that
have a subsoil high in content of lime. Other inclusions
that are 1 to 3 acres in size and have layers high in
sodium are indicated on the map by a spot symbol.

Runoff is slow, or the surface is ponded. Soil blow-
ing is a concern of management. Careful management
is needed to control soil blowing during dry seasons,
conserve moisture, control ponding during wet seasons,
and maintain soil tilth and fertility. Surface ponding
is a management concern in low areas after periods of
rain.

Most of the acreage of this soil is in dryland and
irrigated crops. Major crops are winter wheat, sor-
ghum, and alfalfa. Irrigated corn, potatoes, and soy-
beans are grown in places. Small areas are used for
native range. Capability unit ITw-1 dryland and ITw-1
irrigated; Sandy range site.

Cw—~Carwile complex. This complex consists of
nearly level Carwile soils and soils having layers high
in content of sodium. The soils in this complex are in
an intricate pattern on short and medium concave
slopes. They are near Carwile, Farnum, Naron and
Tabler soils. Slopes are 0 to 1 percent.

This complex is 80 percent Carwile and similar soils,
10 percent soils having layers high in content of sodium
and 10 percent small areas of Farnum soils and Naron
fine sandy loam. Carwile fine sandy loam has the pro-
file described as representative of the series.

Runoff is slow, or the surface is ponded. Soil blowing
during periods of little rainfall and wetness during
periods of much rainfall are concerns of management.
The water table is seasonal. Crusting is severe if the
soil is not protected by crops, crop residue, manure,
or salt tolerant grasses. This crusting needs to be re-
duced, soil blowing needs to be controlled, and a pro-
tective cover of salt-tolerant crops or grasses to be
established.

About half of the acreage of this soil is in dryland
and irrigated crops. The rest is in native grass range.
Capability unit IVs-2 dryland and IVs-2 irrigated;
Sandy range site.

Clark Series

The Clark series consists of deep, gently sloping,
well drained, calcareous soils on uplands. These soils
formed in unconsolidated, highly calcareous, loamy old
alluvium.

_ In a representative profile the surface layer is gray-
1§h brown loam about 8 inches thick. The next layer is
light brownish gray, friable loam about 6 inches thick.
The underlying material is pinkish gray loam that is
about 40 percent soft masses and concretions of lime.

Permeability is moderate. Available water capacity
is high, and natural fertility is high. The surface tends
to crust after rainfall. These soils are susceptible to
soil blowing.

Clark soils are well suited to dryland and irrigated
crops and native and tame grasses commonly grown
in the county. Major crops are winter wheat, sorghum,
and alfalfa. Irrigated corn is grown in places. Sorghum
is often affected by chlorosis.

Representative profile of Clark loam, 1 to 3 percent
slopes, in a cultivated field, 990 feet west and 30 feet
south of the northeast corner of sec. 33, T. 24 S, R.
11W,

Ap—O0 to 8 inches; grayish brown (10YR 5/2) loam, very
dark grayish brown (10YR 3/2) when moist; mod-
erate medium granular structure; hard and friable;
many fibrous roots; strongly effervescent; moderately
alkaline; clear wavy boundary.

AC-—8 to 14 inches; light brownish gray (10YR 6/2)
loam; dark grayish brown (10YR 4/2) when moist;
moderate medium granular structure; hard and fri-
able; many roots; many fine soft carbonate particles
and fine concretions; many worm casts; violently effer-
vescent; moderately alkaline; gradual wavy boundary.

>a—14 to 60 inches; pinkish gray (7.5YR 7/2) loam, pink-
ish gray (7.5YR 6/2) when moist; moderate medium
granular structure; hard, friable, few roots; soft
masses of carbonates and carbonate concretions make
up 40 percent of the volume; violently effervescent;
moderately alkaline.

The A horizon is generally grayish brown or dark gray-
ish brown loam or clay loam. It is 4 to 14 inches thick.
The AC horizon is brown, light brownish gray, or brown
loam 6 to 15 inches thick. The Ceca horizon is very pale
brown, pinkish gray, light yellowish brown, yellowish
brown, or light brown. It is commonly loam but is clay
loam in places. This horizon is calcareous and has many
soft masses of lime.

Clark soils are near Blanket and Farnum soils. They
lack the B horizon that is characteristic of Blanket and
Farnum soils.

Cx—Clark loam, 1 to 3 percent slopes. This soil is
gently sloping. It is on short and medium convex side
slopes and ridges. .

Included with this soil in mapping are similar sglls
that have a subsoil of clay loam and an underlying
material that contains fewer soft masses of lime. Also
included are a few small areas that have a surface
layer of fine sandy loam. ) o

Runoff is medium, and soil blowing is a concern qf
management. The large amounts of lime in the soil
cause chlorosis in sorghum plants. Careful manage-
ment is needed to control water erosion and soil blow-
ing, conserve moisture, and maintain tilth and fer-

tility.
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Most of the acreage of this soil is in dryland and
irrigated crops. Major crops are wheat, sorghum, and
alfalfa., Small areas are used for native grass range
in places. Capability unit IIle-2 dryland and IITe-2 irri-
gated; Limy Upland range site.

Dillwyn Series

The Dillwyn series consists of deep, nearly level to
gently rolling, somewhat poorly drained soils on up-
lands. These soils formed in well sorted eolian sands.

In a representative profile the surface layer is gray-
ish brown loamy fine sand about 8 inches thick. The
next layer is pale brown, loose fine sand 20 inches thick.
The underlying material is very pale brown fine sand.

Permeability is rapid. Available water capacity is
low above the water table. The water table fluctuates
from a depth of about 1 foot in wet seasons to a depth
of 5 feet in dry seasons. Natural fertility is medium.

Dillwyn soils are well suited to native grasses, espe-
cially tall native grasses commonly grown in the
county. They are not suited to cultivated crops.

Representative profile of Dillwyn loamy fine sand in
an area of Dillwyn-Tivoli loamy fine sands, 0 to 15
percent slopes in grassland, 1,400 feet south and 2,440
feet east of the northwest corner of sec. 17, T. 21 S,,
11'W.

A1—0 to 8 inches; grayish brown (10YR 5/2) loamy fine
sand, very dark grayish brown (10YR 3/2) when
moist; weak medium granular structure; soft and
very friable; neutral; clear smooth boundary.

AC—8 to 28 inches; pale brown (10YR 6/3) fine sand,
brown (10YR 4/3) when moist; common coarse dis-
tinct mottles of strong brown (7.5YR 5/6); single
grained; loose both dry and moist; slightly acid; grad-
ual smooth boundary.

C1—28 to 35 inches; very pale brown (10YR 7/38) fine
sand, brown (10YR 5/3) when moist; common coarse
distinct mottles of reddish yellow (7.5YR 7/6); single
grained; loose both dry and moist; medium acid; grad-
ual smooth boundary.

C2—35 to 60 inches; very pale brown (10YR 7/3) fine
sand, pale brown (10YR 6/3) when moist; common
coarse distinct mottles of reddish yellow (7.5YR 7/6);
single grained; loose when dry or moist; medium acid.

The A horizon is grayish brown, very dark grayish
brown, brown, or dark brown and is 4 to 10 inches thick.
It is typically loamy fine sand, but is fine sand or fine
sandy loam in places. The AC horizon is pale brown, light
brownish gray, yellowish brown, brown, or grayish brown
fine sand or loamy fine sand. It has few to common, fine
to coarse reddish yellow or strong brown mottles. The C
horizon is very pale brown, pale brown, brown, or light
yellowish brown loamy fine sand or fine sand. It has com-
mon to many, medium to coarse, reddish yellow or strong
brown mottles.

Dillwyn soils are similar to Pratt and Waldeck soils.
They are near Plevna and Tivoli soils. Dillwyn soils con-
tain more sand than Plevna and Waldeck soils. They are
mottled and are wetter than Pratt and Tivoli soils.

Dp—Dillwyn-Plevna complex. This complex is on
wind modified uplands. It has short and medium convex
and concave slopes. Slope range is 0 to 5 percent.

This complex is about 60 percent Dillwyn loamy fine
sand; 30 percent Plevna fine sandy loam and similar
soils; and about 10 percent Carwile, Pratt, Tivoli and
Zenda soils.

Dillwyn soils are gently rolling. They are on ridges
and divides. Plevna soils are nearly level. They are in

a slightly lower position. Pratt and Tivoli soils are
in higher areas, while Carwile and Zenda soils are in
slight depressions.

Plevna fine sandy loam of this complex has a profile
described as representative of the Plevna series.

Runoff is very slow, and wetness is a concern of
management. All soils in this complex except Pratt and
Tivoli have a water table that fluctuates to within a
few inches of the surface and drops to a depth of about
4 or 5 feet late in 'summer and early in autumn. Native
grasses need to be maintained, and brush and trees
need to be controlled.

Most of the acreage in this complex is in range. In
places small areas are used for hay meadows. Other
spots are used as stockwater pits. Capability unit Vw-
2 dryland. Subirrigated range site.

Dt—Dillwyn-Tivoli loamy fine sands, 0 to 15 percent
slopes. This complex is on wind modified uplands. It
has short convex slopes that range from 0 to 15 percent.

This complex is about 65 percent Dillwyn loamy fine
sand, 20 percent Tivoli loamy fine sand, 5 percent
Tivoli fine sand, and about 10 percent Carwile and
Plevna soils and Natrustolls.

Dillwyn soils are in nearly level areas, Tivoli soils
are in rolling areas, and Natrustolls and Carwile and
Plevna soils are in low areas.

The Dillwyn loamy fine sand of this complex has
the profile described as representative of the series.
The Tivoli loamy fine sand has a profile similar to the
one described as representative of the series except
gg ls(zurface layer is loamy fine sand about 10 inches

ick.

Runoff is very slow, and wetness is a concern when
managing Dillwyn soils. Soil blowing can form blow-
outs on the Tivoli soils during dry seasons. Careful
management is needed to maintain native grasses, con-
trol brush and trees, and control soil blowing.

Most of the acreage of this complex is used for range.
Small areas are used as wildlife habitat. Capability
unit VIe-2 dryland ; Dillwyn soils in Subirrigated range
site, Tivoli soils in Sands range site.

Farnum Series

The Farnum series consists of deep, nearly level, well
drained soils on uplands. These soils formed in strati-
fied, loamy old alluvium that has sand or clay layers in
places.

In a representative profile the surface layer is gray-
ish brown loam about 9 inches thick. The upper part of
the subsoil is dark grayish brown, friable loam about
13 inches thick. The middle part is brown, firm clay
loam 24 inches thick; and the lower part of the subsoil
is brown, friable clay loam about 7 inches thick. The
underlying material is yellowish brown loam.

Permeability is moderately slow. Available water
capacity is high, and natural fertility is high.

Farnum soils are well suited to dryland and irrigated
crops, native and tame grasses, and trees and shrubs
commonly grown in the county. Major crops are winter
wheat, sorghum, and alfalfa. Irrigated corn and soy-
beans are grown in places.
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Representative profile of Farnum loam in & culti-
vated field, 1,815 feet south and 100 feet east of the
northwest corner of sec. 10, T. 24 S., R. 12 W.

Ap—0 to 9 inches; grayish brown (10YR 5/2) loam, very
dark grayish brown (10YR 3/2) when moist; weak
fine granular structure; slightly hard and friable;
many roots; medium acid; gradual smooth boundary.

B1—9 to 22 inches; dark grayish brown (10YR 4/2) loam,
very dark grayish brown (10YR 3/2) when moist;
moderate medium granular structure; slightly hard
and friable; many roots; medium acid; gradual smooth
boundary.

B21t—22 to 30 inches; brown (10YR 4/3) clay loam, dark
brown (10YR 3/3) when moist; moderate fine sub-
angular blocky structure; hard and firm; many roots;
thin clay films on some peds; slightly acid; gradual
smooth boundary.

B22t—30 to 38 inches; brown (10YR 5/3) clay loam, dark
brown (10YR 3/3) when moist; moderate medium
subangular blocky structure; hard and firm; many
roots; distinct thin clay films; slightly acid; gradual
smooth boundary.

B23t—38 to 46 inches; brown (10YR 5/3) clay loam, dark
brown (10YR 3/3) when moist; moderate fine sub-
angular blocky structure; hard and firm; common
roots; distinct thin clay films; neutral; gradual smooth
boundary.

B3—46 to 53 inches; brown (10YR 5/8) clay loam, dark
brown (10YR 4/3) when moist; moderate medium
granular structure; slightly hard and friable; com-
mon roots; neutral; gradual smooth boundary.

C—b53 to 60 inches; yellowish brown (10YR 5/4) loam,
dark yellowish brown (10YR 4/4) when moist; weak
fine granular structure; slightly hard and friable;
few roots; mildly alkaline.

The A horizon is grayish brown, dark grayish brown,
or very dark grayish brown. It is typically loam but is
very fine sandy loam in places. This horizon is 7 to 17
inches thick. The B horizon is grayish brown, dark gray-
ish brown, very dark grayish brown, brown, or dark
brown. It is 27 to 52 inches thick. The B2t horizon is
clay loam, while the B3 horizon is clay loam or sandy clay
loam. The C horfizon is brown, pale brown, light yellowish
brown, or yellowish brown loam, clay loam, sandy clay
loam, or fine sandy loam.

Farnum soils are similar to Blanket and Naron soils.
They are near Attica, Carwile, Clark, and Tabler soils.
Farnum soils have less clay in the B2t horizon than Blan-
ket, Carwile, and Tabler soils. They contain less sand than
Attica and Naron soils and lack the high concentration of
soft masses and concretions of lime that are characteristic
of Clark soils.

Fa—Farnum fine sandy loam. This nearly level soil
is in areas where slopes are medium and long and
plane or convex. It has a profile similar to the one de-
scribed as representative of the series except for a
surface layer that is fine sandy loam and ranges from
11 to 17 inches in thickness. Slopes are 0 to 1 percent.

Included with this soil in mapping are small areas
of Carwile fine sandy loam and Tabler loam. In some
small areas layers are high in content of sodium, and
the surface crust has little or no vegetation. These
areas are indicated on the map by a spot symbol. Each
symbol represents 1 to 3 acres.

Runoff is slow, and this soil absorbs water readily.
Soil blowing is likely to occur unless the surface is
protected by crops or crop residue. Careful manage-
ment is needed, not only to control soil blowing but to
conserve moisture and maintain soil fertility. Surface
ponding after rainfall is a concern of management in
small areas.

Most of the acreage of this soil is in dryland and
irrigated crops. Small areas are in native grass range.
Capability unit Ile-1 dryland and Ile-1 irrigated;
Sandy range site.

Fr—Farnum loam. This nearly level soil has medium
and long convex slopes. It has the profile described as
representative of the series. The surface layer is 7 to
10 inches thick. Slopes are 0 to 2 percent.

Included in places with this soil in mapping are small
areas of Carwile fine sandy loam and Tabler loam. Also
included are small areas of a soil that has a high con-
centration of soft masses and concretions of lime in
the lower part of the subsoil and in the underlying
material. Other inclusions that have layers high in
content of sodium and little or no vegetation are indi-
cated on the map by a spot symbol. Each symbol rep-
resents 1 to 3 acres.

Runoff is slow to medium, and soil blowing is a con-
cern of management. The surface of this soil needs to
be protected by crops or crop residue. Careful man-
agement is needed to conserve moisture, control soil
blowing and water erosion, and to maintain soil tilth
and fertility. Water erosion is a concern of manage-
ment on long slopes. Management is needed to control
surface ponding after rainfall in low areas.

Most of the acreage of this soil is in dryland and
irrigated crops. Other small areas are in native range.
Capability unit Ilc-1 dryland and Class I irrigated;
Loamy Upland range site.

Kingman Series

The Kingman series consists of deep, nearly level,
slightly depressional, poorly drained soils on broad
flood plains along major streams. These soils formed
in calcareous silty clay loam alluvium that is underlain
by loamy layers at a depth of more than 40 inches.

In a representative profile the surface layer is gray
silty clay loam about 18 inches thick. The subsoil is
about 32 inches thick. The upper 22 inches is light gray,
firm silty clay loam, and the lower 10 inches is light
gray, firm silty clay loam that has soft masses and
concretions of lime. The underlying material is very
pale brown sandy loam.

Permeability is moderately slow. Available water
capacity is very high, and natural fertility is high. The
water table is at a depth of 6 inches to 2 feet. King-
man soils are subject to occasional flooding.

Most of the acreage of this soil is in range. Small
areas are used as hay meadow, and other areas are used
as stockwater pits.

Kingman soils are well suited to native grasses, espe-
cially the tall native grasses commonly grown in the
county. They are not suited to cultivated crops.

Representative profile of Kingman silty clay loam
in grassland, 1,980 feet north and 80 feet west of the
southeast corner of sec. 22, T. 25 S., R. 12 W.

Al11—0 to 10 inches; gray (10YR 5/1) silty clay loam,
very dark gray (10YR 3/1) when moist; moderate
medium granular structure; hard and firm; many
roots; violently effervescent; moderately alkaline;
gradual smooth boundary.
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A12-—10 to 18 inches; gray (10YR 5/1) silty clay loam,
very dark gray (10YR 3/1) when moist; strong me-
dium granular structure; hard and firm; many roots;
violently effervescent; moderately alkaline; gradual
smooth boundary.

B2g—18 to 40 inches; light gray (10YR 6/1) silty clay
loam, common medium distinet mottles of light yellow-
ish brown (10YR 6/4), grayish brown (10YR 5/2)
when moist; moderate medium granular structure;
hard, firm; common roots; common soft accumulations
and concretions of lime; violently effervescent; mod-
erately alkaline; smooth diffuse boundary.

B3g—40 to 50 inches; light gray (10YR 6/1) silty clay
loam, medium distinet mottles of very pale brown
(10YR 7/4), grayish brown (10YR 5/2) when moist;
moderate fine granular structure; hard and firm; few
roots; accumulations of lime in nearly white, soft,
irregular masses; violently effervescent; moderately
alkaline; gradual smooth boundary.

C—50 to 60 inches; very pale brown (10YR 7/3) sandy
loam; many medium distinct mottles of reddish yellow
(7.5YR 6/6), pale brown (10YR 6/3) when moist;
massive; slightly effervescent; moderately alkaline.

The A horizon is 12 to 20 inches thick. It is gray, grayish
brown, dark gray, or very dark grayish brown and is
typically silty clay loam but is loam or clay loam in places.
The B horizon is light gray, gray, or light brownish gray
silty eclay loam. The C horizon is very pale brown, pale
brown, light brownish gray, gray, or light gray sandy
loam, fine sandy loam, loam, silty clay loam, or clay loam.

Kingman soils are similar to Plevna and Zenda soils.
They are near Natrustolls and small areas of Waldeck
soils. Kingman soils contain less sand than Plevna, Wal-
deck, or Zenda soils. They lack the horizons that have
the high salt content characteristic of those in Natrustolls.

Kg—Kingman silty clay loam. This nearly level soil
is on long, slightly concave flood plains. Slopes are 0 to
1 percent. Included in places in mapping are small
areas of Natrustolls.

Runoff is slow. This soil is wet and subject to occa-
sional flooding. The water table is at a depth of about
6 inches during periods of high stream flow and drops
to a depth of 2 feet during dry periods. Careful man-
agement is needed to maintain native grass cover and
to control brush and trees.

Most of the acreage of this soil is in range. Small
areas are in hay meadows, and others are used for
stockwater pits. Capability unit Vw-3 dryland; Sub-
irrigated range site.

Naron Series

The Naron series consists of deep, nearly level and
gently sloping, well drained soils on uplands. These
soils formed in loamy and sandy eolian deposits.

In a representative profile the surface layer is gray-
ish brown fine sandy loam about 8 inches thick. The
subsoil is 30 inches thick. The upper 5 inches is brown,
friable fine sandy loam the middle 15 inches is brown,
friable sandy clay loam, and the lower 10 inches is
brown, friable, fine sandy loam. The underlying mate-
rial is brown fine sandy loam.

Permeability is moderate. Available water capacity
and natural fertility are high.

Naron soils are well suited to dryland and irrigated
crops and to native or tame grasses grown in the
county. Major crops are winter wheat, sorghum, and
alfalfa. Corn and soybeans are grown in places.

Representative profile of Naron fine sandy loam in
a cultivated field, 660 feet north and 270 feet west of
the southeast corner of sec. 35, T. 23 S., R. 14W.

Ap—oO0 to 8 inches; grayish brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak fine granular structure; slightly hard and
very friable; many roots; slightly acid; gradual
smooth boundary.

B1—8 to 13 inches; brown (10YR 4/3) fine sandy loam,
dark brown (10YR 3/3) when moist; weak coarse
prismatic breaking to weak medium subangular blocky
structure; hard and friable; slightly acid, many fine
roots; gradual smooth boundary.

B2t—13 to 28 inches; brown (10YR 5/3) sandy clay loam,
dark brown (10YR 3/3) when moist; moderate coarse
prismatic structure breaking to moderate medium sub-
angular blocky; very hard and friable; common fine
roots; neutral; gradual smooth boundary.

B3—28 to 38 inches; brown (10YR 5/3) fine sandy loam,
dark brown (10YR 4/3) when moist; weak coarse
prismatic structure parting to moderate medium
granular; hard and friable; few roots; neutral; diffuse
smooth boundary.

C—38 to 60 inches; brown (10YR 5/3) fine sandy loam,
dark brown (10YR 4/3) when moist; massive; slightly
hard; friable; neutral.

The A horizon is grayish brown or dark grayish brown
fine sandy loam 8 to 12 inches thick. The Bl horizon is
grayish brown, dark grayish brown, or brown fine sandy
loam or loam 5 to 10 inches thick. The B2t horizon is
grayish brown, brown, pale brown or pinkish gray loam,
sandy clay loam, or fine sandy loam 14 to 28 inches thick.
The B3 and C horizons are light brown, brown, pale
brown, or light yellowish brown fine sandy loam or loam.
The C horizon is sandy clay loam or loamy sand in places.
Silty and clayey layers are at a depth of more than 40
inches in many places.

Naron soils are similar to Attica and Farnum soils.
They are near Pratt and Carwile soils. Naron soils have
more clay in the B horizon than Attica and Pratt soils
and contain less clay than Farnum or Carwile soils. They
alg}o are dark colored to a shallower depth than Farnum
SO1l8.

Na—Naron fine sandy loam. This nearly level and
gently sloping soil is in a landscape of long and medium
convex slopes (fig. 7). Included in mapping are small
areas of Pratt and Carwile soils.

Runoff is slow. This soil will blow unless protected
by crops or crop residue. Careful management is
needed to control soil blowing, conserve soil moisture,
and maintain soil fertility.

Most of the acreage of this soil is in dryland crops.
Some fields are irrigated (fig. 8) and a few areas are
in native grass and are used for grazing. Capability
u.r;;it Ile-1 dryland and Ile-1 irrigated, Sandy range
site.

Natrustolls

(Nu) Natrustolls — are on low terraces of major
streams. Mapped areas are 85 percent Natrustolls and
soils similar to Natrustolls and 15 percent small areas
of Kingman, Plevna, Waldeck and Zenda soils. The
soils in this unit are variable. In general Natrustolls
are loamy throughout, but some consist of loamy ma-
terial over sandy material or clayey material over
sandy material. Most commonly, the surface layer is
grayish brown fine sandy loam, loam, or clay loam
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Figure 7.—Alfalfa and wheat stubble mulch on Naron fine sandy
loam.

5 to 10 inches thick. The subsoil is clay loam or sandy
clay loam 5 to 20 inches thick and contains various
amounts of salts and sodium. Nests of salts are com-
mon. The underlying material is dominantly fine sandy
loam or clay loam, but in many places sandy or clayey
layers are below a depth of 40 inches.

Permeability is typically moderately slow, but in
small areas it ranges from slow to moderately rapid.
Available water capacity is moderate, and natural fer-
tility is low. These soils are somewhat poorly drained
and are subject to occasional flooding. They have a
seasonal high water table at a depth of 2 to 6 feet.

Natrustolls are used mostly for range. Small areas
are used for cultivated crops. Natrustolls are well
suited to native grasses and are poorly suited to culti-
vated crops. Wetness, flooding, and excess salts are
concerns of management. Capability unit VIs-1; Saline
Subirrigated range site.

Plevna Series

The Plevna series consists of deep, nearly level to
sloping poorly drained soils on flood plains. These soils
formed in loamy alluvium underlain in many places by
sandy or clayey alluvium.

In a representative profile the surface layer is dark
grayish brown fine sandy loam about 12 inches thick.
The subsoil is mottled, grayish brown, friable and very
friable fine sandy loam about 26 inches thick. The
underlying material is pale brown fine sand.

Permeability is moderately rapid above the water
table. These soils have a seasonally high water table

Figure 8.——Gravity irrigated corn on Naron soils.

that is within a few inches of the surface during wet
seasons and drops to a depth of about 4 feet late in
summer and early in autumn. Available water capacity
is moderate, and natural fertility is high.

Plevna soils are well suited to native grasses. They
are not suited to cultivated crops. They are used mainly
for range, but small areas are in hay meadow.

Representative profile of Plevna fine sandy loam in
an area of Dillwyn-Plevna complex in grassland, 1,980
feet north and 1,020 feet east of the southwest corner
of sec. 33, T.22 S,,R. 11 W,

Al1—0 to 12 inches; dark grayish brown (10YR 4/2) fine
sandy loam, very dark grayish brown (10YR'3/2)
when moist; weak fine granular structure; slightly
hard and friable; many fine roots; neutral; gradual
smooth boundary.

B21g-—12 to 24 inches; grayish brown (10YR 5/2) fine
sandy loam; common fine distinct mottles of pale
brown (10YR 6/3) and gray (10YR 5/1); dark gray-
ish brown (10YR 4/2) when moist; moderate medium
granular structure; slightly hard and friable; com-
mon fine roots; neutral; gradual smooth boundary.

B22g—24 to 38 inches; grayish brown (10YR 5/2) light
fine sandy loam; common fine distinct mottles of light
yellowish brown (10YR 6/4) and gray (10YR 5/1);
dark grayish brown (10YR 4/2) when moist; weak
fine granular structure; slightly hard, very friable;
few fine roots; neutral; gradual smooth boundary.

IIC—38 to 60 inches; pale brown (10YR 6/3) fine sand;
few fine faint mottles of brownish yellow (10YR 6/6);
brown (10YR 5/3) when moist; massive; soft and
very friable; mildly alkaline.

The A horizon is dark grayish brown, grayish brown,
gray, or dark gray fine sandy loam 10 to 18 inches thick.
It is loamy fine sand in places. The Bg horizon is grayish
brown, light brownish gray, light gray, or gray fine sandy
loam 20 to 40 inches thick. The C horizon is commonly fine
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gan}:l, but in places it is loamy or clayey at depths below 40
inches.
Plevna soils are similar to Kingman and Waldeck soils.
They are near Dillwyn, Natrustolls, Pratt, Tivoli, and
Zenda soils. Plevna soils are more poorly drained than
Waldeck soils, and runoff is slower on Plevna soils. They
contain more sand than Kingman, Natrustolls, and Zenda
soils and less sand than Dillwyn, Pratt, and Tivoli soils.

Pa—Plevna soils. These nearly level, slightly de-
pressional soils are on flood plains of perennial streams.
Slopes are 0 to 1 percent.

Included with these soils in mapping are small areas
of Pratt and Zenda soils,

Runoff is very slow, and wetness is a concern of
management. The water table is within a few inches
of the surface during wet seasons and drops to a depth
of about 4 feet late in summer and early in autumn.
The soils in this mapping unit are generally flooded
more than once a year. Careful management is needed
to maintain native grasses, control brush and scrub
trees, and improve runoff.

Most of the acreage of these soils is used for range.
Some small areas are used as hay meadows, and others
are used for stockwater pits. Capability unit Vw-1 dry-
land ; Subirrigated range site.

Pc—Plevna soils, channeled. These soils are on low,
channeled flood plains of perennial streams in areas
200 to 500 feet wide. They formed in highly stratified,
loamy and sandy recent alluvium. Slopes are 3 to 15
percent. The surface layer is typically fine sandy loam
but is loamy fine sand in places.

This mapping unit is 90 percent Plevna and similar
soils; 5 percent stream channels, stream banks, gravel,
and sand bars; and 5 percent Waldeck and Zenda soils
in small areas on natural stream levees and outlying
areas of the flood plain.

This mapping unit is usually flooded more than 3
times a year. Careful management is needed to main-
tain native grasses, control brush and scrub trees, and
reduce channel erosion and deposition.

Most of the acreage of these soils is range. Stock-
water pits are seldom established because of frequent
flooding. Capability unit VIw-I dryland; Subirrigated
range site.

Pratt Series

The Pratt series consists of deep, undulating to roll-
ing well drained soils on uplands. These soils formed
in sandy eolian sediment.

In a representative profile the surface layer is gray-
ish brown loamy fine sand about 8 inches thick. The
subsoil is strong brown, very friable, heavy loamy fine
sand about 20 inches thick. The underlying material
is light yellowish brown loamy fine sand.

Permeability is rapid. Available water capacity is
low, and natural fertility is medium.

Pratt soils are suited to dryland and irrigated crops
and to native and tame grasses commonly grown in
the county. Major crops are winter wheat and sor-
ghum. Irrigated corn and dryland and irrigated alfalfa
are grown in places.

Representative profile of Pratt loamy fine sand,

hummocky, in a windbreak; 1,500 feet west and 10
{fet n%t;th of the southwest corner of sec. 21, T. 22 S.,
.12 W.

Al1—o0 to 8 inches; grayish brown (10YR 5/2) loamy fine
sand, dark grayish brown (10YR 4/2) when moist;
weak fine granular structure; soft and very fri-
able many fine roots; slightly acid; gradual smooth
boundary.

B2t—8 to 28 inches; strong brown (7.5YR 5/6) heavy
loam fine sand, brown (7.5YR 4/4) when moist; mod-
erate coarse prismatic structure parting to weak me-
dium granular; hard and very friable; common fine
roots; slightly acid; diffuse boundary.

C—28 to 60 inches; light yellowish brown (10YR 6/4)
loamy fine sand, dark yellowish brown (10YR 4/4)
when moist; structureless; loose; few fine roots;
slightly aeid.

The A horizon is grayish brown, dark grayish brown or
brown loamy fine sand 6 to 14 inches thick. The B2t hori-
zon is strong brown, brown, or yellowish brown heavy
loamy fine sand 15 to 36 inches thick. The C horizon is
brown, light brown, light yellowish brown, or pale brown
loamy fine sand or loamy sand.

Pratt soils are similar to Albion, Attica, Dillwyn, and
Tivoli soils. They are near Carwile, Farnum, and Naron
soils. Pratt soils have more sand in the B horizon than
Albion, Attica, Carwile, Farnum, and Naron soils. They
are less sandy than Tivoli soils. Unlike Dillwyn soils,
Pratt soils are not saturated part of the year.

Ph—Pratt loamy fine sand, hummnocky. This soil is
on wind modified uplands. It has short and medium
length convex slopes that range from 5 to 10 percent.
This soil has the profile described as representative of
the series.

Included with this soil in mapping are small areas
of Attica, Carwile, Farnum, Naron, and Tivoli soils.
Also included are small areas of intermittent lakes and
depressions. Underlying layers in these areas are
clayey, loamy, and sandy. Most depressions are indi-
cated on the map by a spot symbol. Each symbol rep-
resents about 214 acres.

Runoff is slow, and soil blowing is a concern of
management. Careful management of cultivated crops
and crop residue is needed to control soil blowing, con-
serve moisture, and maintain soil fertility. Careful
management of range is needed to control soil blowing.

Most of the acreage of this soil is range. In places
fields are in dryland crops or irrigated crops. Capcbil-
ity unit IVe-1 dryland and IIle-1 irrigated; Sands
range site.

Po—Pratt loamy fine sand, undulating. This soil is
on wind modified sandy uplands. It has medium length
convex slopes that range from 1 to 5 percent.

Included with this soil in mapping are similar soils
that have a subsoil of fine sandy loam or light fine
sandy loam; small areas of Attica, Carwile, Farnum,
and Naron soils; and, in places small areas of inter-
mittent lakes and depressions. Gray clayey layers and
loamy layers underlain by sand are in the areas of
intermittent lakes and depressions. Most of the de-
pressions are indicated on the map by a spot symbol.
Each symbol represents about 214 acres.

Runoff is slow, and soil blowing is a concern of
management. Careful management is needed to control
soil blowing, conserve moisture, and maintain soil fer-
tility. Ponding in areas of intermittent lakes and de-
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pressions is a minor concern of management.

Most of the acreage of this soil is cultivated crops,
but small areas are used for range. Major crops are
winter wheat, sorghum, and alfalfa. Irrigated corn is
grown in places. Capability units IIle-1 dryland and
IITe-1 irrigated; Sands range site.

Pr—Pratt-Carwile complex, 0 to 8 percent slopes.
This complex is on wind modified uplands. It has short
and medium length convex slopes.

This complex is 50 percent Pratt loamy fine sand
and similar soils; 85 percent Carwile fine sandy loam
and similar soils; and 15 percent Attica, Farnum,
Naron, and Tabler soils in small areas.

Pratt and Attica soils are undulating. They are on
hummocks. These soils have profiles similar to those
described as representative of their respective series.
Naron soils are gently sloping, and Carwile, Farnum,
and Tabler soils are nearly level and are in low areas.

The soils similar to the Pratt soil have a surface
layer of grayish brown or brown loamy fine sand and
a subsoil of brown fine sandy loam. The underlying
material is yellowish brown loamy fine sand. The soils
similar to the Carwile soil have a surface layer of
grayish brown loamy fine sand and a subsoil of light
brownish gray or gray clayey material. The underlying
material of these soils is loamy or clayey.

Runoff is slow, and soil blowing and ponding are
concerns of management. Water stands in low areas
for long periods after rainfall. Soil blowing needs to
be controlled, low areas need to be drained, moisture
needs to be conserved (especially where slopes are un-
dulating), and soil fertility needs to be maintained.

Most of the acreage of this complex is in cultivated
crops. Small areas are in range. Major crops are winter
wheat, sorghum, and alfalfa. Irrigated corn is grown
in places. Capability unit IIle-1 dryland and IIle-1
irrigated; Pratt soil in Sands range site, Carwile soil
in Sandy range site.

Pt—Pratt-Tivoli loamy fine sands, hummocky. This
complex is on wind modified sandy uplands. It has
short convex slopes that range from 5 to 15 percent.

This complex is 65 percent Pratt loamy fine sand;
25 percent Tivoli loamy fine sand; 5 percent Tivoli fine
sand; and 5 percent Carwile, Dillwyn, and Tabler soils
in small areas.

Pratt and Tivoli soils are on hummocks, and Carwile,
Dillwyn, and Tabler soils are in low areas. The Tivoli
loamy fine sand has a profile similar to the one de-
scribed as representative of the series, except the sur-
face layer is loamy fine sand about 10 inches thick.

Runoff is slow, and soil blowing is a concern of
management. Very careful management is needed to
maintain a good native grass cover that will protect
these soils from blowing.

All of the acreage of this complex is used for range.
Capability unit VIe-1 dryland and IVe-1 irrigated;
Sands range site.

Tabler Series

The Tabler series consists of deep, moderately well
drained, nearly level soils on uplands. These soils
formed in loamy and clayey old alluvium.

In a representative profile the surface layer is dark
grayish brown loam about 7 inches thick. The subsoil
is 81 inches thick. The upper 16 inches is dark gray,
very firm silty clay, and the lower 25 inches is grayish
brown, very firm clay. The underlying material is light
gray clay.

Permeability is very slow. Available water capacity
is high, and natural fertility is high.

Tabler soils are well suited to dryland crops and
native or tame grasses commonly grown in the county.
They are moderately well suited to irrigated crops.
Major crops.are winter wheat, sorghum, and alfalfa.

Representative profile of Tabler loam, cultivated, 610
feet north and 100 feet west of the southeast corner
of sec. 23, T. 21 8., R. 13 W.

Ap—0 to 7 inches; dark grayish brown (10YR 4/2) loam,
very dark brown (10YR 2/2) when moist; moderate
fine granular structure; slightly hard and friable;
many fine roots; slightly acid; clear smooth boundary.

B21t—7 to 23 inches; dark gray (10YR 4/1) silty clay,
very dark gray (10YR 3/1) when moist; moderate
fine blocky structure; very hard and very firm; com-
mon fine roots; clay films on nearly all peds; slightly
acid; gradual smooth boundary.

B22t—28 to 338 inches; grayish brown (10YR 5/2) clay,
very dark grayish brown (10YR 3/2) when moist;
moderate medium blocky structure; extremely hard
and very firm; clay films on nearly all peds; few fine
roots; mildly alkaline; gradual smooth boundary.

B3—33 to 48 inches; grayish brown (10YR 5/2) clay;
common medium distinct mottles of equal proportions
of black (N 2/0) and brown (7.5YR 5/4); dark gray-
ish brown (10YR 4/2) when moist; moderate medium
subangular blocky structure; very hard and very
firm; patchy clay films; slightly effervescent; moder-
ately alkaline; gradual smooth boundary.

C—48 to 60 inches; light gray (10YR 7/2) clay; common
fine distinct mottles of light brown (7.5YR 6/4);
grayish brown (10YR 5/2) when moist; massive;
hard and firm; violently effervecent; moderately alka-
line; many fine concretions.

The A horizon is dark grayish brown, grayish brown,
dark gray, or very dark grayish brown. It is typically
loam but is clay loam or silt loam in places. This horizon
is 5 to 12 inches thick. The B2t horizon is 13 to 26 inches
thick. The B21t horizon and B22t horizon are silty clay
or clay. The B3 horizon is silty clay or clay 9 to 17 inches
thick. It is silty clay loam or clay loam in places. The C
horizon is light gray, gray, light brownish gray, grayish
brown, or pale brown clay, silty clay loam, or clay loam.
Fine lime concretions are at a depth of 27 to 38 inches.

Tabler soils are near Blanket, Carwile, and Farnum
soils. Tabler soils have more clay in the B horizon than
Farnum soils, They have a thinner transition between
the A and B2t horizons than Blanket or Carwile soils.

Ta—Tabler loam. This nearly level soil is on medium
and long, slightly concave upland slopes. Slopes are
0 to 1 percent.

Included in places with this soil in mapping are
small areas of Blanket, Carwile, and Farnum soils.
Also included are small areas of soils that have a sub-
soil high in content of lime and other small areas of
soils that have layers high in content of sodium.

Runoff is slow, or the surface is ponded. The surface
layer crusts when dry, and water movement through
the subsoil is very slow. This soil is likely to blow un-
less protected by crops or crop residue. Careful man-
agement is needed to control soil blowing, improve
surface drainage, and maintain soil tilth and fertility.
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Surface ponding and very slow permeability are con-
cerns of management.

Most of the acreage of this soil is used for cultivated
crops. Major crops are winter wheat, sorghum, and
alfalfa. Irrigated sorghum and corn are grown in
places. Other small areas are in native grass used for
range. Capability unit IIs-1 dryland and IIs-1 irri-
gated; Clay Upland range site.

Tivoli Series

The Tivoli series consists of deep, excessively
drained, undulating to hilly soils on uplands. These
soils formed in sandy eolian sediment.

In a representative profile the surface layer is brown
fine sand about 6 inches thick. The underlying material
is light yellowish brown fine sand.

Permeability is rapid. Available water capacity is
low, and natural fertility is low.

Tivoli soils are suited to native grasses commonly
grown in the county.

Representative profile of Tivoli fine sand, hilly, in
grassland, in the E 14 of NW 14 of NW 14 of sec. 25,
T.22 S, R. 12 W.

Al1—0 to 6 inches; brown (10YR 5/3) fine sand, dark
brown (10YR 4/3) when moist; single grained; loose;
common roots; slightly acid; gradual smooth boundary.

C—6 to 60 inches; light yellowish brown (10YR 6/4) fine
sand, yellowish brown (10YR 5/4) when moist; single
grained; loose; few fine roots; slightly acid.

The A horizon is brown, grayish brown, light brownish
gray, pale brown, light yellowish brown, or yellowish
brown fine sand 4 to 8 inches thick. It is loamy fine sand
in places. The C horizon is brown, yellowish brown, pale
brown, light yellowish brown, or brownish yellow fine sand.
Layers of coarse sand, gravel, or loamy material are at a
depth of 40 inches or more in places.

Tivoli soils are near Attica, Carwile, Dillwyn, Plevna,
and Pratt soils. They contain more sand than Attica, Car-
wile, Dillwyn, Plevna, or Pratt soils.

Tv—Tivoli fine sand, hilly. This soil is on wind
modified sandy uplands. It has short convex slopes that
range from about 5 to 20 percent. This soil has the
profile described as representative of the series.

Included with this soil in mapping are small areas
of Pratt and Carwile soils. Also included are small
areas of a soil that has calcareous fine sand and loamy
fine sand underlying material.

Runoff is slow, and soil blowing is a concern of' man-
agement. Careful management is needed to maintain
native grass cover in good. condition and to control
soil blowing. . . .

This soil is native grass range. Qapablhty unit
VIle-1 dryland; Choppy Sands range site.

Waldeck Series

The Waldeck series consists of deep, nearly level,
somewhat poorly drained soils on flood plains and low
terraces. These soils formed in loamy alluvium.

In a representative profile the surface layer is gray-
ish brown and dark grayish brown fine sandy loam 12
inches thick. The next layer is grayish brown, friable

fine sandy loam about 8 inches thick. The underlying
material, to a depth of 30 inches, is brown fine sandy
loam. Below this it is pale brown fine sand.

Permeability is moderately rapid above the water
table. These soils have a seasonally high water table.
Available water capacity is moderate, and natural fer-
tility is high.

Waldeck soils are well suited to dryland crops and
trees and native and tame grasses commonly grown in
that county. Major crops are winter wheat, sorghum,
and alfalfa.

Representative profile of Waldeck fine sandy loam in
a cultivated field, 1,650 feet west and 150 feet south of
the northwest corner of sec. 29, T. 23 S,, R. 13 W.

Ap—0 to 6 inches; grayish brown (10YR 5/2) fine sandy
loam, very dark grayish brown (10YR 3/2) when
moist; weak fine granular structure; slightly hard
and very friable; many fine roots; mildly alkaline;
gradual smooth boundary.

A12—6 to 12 inches; dark grayish brown (10YR 4/2) fine
sandy loam, very dark grayish brown (10YR 3/2)
when- moist; weak fine granular structure; slightly
hard and very friable; many fine roots; mildly alka-
line; gradual smooth boundary.

AC—12 to 20 inches; grayish brown (10YR 5/2) fine
sandy loam, dark grayish brown (10YR 4/2) when
moist; moderate fine granular structure; slightly
hard and friable; common fine roots; slightly effer-
vescent; mildly alkaline; gradual smooth boundary.

C1—20 to 30 inches; brown (10YR 5/3) light fine sandy
loam; common medium distinct mottles of yellowish
brown (10YR 5/4) and common fine distinct mottles
of gray (10YR 6/1), dark brown (10YR 4/3) when
moist; moderate fine granular structure; slightly
hard and very friable; few fine roots; strongly effer-
vescent; moderately alkaline; diffuse boundary.

C2—30 to 60 inches; pale brown (10YR 6/3) fine sand
with few fine faint mottles of yellowish brown (10YR
5/4); brown (10YR 5/3) when moist; single grained;
loose; strongly effervescent; moderately alkaline,

The A horizon is grayish brown, dark grayish brown,
dark gray, or gray fine sandy loam 10 to 20 inches thick.
It is loam in places. The AC and C1 horizons are sandy
loam or fine sandy loam and have a combined thickness of
14 to 40 inches. The C2 horizon is grayish brown, light
brownish gray, pale brown, brown, light yellowish brown,
or yellowish brown fine sand or loamy fine sand.

Waldeck soils are similar to Plevna and Zenda soils.
They are near Dillwyn and Kingman soils and Natrustolls.
Waldeck soils contain less sand than Dillwyn soils and
more sand than Kingman and Zenda soils or Natrustolls.
They are less saline than Natrustolls, Waldeck soils are
not so wet as Plevna soils.

.W?—-Waldeck fine sandy loam. This nearly level
soil is on short and medium low terraces and flood
plains adjacent to major streams. Slopes are 0 to 1
percent. '

Included with this soil in mapping are small areas
of Zenda soils. Some small areas of well drained, less
frequently flooded soils and soils that have a finer
texture below the surface layer are also included.

Runoff is slow, and this soil is subject to flooding
during periods of heavy rainfall. The water table fluctu-
ates between depths of 2 and 6 feet. Careful manage-
ment of cultivated crops and crop residue is needed to
control soil blowing and to maintain soil fertility.

Most of the acreage of this soil is used for dryland
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crops. In places small areas are used for range. Capa-
bility unit ITIw-1 dryland and IIIw-1 irrigated; Sub-
irrigated range site.

Zenda Series

The Zenda series consists of deep, nearly level, some-
what poorly drained soils on low stream terraces. These
soils formed in loamy, calcareous alluvium.

In a representative profile the surface layer is gray-
ish brown loam about 20 inches thick. The underlying
material, to a depth of 54 inches, is mottled, pale brown
loam. Below this it is pale brown loamy fine sand.

Permeability is moderate. Available water capacity
is high, and natural fertility is medium. These soils
are subject to occasional flooding and have a seasonally
high water table at a depth of 2 to 6 feet.

Zenda soils are well suited to dryland crops, trees,
and native and tame grasses commonly grown in the
county. Major crops are winter wheat, sorghum, and
alfalfa.

Representative profile of Zenda loam in an area of
Zenda-Natrustolls complex in grassland, 1,830 feet
north and 150 feet east of the southwest corner of
sec. 21, T. 23 S, R. 13 W.

A11—0 to 5 inches; grayish brown (10YR 5/2) loam, very
dark grayish brown (10YR 38/2) when moist; weak
fine granular structure; hard and friable; many fine
roots; mildly alkaline; gradual smooth boundary.

Al12—5 to 20 inches; grayish brown (10YR 5/2) loam,
very dark grayish brown (10YR 3/2) when moist;
hard and friable; many fine roots; moderately alka-
line; strongly effervescent; gradual smooth boundary.

C1—20 to 54 inches; pale brown (10YR 6/3) loam and
common medium distinct mottles of light brown
(7.5YR 6/4), brown (10YR 5/3) when moist; weak
fine granular structure; hard, friable; few fine roots;
violently effervescent; moderately alkaline; fine soft
masses of lime and fine concretions; gradual smooth
boundary.

C2—b54 to 60 inches; pale brown (10YR 6/3) loamy fine
sand and common medium distinct mottles of reddish
yellow (7.5YR 6/6), brown (10YR 5/3) when moist;
massive; slightly hard and very friable; strongly ef-
fervescent; moderately alkaline.

The A horizon is grayish brown, dark grayish brown,
gray, dark gray, dark brown, or brown loam 10 to 20
inches thick. It is clay loam or fine sandy loam in places.
The C horizon is pale brown, light brownish gray, grayish
brown, brown, light brown, strong brown, light yellowish
brown, or yellowish brown loam. It is clay loam in places.
In places the C horizon has layers of fine sandy loam and
loamy fine sand at a depth of less than 40 inches.

Zenda soils are similar to Waldeck and Plevna soils and
Natrustolls. They are near Kingman soils. They contain
less sand than Waldeck and Plevna soils and more sand
than Kingman soils. Zenda soils lack the natric horizons
or horizons high in content of that characteristic of
Natrustolls.

Za—Zenda-Natrustolls complex. This nearly level
complex is on short and medium length low terraces
of major streams. Slopes are 0 to 1 percent.

This complex is 75 percent Zenda loam and similar
soils; 15 percent Natrustolls; and 10 percent Carwile,
Kingman, and Plevna soils in small areas.

Natrustolls in this complex have characteristics sim-
ilar to those described as representative of the soils in
the Natrustolls unit.

Runoff is slow, and flooding of short duration can
be expected at least once each year. The water table
fluctuates in sandy layers from a depth of 2 to 6 feet.
These soils will blow if they are not protected by crops,
crop residue, or good stands of native and tame grasses.
The main management needs are providing a good pro-
tective cover by growing grasses or trees and main-
taining soil fertility where the soils are saline. Capa-
bility unit IVs-1 dryland and IVs-1 irrigated; Zenda
goil in Subirrigated range site, Natrustolls in Saline
Subirrigated range site.

Planning the Use and Management
of the Soils

The soil survey is a detailed analysis and evaluation
of the most basic resource of the survey area-—the soil.
It may be used to fit the use of the land, including
urbanization, to the limitations and potentials of the
natural resources and the environment, and to help
avoid soil related failures in uses of the land.

During a soil survey soil scientists, conservationists,
engineers, and othezs keep extensive notes, not only
about the nature of the soils but also about unique
aspects of behavior of these soils in the field and at
construction sites. These notes include observations of
erosion, drought damage to specific crops, yield esti-
mates, flooding, the functioning of septic systems, and
other factors relating the kinds of soil and their pro-
ductivity, potentials, and limitations under various
uses and management. In this way field experience and
measured data of soil properties and performance are
used as a basis for predicting the behavior of the so'ils.

Information in this section will be useful in applying
basic facts about the soils to plans and decisions for
use and management of soils for cultivated crops ar;d
pasture, range, and woodland. The information will
also be useful for many nonfarm uses, including build-
ing sites, highways and other transportation systems,
sanitary facilities, parks and other recreational de-
velopments, and wildlife habitat. From the data pre-
sented, the potential of each soil for specified land uses
is determined, soil limitations to these land uses is
identified, and costly failures in homes and other struc-
tures, because of unfavorable soil properties, may be
avoided. A site can be selected where the soil properties
are favorable, or practices can be planned that will
overcome the soil limitations.

Planners and others using the soil survey can evalu-
ate the impact of specific land uses on the overall pro-
ductivity of the survey area or other broad planning
area and on the environment. Both of these factors are
closely related to the nature of the soil. Plans can be
made to maintain or create a land use pattern in har-
mony with the natural soil. .

Contractors can find information useful in locating
sources of sand and gravel, road fill, and topsoil. Other
information indicates the presence of bedrock, wet-
ness, or very firm soil horizons that cause difficulty in
excavation.

Health officials, highway officials, engineers, and
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other specialists can find useful information in this
soil survey. The safe disposal of wastes, for example,
is closely related to properties of the soil. Pavements,
sidewalks, campsites, playgrounds, lawns, trees and
shrubs, and most other uses of land are influenced by
the nature of the soil.

Management of Soils for Dryland Crops®

Wheat, grain sorghum, and alfalfa are the major
crops grown in Stafford County. Forage sorghum,
corn, and truck crops are also grown. The sequence of
crops affects the combination of practices needed on
a particular soil. A closely spaced crop such as wheat
provides more protection for the soil than a widely
spaced crop such as sorghum. Also, crop residue from
wheat fields provides more protection than the more
coarse residue derived from grain sorghum.

Stripcropping can be used to control soil blowing.
It is suited to nearly all of the soils in the county ex-
cept some nearly level silt loams on uplands, some
nearly level soils on flood plains, and hilly, sandy soils
on uplands. Applying manure and returning crop resi-
due to the soil help to maintain organic matter, natural
soil fertility, and tilth,

Careful management of crop residue is needed on
all of the soils used for cultivated crops in Stafford
County to maintain good soil structure, promote infil-
tration of water, and control soil blowing and water
erosion. A cover of crop residue on the surface helps
hold the soil in place, increases the amount of water

ki

intake, and helps reduce the effect of beating raindrops
and subsequent puddling. Increasing the amount of
water that penetrates the soil surface on higher areas
of the landscape helps reduce the amount of runoff
into lower ponded areas.

Minimum or reduced tillage helps prevent the break-
down of soil aggregates and maintains more residue
on the surface, Tillage of soils that have a loamy or
clayey subsoil when too wet tends to cause the develop-
mglrlt of a tillage pan to a greater degree than on sandy
soils.

Terracing and contour farming can be used to re-
duce water erosion and help conserve rainfall on nearly
all of the soils having single, nearly level and gentle
slopes. They are not generally applicable to soils that
have complex slopes. These soils are more commonly
managed by using stripcropping. Terraces, contour
farming, and stripcropping tend to save water for in-
creased crop growth and add to the amount of crop
residue available to protect the soil.

Some areas of the county, mainly along Rattlesnake
Creek, contain a sufficient amount of salts to adversely
affect the growth of plants. Natrustolls, for example,
have horizons high in exchangeable sodium (fig. 9).
These salts formed in old alluvial deposits and have
weathered and moved about in the soil and in fluctuat-
ing water fables.

The chemical composition of salt-affected soils varies.

2EARL BONDY, conservation agronomist, Soil Conservation Ser-
vice, assisted in writing this section.
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Figure 9.—A severe salt-affected area of native grassland near Rattlesnake Creek.
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The composition of each individual salt-affected area
is not easily predicted and requires separate analysis
to properly identify the type and amount of salt pres-
ent. When the nature and composition of these areas
are known, gypsum or other soil amendments may be
used if good drainage has been established in the sur-
face layer and subsoil, use of the moldboard plow has
been discontinued, and crop residue is properly man-
aged. Other practices that tend to break up the crust
of the salt-affected area and promote leaching of salts
and sodium below the root zone are necessary in culti-
vated fields.

Salt tolerant crops and grasses such as wheat, rye,
bermudagrass, western wheatgrass, alkali sacaton, and
inland saltgrass are used to maintain plant cover and
for production.

Management of Soils for Irrigated Crops®

Major management needs of the irrigated soils in
Stafford County are use of irrigation water efficiently,
control of soil blowing, maintenance of soil tilth and
fertility, and control of erosion and runoff. Soil tilth
and fertility can be maintained by using commercial
fertilizers and manure, by making proper use of crop
residue, and by using a cropping sequence that includes
deep rooted legumes. Practices that increase content of

*LAWRENCE N. NIEMAN, district conservationist, and LARRY C.

Doub, technician, Soil Conservaton Service, assisted in writing
this section.

organic matter and avoid compacting of the soil also
help to improve soil tilth. Deep rooted legumes increase
the percolation of water and the movement of air in
lower soil horizons.

Most of the irrigation in Stafford County is done
by sprinklers (fig. 10). Surface irrigation also ig used
in places. A well designed sprinkler or surface irriga-
tion system is needed to conserve water, reduce erosion,
control tailwater, and avoid salt damage to soils. When
planning an irrigation system make sure that water
quality is suitable when applied to the soil; consider
the kind of soil in relation to its permeability and
natural soil drainage; make sure that the quantity of
water is adequate; choose the type of system best
suited to the soil and to the slope of the soil; and pre-
pare for the management of the soil and equipment
prior to, during, and between irrigations.

Sand and gravel beds of the Meade formation are
the most important source of irrigation water in
Stafford County (9). This formation yields moder-
ately hard water and in most places is good quality
water.

Irrigated crops are grown on all but the hilly areas
of the county. Major crops are corn, grain sorghum,
alfalfa, and wheat. Soybeans have been grown at the
Sandyland Experimental Field and other places in the
county. Irrigated truck crops also can be grown on
most of the soils of the county. Irish potatoes of good
qualJity have been produced on Pratt soils in fields near
St. John.

Figure 10.—Sprinkler irrigated corn on Naron and Carwile soils.
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Capability grouping

Some land users, particularly those who farm large
areas, may find it practical to use and manage alike
some of the different kinds of soils. The capability
classification system groups together the different
kinds of soil that have some similar characteristics.
Each group, in a general way, shows the suitability
to dryland or irrigated crops.

Capability grouping is based on permanent limita-
tions of the soil if it is used for commonly known field
crops, the risk of damage if cultivated, and the way
the soils respond to treatment. It does not take into ac-
count major landforming practices that would change
slope, depth, or other characteristics of the soil; does
not apply to major reclamation projects; and does not
apply to exotic crops, for which management is un-
known or for crops that require special management.

The capability classification system can be used to
infer something about the behavior of soils if used for
other purposes, but it is not a substitute for interpre-
tations designed to show suitability to and limitations
for engineering, range, windbreaks, wildlife habitat,
or recreation.

In the capability system all kinds of soil are grouped
at three levels: the class, the subclass, and the unit.
The broadest grouping, the capability class, is desig-
nated by Roman numerals I to VIII. In class I are the
soils that have the fewest limitations, the widest range
of use, and the least risk of damage if they are used.
The soils in the other classes have progressively greater
natural limitations. In class VIII are soils and land
forms so rough, shallow, or otherwise limited that they
cannot produce worthwhile yields of crops, forage, or
wood products. There are no class VIII soils in Staﬁ"qrd
County. The subclass indicates the major kind of lim-
itation within the class. Each class can have up to four
subclasses. The subclass is noted by a small letter, e, w,
s, or ¢ following the class numeral, for example IIe.
The letter “e” indicates soils susceptible to erosion or
that have been damaged by erosion; “w’” indicates soils
that are somewhat poorly drained or poorly drained,
that have a high water table, or are flooded; “s” indi-
cates soils that are shallow or stony, that have very
low or low available water capacity, very slow per-
meability, low natural fertility, or are saline or alka-
line; and “c¢” indicates that the chief limitation is
climate, considering that the soil would be more pro-
ductive if less dry or warmer.

Subclasses  are further divided into interpretive
groups called capability units. These are groups of
soils so much alike that they are suited to the same
commonly grown crops and tame pasture plants, re-
quire about the same management for the commonly
grown crops and tame pasture plants, and have gen-
erally similar productivity and response to manage-
ment. Capability units are identified by Arabic num-
bers assigned locally, for example Ile-1 or IVs-2.

Seven classes of the capability system and the sub-
classes and units in Stafford County are described in
the list that follows. The unit designation is given in
the “Guide to Mapping Units.”

Class I soils have few limitations that restrict their
use.

Unit I (irrigated only). This unit consists
of deep, nearly level, well drained soils
that have a surface layer of loam or silt
l(;am and a subsoil of clay loam or silty
clay.

Class II soils have moderate limitations that reduce
the choice of plants or that require moderate con-
servation practices.

Subclass Ile soils are on uplands and are sub-
ject to moderate erosion if they are not pro-
tected.

Unit Ile-1 (dryland and irrigated). This
unit consists of deep, nearly level and
gently sloping, well drained soils that
have a surface layer of fine sandy loam
and a subsoil of clay loam or sandy clay
loam.

Unit ITe-2 (dryland and irrigated). This
unit consists of deep, gently sloping, well
drained soils that have a surface layer
and subsoil of fine sandy loam.

Subclass IIw soils are on flood plains and up-
lands that have a seasonal water table and
moderate limitations because of excess water.

Unit IIw-1 (dryland and irrigated). This
unit consists of deep, nearly level, some-
what poorly drained soils that have a
surface layer of fine sandy loam and a
subsoil of sandy clay.

Subclass IIs soils are on uplands that have mod-
erate root zone limitations because the sub-
soil is very slowly permeable.

Unit IIs-1 (dryland and irrigated). This
unit consists of deep, nearly level, mod-
erately well drained soils that have a
surface layer of loam and a subsoil of
clay.

Subelass Ilc soils are on uplands where climate
is the major limitation of use.

Unit IIc-1 (dryland only). This unit con-

gists of deep, nearly level, well drained

soils that have a surface layer of loam or
silt loam and a subsoil of clay loam or silty
clay.

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

Subclass IIle soils are on uplands where
the hazard of erosion is severe if the soils are
cultivated and are not protected by plant
cover.

Unit IIle-1 (dryland and irrigated). This
unit consists mainly of deep, undulating
to rolling, well drained soils that have a
sandy surface layer and subsoil. Also in
this subclass are some low areas of deep,
ne_:i,rly level, somewhat poorly drained
soils.

Unit IIle-1 (irrigated only). This unit con-
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sists of deep, gently rolling to rolling,
well drained soils that have a sandy sur-
face layer and subsoil.

Unit IIle-2 (dryland and irrigated). This
unit consists of deep, gently sloping, well
drained, calcareous soils that have a sur-
face layer of loam and a loam transi-
tional layer over hard, calcareous, loamy
underlying material.

Unit ITle-3 (dryland only). This unit con-
sists of deep, gently sloping, somewhat
excessively drained soils that have a sur-
face layer of sandy loam and a subsoil
underlain by sand and gravel.

Subclass IIIw soils are on flood plains that have
severe limitations caused by excess water.

Unit IIIw-1 (dryland and irrigated). This
unit consists of deep, nearly level, some-
what poorly drained soils that have a
surface layer of fine sandy loam, a tran-
sitional layer of fine sandy loam, and
sandy underlying material.

Subclass ITIw soils are on flood plains that have
severe limitations caused by excess water.

Unit IIIw-1 (dryland and irrigated). This
unit consists of deep, nearly level, some-
what poorly drained soils that have a
surface layer of fine sandy loam, a tran-
sitional layer of fine sandy loam, and
sandy underlying material.

lass IV soils have very severe limitations that re-
strict the choice of plants, require very careful
management, or both.

Subclass IVe soils are on uplands where the
hazard of erosion is very severe if the soils
are cultivated and not protected by plant
cover,

Unit IVe-1 (dryland only ). This unit con-
sists of deep, gently rolling to rolling,
well drained soils that have a sandy sur-
face layer and subsoil and sandy under-
lying material.

Subclass IVs soils are on flood plains, stream
terraces, or uplands that have very severe
limitations for cultivated crops because of
salinity, alkalinity, or slow available water
capacity.

Unit IVs-1 (dryland and irrigated). This
unit consists of deep, nearly level, some-
what poorly drained soils that have a
surface layer of fine sandy loam, loam, or
clay loam and a subsoil of sandy clay
loam or clay loam. Saline soils are also
in this unit.

Unit IVs-2 (dryland or irrigated). This
unit consists of deep, nearly level, some-
what poorly drained soils that have a
surface layer of fine sandy loam and a
subsoil of sandy clay. Also in this unit
are soils having layers of sandy clay, clay
loam, or clay high in content of sodium.

Class V goils are subject to little or no erosion, but
they have other characteristics that limit their use
largely to pasture, range, woodland, or wildlife
habitat.

Subclass Vw soils are on flood plains that have
severe limitations as a result of excess water.

Unit Vw-1 (dryland only). This unit con-
gists of deep, nearly level, poorly drained
soils that have a surface layer and sub-
soil of fine sandy loam and sandy under-
lying material.

Unit Vw-2 (dryland only). This unit con-
sists of deep, nearly level to gently roll-
ing, wet soils that have a surface layer
of loamy fine sand underlain by fine sand
or loamy fine sand. Also in this unit are
wet soils that have a surface layer and
subsoil of fine sandy loam.

Unit Vw-3 (dryland only). This unit con-
sists of deep, nearly level, wet soils that
have a surface layer and subsoil of cal-
careous silty clay loam and have loamy
and sandy underlying material.

Class VI soils have severe limitations that make
them unsuitable for cultivated crops and restrict
their use largely to pasture or range, woodland, or
wildlife habitat.

Subclass Ve soils are severely limited mainly
by the hazard of erosion if protective cover
is not maintained.

Unit VIe-1 (dryland only). This unit con-
gists of deep, gently rolling to rolling,
well drained and excessively drained soils
that have a surface layer of fine sand
and a subsoil of loamy fine sand and fine
sand,

Unit VIe-2 (dryland only). This unit con-
sists of deep, nearly level and rolling,
somewhat poorly drained and excessively
drained soils that have a surface layer of
loamy fine sand underlain by fine sand.

Subclass VIw soils are severely limited by fre-
quent flooding and excessive water and are
generally unsuitable for cultivated crops.

Unit VIw-1 (dryland only). This unit con-
sists of deep, gently rolling to rolling,
frequently flooded, poorly drained soils
that have stratified sandy and loamy un-
derlying material.

Subclass VIs soils are on flood plains that have
severe limitations because of excess water
and excess quantities of saline and alkaline
salts.

Unit VIs-1 (dryland omnly). Deep, nearly
level, somewhat poorly drained saline
goils that have a surface layer of sandy
loam, clay loam, or loam and a subsoil of
clay loam or sandy clay loam containing
nests of salts. The underlying material
is loamy.

Class VII soils have very severe limitations that
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make them unsuitable for cultivated crops and
that restrict their use largely to range, woodland,
or wildlife habitat.

Subeclass VIle soils are very severely limited by
hazard of erosion and by a low available
water capacity and low natural fertility.

Unit VIle-1 (dryland only). Deep, hilly,
excessively drained soils that are fine
sand throughout.

Yields per acre

The average yields per acre that can be expected of
the principal crops under optimum management are
shown in table 2. In any given year yields may be
higher or lower than those indicated in table 2 because
of seasonal variations in rainfall and other climatic

factors. Absence of a yield estimate indicates that the
crop is not suited to or not commonly grown in the soil
or that irrigation of a given crop is not commonly prac-
ticed on the soil.

The predicted yields are based mainly on the ex-
perience and records of farmers, conservationists, and
Cooperative Extension Service agents. Results of field
trials and demonstrations and available yield data from
nearby counties were also considered.

The latest soil and crop management practices used
by many farmers in the county are assumed in pre-
dicting the yields. Hay and pasture yields are predicted
for varieties of grasses and legumes suited to the soil.
A few farmers may be using more advanced practices
and obtaining average yields higher than those shown
in table 2.

TABLE 2.—Yields per acre of crops and pasture

[All yields were estimated for a high level of management in 1974. Absence of a yield figure indicates the crop is seldom grown
or is not suited. Yields in columns N are for nonirrigated soils, those in columns I are for irrigated soils]

Winter wheat Corn Grain sorghum Alfalfa hay Tame pasture
Soil name and
map symbol
N I N 1 N I N 1 N I
Bu Bu Bu Bu Bu Bu Ton Ton AUM! AUM!
Albion: AN, 17 30 26 2.0
Attica: At 29 45 e 130 46 105 3.0 6.5 5.0 e
Blanket: Ba.............. 35 151 J O 120 57 100 3.5 6.5 7.0 s
Carwile: Ca, 2Cw............ 22 45 [ 130 32 105 3.5 6.5 6.0 e
Clark: Cxoooeie 24 B2 1: 0 OO, 110 38 90 2.5 6.0 |
Dillwyn:
ZDpy ........
2Dt.
32 50 140 52 115 3.0 6.5 5.0 oo
32 53 135 50 110 3.0 6.5 50 oo
32 50 e 140 54 115 3.0 6.5 6.0 |
Natrustolls:  NU- oo e e et e fenm e semecne e eeeeseccn e aene
Plevna: ?Pa, *Pc............. ISR (SRRSO HUUUUT NUUUUUUUURORIN MU ISV SUSTURUSVORN USRI
20 30 115 39 85 2.0 5.5
24 35 125 44 90 2.5 5.5
26 40 130 40 100 3.0 6.0 [ e
28 40 | 110 40 90 e 5.5 e
B e D Y 20U [UU P R UUU ORI SUUUUUUURNSUSIE IOUNOUNRUUURIN ARSI JOUUGRUOUUUUUPRTO! [SRUNUUROUSO FORSUURUUNUR U
Waldeck: Wa.. ... 27 35 | 120 45 100 3.5 5.5 70 o
Zenda: 2Za.......o...... 17 32 e 90 o £ T 5.0 [

1A nimal-unit-months refers to the number of months during a normal growing season that 1 acre will provide grazing for one ani-
mal unit without injury to the sod. One animal unit is defined as one cow, horse, or steer; five hogs; or seven sheep.
*This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-

havior of the whole mapping unit.
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The predicted yields reflect the relative productive
capacity of the soils for each of the principal crops.
Yields are likely to increase in the future as new pro-
duction technology is developed. The relative produc-
tivity of a given soil compared to other soils, however,
is not likely to change.

Crops other than those shown in table 2 are grown
in the survey area, but because their acreage is small,
predicted yields for these crops are not included. The
local offices of the Soil Conservation Service and the
Cooperative Extension Service can provide informa-
tion about the productivity and concerns of manage-
ment of the soils for these crops.

Use of Soils for Range*

Range is land on which the natural or climax vege-
tation is composed principally of native grasses, grass-
like plants, forbs, and shrubs which are valuable for
grazing by livestock. Range management is the man-
agement of this land to produce forage for livestock,
provide habitat for wildlife, reduce sedimentation, and
increase recreation and aesthetic values.

In Stafford County, income from livestock and live-
stock products account for about 38 percent of the total
agricultural income (8, 9). The number of beef cows
that have calved in the county ranged from 18,000 to
20,000 in the three years 1971, 1972, and 1973.

Most production of livestock forage is from range-
land. Supplemental feed is obtained from cultivated
crops and their byproducts. About 19 percent of the
total land area in the county, or about 96,000 acres,
is range.

Range in Stafford County varies considerably in the
kinds and amounts of native plants produced. Range
managers or operators need to know the capabilities of
different kinds of range before they can manage it
properly.

Range sites and range conditions

Because of the many differences in the soils in
Stafford County, there are several different kinds of
range. These different kinds of range are called “range
sites.”

As the grasslands developed, a mixture of plants
best adapted to each range site developed. This mix-
ture of plants is called the natural or climax plant
community for the site. The climax plant community
for a given site varies slightly from year to year, al-
though the kinds and proportion of plants remain
about the same if undisturbed.

The original mixture of plants fitted the soil and
climate of the range site so perfectly that other kinds
of plants did not volunteer unless an area was dis-
turbed. So consistent is the relation between plants,
climate, and soils that the climax plant community
can be accurately predicted even on severely disturbed
sites if the soil is identified.

Range conservationists and soil scientists, working

‘By ARNOLD G. MENDENHALL, range conservationist, Soil Con-
servation Service.

together, group soils that can potentially support the
same climax plant communities into range sites.

Repeated overuse by grazing animals, excessive
burning, and plowing result in changes in the kinds,
proportions, or amounts of climax plants. Depending
on the kind and degree of disturbance, some kinds of
plants increase while others decrease. If the disturb-
ance is too severe, plants that are not a natural part
of the climax plant community may invade, and some
natural plants may be eliminated. Under these circum-
stances forage production usually decreases. Plant re-
sponse to grazing depends on the kind of grazing ani-
mal, the season of use, and how closely the plant is
grazed. If good management follows disturbances,
however, the climax plant community is gradually re-
established unless soils have been severely eroded.

Range condition is an expression of how closely the
present plant community compares with the climax
plant community for a given range site. The more
nearly the present kinds and proportionate amount of
plants are like the climax plant mixture, the better
the range condition.

Four range condition classes are used to indicate the
degree of departure from the natural or climax plant
community brought about by grazing or other uses.
These classes show the present condition of the plant
community or a range site in relation to the potential
climax plant community.

A range site is in excellent condition if 76 to 100
percent of the present plant community is the same
kind as that in the climax plant community. It is in
good condition if 51 to 75 percent is the same as the
climax plant community, in fair condition if 26 to 50
percent is the same, and in poor condition if less than
26 percent is the same.

The present range condition provides an index to
changes that have taken place in the plant community.
More important, however, range condition provides
a basis for predicting the kinds and proportionate
amount of changes in the present plant community
that can be expected from management and treatment
measures. Thus, the range condition rating indicates
the nature of the present plant community. The climax
cover for the range sites represents a goal towards
which range management may be directed.

Knowledge of the climax plant communities of range
sites and the nature of present plant communities in
relation to that potential is important in planning and
applying conservation practices to range. Such infor-
mation is the basis for selecting management objec-
tives, designing grazing systems, managing wildlife
habitats, determining recreation potential, and rating
watershed conditions.

Any objective for managing range must provide for
a plant cover that will adequately protect or improve
the soil and water resources and meet the needs of
the operator. This usually involves maintaining or in-
creasing desirable plants and restoring the plant com-
munity to near climax conditions where it has been
degraded. Sometimes, however, a plant community
somewhat below climax conditions will better fit spe-
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cific grazing needs, provide better wildlife habitat, or
furnish other benefits and still protect the soil and
water resources.

Descriptions of range sites

The range sites of Stafford County are described in
the paragraphs that follow. An approximate species
composition of the dominant plants of the climax plant
community is listed for each site. Plant species most
likely to invade are also listed. In addition, an estimate
of the potential annual production on an air dry
weight basis of the vegetation is indicated for each
site. The soils in each range site may be determined by
referring to the “Guide to Mapping Units” at the back
of this soil survey.

CHOPPY SANDS RANGE SITE

Tivoli fine sand, hilly, is the only soil in this range
site. The surface layer is loose, and blowouts are in
some areas. This soil is rapidly permeable, excessively
drained, and has low available water capacity. Hilly
areas of Tivoli fine sand are often bounded by hum-
mocky areas of Dillwyn-Tivoli loamy fine sands.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows: sand bluestem, 25 percent; little bluestem,
20 percent; sand lovegrass, 5 percent; big sandreed,
10 percent; switchgrass, 10 percent; indiangrass, 10
percent; sand dropseed, 5 percent; sand paspalum, 5
percent; Texas bluegrass, 5 percent; and Virginia
tephrosia 5 percent,

If the climax plant community deteriorates as a
result of continuous overgrazing by livestock, such
plants as sand bluestem, little bluestem, sand love-
grass, Virginia tephrosia, big sandreed, and switch-
grass decrease in abundance and forage production.
As these plants decrease in abundance, such less pro-
ductive plants as sand dropseed, sand paspalum, blue
grama, sand plum, and western ragweed increase. If
the plant community continues to deteriorate as a re-
sult of long periods of overgrazing, plants such as
annual eriogonum, camphorweed, annual broomweed,
sandbur, annual threeawn, witchgrass, windmillgrass,
and other annuals invade the plant community.

In the absence of proper brush management prac-
tices, this site becomes heavily invaded with such
woody plants as sand plum, skunkbush, cottonwood,
and willow.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 1,800
pounds per acre, but it may vary from about 2,500
pounds in favorable years to about 1,000 pounds in un-
favorable years.

CLAY UPLAND RANGE SITE

Tabler loam is the only soil in this range site. It is a
deep, nearly level, moderately well drained, clayey soil
on uplands. Permeability is very slow, and runoff is
slow. This soil is droughty during periods of low rain-
fall.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows: big bluestem, 20 percent; western wheat-
grass, 20 percent; side-oats grama, 15 percent; little
bluestem, 10 percent ; switchgrass, 5 percent; tall drop-
seed, 5 percent; blue grama, 10 percent; buffalograss,
5 percent; slimflower scurfpea, 5 percent; and dotted
gayfeather, 5 percent.

If the climax community deteriorates as a result of
continuous overgrazing by livestock, such plants as big
bluestem, western wheatgrass, side-oats grama, little
bluestem, and switchgrass decrease in abundance and
forage production. As these plants decrease in abund-
ance, such less productive plants as tall dropseed, blue
grama, buffalograss, western ragweed, sagewort, and
sand dropseed increase. If the plant community con-
tinues to deteriorate as a result of long periods of over-
grazing, such plants as silver bluestem, three-awns,
annual broomweed, snow-on-the-mountain, tumble-
grass, and other annuals invade the plant community.

When this range site is in excellent condition, the
average annual yield of air dry herbage is approxi-
mately 3,000 pounds per acre, but it may vary from
about 5,000 pounds in favorable years to about 2,000
pounds in unfavorable years.

LIMY UPLAND RANGE SITE

Clark loam, 1 to 3 percent slopes, is the only soil in
this range site. It is a deep, well drained, calcareous,
loamy soil on uplands. Permeability is moderate, run-
off is medium, and available water capacity is high.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows: big bluestem, 25 percent; little bluestem,
20 percent; side-oats grama, 20 percent; indiangrass,
5 percent; switchgrass, 5 percent; blue and hairy
grama, 5 percent; leadplant, 5 percent; catclaw sen-
sitivebrier, 5 percent; blacksamson, 5 percent; and
western wheatgrass, 5 percent.

If the climax plant community deteriorates as a
result of continuous overgrazing by livestock, such
plants as big bluestem, little bluestem, indiangrass,
switchgrass, leadplant, catclaw sensitivebrier, and
blacksamson decrease in abundance and forage pro-
duction. As these plants decrease in abundance, such
less productive plants as western wheatgrass, blue-
grama, side-oats grama, hairy grama, buffalograss,
tall dropseed, dotted gayfeather and broom snakeweed
increase. If the plant community continues to deterio-
rate as a result of long periods of overgrazing, such
plants as silver bluestem, annual broomweed, three-
awns, and other annuals invade the plant community.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 3,000
pounds per acre, but it may vary from about 4,500
pounds in favorable years to about 2,000 pounds in
unfavorable years.
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LOAMY UPLAND RANGE SITE

This range site consists of nearly level, deep, well
drained soils of the Blanket and Farnum series. Per-
meability is moderately slow, and the available water
capacity is high.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows: big bluestem, 85 percent; side-oats grama,
20 percent; blue grama, 10 percent; little bluestem, 5
percent; switchgrass, 5 percent; indiangrass, 5 per-
cent; western wheatgrass, 5 percent; tall dropseed,
5 percent; Illinois bundleflower, 5 percent; and wild
alfalfa, 5 percent.

If the climax plant community deteriorates as a re-
sult of continuous overgrazing by livestock, such plants
as big bluestem, little bluestem, switchgrass, indian-
grass, and Illinois bundleflower decrease in abundance
and forage production. As these plants decrease in
abundance, such less productive plants as western
wheatgrass, side-oats grama, tall dropseed, blue grama,
buffalograss, and western ragweed increase. If the
plant community continues to deteriorate as a result
of long periods of overgrazing, such plants as annual
broomweed, three-awn, silver bluestem, annual brome,
and other annuals invade the plant community.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 3,500
pounds per acre, but it may vary from about 5,000
pounds in favorable years to about 2,000 pounds in
unfavorable years.

SALINE SUBIRRIGATED RANGE SITE

Natrustolls are the only soils in this range site.
They are deep, nearly level, somewhat poorly drained,
saline and alkali soils on low terraces bordering flood
plains. A fluctuating water table is at a depth of 2 to
6 feet, but it rises to near the surface during wet
seasons.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows : alkali sacaton, 25 percent; alkali cordgrass,
20 percent; switchgrass, 20 percent; indiangrass, 5
percent; knotroot bristlegrass, 5 percent; inland salt-
grass, 10 percent; Canada wildrye, 3 percent; western
wheatgrass, 5 percent; Illinois bundleflower, 3 percent;
and Maximilian sunflower, 4 percent.

If the climax plant community deteriorates as a re-
sult of continuous overgrazing by livestock, all of the
plants given in the previous paragraph except inland
saltgrass decrease in abundance and forage production.
As these plants decrease in abundance, such less pro-
ductive plants as inland saltgrass, tall dropseed, sedges,
blue grama, and western ragweed increase. If the plant
community continues to deteriorate as a result of long
periods of overgrazing, such plants as windmillgrass,
tumblegrass, annual brome, and other annuals invade
the plant community. Tamarisk and Russian-olive are

serious woody invaders on this site regardless of the
condition of the plant community.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 6,500
pounds per acre, but it may vary from about 8,500
pounds in favorable years to about 5,500 pounds in
unfavorable years.

SANDS RANGE SITE

This range site consists of deep, undulating to roll-
ing soils of the Pratt and Tivoli series. The surface
layer is loamy fine sand, and the subsoil or underlying
material is loamy fine sand or fine sand. These soils

absorb moisture rapidly, but they have a low available

water capacity (fig. 11).

The climax plant community on this range site is
predominantly warm season grasses and forbs. Ap-
proximate species composition, by weight, of the dom-
inant plants in the climax plant community is as fol-
lows: sand bluestem, 85 percent; little bluestem, 15
percent; switchgrass, 20 percent; indiangrass, 5 per-
cent; sand lovegrass, 5 percent; big sandreed, 5 per-
cent; sand dropseed, 5 percent; Scribner panicum, 5
percent; leadplant, 3 percent; and Virginia tephrosia,
2 percent.

If the climax plant community deteriorates as a re-
sult of continuous overgrazing by livestock, such plants
as sand bluestem, little bluestem, switchgrass, indian-
grass, sand lovegrass, big sandreed, leadplant, and Vir-
ginia tephrosia decrease in abundance and forage pro-
duction. When these plants decrease in abundance, such
less productive plants as sand dropseed, sand paspa-
lum, blue grama, sand plum, and western ragweed
increase. If the plant community continues to deterio-
rate as a result of long periods of overgrazing, such
plants as camphorweed, sandbur, wild buckwheat, an-
nual sunflower, and other annuals invade the plant
community.

Such woody plants as sand plum and skunkbush are
common but in small amounts in the climax plant com-
munity. In the absence of proper brush management,
this site is inereasingly invaded with these plants.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 3,000
pounds per acre, but it may vary from about 4,500
pounds in favorable years to about 2,000 pounds in
unfavorable years.

SANDY RANGE SITE

This range site consists of deep, nearly level and
gently sloping soils of the Albion, Attica, Carwile,
Farnum, and Naron series. The surface layer is sandy
loam or fine sandy loam and the subsoil is sandy loam,
sandy clay loam, clay loam, or sandy clay. Permeability
is slow, moderately slow, moderate, or moderately
rapid. Available water capacity ranges from low to
high. Moisture intake is moderate to rapid, and run-
off is slow.

The climax plant community of this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
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Figure 11.—Sands range site in fair condition where, because of overgrazing, weeds are invading the plant community. Cottonwood
trees are in low areas of this range site.

the dominant plants in the climax plant community is
as follows: little bluestem, 30 percent; sand bluestem,
30 percent; switchgrass, 10 percent; indiangrass, 5
percent; sand lovegrass, 5 percent; sand dropseed, 5
percent; Scribner panicum, 5 percent; leadplant, 3
percent; catclaw sensitivebrier, 2 percent; and side-
oats grama, 5 percent.

If the climax plant community deteriorates as a re-
sult of continuous overgrazing by livestock, such plants
as little bluestem, sand bluestem, indiangrass, switch-
grass, sand lovegrass, leadplant, and catclaw sensitive-
brier decrease in abundance and forage production.
As these plants decrease in abundance, such less pro-
ductive plants as side-oats grama, sand dropseed, blue
grama, sand paspalum, and western ragweed increase.
If the plant community continues to deteriorate as a
result of long periods of overgrazing, such plants as
silver bluestem, wild buckwheat, camphorweed, annual
broomweed, and other annuals invade the plant com-
munity.

Such woody plants as sand plum and skunkbush are
common in small amounts in the climax plant commu-
nity, but in the absence of proper brush management
practices, this site is increasingly invaded with these
plants.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 2,500
pounds per acre, but it may vary from about 4,000
pounds in favorable years to about 1,800 pounds in
unfavorable years.

SUBIRRIGATED RANGE SITE

This range site consists of nearly level to gently
rolling, somewhat poorly drained and poorly drained,
sandy and loamy soils of the Dillwyn, Plevna, King-
man, Waldeck, and Zenda series. The surface layer is
loamy fine sand, fine sandy loam, loam, or silty clay
loam. Underlying layers are sandy or loamy. A fluctu-
ating water table is at a depth of 1 to 6 feet. This water
table significantly affects the kinds and amounts of
potential vegetation.

The climax plant community on this range site is
predominantly a mixture of warm season grasses and
forbs. Approximate species composition, by weight, of
the dominant plants in the climax plant community is
as follows: eastern gamagrass, 25 percent; indian-
grass, 20 percent; big bluestem, 15 percent; prairie
cordgrass, 20 percent; switchgrass, 5 percent; little
bluestem, 5 percent; side-oats grama, 2 percent; tall
goldenrod, 2 percent; Maximilian sunflower, 4 percent;
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and Illinois bundleflower, 2 percent.

If the climax plant community deteriorates as a re-
sult of continuous overgrazing by livestock, such plants
as eastern gamagrass, indiangrass, big bluestem,
switchgrass, prairie cordgrass, Maximilian sunflower,
and Illinois bundleflower decrease in abundance and
forage production. As these plants decrease in abund-
ance, such less productive plants as little bluestem,
side-oats grama, and western ragweed increase. If the
plant community continues to deteriorate as a result
of long periods of overgrazing, plants such as silver
bluestem, windmillgrass, tumblegrass, annual broom-
weed, and other annuals invade the plant community.

In the absence of fire and proper brush management
practices, this site becomes heavily invaded with such
woody plants as willow, Russian-olive, dogwood, and
cottonwood.

When this site is in excellent condition, the average
annual yield of air dry herbage is approximately 8,000
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pounds per acre, but it may vary from about 9,000
pounds in favorable years to about 7,000 pounds in
unfavorable years.

Use of Soils for Windbreaks

Windbreaks are established to protect livestock,
buildings, and yards against winds and snow. They
also protect fruit trees and gardens, and they furnish
habitat for wildlife. Several rows of both broad leaved
and coniferous species provide the most protection.

Field windbreaks are narrow plantings made at
right angles to the prevailing wind and at specific
intervals across the field, the width of the interval de-
pending on the susceptibility of the soil to erosion. The
windbreaks protect cropland and crops from wind and
hold snow on the fields. They also provide food and
cover for wildlife (fig. 12).

Figure 12.—Eight row windbreak on Pratt loamy fine sand, undulating. Eastern redcedar and Siberian Elm dominate the southern
part of this windbreak.
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Environmental plantings help to beautify and screen
homes and other buildings and to abate noise around
them. The plants, mostly evergreen shrubs and trees,
are closely spaced. Healthy planting stock of suitable
species planted properly on a well prepared site and
maintained in good condition insures a high degree of
plant survival.

Planting and care of windbreaks

Areas to be planted to windbreaks need to be care-
fully planned, and the seedbed needs to be prepared
before the trees are planted. Species of trees and shrubs
best adapted to the soils of the area should be selected.
Loss of trees in windbreak plantings is generally the
result of a lack of conservation practices that conserve
moisture or the result of poor seedbed preparation.
It is essential that a firm, weed free seedbed be pre-
pared before the trees are planted. Most areas to be
planted to windbreaks in Stafford County can be pre-
pared the same way areas are prepared for cultivated
field crops.

Seedings should be planted early in spring, and they
should be protected so they will not dry out during
planting. The soil should be tamped firmly around the
roots of seedlings as they are planted.

Rainfall in Stafford County is likely to be limited
and irregular in occurence. Young trees require con-
siderable care if they are to survive and grow well in
a prairie climate. The windbreak should be cultivated
as often as necessary to control weeds and thus reduce
this competition for moisture.

Windbreaks need to be protected against damage by
livestock. Protection from fire is important and can
be achieved by continuous cultivation for weed control
on the isolation strip surrounding the windbreak.
Sometimes rabbits and mice chew the bark and girdle
young trees in a windbreak, and a recommended re-
pellant should be used to control rodents.

Stafford County is in a natural grassland area.
Survival and growth of trees in this area are greatly
influenced by the nature of the soil and by the soil, air
and moisture relationship. Trees normally grow best on
sandy loam soils. Only fair growth can be expected on
clayey soils because soil moisture is absorbed and re-
leased slowly by the clay. This is especially true of up-
land clayey soils, which tend to be droughty. Trees
grow poorly in very sandy soils because these soils do
not store enough water and plant nutrients.

Dillwyn, Plevna, Kingman, Tivoli soils, and Natrus-
tolls are too wet, too sandy, or too saline for the routine
cultivation necessary to establish and maintain a wind-
break without special management practices.

Table 8 shows the height that locally adapted trees
and shrubs are expected to reach on various kinds of
soils in 20 years. The estimates in table 3 are based on
measurements and observation of established plant-
ings that have been given adequate care. They can be
used as a guide in planning windbreaks. Additional
information about planning windbreaks and the plant-
ing and care of trees can be obtained from the local
office of the Soil Conservation Service, from the Co-

operative Extension Service, or from the local nursery-
men.

Use of Soils for Wildlife®

The soils in Stafford County have a high poten-
tial for the development of wildlife habitat. Access
roads are good throughout the County except in hilly
areas and in some areas along Rattlesnake Creek and
the North Fork of the Ninescah River.

Rattlesnake Creek, the North Fork of the Ninnescah
River, and parts of Wild Horse Creek provide good
fishing for bass, bluegill, channel catfish, and bull-
heads. There are few farm ponds, but numerous nat-
ural pools are fished along these major streams.

The hunting season for pheasant, quail, ducks, and
geese draws many hunters to Stafford County. Pheas-
ant and quail are well adapted to cultivated fields,
shelter-belts, pastures, and meadows. Cottontail rab-
bits are common in woodlands and brush areas along
streams.

The Quivira National Wildlife Refuge has an area
of 21,820 acres of salt marsh and native vegetation.
It is in eastern Stafford County. Migrating waterfowl
are hunted on designated areas during open hunting
seasons. Whooping cranes sometimes use the Refuge
during their migration. Bald eagles and golden eagles
use the Refuge in winter. A large variety of waterfowl
and shore birds may be observed throughout the differ-
ent seasons of the year. Upland game birds and animals
may also be hunted during open seasons.

Raccoon, beaver, skunk, opossum, and muskrat are
furbearers commonly associated with wet and wooded
areas of the county. Such songbirds as meadowlarks,
robins, mockingbirds, doves, and cardinals are com-
mon. A few brown thrashers have been observed in
shelterbelts. Insect eating birds, such as flycatchers,
also are common. Numerous crows return each year
to nesting areas in the trees of shelterbelts and in trees
along Rattlesnake Creek, Wild Horse Creek, and the
North Fork of the Ninnescah River. Hawks and other
birds of prey may be seen as they hunt for food on
the land below.

Soils directly affect the kind and amount of vegeta-
tion that are available to wildlife as food and cover,
and they affect the development of water impound-
ments. The kind and abundance of wildlife that popu-
lates an area depends largely on the amount and dis-
tribution of food, cover, and water. If any one of these
elements is missing, inadequate, or is inaccessible,
wildlife will either be scarce or will not inhabit the
area.

If the soils have the potential, wildlife habitat can
be created or improved by planting appropriate vegeta-
tion, by properly managing the existing plant cover,
and by fostering the natural establishment of desirable
plants.

In table 4 the soils in Stafford County are rated
according to their potential to support the main kinds

"RoBERT J. HIGGINS, biologist, Soil Conservation Service, as-
sisted in the preparation of this section
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of wildlife habitat in the county. This information can
be used to plan the use of parks, wildlife refuges,
nature study areas, and other developments for wild-
life; select soils that are suitable for creating, im-
proving, or maintaining specific elements of wildlife
habitat; determine the intensity of management needed
for each element of the habitat; and determine areas
that are suitable for acquisition to manage as wildlife
habitat.

The potential of the soil is rated good, fair, poor,
or very poor in table 4. A rating of good means that the
element of wildlife habitat or the kind of habitat is
easily created, improved, or maintained. Few or no
limitations affect management, and satisfactory re-
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sults can be expected if the soil is used for the desig-
nated purpose. A rating of fair means that the element
of wildlife habitat or kind of habitat can be created,
improved, or maintained in most places. Moderate
intensity of management and fairly frequent attention
are required for satisfactory results. A rating of poor
means that limitations are severe for the designated
element or kind of wildlife habitat. Habitat can be
created, improved, or maintained in most places, if
the rating is poor, but management is difficult and re-
quires intensive effort. A rating of very poor means
that limitations for the element of wildlife habitat or
kind of wildlife are very severe, and that unsatisfac-
tory results can be expected. Wildlife habitat is im-

TABLE 3.—Windbreaks and environmental plantings
[Absence of an entry means the species is not suited to this soil]

Expected heights in feet of specified trees at 20 years of age
Soil name and map symbol
Eastern Eastern Hackberry Honey- Ponderosa Russian- Siberian Osage
cottonwood redcedar locust pine olive elm orange
Albion: An...... 16 ) - T S 20 e
Attica: At 32 22 18 19 25 | 35 23
Blanket: Ba....... ... 35 25 26 22 24 16 40 26
Carwile: Ca, 1Cw............... 45 25 22 20 25 20
Clark: CXuoooooooieee, 20 24 27 30 25 19 40 22
Dillwyn:
1Dp:
2Dillwyn part.................... 45 25 28 28 30 15 30 24
]D:Plevna 313 o S 47 25 28 30 25 15 35 28
Dillwyn part............... 45 25 28 28 30 15 30 24
2Tivolt part..................... 25 15 | 18 oo 15 25 15
Farnum: Fa,Fro.._..___ .. .. 35 25 25 24 20 17 37 25
Kingman: 2Kg....._....._... 42 23 20 25 e 15 25 25
Naron: Na 37 24 27 35 25 17 44 23
Natrustolls: Nu.._......_....... 18 15 | €5 T PO 15
Plevna: Pa,?Pc..... .. ... 47 25 28 30 25 15 30 28
Pratt:
I':h, Po.... 35 18 20 25 20 15 30 15
1Pr:
Pratt part.....ooooo 35 18 20 25 20 15 30 15
Carwile part................... 45 25 22 20 25 20
1Pt:
Pratt part.............. 35 18 20 25 20 15 30 15
2Tivoli part. ... 20 15 e, 18 | 15 25 15
Tabler: Ta 40 20 22 20 35 24
Tivoli: T 20 ) PO 18 oo 15 25 15
Waldeck: Wa....oooooooe. 50 30 £ S U, 30 18 50 28
Zenda: Za.....ooooi, 45 27 27 17 -1 S FO

*This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-

havior of the whole mapping unit.

*These soils are poorly suited to routine cultivation and require special management practices to establish and maintain a wind-

break.



TABLE 4.—Wildlife habitat potentials

[See text for definitions of “good,” “fair,” “poor,” and “very poor”]

Potential for habitat elements

Potential as habitat for—

Soil name and
map symbol Grain Grasses Wild Hard- | Coniferous Wetland Shallow Open- Rangeland Wetland Woodland
and and = | herbaceous wood plants Shrubs plants water land wildlife wildlife wildlife
seed crops| legumes plants trees areas wildlife
Albion: An......... Fair...._.. Good......| Fair.____..... Poor........ Poor... ... Fair | Very poor....| Very poor....| Fair...__..| Fair_.__.... Very poor....| Fair.
Attica: At ... Good...... Good......| Good............ Good...... Good............ Fair..____.. Poor.......... Very poor....| Good......| Fair._......_. Very poor....| Good.
Blanket: Ba........ Good......| Good......| Fair_........ Good Good.........._. Good...... Poor............. Very poor....| Good......| Fair......._. Very poor....| Good.
Carwile: Ca, !Cw.._| Fair | Good......| Good............ Good...... Good............ Good Good............ Fair.........._. Good......; Good............ Fair............ Good.
Clark: CX.oooereveeeeeee Fair........ Good...... Fair . ... Good...... Good............ Poor....... Poor............. Very poor_...| Fair.._.__.. Poor........... Very poor....| Good.
Dillwyn:
iDp:
Dillwyn part......| Poor....... Fair........ Good............ Good...... Good......... Fair Fair_..... Good............| Fair_.__.. Good.
Plevna part........| Poor.__.... Fair Fair....... Fair Fair......_... Fair Good............ Good........... Fair........ Fair.
t:
Dillwyn part...... Poor........ Fair Good............ Good Good Fair Fair___ Good............ Fair i Good.
Tivoh part.......... Poor........ Poor........ Fair..___.... Poor._._.... Poor Poor Very poor....| Very poor....| Poor........ Poor............. Very poor....| Poor.
Farnum: Fa, Fr...._..| Good...... Good Good._........... Good Good........... Fair ... Fair___ Poor Good Fair Poor. Good.
Kingman: Kg..........} Poor...._.. Fair...... Good............ Fair.._.... Fair. ... Fair Fair.......... Fair ... Fair Fair_ ... Fair........... Fair.
Naron: Na......... Good Good Good............ Good...... Good_........... Fair_....... Poor...._...... Very poor....| Good...... Fair ... Very poor....; Good.
Natrustolls: Nu.__.. Poor........ Poor........ Very poor.._.| Poor....._.. Very poor Poor....... Fair......... Fair ... Poor....... Very poor....| Fair_.__..._. Very poor.
Plevna: !Pa,!Pc.... Poor........ Fair Fair........... Fair Fair........... Fair...._.. Good............ Good............ Fair........ Fair............ Good........... Fair.
Pratt:
Ph, PO .o Fair Good...... Fair.............. Fair Fair Fair .| Very poor....| Very poor....| Fair Fair............. Very poor....| Fair.
IPr:
Pratt part.......... Fair Good Fair............ Fair.._.... Fair.. Fair_._.....| Very poor....| Very poor....} Fair...... Fair........... Very poor....| Fair.
Carwile part.__... Fair..__... Good Good............ Good Good Good......| Good........... Fair._ ... Good......| Good Fair Good.
1pt:
Pratt part........... Fair Good...... .| Very poor...} Very poor....| Fair_._..___ Fair.......c... Very poor....| Fair.
Tivoli part......... Poor....... Poor........ Very poor....{ Very poor....[ Poor........ Poor.....cccoeeeee Very poor....| Poor.
Tabler: Ta......... Good...... Good { Poor Poor Good Fair Poor Good.
Tivoli: Tvo ... Poor........ Poor....... Very poor....| Very poor....{ Poor........ Poor............ Very poor....| Poor.
Waldeck: Wa........[| Fair._.__.. Good Good.......... Good...... Good....ccceonc Good Fair......... Fair ... Good Good........... Fair_ ... Good.
Zenda: 1Za....o... Fair... .. Good Good............ Good...... Good............ Good Fair Fair Good Good Fair Good.

1This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and behavior of the whole mapping

unit.
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practical or even impossible to create, improve, or
maintain on soils that have such a rating.

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

Grain and seed crops are seed producing annuals
used by wildlife. Examples are corn, sorghum, wheat,
oats, barley, millet and soybeans. The major soil prop-
erties that affect the growth of grain and seed crops
are depth of the root zone, texture of the surface layer,
available water capacity, wetness, slope, surface stoni-
ness, and flood hazard. Soil temperature and soil mois-
ture are also considerations.

Grasses and legumes are domestic perennial grasses
and herbaceous legumes that are planted for wildlife
food and cover. Examples are fescue, bluegrass, brome-
grass, timothy, orchardgrass, clover, alfalfa, trefoil,
and crownvetch. Major soil properties that affect the
growth of grasses and legumes are depth of the root
zone, texture of the surface layer, available water
capacity, wetness, surface stoniness, flood hazard, and
slope. Soil temperature and soil moisture are also con-
siderations.

Wild herbaceous plants are native or naturally estab-
lished herbaceous grasses and forbs, including weeds,
that provide food and cover for wildlife. Examples are
bluestem, indiangrass, switchgrass, lovegrass, wheat-
grass, grama, goldenrod, pokeweed, native lespedeza,
partridgepea, clovers, and sunflowers. Major soil prop-
erties that affect the growth of these plants are depth
of the root zone, texture of the surface layer, available
water capacity, wetness, surface stoniness, and flood
hazard. Soil temperature and soil moisture are also
considerations.

Hardwood trees and the associated woody under-
story provide cover for wildlife and produce nuts or
other fruit, buds, catkins, twigs, bark, or foliage that
wildlife eat. Examples of native plants are oak, syca-
more, elm, cottonwood, hackberry, hawthorn, dogwood,
persimmon, hickory, greenbrier, black walnut, grape,
and briers. Examples of fruit producing shrubs that
are commercially available and suitable for planting
in soils rated good are Russian-olive, autumn-olive,
bush honeysuckle, and crabapple. Major soil properties
that affect growth of hardwood trees and shrubs are
depth of the root zone, available water capacity, and
wetness.

Coniferous plants are trees, shrubs, or ground cover
that furnish habitat for wildlife or supply food in the
form of browse, seeds, or fruitlike cones. Examples
are pine, spruce, yew, cedar, and juniper. Major soil
properties that affect the growth of coniferous plants
are depth of the root zone, available water capacity,
and wetness.

Shrubs are bushy woody plants that produce fruits,
buds, twigs, bark, or foliage used by wildlife or that
provide cover and shade for some species of wildlife.
Examples are sumac, buckbrush, blackberry, and plum.
Major soil properties that affect the growth of shrubs
are depth of the root zone, available water capacity,
salinity, and moisture.

Wetland plants are annual and perennial wild her-

baceous plants that grow in moist or wet sites, exclu-
sive of submerged or floating aquatics. They produce
food or cover for wildlife that use wetland as habitat.
Examples of wetland plants are smartweed, rushes,
sedges, cattails, saltgrass, cordgrass, buttonbush, and
indigobush amorpha. Major soil properties that affect
wetland plants are texture of the surface layer, wet-
ness, reaction, salinity, slope, and surface stoniness.

Shallow water areas are bodies of surface water that
have an average depth of less than 5 feet and are use-
ful to wildlife. They can be naturally wet areas, or they
can be created by dams or levees or by water control
devices in marshes or streams. Examples are muskrat
marshes, waterfowl feeding areas, wildlife watering
developments, beaver ponds, and other wildlife ponds.
Major soil properties affecting shallow water areas are
depth to bedrock, wetness, surface stoniness, slope, and
permeability. The availability of a dependable water
supply is important if water areas are to be developed.

The kinds of habitat are briefly described in the
following paragraphs.

Openland habitat consists of croplands, pastures,
meadows, and areas that are overgrown with grasses,
herbs, shrubs, and vines. These areas produce grain
and seed crops, grasses and legumes, and wild herba-
ceous plants. The kinds of wildlife attracted to these
areas include bobwhite quail, pheasant, morning dove,
ﬁﬁld liparrow, crow, cottontail rabbit, skunk, and wood-
chuck,

Rangeland habitat consists of wild herbaceous plants
and shrubs on range. Examples of wildlife attracted to
this habitat are muledeer, prairie dog, jackrabbit, coy-
ote, badger, killdeer, meadowlark, and lark bunting.

The soils of Stafford County provide suitable habitat
for many kinds of animals and birds. The most im-
portant game birds are ducks, geese, ringneck pheas-
ant, and bobwhite quail. Alluvial soils along Rattle-
snake Creek, the North Fork of the Ninnescah River,
Wild Horse Creek, and Peace Creek produce habitat for
deer, raccoon, squirrel, muskrat, opossum, and song-
birds.

Wetland habitat consists of water-tolerant plants in
open, marshy, or swampy shallow water areas. Ex-
amples of wildlife attracted to this habitat are ducks,
geese, herons, shore birds, red-wing blackbirds, king-
fishers, muskrat, mink, and beaver.

Woodland habitat consists of hardwoods, conifers,
or a mixture of both, and associated grasses, legumes,
shrubs, vines, and wild herbaceous plants. Examples
of wildlife attracted to this habitat are wild turkey,
cardinals, thrushes, vireos, woodpeckers, tree squirrels,
gray fox, raccoon, opossum, and white-tailed deer.

Development of a habitat for wildlife requires plant
cover that the soils can produce in the proper locations.
Onsite technical assistance in planning and determin-
ing suitable plant species for wildlife areas can be ob-
tained from the Stafford County Conservation District
Office, Soil Conservation Service; the Bureau of Sports
Fisheries and Wildlife ; the Kansas Forestry, Fish, and
(S}‘amg Commission; and the Cooperative Extension

ervice.
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Use of Soils for Recreation®

Stafford County is served by two major U.S. high-
ways: U.S. Highway 281 and U.S. Highway 50. U.S.
Highway 281 crosses the county from north to south,
and U.S. Highway 50 crosses it from east to west. Most
all of the areas of the county are accessible by good
roads except for some of the sandhills and areas along
Rattlesnake Creek and the North Fork of the Ninnes-
cah River.

Hunting is the major attraction at Quivira National
Wildlife Refuge. Ducks, geese, pheasants, bobwhite
quail, doves, snipes, squirrels, rabbits, and crows may
be hunted in accordance with regulations when seasons
are open. No overnight camping or fires of any type are
permitted within the refuge. A large area around Qui-
vira National Wildlife Refuge is leased each year to
persons and clubs for waterfowl and upland game bird
hunting. Other areas near Rattlesnake Creek, the
North Fork of the Ninnescah River, and areas near Se-
ward, Kansas, are also leased for hunting. Many small-
er water areas throughout the county are leased for
hunting, fishing, and camping. Private clubs provide fa-
cilities for trap-shooting and rifle and pistol shooting.

A well kept nine hole golf course southwest of St.
John has a clubhouse and has golf cart storage fa-
cilities.

Flowing artesian wells near Big Marsh at the west-
ern edge of the Quivira National Wildlife Refuge
attract many people each year.

Good water supplies and good access roads through-
out Stafford County provide excellent opportunities,
both public and private, for further recreational de-
velopment.

The soils of Stafford County are rated in table 5
according to limitations that affect their suitability for
camp areas, picnic areas, playgrounds, and paths and
trails. The ratings are based on such restrictive soil
features as flooding, wetness, slope, and texture of the
surface layer. Not considered in these ratings, but im-
portant in evaluating a site, are location and accessi-
bility of the area, size and shape of the area, and its
scenic quality. Also important, but not considered for
the ratings, are the ability of the soil to support vegeta-
tion, access to water, potential water impoundment
sites available, and either access to public sewerlines
or capacity of the soil to absorb septic tank effluent.
Soils subject to flooding are limited, in varying de-
grees, for recreational use by the duration of flooding
and the season of occurrence. Ongsite assessment of
height, duration, and frequency of flooding is essential
in planning recreational facilities.

In table 5 the limitations of soils are rated as slight,
moderate, or severe. Slight means that the soil prop-
erties are generally favorable and that the limitations
are minor and are easily overcome. Moderate means
that the limitations can be overcome or alleviated by
planning, design, or special maintenance. Severe means
that soil properties are unfavorable and that limita-

‘LARRY C. Doup, conservation technician, Soil Conservation
Service, assisted in the preparation of this section.

tions can be offset only by costly soil reclamation, spe-
cial design, intensive maintenance, limited use, or by
a combination of these measures.

The information in table 5 can be supplemented by
additional information in other parts of this survey.
Especially helpful are interpretations for septic tank
absorption fields given in table 6 and interpretations
for dwellings without basements and for local roads
and streets given in table 7.

Camp areas require such site preparation as shaping
and leveling tent and parking areas, stabilizing roads
and intensively used areas, and installing sanitary
facilities and utility lines. Camp areas are subject to
heavy foot traffic and some vehicular traffic. The best
soils for this use have mild slopes and are not wet or
subject to flooding during the period of use. The sur-
face has few or no stones or boulders, absorbs rainfall
readily but remains firm, and is not dusty when dry.
Steep slopes and stones or boulders on the surface can
greatly increase the cost of constructing camping sites.

Picnic areas are subject to heavy foot traffic. Most
vehicular traffic is confined to access roads and parking
areas., The best soils for this use are firm when wet
but not dusty when dry, are not subject to flooding
during the period of use, are level or nearly level, and
do not have stones or boulders on the surface that will
increase the cost of shaping sites or of building access
roads and parking areas.

Playgrounds require soils that can withstand inten-
give foot traffic. The best soils are nearly level and not
wet or subject to flooding during the season of use. The
surface is free of stones or boulders, is firm after rains,
and is not dusty when dry. If shaping is required to
obtain a uniform grade, the depth to bedrock should
be sufficient to allow for necessary grading.

The design and layout of paths and trails for walk-
ing, horseback riding, and bicycling should require
little or no cutting and filling. The best soils for this
use are not wet, are firm after rainfall, are not dusty
when dry, and are not subject to flooding more than
once during the period of use. Slopes should be mod-
erate or less, and there should be few or no stones or
boulders on the surface.

Engineering Uses of the Soils’

This section provides information about the use of
soils for building sites, sanitary facilities, construction
materials, and water management. Among those who
can benefit from this section are engineers, landowners,
community planners, town and city managers, land
developers, builders, contractors, and farmers and
ranchers.

The ratings in table 6, 7, 8, and 9 are based on test
data and estimated data in the “Soil Properties” sec-
tion. The ratings were determined jointly by soil sci-
entists and engineers of the Soil Conservation Service
using known relationships between the soil properties
and the behavior of soils in various engineering uses.

"CLIFTON E. DEAL, civil engineer, Soil Conservation Service,
assisted in the preparation of this section.
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TABLE 5.—Recreational development

[“Percs slowly” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for
definitions of “slight,” “moderate,” and “severe”]
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Soil name and

map symbol Camp areas Picnic areas Playgrounds Paths and trails
Albion: An.... Slight. Slight Moderate: slope......cou... Slight.
Attica: At Slight. Slight Moderate: slope.............. Slight.
Blanket: Ba........... Moderate: percs slowly_.....| Slight Moderate: peres slowly......| Slight.
Carwile: Ca, 1Cw.......... Severe: wetness.................. Severe: wetness................ Severe: Wetness...........cccoeee Severe: wetness,
Clark: Cx.... Slight Slight Moderate: slope....o....c...... Slight.
Dillwyn:
1Dp:
Dillwyn part............ Severe: wetnessa....c......... Moderate: wetness.............. Severe: wetness................... Moderate: wetness.
. Plevna part.............. Severe: floods, wetness........ Severe: floods, wetness.......| Severe: floods, wetness.......| Severe: wetness.
t:
Dillwyn part............ Severe: wetness................. Moderate: wetness.............. Severe: wetness.............. Moderate: wetness.
Tivol part.............. Severe: too sandy, dusty....| Severe: too sandy, dusty....| Severe: too sandy, dusty....| Severe: too sandy, dusty.
Farnum: Fa, Fr........ Moderate: peres slowly......| Slight Moderate: peres slowly..... Slight.
Kingman: Kg.. ... Severe: wetness, floods........ Severe: wetness...........o..... Severe: wetness.................. Severe: wetness,
Naron: Na..... 1S 14 13 O Slight. Slight Slight.
Natrustolls: Nu...... Severe: wetness, floods, Moderate: floods, wetness, | Moderate: percs slowly, Moderate: wetness, exces
excess salt. excess salt. wetness, excess salt. salt.
Plevna: 'Pa, Pc.......| Severe: floods, wetness........ Severe: floods, wetness........| Severe: floods, wetness........ Severe: wetness.
Pratt
Phe Moderate: too sandy.......... Moderate: too sandy.......... Severe: slope.........ococceeee Moderate: too sandy.
lgo .................................. Moderate: too sandy.......... Moderate: too sandy.......... Moderate: too sandy.......... Moderate: too sandy.
r:
Pratt part.......... Moderate: too sandy.......... Moderate: too sandy.......... Moderate: too sandy.......... Moderate: too sandy.
Carwile part............ Severe: wetness, surface Severe: wetness............... Severe: wetness............c.... Severe: wetness.
ponding.
1Pt;
Pratt part. ... Moderate: too sandy.......... Moderate: too sandy..........| Severe: P ...| Moderate: too sandy.
Tivoli part Severe: too sandy, dusty...| Severe: too sandy, dusty....| Severe: too sandy, dusty....| Severe: too sandy, dusly.
Tabler: Ta.. ... Severe: peres slowly........... Moderate: too clayey.......... Severe: percs slowly............ Moderate: too clayey.
Tivoli: Tvoo . Severe: too sandy, dusty....| Severe: too sandy, dusty....| Severe: too sandy, dusty....| Severe: too sandy, du ty.
Waldeck: Wa........_. Severe: floods, wetness........ Moderate: floods, wetness..]| Moderate: floods, wetness..| Moderate: wetness.
Zenda: Za........... Severe: floods, wetness........ Moderate: floods, wetness..| Moderate: floods, wetness..| Moderate: wetness.

'This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-
havior of the whole mapping unit.

Among the soil properties and site conditions identi-
fied by the soil survey and used in determining the
ratings in this section are grain size distribution,
liquid limit, plasticity index, soil reaction, depth to and
hardness of bedrock within 5 or 6 feet of the surface,
soil wetness characteristics, depth to a seasonal water
table slope, likelihood of flooding, natural soil structure
or aggregation, inplace soil density, and geologic origin
of the soil material. Where pertinent, data about kinds
of clay minerals, mineralogy of the sand and silt frac-
tions, and the kind of absorbed cations were also con-

sidered.

Based on the information assembled about soil prop-
erties, ranges of values may be estimated for suscepti-

bility to erosion, permeability, corrosivity, shrink swell
potential, available water capacity, shear strength,
compressibility, slope stability, and other factors of
expected soil behavior in engineering uses. As approp-
riate, these values may be applied to each major hori-
zon of each soil or to the entire profile.

The foregoing factors affect construction and main-
tenance of roads, airport runways, pipelines, founda-
tions for small buildings, ponds and small dams, irriga-
tion projects, drainage systems, sewage and refuse dis-
posal systems, and other engineering projects. The

ranges of values can be used to select potential resi-

dential, commercial, industrial, and recreational areas;
make preliminary estimates pertinent to construction
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TABLE 6.—Sanitary facilities

[“Percs slowly” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for
definitions of “slight,” “moderate,” and “severe” and other terms used to rate soils]

Soil name and Septic tank Sewage lagoon Trench Area Daily cover
map symbol absorption fields areas sanitary landfill sanitary landfill for landfill
Albion: An............ Slighto oo Severel: seepage........| Severel: seepage........| Severel: seepage........| Fair: thin layer.
Attica: At .. ... Slight ....ooevoeeeeeeeeeeeenee Severel: seepage........| Severe!: seepage........| Severel: seepage........| Good.
Blanket: Ba.......... Severe: percs slowly..| Slight ... Moderate: too clayey| Slight. . _........cccccuvvnnenc Fair: too clayey.
Carwile: Ca, 2Cw...... Severe: percs slowly, | Severe: wetness, Severe: floods, too Severe: wetness, Poor: thin layer.
wetness, floods. floods. clayey. floods.
Clark: Cx..oooooiinne. Moderate: percs Moderate: seepage....| Slight Slight. Good.
slowly.
Dillwyn:
2Dp:
Dillwyn part........| Severel: wetness.......| Severel: wetness, Severel: wetness, Severel: wetness, Fair: too sandy,
seepage. seepage. seepage. wetness,
Plevna part..........| Severel: floods, Severe!: floods, Severel: floods, Severel: floods, Poor: wetness.
wetness. wetness. wetness. wetness.
2Dt:
Dillwyn part_......| Severel: wetness.......| Severel: wetness, Severel: wetness, Severel: wetness, Fair: too sandy,
seepage. seepage. seepage. wetness.
Tivoli part...._..... Moderate!: slope........ Severe!: seepage, Severe!: seepage, Severe!l: seepage........| Poor: thin layer,
slope. too sandy. too sandy.
Farnum: Fa, Fr..... Severe: percs slowly..| Slight............... Moderate: too clayey] Slight.................... Fair: too clayey.
Kingman: Kg............ Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Poor: wetness.
floods, percs slowly. floods. floods. floods.
Naron: Na.......... Slight. oo Moderate: seepage....| Moderate: seepage....| Moderate: seepage...., Good.
Natrustolls: Nu..... Severe: percs slowly..| Severel: floods, Severe!: floods, Severe: floods.............. Poor: thin layer.
seepage. seepage.
Plevna: 2Pa, 2Pc...... Severel: floods, Severel: floods, Severel: floods, Severel: floods, Poor: wetness.
wetness. wetness. wetness. wetness.
Pratt:
Ph, PO Slight!. ..o Severel: seepage........| Severel: seepage........| Severel: seepage........, Fair: too sandy.
Pr:
Pratt part........._. Slhight!....cooeeemeeeeneeceees Severel: seepage.._.....| Severel: seepage........| Severe!: seepage........| Fair: too sandy.
Carwile part.......... Severe: peres slowly, | Severe: wetness, Severe: floods, too Severe: wetness, Poor: thin layer.
wetness, floods. floods. clayey. floods.
Pt
Pratt part......_... Severel: seepage........| Severel: seepage........| Severel: seepage........| Fair: too sandy.
Tivoli part Severel: seepage, Severel: seepage, Severel: seepage........| Fair: too sandy.
slope. too sandy.
Tabler: Ta.coeuee. Severe: percs slowly, | Slight...._.______ .. Severe: wetness, Severe: wetness.......... Poor: hard to pack,
wetness. too clayey. too clayey.
Tivoli: TVeeoeeeaenee Moderate!: slope........ Severel: seepage, Severel: seepage, Severel: seepage........| Poor: too sandy.
slope. too sandy.
Waldeck: Wa............ Severel: floods............ Severe!: floods, Severe!l: floods, Severe!: floods, Good.
seepage. seepage. seepage.
Zenda: 22Za......... Severe: floods............. Severe: floods............. Severe: floods.............. Severe: floods.............. Fair: too clayey.

*Pollution may be a hazard to the water supply. . . . . . L
*This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and behav-
ior of the whole mapping unit.

in a particular area; evaluate alternate routes for
roads, streets, highways, pipelines, and underground
cables; evaluate alternate sites for location of sanitary
landfills, onsite sewage disposal systems, and other

waste disposal facilities; plan detailed onsite investiga-
tions of soils and geology ; find sources of gravel, sand,
clay, and topsoil; plan farm drainage systems, irriga-
tion systems, ponds, terraces, and other structures for
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TABLE 7.—Building site development
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[“Shrink-swell” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for
definitions of “slight,” ‘““moderate,” and “severe.” Absence of an entry means soil was not rated]

Soil name and Shallow Dwellings Dwellings Small commercial Local roads
map symbol excavations without basements with basements buildings and streets
Albion: An........._.. Severe: cutbanks Slight. Slight Slight, Slight.
cave,
Attica: At............. 331124 1L T Slight Slight, Slight Slight.
Blanket: Ba........ Moderate: too clayey| Moderate: shrink- Moderate: shrink- Moderate: shrink- Severe: low strength.
swell, low strength. swell, low strength. swell, low strength,
Carwile: Ca, 1Cw......| Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe: low strength,
floods. floods, shrink-swell. floods, shrink-swell. floods, shrink-swell. shrink-swell.
Clark: Cx_..o....... Slight. ..o, Moderate: low Moderate: low Moderate: low Severe: low strength.
strength, shrink- strength, shrink- strength, shrink-
swell, swell. swell,
Dillwyn:
1Dp:
Dillwyn part........| Severe: wetness......... Severe: wetness.......... Severe: wetness......._. Severe: wetness.......... Moderate: wetness.
Plevna part........| Severe: floods, Severe: floods, Severe: floods, Severe: floods, Severe: floods,
D wetness. wetness. wetness. wetness. wetness.,
t:
Dillwyn part........| Severe: wetness.......... Severe: wetness.......... Severe: wetness.......... Severe: wetness...._.... Moderate: wetness.
Tivoli part............ Severe: cutbanks Moderate: slope.......... Moderate: slope....._... Severe: slope......cceo... Moderate: slope.
cave, too sandy.
Farnum: Fa, Fr..... Moderate: too clayey| Moderate: low Moderate: low Moderate: low Severe: low strength.
strength, shrink- strength, shrink- strength, shrink-
swell. swell, swell.
Kingman: Kg............ Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness,
floods. floods. floods. floods. floods.
Naron: Na......... Slight ..o Slight Slight Slight Slight.
Natrustolls: Nu........ Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness,
floods floods. floods. floods. floods.
Plevna: 1Pa, 'Pc........ Severe: floods, Severe: floods, Severe: floods, Severe: floods, Severe: floods,
wetness. wetness. wetness. wetness. wetness.
Pratt: . .
Phe Severe: too sandy, Slight.ooeeeeieee Slight......ooeoeeees Moderate: slope........| Slight.
cutbanks cave. . . . .
PO Severe: too sandy, Slight oo Slight. ... Slight Slight.
cutbanks cave.
1Pr: . )
Pratt part............ Severe: too sandy, Slight Slight. Moderate: slope.......... Slight.
cutbanks cave.
Carwile part.......... Severe: wetness, Severe: wetness, Severe: wetness, Severe: wetness, Severe: low strength,
floods. floods, shrink-swell. floods, shrink-swell. floods, shrink-swell. shrink-swell.
1Pt:
Pratt part............. Severe: too sandy, Slight Slight. Moderate: slope.......... Slight.
cutbanks cave,
Tivoli part............ Severe: cutbanks Moderate: slope........| Moderate: slope.......| Severe: slope............. Moderate: slope.
cave, too sandy.
Tabler: Ta...ccoo..... Severe: too clayey..... Severe: shrink-swell, | Severe: shrink-swell, | Severe: shrink-swell, | Severe: low strength,
low strength. low strength. low strength. shrink-swell.
Tivoli: TV Severe: cutbanks Moderate: slope........| Moderate: slope.........| Severe: slope.............. Moderate: slope.
cave, too sandy.
Waldeck: Wa.......... Severe: floods, Severe: floods............. Severe: floods, Severe: floods.............. Moderate: floods,
wetness. wetness. wetness.
Zenda: Wa................. Severe: floods, Severe: floods.............. Severe: floods, Severe: floods.............. Severe: low strength,
wetness. wetness. wetness.

'This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-
havior of the whole mapping unit.
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TABLE 8. —Construction materials

[“Shrink-swell” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for
definitions of “good,” “fair,” and “poor”]

Soil name and
map symbol Roadfill Sand Gravel Topsoil
Albion: AN .eeceeeene Good.... Fair: excess fines............... Fair: excess fines......cc........ Good.
Attica: At Good Poor: excess fines...... Unsuited Good.
Blanket: Ba............ Poor: low strength............. Unsuited: excess fines.......... Unsuited: excess fines.......... Fair: thin layer.
Carwile: Ca, 1Cw......... Poor: low strength, Unsuited: excess fines........| Unsuited: excess fines..........| Poor: thin layer.
shrink-swell.
Clark: Cxo.oooooeeveeeee. Poor: low strength............ Unsuited Unsuited Good.
Dillwyn:
1Dp: . .
Dillwyn part............ Fair: wetness ... Fair: excess fines Unsuited Poor: too sandy, wetness.
Plevna part.............. Poor: wetness..................| Fair: excess fines.............. Unsuited.....ccorrcionreeeccnne Poor: wetness.
1Dt:
Dillwyn part............| Fair: wetness.....c........ Fair: excess fines Unsuited Poor: too sandy, wetness.
Tivol part............. Good.. Fair e Unsuited: excess fines.......| Poor: too sandy.
Farnum: Fa, Fr..... Poor: low strength... ... Unsuited. Unsuited Good.
Kingman: Kg.. ... Poor: wetness .oeeoeewene Unsuited Unsuited Poor: wetness.
Naron: Na. ... Good.... Poor: excess fines...... Unsuited Good.
Natrustolls: Nu........... Moderate: wetness, low Unsuited: excess fines.......... Unsuited: excess fines.......... Fair: thin layer, excess
strength. salts.
Plevna: Pa,Pc..........| Poor: wetness. ...ccooeee Fair: excess fines Unsuited Poor: wetness.
Pratt: .
Ph, PO Good.... Fair: excess fines................. Unsuited Poor: too sandy.
1Pr:
Pratt part. ... Good.... Fair: excess fines................ Unsuited... oo Poor: too sandy.
Carwile part............ Poor: low strength, Unsuited: excess fines........| Unsuited: excess fines....._.. Poor: thin layer.
shrink-swell.
1Pt . .
Pratt part. ... Good.... Fair: excess fines.............. Unsuited......ooooooooeeeeeeee Poor: too sandy.
Tivoli part... Good Fair_..__.. Unsuited: excess fines.......... Poor: too sandy.
Tabler: Ta... .ocooeeee Poor: low strength, Unsuited: excess fines.......... Unsuited: excess fines....... Fair: thin layer.
shrink-swell.
Tivoli: TV Good.... Fair.... Unsuited: excess fines.......... Poor: too sandy.
Waldeck: Wa ... Fair: wetness. ..o Fair: excess fines.............. Unsuited Good.
Zenda: 1Za... ..o Poor: low strength........... Unsuited....cccocooeecicee Unsuited Good.

This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-

havior of the whole mapping unit.

soil and water conservation; relate performance of
structures already built to the properties of the kinds
of soil on which they are built so that performance of
similar structures on the same or similar soil in other
locations can be predicted; and predict the traffic-
ability of soils for cross country movement of vehicles
and construction equipment.

Data presented in this section are useful for land
use planning and for choosing alternative practices or
general designs that will overcome wunfavorable soil
properties and minimize soil related failures. Limi-
tations to the use of these data, however, should be
well understood. First, the data are generally not pre-

sented for soil material below a depth of 5 to 6 feet.
Also, because of the scale of the detailed map in this soil
survey, small areas of soils that differ from the dom-
inant soil may be included in mapping. Thus, these
data do not eliminate the need for onsite investigations
and testing.

The information is presented mainly in tables. Table
7 shows, for each kind of soil, ratings of the degree
and kind of limitations for building site development;
table 6, for sanitary facilities; and table 9, for water
management. Table 8 shows the suitability of each
kind of soil as a source of construction materials.

The information in the tables, along with the soil
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TABLE 9.—Water management
[“Seepage” and some of the other terms that describe restrictive soil features are defined in the Glossary]

39

Soil name and Pond Embankments, Terraces Grassed
map symbol reservoir dikes, and Drainage Irrigation and waterways
areas levees diversions
Albion: An........... Seepage.......ovcuvuee- Seepage. ..c.cooeoeenen- Not needed............ Fast intake, Too sandy, root- | Droughty, root-
erodes easily, ing depth. ing depth.
slope.
Attica: At ... Seepage..........ccoce.. Seepage......ccooorueene Not needed........... Fast intake, soil | Soil blowing, Erodes easily.
blowing. erodes easily.
Blanket: Ba.............. Seepage........cocooc.c.. Pip‘ing, compress- | Not needed............ Favorable............. Favorable............. Favorable.
ible.
Carwile: Ca, 1Cw............ Favorable............ Unstable fill, Peres slowly, Slow intake, Not needed........... Percs slowly,
compressible. floods, poor wetness. wetness.
outlets.
Clark: CX.oooooooeeerene Seepage.....ccocoveea- Low strength, Not needed............ Favorable.. ... Erodes easily........| Erodes easily.
shrink-swell,
erodes easily.
Dillwyn:
1Dp:

Dillwyn part.............. Seepage.................. Seepage, erodes | Wetness................ Wetness..........cc..... Not needed............ Not needed.
easily.

Plevna part............. Seepage.........coeeeeee Seepq;%e, erodes Floods, wetness....| Floods, wetness....| Not needed............ Not needed.
easily.

1Dt:

Dillwyn part............. Seepage.......cooeeeee. Seepa_%e, erodes Wetness............... Wetness. ...coeee... Not needed............ Not needed.
easily.

Tivoli part................ Seepage.......ccoeme. Unstable fill, Not needed............ Complex slope, Complex slope, Erodes easily,
seepage, pip- erodes easily, erodes easily, droughty,
ing. droughty. fast intake, seepage.

Farnum: Fa, Fr........ Favorable.. ........... Low strength, Not needed........... Slow intake........... Favorable........... Favorable.
shrink-swell.
Kingman: Kg........... Wetness................. Low strength, Floods, wetness....| Floods, wetness....| Not needed............ Wetness.
shrink-swell.
Naron: Na............ Seepage.....ococceemeeee Seepage......coeeornee- Not needed............ Fast intake, Erodes easily........[ Erodes easily.
erodes easily.
Natrustolls: Nu_........ Seepage........cccocoo.. Low strength........| Excess salt, percs | Excess salt, slow | Not needed........_.. Not needed.
slowly, excess intake, excess
alkali, alkali.
Plevna: 1Pa, Pc........... Seepage.................. Seepage, erodes Floods, wetness....| Floods, wetness....| Not needed......._.... Not needed.
easily.
Pratt:

Ph, Po.... e Seepage........c..o.o.... Unstable fil, Not needed............ Complex slope, Too sandy, com- | Soil blowing,
seepage, pip- soil blowing, Elex slope, soil droughty.
ing. fast intake. lowing.

1Pr:

Pratt part............... Seepage........ocooeeee. Unstable fill, Not needed............ Complex slope, Too sandy, com- | Soil blowing,
seepage, pip- soil blowing, glex slope, soil droughty.
ing. fast intake. lowing.

Carwile part............ Favorable.........__. Unstable fill, Percs slowly, Slow intake, Not needed............ Percs slowly,
compressible. floods, poor wetness. wetness.

outlets.
1Pt:

Pratt part.. ... Seepage........coo..... Unstable fill, Not needed............ Complex slope, Too sandy, com- | Soil blowing,
seepage, pip- soil blowing, plex slope, soil droughty.
ing. fast intake. blowing.

Tivoli part................ Seepage................. Unstable fill, Not needed............ Complex slope, Complex slope, Erodes easily,
seepage, pip- erodes easily, erodes easily, droughty,
ing. droughty. fast intake. seepage.

Tabler: Ta......... Slight. Moderate: Percs slowly.......... Slow intake............ Percs slowly......... Percs slowly.

unstable fill,
compressible.
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TABLE 9.— Water management — Continued

Soil name and Pond Embankments, Terraces Grassed
map symbol reservoir dikes, and Drainage Irrigation and waterways
areas levees diversions
Tivoli: Tv Seepage.-....oceveeeeeee Unstable fill, Not needed............ Complex slope, Complex slope, Erodes easily,
seepage, pip- erodes easily, erodes easily, droughty,
ing. droughty. fast intake. seepage.
Waldeek: Wa. oo Seepage.....cooeeene Seepage.....ooveeen Floods, wetness....| Floods, wetness....; Not needed............ Not needed.
Zenda: Za......oo...... Favorable............. Low strength, Floods, wetness....| Floods, wetness....| Not needed............ Not needed.
shrink-swell,
erodes easily.

This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-

havior of the whole mapping unit.

map, the soil descriptions, and other data provided in
this survey can be used to make additional interpreta-
tions and to construct interpretive maps for specific
land uses.

Some of the terms used in this soil survey have
different meanings in soil science than they do in en-
gineering. These terms are defined in the glossary.

Sanitary facilities

Favorable soil properties and site features are
needed for the proper functioning of septic tank ab-
sorption fields, sewage lagoons, and sanitary landfills.
The nature of the soil is important in selecting sites
for these facilities and in identifying limiting soil
properties and site features to be considered in design
and installation. Also, those soil properties that deal
with the ease of excavation or installation of these
facilities will be of interest to contractors and local
officials. The degree and kind of limitations of each
soil for these uses and for use of the soil as daily cover
for landfills is shown in table 6.

A limitation of slight means the soils are favorable
for the specified use, and limitations are minor and
easily overcome; moderate means soil properties or
site features are unfavorable for the specified use, but
limitations can be overcome by special planning and
design; and severe means soil properties or site fea-
tures are so unfavorable or difficult to overcome that
major soil reclamation, special designs, or intensive
maintenance are required.

Septic tank absorption fields are subsurface systems
of tile or perforated pipe that distribute effluent from
a septic tank into the natural soil. Only the soil hori-
zons between a depth of 18 and 72 inches are evalu-
ated for this use. The soil properties and site features
considered are those that affect the absorption of the
effluent and those that affect the construction of the
system.

Properties and features that affect the absorption
of the effluent are permeability, depth to seasonal high
water table, depth to bedrock, and susceptibility to
flooding. Stones, boulders, and a shallow depth to bed-
rock interfere with installation. Excessive slope may
cause lateral seepage and surfacing of the effluent in

downslope areas. Also, soil erosion and slippage are
hazlards if absorption fields are installed in sloping
soils.

Some soils are underlain by loose sand and gravel or
fractured bedrock at a depth of less than 4 feet below
the tile lines. The absorption field does not adequately
filter the effluent in these soils, and as a result ground
water supplies in the area are susceptible to pollution.
Soils that have a hazard of inadequate filtration are
indicated by footnotes in table 6.

Percolation tests are performed to determine the
absorptive capacity of the soil and its suitability for
septic tank absorption fields. These tests should be per-
formed during the season when the water table is
highest and the soil is at minimum absorptive capacity.

In many of the soils where the limitation for septic
tank absorption fields is moderate or severe, it may
be possible to install special systems that lower the
seasonal water table or to increase the size of the
absorption field so that satisfactory performance is
achieved.

Sewage lagoons are shallow ponds constructed to
hold sewage while bacteria decompose the solid and
liquid wastes. Lagoons have a nearly level flow area
surrounded by cut slopes or embankments of com-
pacted, nearly impervious soil material. They generally
are designed so that depth of the sewage is 2 to 5 feet.
Impervious soil at least 4 feet thick for the lagoon
floor and sides is required to minimize seepage and
contamination of local ground water. Soils that are
very high in content of organic matter and those that
have stones and boulders are undesirable. Unless per-
meability is very slow, contamination of local ground
water is a hazard in areas where the seasonal high
water table is above the level of the lagoon floor. In
soils where the water table is seasonally high, seepage
of ground water into the lagoon can seriously reduce
its capacity for liquid waste. Slope, depth to bedrock,
and susceptibility to flooding also affect the location of
sites for sewage lagoons or the cost of construction.
Shear strength and permeability of compacted soils
affect the performance of embankments.

Sanitary landfill is a method of disposing solid waste,
either in excavated trenches or on the surface of the
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soil. The compacted waste is spread in layers and is
covered by thin layers of soil. Landfill areas are sub-
ject to heavy vehicular traffic. Ease of excavation, risk
of polluting ground water, and trafficability affect the
suitability of a soil for sanitary landfill. The best soils
are loamy or silty, are deep to bedrock and a seasonal
water table, are free of large stones or boulders, and
are not subject to flooding. Permeability is moderate
or slow in these soils. In areas where the seasonal water
table is high, water seeps into the trenches and causes
problems in excavating and filling the trenches. Also,
seepage into the refuse increases the risk of popula-
tion of ground water. Clayey soils are likely to be
sticky and difficult to spread. Sandy or gravelly soils
generally have rapid permeability that might allow
noxious liquids to contaminate local ground water.

Unless otherwise stated, the ratings in table 6 apply
only to soil properties and features within a depth of
about 6 feet. If the trench is deeper, ratings of slight
or moderate may not be valid. Site investigation is
needed before a site is selected.

In the area type of sanitary landfill, refuse is placed
on the surface of the soil in successive layers. The limi-
tations caused by soil texture, depth to bedrock, and
stone content do not apply to this type of landfill. Soil
wetness, however, may be a limitation because of diffi-
culty in operating equipment.

Daily cover for landfill should be soil that is easy to
excavate and spread over the compacted fill during both
wet and dry weather. Loamy or silty soils that are free
of stones or boulders are best suited to this use. Clayey
soils may be sticky and difficult to spread; sandy soils
may be subject to soil blowing.

In addition to these features, the soils selected for
final cover of landfill should be suitable for growing
plants. In comparison with other horizons, the A hori-
zon in most soils has the best workability, a higher
content of organic matter, and the best potential for
growing plants. Thus, for either the area or trench type
landfill, stockpiling material from the A horizon for
use as the surface layer of the final cover is desirable.

Where it is necessary to bring in soil material for
daily or final cover, thickness of suitable soil material
available and depth to a seasonal high water table in
soils surrounding the sites should be evaluated. Other
factors that need to be evaluated are those that affect
reclamation of the borrow areas, such as slope, erodi-
bility, and potential for plant growth.

Building site development

The degree and kind of soil limitations that affect
shallow excavations, dwellings with and without base-
ments, small commercial buildings, and local roads and
gtreets are indicated in table 7. A slight limitation indi-
cates that soil properties are favorable for the speci-
fied use, but the limitations can be overcome or mini-
mized by special planning and design. A severe limita-
tion indicates one or more soil properties or site fea-
tures are so unfavorable or difficult to overcome that
a major increase in construction effort, special design,
or intensive maintenance is required. For some soils

rated severe, such costly measures may not be feasible.

Shallow excavations are used for pipelines, sewer-
lines, telephone and power transmission lines, base-
ments, open ditches, and graves in cemeteries. Digging
or trenching is influenced by wetness caused by a sea-
sonal high water table, the texture and consistence of
the soils, the tendency of the soils to cave in or slough,
and the presence of very firm, dense soil layers, bed-
rock, or large stones. In addition, excavations are
affected by slope of the soil and the probability of
flooding. Ratings do not apply to soil horizons below
a depth of 6 feet unless otherwise noted.

In the descriptions of the soil series, the consistence
of each horizon is defined, and the presence of very
firm or extremely firm horizons that are generally
difficult to excavate is indicated.

Dwellings and small commercial buildings are built
on undisturbed soil and havé foundation loads to sup-
port a dwelling no more than three stories high. Sep-
arate ratings are made for small commercial buildings
without basements and for dwellings with and without
basements. For such structures, soils should be suffi-
ciently stable that eracking or subsistence from settling
or shear failure of the foundation do not occur. These
ratings were determined from estimates of the shear
strength, compressibility, and shrink swell potential of
the soil. Soil texture, plasticity and inplace density,
potential frost action, wetness, and depth to a seasonal
high water table were also considered. Wetness and
depth to a seasonal high water table indicate potential
difficulty in providing adequate drainage for base-
ments, lawns, and gardens. Depth to bedrock, slope,
and the large stones in or on the soil are also important
considerations in the choice of sites for these struc-
tures. Susceptibiliy to flooding is a serious limitation.

Local roads and streets have an all weather surface
that can carry light to medium traffic all year. They
consist of subgrade of the underlying soil material;
a base of gravel, crushed rock fragments, or soil mate-
rial stabilized with lime or cement; and a flexible or
rigid surface, commonly asphalt or concrete. The roads
are graded with soil material at hand, and most cuts
and fills are less than 6 feet deep.

The load supporting capacity and the stability of the
soil as well as the quantity and workability of fill ma-
terial available are important in design and construc-
tion of roads and streets. The AASHTO and Unified
classifications of the soil and the soil texture, density,
and shrink-swell potential are indicators of the traffic
supporting capacity used in making the ratings. Soil
wetness, flooding, slope, depth to hard rock or very
compact layers, and content of large stones affect sta-
bility and ease of excavation and were also considered.

Construction materials

The suitability of each soil as a source of roadfill,
sand, gravel, and topsoil is indicated in table 8 by a
rating of good, fair, or poor. Texture, thickness, and
content of organic matter of each soil horizon are im-
portant factors in rating soils for use as construction
materials. Each soil is evaluated to the depth observed
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and described as the survey is made, generally about
6 feet.

Roadfill is soil material used in embankments for
roads. Since soil survey interpretations are oriented to
local roads and streets rather than to highways, the
ratings given in table 8 are evaluations of the soils as
sources of roadfill for low embankments, generally less
than 6 feet high, that are less exacting in design than
high embankments. Thé upper part of the roadfill is
considered as the subgrade (foundation) for the road.
The ratings reflect the ease of excavating and working
the material and the expected performance of the mate-
rial after it has been compacted and adequately drained.
The performance of soil after it ig stabilized with lime
or cement is not considered in the ratings, but infor-
mation about soil properties that determine such per-
formance is given in the descriptions of the soil series.

The ratings apply to the soil profile between the A
horizon and a depth of 5 to 6 feet. It is assumed that
goil horizons will be mixed during excavation and
spreading. Many soils have horizons of contrasting
suitability within their profile. The estimated engineer-
ing properties in table 10 provide more specific infor-
mation about the nature of each horizon that help de-
termine its suitability as roadfill.

According to the Unified soil classification system,
soils rated as good have a low shrink-swell potential,
low potential of frost action, and few cobbles and
stones. They are at least moderately well drained and
have slopes of 15 percent or less. Soils rated as fair
have a plasticity index of less than 15 and have such
other limiting features as a moderate shrink-swell po-
tential, moderate potential of frost action, steep slopes,
wetness, or many stones, If the thickness of suitable
material is less than 3 feet, the entire soil is rated as
poor regardless of the quality of the suitable material.

Sand and gravel are used in great quantities in many
kinds of construction. The ratings in table 8 indicate
where to look for potential sources and are based on
the probability that soils in a given area contain siz-
able quantities of sand or gravel. A soil rated as good
or fair has a layer of suitable material at least 8 feet
thick, the top of which is within a depth of 6 feet from
the surface. Coarse fragments of such soft bedrock
material as shale and siltstone are not considered to
be sand and gravel. Fine grained soils are not suitable
sources of sand and gravel.

The ratings do not take into account depth to the
water table or other factors that affect excavation of
the material. Descriptions of grain size, kinds of min-
erals, reaction, and stratification are given in the de-
scriptions of the soil series and in table 10.

Topsoil is used in areas where plant cover is to be
established and maintained. Suitability is affected
mainly by the ease of working and spreading the soil
material when preparing a seedbed and by the ability
of the soil material to sustain the growth of plants.
Also considered is the damage that would result to the
area from which the topsoil is taken.

Soils rated as good have a surface layer of friable
loamy material at least 16 inches thick. They are free

of stones, low in content of gravel and other coarse
fragments, and are gently sloping. These soils are low
in soluble salts, which limit plant growth. They are
naturally fertile or respond well to fertilization. They
are not so wet that excavation is difficult most of the
year.

Soils rated as fair are loose sandy or firm loamy or
clayey soils in which the suitable material is only 8 to
16 inches thick, or they are soils that have an appre-
ciable amount of gravel, stones, or soluble salt.

Soils rated as poor are very sandy or very firm clayey
soils that have suitable layers less than 8 inches thick;
soils that have large amounts of gravel, stones, or
soluble salt; steep soils; and soils that are poorly
drained.

Although a rating of good is not based entirely on a
high content of organic matter, a surface horizon is
much preferred for topsoil because of its content of
organic matter. This horizon is designated as Al or
Ap in the soil series descriptions. The absorption and
retention of moisture and nutrients for plant growth
are greatly increased by organic matter. Consequently,
careful preservation and use of material from these
horizons is desirable.

Water management

Many soil properties and site features that affect
water management practices have been identified pre-
viously in this soil survey. In table 9 soil and site
features that affect water management are indicated
for each kind of soil. This information is significant
in planning, installing, and maintaining water control
structures.

Pond reservoir areas hold water behind a dam or
embankment. Soils suitable for this use have a low
seepage potential, which is determined by the per-
meability and depth over fractured or permeable bed-
rock or other permeable material.

Embankments, dikes, and levees require soil material
that is resistant to seepage, erosion, and piping and
has favorable stability, shrink swell potential, shear
strength, and compaction characteristics. Stones and
organic matter in a soil downgrade its suitability for
use in embankments, dikes, and levees.

Drainage of the soil is affected by such properties as
permeability, texture, and structure; depth to the clay-
pan or other layers that influence the rate of water
movement; depth to the water table; slope and stability
of ditchbanks; susceptibility to flooding; salinity and
alkalinity ; and availability of drainage outlets.

Irrigation is affected by such features as slope, sus-
ceptibility to flooding, the hazards of water erosion
and soil blowing, texture, presence of salts and alkali,
maximum depth of the root zone, rate of water intake
at the surface, permeability of the soil below the sur-
face layer, available water capacity, need for drainage,
and depth to the water table.

Terraces and diversions are embankments, or a com-
bination of channels and ridges, constructed across a
slope to intercept runoff and to allow the water to soak
into the soil or flow slowly through it to an outlet.
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Features that affect suitability of a soil for terraces
are uniformity of slope and steepness; depth to bed-
rock or other unfavorable material ; permeability; ease
of establishing plant cover; and resistance to water
erosion, soil blowing, soil slipping, and piping.

Grassed waterways are constructed to channel run-
off at nonerosive velocities to outlets. Features that
affect the use of soils for grassed waterways are slope,
permeability, erodibility, and suitability for permanent
plant cover.

Soil Properties

Extensive data about the soil properties collected
during the soil survey are summarized in this section.
The two major sources of these data are the many
thousands of soil borings made during the course of
the survey and the laboratory analyses of samples
selected from representative profiles in the field.

When a soil scientist makes soil borings during field
mapping he identifies important soil properties. He
notes, for example, the seasonal soil moisture condition,
or the presence of free water and its depth in the pro-
file; the thickness of each soil horizon and its color;
the texture, or the amount of clay, silt, sand, and
gravel, or other coarse fragments in each horizon; the
structure, or natural pattern of cracks and pores in
the undisturbed soil ; and the consistence of soil in place
under the existing soil moisture conditions. He records
the root depth of existing plants, determines soil pH
(reaction), and identifies any free carbonates.

Samples of soil material are analyzed in the labora-
tory to verify the field estimates of soil properties and
to characterize key soils, especially properties that
cannot be estimated accurately by field observation.
Laboratory analyses are not conducted for all soil
series in the survey area, but laboratory data for many
of the soil series are available from nearby areas.

Based on summaries of available field and laboratory
data, and listed in tables in this section, are estimated
ranges in engineering properties and classifications
and in physical and chemical properties for each major
horizon of each soil in the survey area. Also, pertinent
soil and water features, engineering test data, and data
obtained from physical and chemical laboratory an-
alyses are presented.

Engineering properties and classification

Estimates of engineering properties and classifica-
tions for the major horizons of each soil in the survey
area are presented in table 10. These estimates are
presented as ranges in values most likely to exist in
areas where the soil is mapped.

Most soils have, within the upper 5 or 6 feet, hori-
zons of contrasting properties. Information is pre-
sented for each of these contrasting horizons. Depth
to the upper and lower boundaries of each horizon in
a typical profile of each soil is indicated. More informa-
tion about the range in depth and in properties of each
horizon is given for each soil series in the section
“Descriptions of the Soils.”

Texture is described in table 10 in standard terms
used by the United States Department of Agriculture.
These terms are defined according to percentages of
sand, silt, and clay in soil material that is less than
2 millimeters in diameter. “Loam,” for example, is
goil material that is 7 to 27 percent clay, 28 to 50
percent silt, and less than 52 percent sand. If a soil
contains gravel or other particles coarser than sand,
an appropriate modifier is added; for example, “grav-
elly loam.,” Other texture terms used by USDA are
defined in the Glossary.

The two systems commonly used in classifying soils

for engineering use are the Unified Soil Classification
System (USCS) and the system approved by the Amer-
ican Association of State Highway and Transportation
Officials (AASHTO). In table 10 soils in the survey
area are classified according to both systems.
- The USCS classifies soils according to properties
that affect their use as construction material (2). Soils
are classified according to grain size distribution of
the fraction less than 3 inches in diameter, plasticity
index, liquid limit, and content, and content of organic
matter. Soils are grouped into 15 classes—eight classes
of coarse grained soils, identified as GW, GP, GM, GC,
SW, SP, SM, and SC; six classes of fine grained soils,
identified as ML, CL, OL, MH, CH, and OH; and one
class of highly organic soils, identified as Pt. Soils on
the borderline between two classes have a dual classi-
fication symbol, for example CL-ML.

The AASHTO system classifies soils according to
those properties that affect their use in highway con-
struction and maintenance (1). In this system a min-
eral soil is classified as one of seven basic groups
ranging from A-1 through A-7 on the basis of grain
size distribution, liquid limit, and plasticity index.
Soils in group A-1 are coarse grained and low in con-
tent of fines. At the other extreme, in group A-7, are
fine grained soils. Highly organic soils are clagsified as
A-8 on the basis of visual inspection,

When laboratory data are available, the A-1, A-2,
and A-7 groups are further classified as A-1-a, A-1-Db,
A-2-4, A-2-5, A-2-6, A-2-7, A-7-5, and A-7-6. As an
additional refinement, the desirability of soils as sub-
grade material can be indicated by a group index
number. These numbers range from 0 for the best sub-
grade material to 20 or more for the poorest. The
AASHTO classification for soils tested in the survey
area, with group index numbers in parentheses, is
given in table 13. The estimated classification, without
group index numbers, is given in table 10. Also in
table 10 the percentage of rounded pebbles more than
3 inches in diameter were estimated for the 30 to 60
inch horizon of Albion soils. These estimates are de-
termined largely by observing percentage by volume,
in the field, and then converting it to percentage by
weight.,

The percentage of the soil material less than 3
inches in diameter that passes each of four standard
sieves is estimated for each major horizon, The esti-
mates are based on tests of soils that were sampled in
the survey area and in nearby areas and on field esti-
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SOIL SURVEY

TABLE 10.—E'ngineering properties and classifications—Continued

e 8'§e? .E” mates derived from many borings made during the
823 woa, | B survey.

B} ~ g Liquid limit and plasticity index indicate the effect

° of water on the strength and consistency of the soil.

=g .SS98 | % These indexes are used in both the USCS and the

EX: SLLV | B AASHTO classification systems. They are also used as

= ad 2 indicators in making general predictions of soil be-
ey havior.

- L3 8 The range in liquid limit and plasticity index is esti-
|| R 1110 & mated on the basis of test data from the survey area
5 o 2 or from nearby areas and on observations of the soil
i :§ borings made during the survey.
= oSS
sl g EEE E Physical and chemical properties
,3,3 RRS | g Table 11 shows estimated values for several soil
4 B characteristics and features that affect behavior of
2 ggs | & soils in engineering uses. These estimates are given
&) o %79; E‘ for each major horizon, at the depth indicated, in the
& KEK8 | 8 representative profile of each soil. The estimates are
#;3 2 based on field ?bservations and on test data for these
8 > and similar soils.

S 888 | & Permeability is estimated on the basis of known re-
g lationships between the soil characteristics observed in
P the field—particularly soil structure, porosity, and
3 gradation or texture-——that influence the downward
28 | o000 | G movement of water in the soil. The estimates are for
= EAE ~ © water movement in a vertical direction when the soil
- is saturated. Not considered in the estimates are lateral

e © v | = seepage or such transient soil features as plowpans

o < = ko and surface crusts. Permeability of the soil is an im-

z Toq | & portant factor to be considered in the planning and
g | < <<= | g design of drainage systems, in evaluating the potential
b $ of soils for septic tank systems and other waste dis-
= 0 posal systems, and in many other aspects of land use
g = and management.

5'3 E 3 % 9 Available water capacity is rated on the basis of soil

5 S o |8 characteristics that influence the ability of the soil to

S Ay hold water and make it available to plants. Important
ég% = characteristics are content of organic matter, soil tex-
— | ture, and soil structure. Shallow rooted plants are not
- likely to use the available water from the deeper soil
I I~ horizons. Available water capacity is an important
i | E factor in the choice of plants or crops to be grown and

g 'z in the design of irrigation systems.
g it s Soil reaction is expressed as the range in pH values.
3 g | E The range in pH of each major horizon is based on
< §§ H many field checks. For many soils, the values have
a e | 8 been verified by laboratory analyses. Soil reaction is
P 24 | & important in selecting the crops and ornamental or
EE8 | © other plants to be grown, in evaluating soil amend-
§§§ g ments for fertility and stabilization, and in evaluating

n ] the corrosivity of soils.

= § Salinity is expressed as the electrical conductivity
= N 83% I of the saturation extract, in millimhos per centimeter
A Segz (o at 25 degrees C. Estimates are based on field and lab-
5 8 oratory measurements at representative sites of the
% § nonirrigated soils. The salinity of individual irrigated
T £ 2 fields is affected by the quality of the irrigation water
3'2 © § § and by the frequency of water application. Hence, the
g5 N g ﬁ salinity of individual fields can differ greatly from the
Sa .. B2 value given in table 11. Salinity affects the suitability
S8 '§ ﬁ.*.:‘z of a soil for crop production, it.s stability. when used as
K - a construction material, and its potential to corrode



TABLE 11.—Physical and chemical properties of soils

[Dashes indicate data were not available. The symbol < means less than. The erosion tolerance factor (T) is for the entire profile. Absence of an entry
means data were not estimated]

Available Risk of corrosion Erosion factors Wind
Soil name and Depth Perme- water Soil Salinity | Shrink-swell erodi-
map symbol ability capacity reaction potential bility
Uncoated steel Concrete K T group
In In/hr In/in pH Mmhos/cem
Albion: An.....ooe 0-10 2.0-6.0 0.13-0.20 5.6-6.5 <2 | Low.......... Low Low.. 0.20 3 3
1020 2.0-6.0 0.12-0.18 5.6-6.5 <2 | Low Low Moderate.......... 0.20
20-30 2.0-6.0 0.09-0.12 5.6-6.5 <2 | Low Low Low 0.15
30-60 6.0-20 0.03-0.10 6.1-7.8 <2 | Low Low Low 0.15
Attica: At 0-10 2.0-6.0 0.16-0.18 5.6-7.3 <2 | Low Low Low.. 0.24 5 3
10-21 2.0-6.0 0.12-0.17 5.6-6.5 <2 Low..oooi Low Low.. 0.24
21-60 2.0-6.0 0.08-0.16 6.1-7.8 <2 Low..oooooo Low. ... Low.. 0.24
Blanket: Ba.. ... 0-10 0.6-2.0 0.15-0.20 6.1-7.3 <2 | Moderate High Low.. 0.37 L5300
10-52 0.2-0.6 0.12-0.18 6.6-8.4 <2 Moderate High Low 0.28
52-60 0.6-2.0 0.12-0.18 7.9-8.4 <2 Moderate High Low 0.28
Carwile: Ca, 1Cw.................... 0-7 0.6-2.0 0.11-0.20 5.6-7.3 <2 Moderate......... Moderate.......... 0.32 5 3
7-14 0.2-2.0 0.12-0.20 6.1-7.3 <2 High Moderate......... 0.37
14-32 | 0.06-0.2 0.12-0.20 6.1-7.8 <2 High oW 0.32
32-38 0.2-2.0 0.12-0.20 6.6-8.4 <2 High Low.. 0.28
3860 0.2-2.0 0.11-0.18 7.9-8.4 <2 .{ High Low.. oo 0.28
Clark: CX..ooooooeeeeeee 0-8 0.6-2.0 0.17-0.22 7.4-8.4 <2 Moderate Low 0.28 5 4L
8-60 0.6-2.0 0.15-0.19 7.9-8.4 <2 Moderate........ Low.....oooo.... 0.28
Dillwyn:
1Dp:
Dillwyn part...... ... 0-8 6.0-20 0.08-0.12 5.6-7.3 <2 | Low...... Low.. ... Low. oo 5 2
8-60 6.0-20 0.06-0.10 5.6-7.8 <2 | Low........._.. Low | Low..
Plevna part................ 0-12 2.0-6.0 0.14-0.18 6.1-7.3 <2 | Low. ... High Low.. 3
12-38 2.0-6.0 0.12-0.16 6.6-8.4 <2 | Low High Low.....
38-60 2.0-6.0 0.05-0.07 6.6-8.4 <2 | Low. oo, High. ... Low. ool
1Dt:
Dillwyn part............... 0-8 6.0-20 0.08-0.12 5.6-7.3 <2 | Low .o Low Low.. 5 2
8-60 6.0-20 0.06-0.10 5.6-7.8 <2 | Low.ovoeeo.. Low Low..
Tivoli part.......c 0-10 6.0-20 0.05-0.11 6.1-7.3 <2 | Low Low ) 63— 0.17 5 1
1060 6.020 0.02-0.06 6.1-7.8 <2 | Low Low Low. ... g 0.17
Farnum:
Fa.. 0-17 0.6-2.0 0.13-0.21 5.6-7.3 <2 | Low.. Low Low.. 0.20 54 3
17-60 0.2-0.6 0.14-0.21 6.6-8.4 <2 | Moderate.___._. Moderate Low 0.37
Fr. 0-22 0.6-2.0 0.20-0.22 5.6-7.3 <2 | Low Low.. Low.. 0.37 54 6
22-60 0.2-0.6 0.14-0.21 6.1-8.4 <2 | Moderate...._...[| Moderate Low 0.28
Kingman: Kg.. oo, 0-18 0.2-0.6 0.21-0.23 7.4-84 <2 | Moderate High Low 4L
18-50 0.2-0.6 0.18-0.20 7.4-8.4 <2 | Moderate.___.. High. ... Low
50-60 0.2-2.0 0.12-0.19 7.4-8.4 <2 | Low High Low
Naron: Na.. ... 0-13 0.6-6.0 0.14-0.20 5.6-7.3 <2 | Low Low Low.. 0.20 5 3
13-28 0.6-2.0 0.15-0.18 5.6-7.8 <2 | Low.. Low.. Low.. 0.32
28-60 0.6-6.0 0.10-0.15 6.1-8.4 <2 | Low.. Low Low.. 0.32

SVSNVI ‘XINNOD q4OJdVis
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TABLE 11.—Physical and chemical properties of soils—Continued

Available . Risk of corrosion Erosion factors Wind
Soil name and Depth Perme- water Soil Salinity | Shrink-swell erodi-
map symbol bility capacity reaction potential bility
Uncoated steel Concrete K T group
In In/hr In/in pH Mmhos/cm
Natrustolls: Nu.._...._..._ .. 0-60 0.6-6.0 0.15-0.22 6.1-8.4 2-16 | Low to High ... Low to 3
moderate. moderate.
Plevna: Pa,WPc... ... .. 0-12 2.0-6.0 0.14-0.18 6.1-7.3 <2 | Low High Low.. 3
12-38 2.0-6.0 0.12-0.16 6.6-8.4 <2 | Low High Low
38-60 2.0-6.0 0.05-0.07 6.6-8.4 <2 | Low.. High Low
Pratt:
Ph, Po 0-8 6.0-20 0.10-0.13 5.6-7.3 <2 | Low Low Moderate 0.17 5 2
8-28 6.0-20 0.09-0.16 5.6-7.3 <2 | Low Low Low 0.17
28-60 6.0-20 0.08-0.12 6.1-7.3 <2 | Low Low Low 0.17
1Pr:
Pratt part. ..o 0-8 6.0-20 0.10-0.13 5.6-7.3 <2 | LoWoriooeen, Low. .o Moderate...... 0.17 5 2
8-28 6.0-20 0.09-0.16 5.6-7.3 <2 [ Low.oe. Low Low 0.17
28-60 6.0-20 0.08-0.12 6.1-7.3 <2 | Low Low Low.. 0.17
Carwile part ... 0-7 0.6-2.0 0.11-0.20 5.6-7.3 <2 [ Low..o Moderate...._._. Moderate........ 0.32 5 3
7-14 0.2-2.0 0.12-0.20 6.1-7.3 <2 | Moderate High Moderate...._... 0.37
14-32 | 0.06-0.2 0.12-0.20 6.1-7.8 <2 i i 0.32
32-38 0.2-2.0 0.12-0.20 6.6-8.4 <2 0.28
38-60 0.22.0 0.11-0.18 7.9-84 <2 0.28
1Pt:
Pratt part_............. 0-8 6.0-20 0.10-0.13 5.6-7.3 <2 Low Moderate ... 0.17 5 2
8-28 6.0-20 0.09-0.16 5.6-7.3 <2 Low Low 0.17
28-60 6.0-20 0.08-0.12 6.1-7.3 <2 Low Low.. 0.17
Tivoli part.................. 0-10 6.0-20 0.05-0.11 6.1-7.3 <2 Low Low.. 0.17 5 1
1060 6.0-20 0.02-0.06 6.1-7.8 <2 Low. Low..
Tabler: Ta... ... 0-7 0.2-0.6 0.15-0.24 6.1-7.8 <2 Moderate Low.. 0.43 [ N S
748 <0.06 | 0.12-0.18 6.6-7.8 <2 High Low 0.37
48-60 <0.06 | 0.12-0.22 7.4-84 <2 High.... ... Low. 0.37
Tivoli: TV 06 6.0-20 0.05-0.11 6.1-7.3 <2 Low. Low 0.17 5 1
660 6.0-20 0.02-0.06 6.1-7.8 <2 Low. Low
Waldeek: Wa...__.__ 0-20 2.0-6.0 0.14-0.18 7.4-8.4 <2 Moderate. Low 3
20-30 2.0-6.0 0.12-0.17 7.4-8.4 <2 ..| Moderate Low
30-60 6.0-20 0.05-0.07 7.4-8.4 <2 | Moderate........ Low
Zenda: Za .. ... 020 0.6-2.0 0.17-0.22 6.6-8.4 <2 | Moderate High Low 6
20-54 0.6-2.0 0.15-0.19 7.4-84 <2 | Moderate High Low
54-60 6.0-20 0.05-0.07 7.4-8.4 <2 | Low Low.. Low

'This mapping unit is made up of two or more dominant kinds of soil

unit.

. See mapping unit description for the composition and behavior of the whole mapping

AdAYAS TIOS
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metal and concrete.

Shrink-swell potential depends mainly on the
amount and kind of clay in the soil. Laboratory meas-
urements of the swelling of undisturbed clods were
made for many soils. For others it was estimated on
the basis of the kind of clay and on measurements of
similar soils. Size of imposed loadings and the magni-
tude of changes in soil moisture content are also im-
portant factors that influence the swelling of soils.
Shrinking and swelling of some soils can cause dam-
age to building foundations, basement walls, roads,
and other structures unless special designs are used.
A high shrink-swell potential indicates that special de-
sign and added expense may be required if the planned
use of the soil will not tolerate large volume changes.

Risk of corrosion, as used in table 11, pertains to
potential soil induced chemical action that dissolves or
weakens uncoated steel or concrete. The rate of cor-
rosion of uncoated steel is related to soil moisture,
particle size distribution, total acidity, and electrical
conductivity of the soil material. The rating of soils
for corrosivity to concrete is based mainly on the
sulfate content, soil texture, and acidity. Protective
measures for steel or more resistant concrete help
avoid or minimize damage resulting from the corro-
sion. Installations of steel that intersect soil bound-
aries or soil horizons are more susceptible to corrosion
than installations entirely within one kind of soil or
within one soil horizon.

Erosion factors are used to predict the erodibility
of a soil and its tolerance to erosion in relation to
specific kinds of land use and treatment. The soil
erodibility factor (K) is a measure of the susceptibility
of the s0il to erosion by water. Soils having the highest
K values are the most erodible. K values range from
0.10 to 0.64. To estimate annual soil loss per acre,
the K value of a soil is modified by factors representing
plant cover, grade and length of slope, management
practices, and climate. The soil-loss factor (T) is the
maximum rate of soil erosion, whether from rainfall
or soil blowing, that can occur without reducing crop
production or environmental quality. The rate is ex-
pressed in tons of soil loss per acre per year.

Wind erodibility groups are made up of soils that
have similar properties that affect their resistance to
so0il blowing if cultivated. The groups are used to pre-
dict the susceptibility of soil to blowing and the amount
of soil lost as a result of blowing. Soils are grouped
according to the following distinctions:

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

Loamy sands, loamy fine sands, and loamy very fine
sands. These soils are very highly erodible, but crops
can be grown if intensive measures to control soil
blowing are used.

Sandy loams, coarse sandy loams, fine sandy loams,
and very fine sandy loams. These soils are highly
erodible, but crops can be grown if intensive measures
to control soil blowing are used.

Calcareous loamy soils that are less than 35 percent
clay and more than 5 percent finely divided calcium
carbonate. These soils are erodible, but crops can be
grown if intensive measures to control soil blowing
are used.

Clays, silty clays, clay loams, and silty clay loams
that are more than 35 percent clay. These soils are mod-
erately erodible, but crops can be grown if measures to
control soil blowing are used.

Loamy soils that are less than 18 percent clay and
less than 5 percent finely divided caleium carbonate
and sandy clay loams and sandy clays that are less
than 5 percent finely divided calcium carbonate. These
soils are slightly erodible, but crops can be grown if
measures to control soil blowing are used.

Loamy soils that are 18 to 85 percent clay and less
than 5 percent finely divided calcium carbonate, except
silty clay loams. These soils are very slightly erodible,
and crops can easily be grown.

Silty clay loams that are less than 35 percent clay
and less than 5 percent finely divided calcium carbo-
nate. These soils are very slightly erodible, and crops
can easily be grown.

Stony or gravelly soils and other soils not subject to
soil blowing.

Soil and water features

Features that relate to runoff or infiltration of water,
to flooding, and to grading and excavation of each soil
are indicated in table 12. This information is helpful
in planning land uses and engineering projects that
are likely to be affected by runoff from watersheds, by
flooding and a seasonal high water table, or by the
presence of bedrock in the upper 5 to 6 feet of the soil.

Hydrologic groups are used to estimate runoff after
rainfall. Soil properties that influence the minimum
rate of infiltration into the bare soil after prolonged
wetting are depth to the water table, water intake rate
and permeability after prolonged wetting, and depth
to slowly permeable or very permeable soil material.

Flooding is rated in general terms that describe the
frequency, duration, and period of the year when flood-
ing is most likely to occur. The ratings are based on
such evidence in the soil profile of the effects of flood-
ing as thin strata of gravel, sand, silt, or (in places)
clay deposited by flood water; irregular decrease in
content of organic matter as depth increases; absence
of distinctive soil horizons that form in soils of the
area that are not subject to flooding ; local information
about flood water heights and the extent of flooding;
and local knowledge that relates the unique landscape
position of each soil to historic floods. Most soils in
low positions on the landscape where flooding is likely
to occur are classified as fluvents at the suborder level
or as fluventic subgroups. See the section “Classifica-
tion” for more information.

The generalized description of flood hazards is of
value in land use planning, and it provides a valid
basis for land use restrictions. The soil data are less
specific, however, than those provided by detailed en-
gineering surveys that delineate flood prone areas at
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TABLE 12,—Soil and water features
[Absence of an entry indicates the feature is not a concern. The symbol > means greater than]

Hydro- Flooding High water table Bedrock
Soil name and logic
map symbol group
Frequency Duration Months Depth Kind Months Depth | Hardness
Ft In
Albion: An........ B None............ >6.0 >60  |eeeeeaeen
Attica: At ... B None >6.0 >60 |
Blanket: Ba....... C None >6.0 S60  |eeieeees
Carwile: Ca, 1Cw.... D Occasional.... Brlief to very | Apr.—Oct......... 0-2.0 | Apparent....[ Oct.—Apr.......| >60 | .o
ong.
Clark: Cx.............. B None.. >6.0 b T I
Dillwyn:
1Dp:
Dillwyn part...... A None.. 1.0-5.0 | Apparent..... Jan-Dec.......| >60 |.........
Plevna part........ D Frequent...... Brief to long...| Mar.-Oct......_.. 0-4.0 | Apparent...| Jan.—Dec........[ >60 |
1Dt
Dillwyn part...... A None.... 1.0-5.0 | Apparent....} Jan.-Dee.......| >60 | ...
Tivoli part.......... A None............ >6.0 560 e
Farnum: Fa,Fr.... B None............ >6.0 >60 o
Kingman: Kg.......... D Occasional .| Very brief........ Jan—Dec.........| 0.5-2.0 | Apparent._.. Dec.~Mar......... 00 |oeeeees
Naron: Na........ B None.. >6.0 560 |
Natrustolls: Nu..._.. C Rare to Very brief........ Mar.-Oct......... 2.0-6.0 | Apparent..... Nov.-May...._. 60 |oeeee
occasional.
Plevna: 1Pa, Pc...... D Frequent...... Brief to long....| Mar.-Oct......... 0-4.0 | Apparent....| Jan.—Deec......... >60 |
Pratt:
Ph, PO ... A None >6.0 600 o
1Pr:
Pratt part._....... A None.......... >6.0 560 |
Carwile part....... D | Occasional.... Brlief to very | Apr.—Oct......... 0-2.0 | Apparent...... Oct—Apr........| >60 |
ong.
1Pt:
Pratt part... A None.. >6.0 560 o
Tivoli part A None.... >6.0 S60  |oeeeeeeeeee
Tabler: Ta..c..... D | None.. 2.5-3.5 | Perched........ Oct.—Apr......| >60 | eeeees
Tivoli: Tv.oeen. A None.... >6.0 560 o
Waldeck: Wa......... C Occasional...| Brief.............. Mar.-Oct......... 2.0-6.0 | Apparent...... Oct.—Apr......| >60 |
Zenda: 1Za......... C Occasional....] Very brief........ Apr.—Sept 2.0-6.0 | Apparent..... Oct.—Apr........| >60 | ..

*This mapping unit is made up of two or more dominant kinds of soil. See mapping unit description for the composition and be-

havior of the whole mapping unit.

specific flood frequency levels,

A high water table is the highest level of a saturated
zone more than 6 inches thick in soils for continuous
period of more than 2 weeks in most years. The depth
to a high water table applies to undrained soils. Esti-
mates are generally based on the relationship between
grayish colors or mottles in the soil and the depth to
free water observed during the course of the soil sur-
vey. Indicated are the depth to the high water table;
the kind of water table, whether it is perched, artesian,
or the upper part of the ground water table; and the
months of the year that the high water commonly is

present. Only those saturated zones above a depth of
5 or 6 feet are indicated.

Information about the high water table helps in
assessing the need for specially designed foundations,
specific kinds of drainage systems, and footing drains
to insure dry basements. Such information is also
needed to decide whether or not to construct basements
and to determine how septic tank absorption fields and
other underground installations will function. Also,
a high water table affects ease of excavation.

Depth to bedrock is shown for all soils that are
underlain by bedrock at a depth of 4 to 6 feet or less.
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For many soils, a limited range in depth to bedrock is
a part of the definition of the soil series. The depth
shown is based on measurements made in soil borings
and observations made during the soil mapping. The
kind of bedrock and its relative hardness as related to
the ease of excavation is also shown. Rippable bedrock
can be excavated with a single tooth ripping attach-
ment on a 200 horsepower tractor, but hard bedrock
generally requires blasting.

Soil test data

Table 13 contains engineering test data for some of
the major soil series in Stafford County. These tests
were made to help evaluate the soils for engineering
uses. The engineering classifications given are based
on data obtained by mechanical analyses and by tests
to determine liquid limits and plastic limits. The me-
chanical analyses were made by combined sieve and
hydrometer methods.

Compaction data (moisture density data) are im-
portant in earthwork. If a soil material is compacted
at a successively higher moisture content, assuming
that the compactive effort remains constant, the density
of the compacted material increases until the optimum
moisture content is reached. After that, density de-
creases as the moisture content increases. The highest
dry density obtained in the compactive test is termed
maximum dry density. As a rule, maximum strength
of earthwork is obtained if the soil is compacted to the
maximum dry density.

Tests to determine the liquid limit and plastic limit
measure the effect of water on the consistence of the
soil material as has been explained for table 10.

Formation and Classification of Soils

This section consists of two main parts. In the first
part the factors that affected the formation of soils in
Stafford County are explained, and in the second the
current system of soil classification is explained and
the soil series represented in the county are placed in
some classes of that system.

Factors of Soil Formation

Soil is produced by the action of soil forming pro-
cesses on materials deposited or altered by geologic
forces. The characteristics of the soil at any given
point in the time of their formation are determined by
the physical and mineralogical composition of the par-
ent material, the climate that has existed during and
since the accumulation of soil material, the plant and
animal life on and in the soil, the relief or lay of the
land, and the length of time the processes of soil for-
mation have acted on the soil material.

The climate, plant life, and animal life, particularly
plant life, are active factors of soil formation. These
factors have a combined effect. They act on the parent
material that has accumulated through the weathering
of rocks and slowly change it into a natural body of

soil having genetically related horizons. The effects of
climate, plants, and animals on the formation of hori-
zons in soils are conditioned by relief. The parent ma-
terial also affects the kind of soil profile that is formed
and in some places may be the predominant factor.
Finally, time is needed for changing the parent mate-
rial into soil that has genetic horizons. Usually a long
time is required for the formation of distinct horizons.

Parent material

Parent material consists of the weathered rock or
partly weathered material from which soils are formed.
Weathering of rocks takes place through the process
of freezing and thawing, abrasion and soil blowing,
water and glaciers acting on the soil, and by chemical
processes.

Unconsolidated deposits of silt, sand, and gravel
(Meade formation) of early Pleistocene age entirely
covers Stafford County (10). Quaternary material,
much of it sandy, covers the surface of the county.
Recent alluvium is the parent material for all soils
formed on flood plains and stream terraces of the
major streams in the county and in Big Marsh and
Little Marsh areas.

Climate

Climate influences both physical and chemical weath-
ering processes and the biological forces at work within
the parent material. The downward movement of water
is the major factor in transforming the parent mate-
rial into a soil that has distinct horizons. The amount
of water that percolates through the soil depends on
the temperature, the type and intensity of precipita-
tion and humidity, the relief, and the nature of the
soil material. Soil forming processes are most active
when the soil is warm and moist. In Stafford County
these processes are most active in spring and summer.
Soil structure is modified by freezing and thawing and
by wetting and drying. These processes tend to form
aggregates in soils. Alternate wetting and drying is
active in the subhumid climate of the county.

Climate is an important factor in causing differences
in soils over a wide region. Because of climate, how-
ever, the differences in the soils in Stafford County are
negligible.

The average annual rainfall is between 24 and 25
inches in Stafford County. Wind velocity in the county
is high and influences soil formation by sorting and
moving soil material. The prevailing wind direction is
southerly to northerly.

Plants and animals

Plants and animals have an important effect on the
formation of soils. Plant and animal remains furnish
organic matter to the soil. Growing plants and animals,
including bacteria and other microscopic animals,
transform and decompose organic matter, mix the
soil material, use and release nutrients, and help to
weather rocks. Many kinds of plants and animals grow
and die in the soil and thus influence the physical,
chemical, and biological characteristics of the soil.
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TABLE 18.—FE'ngineering

[Tests performed by the State Highway Commission of Kansas in accordance with standard procedures of the American Associa-

Moisture density!
Soil name and location Parent material Report no. Depth
Maximum
dry Optimum
density moisture
Pound per
Inches cubic foot Percent
Attica fine sandy loam: Eolian sediment.......... 873 Kans
2,490 feet east and 300 feet south of the northwest 93-4-1 0-10 115 11
corner of sec. 2, T. 24 8., R. 15 W. (Modal) 93-4-2 10-21 116 12
93-4-3 39-60 115 13
Naron fine sandy loam: Eolian sediment.......... 873 Kans
660 feet north and 270 feet west of the southeast 93-5-1 0-8 121 11
corner of sec. 35, T. 23 S., R. 14 W. (Modal) 93-5-2 13-28 118 12
93-5-3 38-60 120 11
Carwile fine sandy loam: Old alluvium.... ... 873 Kans
2,376 feet west and 563 feet south of the northeast 93-6-1 0-8 115 12
corner of sec. 13, T. 23 S., R. 12 W. (Modal) 93-6-2 23-45 104 20
93-6-3 53-60 111 14

'Based on the moisture density relations of soils using 5.5 1b rammer and 12 in drop, AASHTO Designation T99-61, Method A,
with the following variations: (1) All material is ovendried at 230°F; (2) all material is crushed in a laboratory crusher after
drying; and (8) no time is allowed for dispersion of moisture after mixing with the soil material.

*Mechanical analyses according to the AASHTO Designation T88-57 with the following variations: (1) All material is ovendried
at 230°F and crushed in a laboratory crusher; (2) the sample is not soaked prior to dispersion; (8) sodium silicate is used as
the dispersing agent; and (4) dispersing time, in minutes, is established by dividing the plasticity index value by 2. (The maxi-
mum time is 15 minutes, and the minimum time is 1 minute.) Results by this procedure frequently may differ somewhat from re-
sults that would have been obtained by the soil survey precedure of the Soil Conservation Service (SCS). In the AASHTO pro-
cedure, the fine material is analyzed by the hydrometer method, and the various grain sized fractions are calculated on the basis of

Plants and animals in the soil and plants growing on
the soil make it more permeable to water, promote
leaching, and improve soil structure. Burrowing ani-
mals, insects, and earthworms mix and move large
quantities of soil material and bring fresh minerals
into the surface horizon in many places.

The soils of Stafford County formed mostly under
prairie grasses. Grasses return large amounts of or-
ganic matter to the soil material in both roots and tops.
Thus, in addition to other soil forming factors, the
surface layer and subsoil is darkened as time passes,
the soil structure is formed, and a distinet soil pro-
file emerges.

Relief

Relief influences soil formation through its effect
on drainage, runoff, erosion, and soil temperature,
Through its effect on soil moisture and temperature,
relief also influences the kinds of plants and animals
that live on and in the soil. In areas of more sloping
relief where runoff is rapid, the soil material is likely
to be washed away before well developed horizons can
form. In areas of nearly level relief and in depressions,
erosion is slight and the soil receives extra water as
runoff. The soils are deep, and their horizons are well
developed in these areas.

Stafford County has four major types of relief—

nearly level, undulating, hummocky, and hilly land.
Most of the county ranges over a repeating sequence
of relief that ranges from nearly level to hummocky.
Small areas of nearly level relief are along major
streams and near Big Marsh and Little Marsh areas.
Present stream channels and old meandering channels
furnish sharp micro-relief in these areas. Another
small area of nearly level and gently sloping relief is
near the town of Stafford. Three distinctly hilly sandy
areas are south of Macksville, east of St. John, and in
the northeastern part of the county near the Barton
County line.

In some instances a soil will always be in areas of
one particular kind of relief, but in many instances
the same kind of soil occurs in different areas that
have different relief. For example, Tivoli fine sand is
only on hilly dune land. Pratt loamy fine sand, on the
other hand, is on both undulating and hummocky relief.

Time

Time is needed for soils to form from parent mate-
rials. Some soils form rapidly while others form slowly.
The length of time needed depends largely on the other
factors of soil formation. Formation of horizons in a
soil, therefore, is related to time. As water moves

downward in the soil, soluble matter and fine particles
are leached from the surface layer and are deposited
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test data
tion of State Highway and Transportation Officials (AASHTO) except as otherwise noted]
Mechanical analysis? Classification
Percentage less than 3 inches Liquid | Plasticity
in diameter passing sieve— Percentage smaller than limit index
AASHTO? Unified4
No. 10 No. 40 No. 200 0.05 0.02 0.005 0.002
(2.0 mm) (0.42 mm) | (0.074 mm) mm mm mm mm
100 98 25 18 11 8 6 18 1 A-2-4 (0) SM
100 98 27 22 16 13 11 21 3 A-2-4 (0) SM
........................ 100 33 27 20 16 13 22 5 A-2-4 (0) SM-SC
100 91 34 27 17 12 10 19 4 | A-2-4 (0) SM-SC
100 93 46 40 28 18 14 25 10 A-4 (2) SC
100 91 22 17 12 9 8 18 3 A-2-4 (0) SM
100 97 56 45 26 13 11 21 5 A-4 (4 CL-ML
100 99 88 81 62 39 31 49 31 A-7-6 (18) CL
100 98 70 60 41 26 19 32 16 A6 (9) CL

all the material, including that coarser than 2 millimeters in diameter. In the SCS soil survey procedure, the fine material is ana-
lyzed by the pipette method, and the material coarser than 2 millimeters in diameter is excluded from calculations of grain sized
fractions. The mechanical analyses used in this table are not suitable for use in naming textural classes for soils.

*Based on Standard Specifications for Highway Materials and Methods of Sampling and Testing (Pt. 1, Ed 8) : The Classifica-
tion of Soils and Soil Aggregate Mixtures for Highway Construction purposes, AASHTO Designation M145-49.

‘Based on the Unified Soil Classification System Technical Memorandum No. 3-357, Volume 1, Waterways Experiment Station,
Corps of Engineers, March 1953. The SCS and Bureau of Public Roads have agreed to consider that all soils having plasticity
indexes within two “points’ from A-line to be given a borderline classification obtained by this use is CL-ML.

in the subsoil. How long this process of leaching takes
depends mostly on how long the soil material has been
in place; how much water penetrates and is able to
move through the soil; and how much the chemical,
physical, and biological activity assists the process.

Some soils, such as Tivoli, lack horizon development
because the soil material in which they formed is highly
resistant to weathering. Other soils, such as Waldeck,
formed in recent alluvium, but they have had little time
to form distinct genetic horizons. Naron soils formed
in loamy and sandy eolian deposits. These soils have
been exposed to soil forming processes for thousands
of years and have distinet horizons. They are referred
to as “mature” soils.

Classification

The system of soil classification currently used was
adopted by the National Cooperative Soil Survey in
1965. Readers interested in further details about the
system should refer to the latest literature avail-
able (11).

The system of classification has six categories. Be-
ginning with the broadest, these categories are order,
suborder, great group, subgroup, family, and series.
In this system the bases for classification are the differ-
ent soil properties that can be observed in the field or

those that can be inferred either from other properties
that are observable in the field or from the combined
data of soil science and other disciplines. The prop-
erties selected for the higher categories are the result
of soil genesis or of factors that affect soil genesis. In
table 14 the soils of Stafford County are classified
according to the system. Classes of the system are
briefly discussed in the following paragraphs.

ORDER. Ten soil orders are recognized. The prop-
erties used to differentiate among orders are those that
reflect the kind and degree of dominant soil forming
processes that have taken place.

SUBORDER. Each order is divided into suborders
based primarily on properties that influence soil gene-
sis and that are important to plant growth or that
were selected to reflect the most important variables
within the orders. The last syllable in the name of a
suborder indicates the order.

GREAT GROUP. Each suborder is divided into great
groups on the basis of close similarities in kind, ar-
rangement, and degree of expression of pedogenic
horizons; soil moisture and temperature regimes; and
base status. The name of a great group ends with the
name of a suborder.

SUBGROUP. Each great group is divided into three
subgroups; the central (typic) concept of the great
groups, which is not necessarily the most extensive
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TABLE 14.—Classification of the soils

Soil name Family or higher taxonomic class

Coarse-loamy, mixed, thermic Udic Argiustolls.
Coarse-loamy, mixed, thermic Typic Haplustalfs,
Fine, mixed, thermic Pachic Argiustolls.

Fine, mixed, thermic Typic Argiaquolls.

..| Fine-loamy, mixed, thermic Typic Calciustolls.

..| Mixed, thermic Aquic Ustipsamments.

.| Fine-loamy, mixed, thermic Pachic Argiustolls.
..| Fine-silty, mixed (calcareous), thermic Fluvaquentic
Haplaquolls.

Fine-loamy, mixed, thermic Udic Argiustolls.

Natrustolls....| Fine-loamy, mixed, thermic Leptic Natrustolls and
Typic Natrustalfs. .
Plevna............ Coarse-loamy, mixed, thermic Fluvaquentic
Haplaquolls.
Pratt.... -| Sandy, mixed, thermic Psammentic Haplustalfs.
Tabler.. .| Fine, montmorillionitic, thermic Vertic Argiustolls.
Tivoli... .| Mixed, thermic Typic Ustipsamments.
Waldeck........ Coarse-loamy, mixed, thermic Fluvaquentic
Haplustolls. .
Zenda............ Fine-loamy, mixed, thermic Fluvaquentic Haplustolls.

subgroup; the intergrades, or transitional forms to
other orders, suborders, or great groups; and the
extragrades that have some properties that are rep-
resentative of the great groups but do not indicate
transitions to any other known kind of soil.

FAMILY. Families are established within a sub-
group on the basis of similar physical and chemical
properties that affect management. Among the proper-
ties considered in horizons of major biological activity
below plow depth are particle size distribution, min-
eral content, temperature regime, thickness of the soil
material penetrable by roots, consistence, moisture
equivalent, slope, and presence of permanent cracks.

SERIES. The series consists of a group of soils that
formed from a particular kind of parent material and
have horizons, that except for texture of the surface
layer, are similar in differentiating characteristics and
in arrangement in the soil profile. Among these char-
acteristics are color, texture, structure, reaction, con-
sistence, and mineralogical and chemical composition.

General Facts About the County

History and development.—Stafford County was es-
tablished in 1897. It was named in honor of Lewis
Stafford, an infantry captain during the Civil War.
When the Civil War ended in 1865, Stafford County
was a part of a larger area called Marion County. The
present Stafford, Barton, and Pratt Counties were set
aside as a three county area in 1868, but settlement of
Stafford County began about 1874. St. John developed
in the period 1877 to 1880. It became the county seat
in 1882, and a brick courthouse was built in 1886.8
Railroads were built across the Stafford, Barton, and
Pratt County area in the period 1868 to 1872. The

SSTEELE, FRANK L., from his notes on “A History of Stafford
County” in the Memorial Library, St. John, Kansas,

Santa Fe Railroad reached Great Bend August 5, 1872,
as this project moved westward.

Oil and gas.—Stafford County joined the growing
list of oil producers about 1930 (10). The Richardson
pool was the initial discovery in Stafford County.
Many good and high producing oil and gas pools were
drilled in Stafford County. The average depth was
about 3,736 feet, and oil strata of Pennsylvania,
Mississippian and Ordovician rocks were tapped. The
largest producer wells were from the Arbuckle group
of the Ordovician age.

Water resources.—Most of the domestic stock-water
wells and all irrigation wells derive water from the
Meade formation (10). In northeastern Stafford Coun-
ty the ground water is high in mineral content and is
not satisfactory for most uses.

Soils in sandy areas of Stafford County and in the
many low areas and intermittent lakes allow much
water to accumulate and percolate downward to the
water table. In some areas clayey layers hinder down-
ward movement of water, but these layers are limited
in horizontal extent, and water detours around them
to reach the water table. Water commonly stands in
low areas after rains. In the dryer seasons most of
this water evaporates. The rest of the average annual
rainfall of slightly more than 24 inches is accounted
for by transpiration during plant growth.

In Stafford County there are 240 gravity and sprink-
ler irrigation systems. They supply water at rates
ranging from 800 to 1,500 gallons per minute. Several
irrigation systems are developed every year.

Sand and gravel.—Thick sand and gravel deposits
are in the Meade formation in Stafford County (10).
This formation is exposed in some places at the surface
along Rattlesnake Creek, the North Fork of the Nin-
nescah River, and around Big Marsh. Elsewhere the
Meade formation is covered by dune sand a few feet
to more than 50 feet thick.

Salt. According to oil well logs, a bed of rock salt 50
to 200 feet thick is about 1,000 feet below the surface
nearly everywhere in the county. This salt is referred
to as the Hutchinson salt member of the Wellington
formation (Permain) (7). In 1868 a salt plant was
built at Big Salt Marsh to procure salt from the water
of the marsh. Salt from this plant was sold locally,
and it was used primarily for curing meat.

Volcanic ash of very good textural quality is ex-
posed in a small area in sec. 28, T. 25 S, R. 11 W. (10).

Physiography, Relief, and Drainage

All of Stafford County is in the Arkansas River Low-
lands section of the Central Lowland physiographic
province of the United States. The region of Central
Kansas, including Stafford County along the Arkansas
River Valley, is the most extensive part of the Meade
formation in the State (6). The Meade formation in
this area consists largely of sand and gravel. The
Grand Island member is the lower and intermediate
part which filled the old valleys in the bedrock and is
overlain by Illinoian Crete gravels and Wisconsinan
dune sand and alluvium (10).
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The present ground surface has little sharp relief
except in hilly, sandy areas that occur south of Macks-
ville, east of St. John, and in the northeastern part of
the county. The larger part of the remaining area of
the county is a reoccurring sequence of nearly level,
undulating, and hummocky landscapes. Among these
landscapes are many low areas throughout the county
where runoff is slow or very slow and where the drain-
age pattern is lacking or is poorly defined. Three main
drainage patterns are in Stafford County. They are
Rattlesnake Creek and Wild Horse Creek, Peace Creek,
the North Fork of the Ninnescah River and an un-
named creek that is locally called “S Creek.” Rattle-
snake Creek flows to the northeast and crosses the
county from the southwest corner to the northeast and
crosses the county from the southwest corner to the
northeast corner. It passes through Quivira National
Wildlife Refuge.

Prior to establishment of the refuge, Rattlesnake
Creek passed within about one-half mile of Little Salt
Marsh, but now it is mostly diverted through the
marsh. The average gradient of Rattlesnake Creek
above St. John is about 7 feet to the mile, and below
St. John the gradient is about 4 feet to the mile (10).
Wild Horse Creek flows to the northeast and drains
a small area between Macksville and a point about 3
miles north of St. John where it enters Rattlesnake
Creek. The many branched Peace Creek drains the
nearly level and gently sloping Blanket-Farnum associ-
ation to the northeast of Stafford. It enters Reno Coun-
ty a little more than 2 miles south of Little Salt Marsh.
The North Fork of the Ninnescah River heads in the
uplands about 12 miles west of the southeast corner of
the county. It flows to the northeast and enters Reno
County about 6 miles north of the southeast corner of
the county. S Creek drains a small area to the south-
east of Stafford where it joins the North Fork of the
Stafford-Reno County line.

The highest elevation in Stafford County is 2,050
feet at a point west of Macksville, and the lowest is
about 1,725 feet where Rattlesnake Creek crosses the
Stafford-Rice County line.

Climate’

Stafford County has a typical continental type of
climate as a result of its location in the interior of a
large land mass in middle latitudes. Continental cli-
mates are characterized by large diurnal and annual
variations in temperature. This climatic feature is
characteristic of Kansas and, indeed, of most of the
area between the Rocky Mountains to the west and the
Appalachian Mountains to the east.

The climate of Stafford County has been classified by
Thornwaite (12) as “dry subhumid.” Precipitation in
such a climate, “does not exceed the losses by evapora-
tion and the needs of plants, and no water is available
as surface runoff. As a consequence, there is no accre-
tion to ground water except in rainy years, and the

By L. DEAN BARK, climatologist, Kansas Agricultural Experi-
ment Station, Manhattan, Kansas,

subsoil is virtually permanently dry.” Although this
classification describes Stafford County under average
conditions, there are occasional years that have large
rainfall totals. Stafford County is near the boundary
between the dry portion of western Kansas that is
influenced by the rain shadow of the Rockies and the
moist eastern regions of the state that are frequently
visited by moisture laden air currents from the Gulf of
Mexico (4). The annual rainfall depends on the out-
come of the conflict between these two influential
factors.

Precipitation records have been essentially contin-
uous at Hudson since 1922. The current record of
temperature at Hudson began in 1951. The description
of the climate for Stafford County given in table 15 is
based on an analysis of the Hudson records and those
of nearby Larned in Pawnee County.

Precipitation totals for the year in Stafford County
average about 25 inches. More than eighteen inches,
or about 75 percent of this annual total occurs in the
growing season of April through September. There are
measurable amounts of precipitation on an average of
74 days a year. May and June, with a total of nine,
have the highest average number of rainy days per
month. These months also have the highest average
amounts of precipitation. The heaviest one day rainfall
at Hudson was 7.77 inches on September 25, 1973.
Precipitation on a majority of the rainy days is very
light. Nearly 50 percent of the rainy days have less
than 0.25 inch. Only about 10 percent of the rainy days
have a total of more than one inch. The 11 days that
have the greatest precipitation totals contribute 50
percent of the annual total. The remaining 50 percent
is spread over 63 days. From these statistics, it is
apparent that it is common to have two or three weeks
of dry weather between showers. These dry spells can
produce stress conditions for cultivated crops, native
pastures, and meadows.

Most of the total annual precipitation comes from
convective shower activity. Thunderstorms move
across the county usually in the evening or at night.
Rainfall is most common from 7 p.m. to 3 a.m. Forty
percent of the hours that have rainfall during the 24
hour day occur between midnight and 6 a.m. Only 35
percent of the hours having rainfall occur during the
peak outdoor work period of 6 a.m. to 6 p.m.

Snowfall in Stafford County is high in most years,
averaging about 20 inches a year. Amounts are divided
fairly even among the months of December through
March. Maximum snowfall, however, tends to be late
in winter. The most snow recorded in a calendar year
at Hudson was 49.5 inches in 1960. Of that amount,
35 inches occurred in February and March. The great-
est snow depth at any one time was 11 inches on
December 12, 1928, In general, snow cover remains on
the ground for periods of less than one week, but there
are occasional exceptions. In 1960, there was snow on
the ground (at least a trace) at Hudson from the last
week in January until the middle of March. Blizzards
occur at times during the snow season, especially early
in spring. Such storms are usually of short duration.
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TABLE 15.—Temperature and precipitation data

Temperature! Precipitation!
2 years in 10 2 years in 10
will have— will have—
Month Average Average
Average | Average | Average number of number of | Average
daily daily daily Maximum | Minimum | growing | Average days with | snowfall
maximum | minimum temper- temper- degree Less More 0.10 inch
ature ature days? than— than— or more
higher lower
than— than—
°F °F °F °F °F Inches Inches Inches Inches
January.......... 42.8 19.3 31.1 71 —9 0.55 0.09 0.76 1 3.8
February........ 48.2 24.0 36.1 79 —4 - 92 24 1.57 2 4.7
March........... 55.5 29.9 42.7 85 2 109 1.28 27 2.01 3 44
i 69.0 42.6 55.8 92 22 329 2.29 1.12 3.29 4 .5
78.7 53.6 66.2 99 32 629 3.61 2.40 4.77 6 0
88.2 62.8 75.5 104 44 662 4,26 1.66 6.65 7 0
93.2 67.8 80.5 105 54 816 3.65 1.48 5.71 6 0
92.2 66.1 79.2 107 52 836 2.54 1.17 3.66 5 0
83.0 57.2 70.1 100 39 543 2.21 .70 3.73 4 0
71.9 45.9 58.9 93 25 253 2.09 .39 3.67 3 4
56.0 32.0 44.0 78 5 .79 .05 1.74 2 1.4
44.4 23.9 34.2 70 —4 | .87 .19 1.51 2 4.6
68.8 43.8 56.4 107 —10 4,175 25.04 19.25 30.99 44 20.5

1Recorded in the period 1941-1970 at Hudson, Kansas.

‘Based on Larned temperatures 1941-70. Calculated by the National Weather Service 50-86 method.

Temperature ranges are large in a continental cli-
mate. Annual extremes are generally —5° to —10° F
and about 105° F. The lowest temperature recorded at
Hudson was —20° on February 1, 1951. Temperature
records were not taken in the county during the 1930’s,
but Larned reported 114° on three separate days dur-
ing July and August in 1936.

The average temperature data in table 15 indicates
the rather short transition seasons of spring and fall
in Kansas. Winter weather exists from December
through February, and the average daily temperature
during that period is in the 30’s or lower. Summer
conditions and warm temperatures necessary for plant
growth continue from late in April to early in October.

The average growing season, or the period between
the last 32° freeze in spring and the first in fall, is
185 days in Stafford County. There is little crop dam-
age as a result of freezing weather in most years.
Freezes late in spring occasionally damage winter
wheat. The probability of freezes of differing severity
in spring and fall are given in table 16 (3).

The prevailing wind direction is southerly, but
northerly winds are not uncommon, particularly in
winter. Average wind velocities, which are moderately
strong in all seasons, reach a maximum speed in spring.
Average hourly velocity in the windiest month, March,
is about 14 miles per hour.

Although climatic conditions in Stafford County are
generally favorable for successful crop production,
crop yields on nonirrigated farms are often reduced
by a lack of soil moisture. The combination of high
temperatures, dry weather, strong winds, and low
humidities produce a high demand of moisture and

cause greatest crop damage. During such periods,
evapotranspiration rates are high and cultivated crops
are unable to maintain satisfactory growth. If the
plant cover is limited, conditions are ideal for soil
blowing. During the period 1931-68, droughts classi-
fied as mild, moderate, severe, or extreme were re-
corded during 191 months (5). There were severe or
extreme periods of drought in 83 months, or about 20
percent of the period studied. These figures are prob-
ably higher than average because the period of study
includes the devastating droughts of the 30’s and 50’s.
A longer period of study would undoubtedly show a
reduction in the percentage of time in which severe
and extreme drought conditions exist. The reduction

TABLE 16.—F'reeze dates in spring and in fall

Minimum temperature!
Probability
24°F or | 28°F or | 32°F or
lower lower lower
Last freezing temperature in spring:
1 year in 10 later than ... .. Apr. 12 | Apr. 23 | May 5
2 years in 10 later than... | Apr; 7 Apr. 18 | Apr. 30
5 years in 10 later than............ .. ar, 29 | Apr, 8 Apr. 20
First freezing temperature in fall: .
1 year in 10 earlier than............_... Oct. 27 | Oct. 16 | Oct. 8
2 years in 10 earlier than.... | Nov. 1 | Oct. 24 | Oct. 12
5 years in 10 earlier than................. Nov. 10 | Nov. 2 | Oct. 22

'From Bulletin 415, Kansas State Agricultural Experiment
Station,
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would not be appreciable, and agricultural operations
in this section of Kansas need to be aware of the high
potential of drought.

Occasionally tornadoes and severe wind storms occur
in Stafford County. These storms are associated with
the pagsage of squall lines through the state. Stafford
County is somewhat close to the center of maximum
tornadoes in east-central Oklahoma, and the major
threat is in June. When these storms do occur, they are
local in extent and are of short duration so that risk
is small. The county is farther from the center of max-
imum occurrence of hail storms (NE-Colorado, SE-
Wyoming, Nebraska panhandle). Hail is associated
with heavy rains, and thus the months of May and
June are the months of most frequent hail.

Transportation

Stafford County is served by the Atchison, Topeka,
and Santa Fe Railroad which passes through Zenith,
Stafford, St. John, Dillwyn, and Macksville. A branch
line of the Missouri Pacific serves Neola, Stafford, Bed-
ford, Hudson, and Seward and ends one-half mile west
of Radium. U.S. Highway 281 crosses the county north
to south near St. John. U.S. Highway 50 crosses it from
east to west through Zenith, Stafford, and Macksville.
Kansas Highway 19 crosses the northwest part of the
county east to west, from U.S. Highway 281 to a mile
south of Seward and Radium. A network of good roads
serve the rest of the county except in hilly, sandy areas
and in some places along Rattlesnake Creek and the
North Fork of the Ninnescah River.
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Glossary

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

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

Alkali (sodic) soil. A soil having so high a degree of alkalinity
(pH 8.5 or higher) or so high a percentage of exchangeable
sodium (15 percent or more of the total exchangeable bases),
or both, that plant growth is restricted.

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

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

Inches

Very low 0to3
Low . 3to6
Moderate 6to9
High More than 9

Blowout. A shallow depression from which all or most of the soil
material has been removed by wind. A blowout has a
flat or irregular floor formed by a resistant layer or by an
accumulation of pebbles or cobbles. In some blowouts the
water table is exposed.

Calcareous soil. A soil containing enough calcium carbonate
(commonly with magnesium carbonate) to effervesce (fizz)
visibly when treated with cold, dilute hydrochloric acid. A
soil having measurable amounts of calcium carbonate or
magnesium carbonate.

Caliche. A more or less cemented deposit of calcium carbonate
in soils of warm-temperate, subhumid to arid areas. Caliche
occurs as soft, thin layers in the soil or has hard, thick
beds just beneath the solum, or it is exposed at the surface
by erosion.

Chlorosis. Yellowing or blanching of green portions of a plant,
particularly the leaves. May be caused by disease organisms,
unavailability of nutrients, or other factors.

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

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

Complex, soil. A mapping unit of two or more kinds of soil
oceurring in such an intricate pattern that they cannot be
shown separately on a soil map at the selected scale of
mapping and publication.

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

Consistence, soil. The feel of the soil and the ease with which a
lump can be crushed by the fingers. Terms commonly used
to describe consistence are—

Loose.—Noncoherent when dry or moist; does not hold to-
gether in a mass.

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

Firm.—When moist, crushes under moderate pressure between
t}tl:lxmb and forefinger, but resistance is distinctly notice-
able

Plastic—When wet, readily deformed by moderate pressure
but can be pressed into a lump; will form a “wire” when
rolled between thumb and forefinger.

Sticky—When wet, adheres to other material and tends to
stretch somewhat and pull apart rather than to pull free
from other material.

Hard—When dry, moderately resistant to pressure; can be
broken with difficulty between thumb and forefinger.
Soft. When dry, breaks into powder or individual grains under

very slight pressure.

Cemented.—Hard; little affected by moistening.

Depth classes, soil. The upper limit and the lower limit of a
depth class, applied to any one soil, are fixed in definite
figures. These limits need to vary somewhat among soils
depending on the other soil characteristics. In this survey,
the approximate upper and lower limits of depth classes are

as follows:
Inches
Very shallow 0to10
Shallow 10 to 20
Moderately deep 20 to 40
Deep more than 40

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

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

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

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

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

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

Poorly drained.—Water is removed so slowly that the soil is
saturated periodically during the growing season or re-
mains wet for long periods. Free water is commonly at
or near the surface for long enough during the growing

season that most mesophytic crops cannot be grown unless
the soil is artificially drained. The soil is not continuously
saturated in layers directly below plow depth. Poor drain-
age results from a high water table, a slowly pervious
layer within the profile, seepage, nearly continuous rain-
fall, or a combination of these.

Very poorly drained.—Water is removed from the soil so
slowly that free water remains at or on the surface dur-
ing most of the growing season. Unless the soil is artifi-
cially drained, most mesophytic crops cannot be grown.
Very poorly drained soils are commonly level or depressed
and are frequently ponded. Yet, where rainfall is high
and nearly continuous, they can have moderate or high
slope gradients, as for example in “hillpeats” and “cli-
matic moors.”

Eolian soil material. Earthy parent material accumulated
through wind action; commonly refers to sandy material
in dunes or to loess in blankets on the surface.

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

Erosion (geologic). Erosion caused by geologic processes act-
ing over long geologic periods and resulting in the wearing
away of mountains and the building up of such landscape
features as flood plains and coastal plains. Synonyms:
natural erosion.

Erosion (accelerated). Erosion much more rapid than geo-
logic erosion, mainly as a result of the activities of man
or other animals or of a catastrophe in nature, for ex-
ample, fire, that exposes a bare surface.

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

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

Horizon, soil. A layer of soil, approximately parallel to the
surface, having distinct characteristics produced by soil-
forming processes. The major horizons of mineral soil are
as follows:

O horizon.—An organic layer, fresh and decaying plant resi-
due, at the surface of a mineral soil.

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

A2 horizon.—A mineral horizon, mainly a residual concentra-
tion of sand and silt high in content of resistant minerals
as a result of the loss of silicate clay, iron, aluminum, or
a combination of these.

B horizon.—The mineral horizon below an A horizon. The B
horizon is in part a layer of change from the overlying
A to the underlying C horizon. The B horizon also has
distinctive characteristics caused (1) by accumulation of
clay, sesquioxides, humus, or a combination of these;
(2) by prismatic or blocky structure; (3) by redder or
browner colors than those in the A horizon; or (4) by a
combination of these. The combined A and B horizons are
generally called the solum, or true soil. If a soil lacks a
B horizon, the A horizon alone is the solum.

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

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

Leaching, The removal of soluble material from soil or other
material by percolating water.

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

Loess. Fine grained material, dominantly of silt-sized particles,
deposited by wind.
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Mottling, soil. Irregular spots of different colors that vary in
number and size. Mottling generally indicates poor aeration
and impeded drainage. Descriptive terms are as follows:
abundance—few, common, and many; size-—fine, medium,
and coarse; and contrast—faint, distinct, and prominent.
The size measurements are of the diameter along the great-
est dimension. Fine indicates less than 5 millimeters (about
0.2 inch); medium, from 5 to 156 millimeters (about 0.2 to
0.6 inch); and coarse, more than 15 millimeters (about
0.6 inch).

Munsell notation. A designation of color by degrees of the three
single variables—hue, value, and chroma. For example, a
notation of 10YR 6/4 is a color of 16YR hue, value of 6,
and chroma of 4.

Parent material. The great variety of unconsolidated organic
and mineral material in which soil forms. Consolidated bed-
rock is not yet parent material by this concept.

Ped. An individual natural soil aggregate, such as a granule, a
prism, or a block.

Percs slowly. The slow movement of water through the soil
adversely affecting the specified use.

Permeability. The quality that enables the soil to transmit water

or air, measured as the number of inches per hour that

water moves through the soil. Terms describing permeability
are very slow (less than 0.06 inch), slow (0.06 to 0.20 inch),

moderately slow (0.2 to 0.6 inch), moderate (0.6 to 2.0

inches), moderately rapid (2.0 to 6.0 inches), rapid (6.0 to

20 inches), and very rapid (more than 20 inches).

value. (See Reaction, soil). A numerical designation of

acidity and alkalinity in soil.

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

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

pH

pH »H
Extremely acid __Below4.65 Neutral ... 6.6 to 7.3
Very strongly acid 4.5 to 5.0 Mildly alkaline ... 74t017.8
Strongly acid ... 5.1t0b5.6 Moderately alkaline 7.9 to 8.4
Medium acid _. 6.6 t0 6.0 Strongly alkaline ... 8.5 t0 9.0
Slightly acid .......... 6.1t06.56 Very strongly

alkaline ... 9.1 and higher

Relief. The elevations or inequalities of a land surface, con-
sidered collectively.

Saline soil. A s0il containing soluble salts in an amount that
impairs growth of plants. A saline soil does not contain
excess exchangeable sodium.

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

Seepage. The rapid movement of water through the soil. Seep-
age adversely affects the specified use.

Series, soil. group of soils, formed from a particular type
of parent material, having horizons that, except for the
texture of the A or surface horizon, are similar in all pro-
file characteristics and in arrangement in the soil profile.
Among these characteristics are color, texture, structure,
reaction, consistence, and mineralogical and chemical com-
position.

Shrink-swell. The shrinking of soil when dry and the swelling
when wet. Shrinking and swelling can damage roads, dams,

building foundations, and other structures. It can also
damage plant roots. .

Silt. As a so0il separate, individual mineral particles that range
in diameter from the upper limit of clay (0.002 millimeter)
to the lower limit of very fine sand (0.05 millimeter). As a
soil textural class, soil that is 80 percent or more silt and
less than 12 percent clay.

Seoil. A natural, three-dimensional body at the earth’s surface
that is capable of supporting plants and has properties re-
sulting from the integrated effect of climate and living mat-
ter acting on earthy parent material, as conditioned by
relief over periods of time,

Solum. The upper part of a soil profile, above the C horizon,
in which the processes of soil formation are active. The
solum in mature soil consists of the A and B horizons. Gen-
erally, the characteristics of the mineral in these horizons
are unlike those of the underlying materal. The living roots
and other plant and animal life characteristics of the soil
are largely confined to the solum.

Structure, soil. The arrangement of primary soil particles into
compound particles or aggregates that are separated from
adjoining aggregates. The principal forms of soil structure
are—platy (laminated), prismatic (vertical axis of aggre-
gates longer than horizontal), columnar (prisms with
rounded tops), blocky (angular or subangular), and granu-
lar. Structureless soils are either single grained ( each grain
by itself, as in dune sand) or massive (the particles adher-
ing without any regular cleavage, as in many hardpans).

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

Substratum. The part of the soil below the solum.

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

Terrace (geologic). An old alluvial plain, ordinarily flat or undu-
lating, bordering a river, a lake, or the sea. A stream
terrace is frequently called a second bottom, in contrast
with a flood plain, and is seldom subject to overflow. A
marine terrace, generally wide, was deposited by the sea.

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

Tilth, soil. The condition of the soil, especially the soil structure,
as related to the growth of plants. Good tilth refers to the
friable state and is associated with high noncapillary poros-
ity and stable structure. A soil in poor tilth is nonfriable,
hard, nonaggregated, and difficult to till.

Water table. The upper limit of the soil or underlying rock
material that is wholly saturated with water.

Water table, apparent. A thick zone of free water in the soil.
An apparent water table is indicated by the level at which
water stands in an uncased borehole after adequate time
is allowed for adjustment in the surrounding soil.

Water table, artesian. A water table under hydrostatic head,
generally beneath an impermeable layer. When this layer
is penetrated, the water level rises in an uncased borehole.

Water table, perched. A water table standing above an unsatu-
rated zone. In places an upper, or perched, water table is
separated from a lower one by a dry zone.






GUIDE TO MAPPING UNITS

(For a complete description of a mapping unit, read both the description of the mapping unit and the
description of the soil series to which the mapping unit belongs)

Map Capability
Symbol Mapping unit Page Unit
Symbol

Range site

Dryland Irrigated

An Albion sandy loam, 1 to 4 percent------------ 9 I1Ie-3 IIle-3
At Attica fine sandy loam, 1 to 4 percent slopes 9 ITe-2 Ile-2
Ba Blanket silt loam------=-ccoomcomommocmnao 10 | ITc-1 I
Ca Carwile fine sandy loam---------------ec-—- 11 ITw-1 ITw-1
Cw Carwile compleX----=cm--eomomm e - 11 IVs-2 IVs-2
Cx Clark loam, 1 to 3 percent slopes------------ 11 ITle-2 I1Ie-2
Dp Dillwyn-Plevna compleX------=-ccccmmmmmmaanoo 12 [ vw-2 | ------
Dt Dillwyn-Tivoli loamy fine sands, 0 to 15

percent Slopes--=--=--emcmmmoe e 12 | VIe-2 = | «=----

Dillwyn series--~------mccocmmmm oo | mmm——— | memee-
Tivoli series---=-----mmccc e S e

Fa Farnum fine sandy loam---------cc-ooommmmo 13 | ITe-1 ITle-1

Fr Farnum loam----m=-cowmm e e 13 IIc-1 I

Kg Kingman silty clay loam---~--=--cccmocomo— 14 }Vw-3 = [ ------
Na Naron fine sandy loam------------------c-un 14 | ITe-1 IIe-1

Nu Natrustolls------- B e 14 [ VIs-1 | ------
Pa Plevna s0ils-==-=-mcccmomcc e l6 | vw-1 [ -=-=--
Pc Plevna soils, channeled----------coccccmeonoo 16 | VIw-1 | ------
Ph Pratt loamy fine sand, hummocky-------------- 16 | IVe-1 IITe-1
Po Pratt loamy fine sand, undulating------------ 16 | IlIe-1 IIle-1
Pr Pratt-Carwile complex, 0 to 8 percent slopes- 17 | IIle-1 ITIe-1

Pratt series---------cc-mcmocmmoco o el B A it
Carwile series-~----comccmcmmmmme e e B B

Pt Pratt-Tivoli loamy fine sands, hummocky------ 17 | VIe-1 Ive-1
Ta Tabler loam---=-==--ccomoom e 17 | IIs-1 ITs-1
Tv Tivoli fine sand, hilly-------e=cccommamo- 18 | Vile-1 | ~=-=--
Wa Waldeck fine sandy loam----------meecmoonoono 18 | ITIw-1 ITIw-1
Za Zenda-Natrustolls compleX---~---=---ccc-c-oo 19 | IVs-1 IVs-1
Zenda series-----------mommmmmom oo I B B il
Natrustolls---~----c--mmmmmm oo T B B

Name

Sandy

Sandy

Loamy Upland
Sandy

Sandy

Limy Upland
Subirrigated

Subirrigated
Sands

Sandy

Loamy Upland
Subirrigated
Sandy

Saline Subirrigated
Subirrigated
Subirrigated
Sands

Sands

Clay Upland
Choppy Sands
Subirrigated
Subirrigated
Saline Subirrigated

Page
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27

27
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28
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NRCS Accessibility Statement

This document is not accessible by screen-reader software. The Natural
Resources Conservation Service (NRCS) is committed to making its information
accessible to all of its customers and employees. If you are experiencing accessibility
issues and need assistance, please contact our Helpdesk by phone at
1-800-457-3642 or by e-mail at ServiceDesk-FTC@ftc.usda.gov. For assistance with
publications that include maps, graphs, or similar forms of information, you may also
wish to contact our State or local office. You can locate the correct office and phone
number at http://offices.sc.egov.usda.gov/locator/app.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its
programs and activities on the basis of race, color, national origin, age, disability, and
where applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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