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Satellite Imagery for Soil Surveys

Aerial photographs of the earth have
been used as a soil survey tool since the
1930’s. Since July of 1972, imagery of the
earth from Earth Resources Technology
Satellites (ERTS, now called LAND-
SAT) has been available. There now are
three satellites in orbit. LANDSAT data
are multispectral, temporal, synoptic,
and near orthographic (see paragraphs
below for details). Thus they have prop-
erties not generally available in photo-
graphs taken from airplanes. Limits of
LANDSAT data include lower resolu-
tion than-aircraft imagery, atmospheric
attenuation and, since data are taken at
fixed intervals, there is no chance of
avoiding cloudy or stormy weather.

The LANDSAT satellite circles the
globe in a near polar, sun-synchronous
orbit at an altitude of 920 km (550 miles).
Each satellite passes over the same area
on the earth every 18 days. Although
LANDSAT carries a Return Beam Vidi-
con camera, the principal source of data
has been the multispectral scanner
(MSS). The MSS records reflected
energy from the earth in four distinct reg-
ions of the electromagnetic spectrum:
band 4is0.5-0.6 um, band 5is 0.6-0.7 um,
band 6is 0.7-0.8 um, and band 7is 0.8-1.1
um. Thus band 4 corresponds approxi-
mately to the green-yellow-orange part
of the electromagnetic spectrum, band 5
the red part, and bands 6 and 7 the re-
flected near infrared. A fifth band in the
thermal range is on board the third satel-
lite which was launched in March of
1978. Each LANDSAT scene covers an
area on the ground subtended by a
square 185 km (115 miles) on a side.

LANDSAT scenes are available in 9 x
9 inch transparencies and 70 mm chips.
In addition, computer compatible tapes
of each scene are available for each band.

An enlarged negative print of a LANDSAT
satellite image using band 7. The scale is
about 1:250,000. Most of the area is in Lyman
County, S.D. The Missouri River is at right.
White squares and rectangles are fallow
fields, dark fields are wheat or milo. Gray
areas are generally grass. White flecks in the
grassy areas are stock ponds. Light gray areas
near the river have a sparse grass cover.

Either positive or negative contact and
enlargement prints can be made from
transparencies. In addition, false color
composite transparencies can be pre-
pared by registering and projecting two
or more of the bands through appropriate
color filters. Transparencies may be
viewed directly over a light table or con-
tact or enlargement color prints can be
made. If a color additive viewer is avail-
able, each band can be projected and en-
larged for a visual display to survey the
appropriate combinations of bands and
filters for the specific enhancement de-
sired. Color transparencies can then be
prepared of useful combinations.

The following characteristics of
LANDSAT imagery have a bearing on
use of the imagery in a soil survey pro-
gram:

First, each scene covers such a large
area that a synoptic view of soil associa-
tions is possible. An area of 3.5 million
hectares (8 million acres) can be studied
where sun angle, condition of soil, stage
of vegetative growth and other features
are recorded at nearly the same moment.
The influence of climate and vegetation,
soil parent material and topography on
soils can be detected.

Second, the scenes are near- orthe
graphic. Thus LANDSAT scenes join
one another with very little distortion so
that mosaics can be constructed.
Moreover, LANDSAT scenes fit control-
led base maps such as the USGS maps.
Such maps, showing geologic, topog-
raphic, soils, cultural and other features,
can be superimposed as transparencies
over LANDSAT scenes.

Third, since LANDSAT passes occur
at fixed intervals, scenes can be selected
for the time of year best suited for soil
survey. This temporal feature allows

study of soils and vegetation as they
change with time. Soil surveyors have
had very little control as to flight
scheduling for acquiring aerial photo-
graphs and have had to accept photo-
graphs taken wusually in midsummer
when the soils are mantled with vegeta-
tion.

Fourth, the data are recorded in dis-
tinct parts of the spectrum. This is a
multispectral capability and since both
soils and vegetation reflect differently in
different parts of the electromagnetic
spectrum, the use of the four bands in-
creases the chances for unique signa-
tures for identification of vegetation and
soils.

Following are some publications av-
ailable from the Plant Science Depart-
ment that illustrate some uses of satellite
imagery for soil survey:

1. LANDSAT data, Its Use in a Soil
Survey Program, by F. C. Westin
and C.]. Frazee, reprinted from Soil
Science Society of America Journal
Vol 40 No. 1 Jan-Feb, 1976.

2. AES Info Series No. 5 “ERTS
(LANDSAT) Mosaic of South
Dakota.”

3. AES Info Series No. 7 “Soil Texture,
Soil Slope and Soil Test Results on
an ERTS (LANDSAT) Mosaic of
South Dakota.”

4. AES Info Series No. 8 “Soil Tex-
tures and Land Forms of Brookings
County, South Dakota on ERTS-1
(LANDSAT) Imagery.”

5. AES Info Series No. 10 “Land Use
Interpreted from ERTS-1 (LAND-
SAT) Imagery” (Pennington
County, South Dakota).

6. AES Info Series No. 12 “Soilscapes
Interpreted from LANDSAT Imag-

%
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Soils of South Dadkota

Frederick C. Westin, professor, and
Douglas D. Malo, assistant professor,
Plant Science Department
Agricultural Experiment Station;
South Dakota State University.

Introduction

When a state depends heavily upon
agriculture for its livelihood, soil man-
agement becomes an especially impor-
tant matter. Furthermore, the job a per-
son does in management depends upon
his knowledge of the soil’s characteris-
tics and qualities.

South Dakota is an agricultural state
with an area of 77,047 square miles and a
population density of about 9 persons to
the square mile. Its 1975 cash receipts
from farming totalled more than $2.3 bill-
ion. About 43% of this total came directly
from crops, according to the South
Dakota Crop and Livestock Reporting
Service, 1976.

Here is how the state ranked nation-
ally in 1975 in agricultural production:
2nd in oats, rye, and flaxseed; 3rd in
durum wheat; 4th in other spring wheat;
6th in alfalfa seed, alfalfa hay, and all
hay; 7th in barley; 11th in sorghum grain;
and 12th in all wheat and wild hay (South
Dakota Crop and Livestock Reporting
Service, 1976).

These crops or their products, along
with forage and pasture grown in the
state, provide feed for large numbers of
livestock. In 1975 South Dakota ranked
5th in all sheep and lambs, 6th in beef
cows that have calved, 9th in all cattle
and calves, 10th in cattle on feed, and

11th in pigs, sheep and lambs on feed,
and cash receipts from livestock (South
Dakota Crop and Livestock Reporting
Service, 1976).

This production is possible because
South Dakota has large areas of produc-
tive soils. However, soils in some areas
are less productive. They may be less
productive because of several reasons:
excessive or poor drainage, overly sandy
or clayey, claypans, salinity, or they
occur in drier areas.

This publication describes in general
the characteristics and qualities of soils
recognized to date in South Dakota. It
shows the distribution and areal extent of
the state’s soils. It is primarily for educa-
tional purposes. For specific purposes,
such as farm planning, public land ac-
quisition, flood control, and engineering
uses, consult large scale county soil as-
sociation maps, and detailed soil sur-
veys. The County Extension Agent and
the Soil Conservation Service Officer in
your area have specific soil information.

A glossary of soil-related terms is in-
cluded in the appendix. The appendices
also include a map showing the progress
of soil surveys in South Dakota, and a
description of the soils on experimental
fields, along with a tabular listing of re-
search carried out at each site.

This publication is a contribution from the
Department of Plant Science and the South
Dakota Agricultural Experiment Station,
South Dakota State University, Brookings

57007. Project Numbers H-728 and H-769. It
is an adaptation from and an expanded revi-
sion of Soils of South Dakota, Soil Survey
Series Number 3, July 1967.




1 Major Soil Regions

South Dakota is near the center of the
great grassland area of mid-North
America that once extended between the
eastern and western forest regions. Ex-
cept for the forested Black Hills and scat-
tered cottonwoods and shrubs of the al-
luvial lands, South Dakota was a vast sea
of grass for thousands of years before its
soils were tilled.

This grassland environment and the
accompanying subhumid to semiarid
climatic environment are the two factors
which have exerted the greatest influ-
ence on the development of the state’s
soils. Effects of parent material, relief,
and time are also important soil forming
factors that will be considered later.

Seven Regions

Climate and vegetation have in-
teracted in South Dakota to produce
seven major soil regions. These regions
are named: Cool, Moist Forest (Typic
Boralfs)!; Cool, Very Dry Plain (Aridic
Borolls); Warm, Very Dry Plain (Aridic
Ustolls); Cool Dry Plain (Typic Borolls);
Warm Dry Plain (Typic Ustolls); Cool
Moist Prairie (Udic Borolls); and Warm
Moist Prairie (Udic Ustolls). See Figure
1.

The Cool Moist Forest Region, the
Black Hills, is unique for South Dakota
because the included soils have de-
veloped under forested conditions in a
cool, humid climate. In the other regions
soils have developed under grassland in
climates ranging from moist subhumid to
semiarid. In Figure 1, arrows indicate
the general kind of soil profile which has
developed on well-drained positions in
each region.

Soils Reflect Climate

In South Dakota the lines of equal
temperature and the lines of equal pre-
cipitation cross roughly at right angles.
Relatively speaking, this makes the
southeast warm and moist, the northeast
cool and moist, the southwest warm and
very dry, and the northwest cool and very
dry.

One way in which the climate of the
state is reflected in the soils is in the
depth ofleaching of carbonates. Figure 1
shows that the depth of leaching is grea-
ter in the more humid east than in the
drier west and greater in the warmer
south than in the cooler north.

Organic Matter Varies

Native grassland vegetation, which
was greatly influenced by climate, has
determined the amounts of organic mat-
ter in the soils. In general, the more
humid eastern portion of the state sup-
ported tall grass stands that left relatively
large amounts of organic matter in the
soils. Moving westward, the grass type
changed to mid- and finally to short gras-
ses in response to the drier climate. This
change was reflected in the lower con-
tents of organic matter in the soils de-
veloped under drier climates.

Temperature also has played a part in
determining the organic matter content
of the soils. In the cooler northern part of
the state more soil organic matter and
total nitrogen were present than in the
southern part under comparable precipi-
tation. This is due to slower bioclogical
decomposition and chemical activity
under cooler temperatures.

Organic matter and total nitregen con-
tent of most soils in the state today are
substantially lower than when the origi-
nal prairie sod was plowed. These losses
are generally about one-third of the total
and apply about equally over the state.
Therefore, present contents of organic
matter and total nitrogen reflect the orig-
inal amounts present but are about one-
third lower. The approximate amounts of
organic matter and total nitrogen now
present in the acre-furrow slice of the
typical, well-drained grassland soil in
each region are presented in Figure 2.

Soil Colors Differ

Differences are apparent in the surface
soil color in the various areas of the state.
It is possible to determine soil colors sci-
entifically by comparing them with spe-
cially prepared color charts. These charts
are manufactured by the Munsell
Company? and the color chips are ar-
ranged according to hue, value, and
chroma — the three simple variables
which combine to produce all colors.
Hue is the dominant spectral color, value
refers to the relative lightness of the
color, and chroma is the relative purity or
strength of the color.

The two variables which give the best
measure of surface soil color differences
among the six grassland soil regions are
value and chroma of the moist soil. These
data are given in Figure 3 (arrows are
used to compare the regions).

Figure 3 shows that the darkest soils
are in northeast South Dakota. These
soils also have the lowest chroma. In
Figure 2 it is seen that these soils have
the highest organic matter and total nit-
rogen supplies of any region in the state.
Figure 1 indicates that the climate for
this region is cool-moist.

The soils of southwest South Dakota
have the lightest color (highest value),
are browner (highest chroma), and have
less organic matter and total nitrogen
than soils of the other regions. Figure 1
indicates that the climate here is warm
and very dry. Thus it is that color value
correlates well with total amounts of or-
ganic matter and nitrogen present.

Experimental data show that nitrogen
release to plants is more a function of
temperature than of precipitation. Thus
the southern and western soils release
nitrogen faster than the northern and
eastern soils. Data show that in south-
eastern South Dakota slightly over 2% of
the total nitrogen usually is released an-
nually to plants. In northeastern South
Dakota slightly less than 2% of the total
nitrogen of the soils is released annually.
The amounts of available nitrogen,
therefore, appear to correlate well with
chroma, being greatest for the highest
chromas and least for the lowest
chromas.

This brief outline of the climatic and
vegetative environments of the soils of
the state shows how these environments
gave rise to major soil regions. In each
region the typical well-drained soils are
characterized by certain colors, depths of
leaching of carbonates, and amounts of
organic matter and total nitrogen. The
soils within each of the major regions are
further subdivided into soil associations
on the basis of texture, drainage, and pro-
file charcteristics, including the pres-
ence of claypans and salts. To account for
these soil differences it is necessary to
discuss in more detail the environmental
factors of soil formation as they operate
across the state.

! Names in parenthesis are technical soil tax-
onomic names which are described in Soil
Taxonomy (Soil Survey Staff, 1975).

2 Trade names are included for the benefit of
the reader and do not imply endorsement or
preferential treatment of the named product
by South Dakota State University or the South
Dakota Agricultural Experiment Station.
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Figure 1. Relationships among climate, vegetation, and soils in South Dakota.
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Chroma is a measure of the strength of color. (The notation
for chroma consists of numbers beginning at 0 for neutral
grays and increasing at equal intervals to a maximum of

about 20 which is never really approached in soils.)
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Value is a measure of the lightness of color. (The notation
fpr value consists of numbers from 0 for absolute black to 10
for absolute white.)



Z Soil Forming Factors

The kind of soil that develops in any
area is the result of interaction of five soil
forming factors: climate, vegetation or
organisms, parent material, relief, and
time.

Climate controls the distribution of
vegetation. Together climate and vegeta-
tion often are called the active factors of
soil formation. This is because on gently
undulating topography within a certain
climatic and vegetative zone a charac-
teristic or climax soil will develop unless
parent material differences are great.
Thus the tall and mid-grass prairie soils
have developed across a variety of parent
materials.

The factor of parent material exerts its
influence on soils principally by deter-
mining their texture and to a great extent
their mineralogical composition. In soil
taxonomy, climate and vegetation tell
what order, suborder, and great group a
soil is in. Parent material, to a large ex-
tent, determines the soil’s family, and
series (Soil Survey Staff, 1975). For ex-
ample, tall grass prairie soils developed
from glacial till are classified in the Vie-
nna series, while tall grass prairie soils
developed in thin loess overlying glacial
till are classified in the Kranzburg series.

The factor of reliet exerts its greatest
influence by determining what drainage
a soil will have. Steep slopes have exces-
sively drained, thin soils; flat or depre-
ssed topographic areas usually have
poorly drained, thick soils. The mature,
typical, well-drained grassland soils de-
velop only on undulating relief where
climate and vegetation are given full ex-
pression.

The factor of time in soil formation can
be illustrated by comparing a soil on a
flood plain which receives annual in-
crements of alluvium with a soil on a
terrace. The former is without horizons
although it may have strata of contrasting
alluvium, while the latter usually has an
ABC horizon sequence. Actually much
work needs to be done in South Dakota
to assess the importance of time in soil
formation.

Details of these five soil forming fac-
tors as they affect soil development in
South Dakota will now be considered.

Climate
South Dakota, because of its inland
position, has a continental climate with
extremes of summer heat, winter cold,

and rapid fluctuations of temperature.
Temperatures during the winter months

often drop to -20°F (metric equivalents of

all English units of measurement used in
this publication are given in the appen-
dix) or lower while in the summer read-
ings of 100°F or more are common in
most areas of the state. Cold fronts mov-
ing across the state may cause tempera-
tures to drop 40° to 60°F in 24 hours. The
warmest recorded temperature in South
Dakota was 120°F at Gann Valley on July
3, 1936 while the coldest was -58°F at
McIntosh on February 17, 1936
(Spuhler, Lytle, and Moe, 1971). The av-
erage annual temperature is 46°F and
ranges from 48°F in the south to less than
44°F in the north (see Figure 4).
Annual precipitation ranges from 24 to
25 inches in the southeastern part to less
than 14 inches in the northwestern part
(see Figure 4). Most precipitation is in
spring and early summer. Approximately
75% of the total annual precipitation falls
when temperatures are ideal for plant
growth. The fall, winter, and spring
moisture falls mostly as frontal precipita-
tion. It is the result of condensation as
warm moist air from the Gulf of Mexico
overrides heavier polar air masses. Much
of the summer precipitation comes as
short hard showers of the convectional
thundershower type. In eastern South
Dakota, June normally has the most

thunderstorms; in western South Dakota
most of them normally come in July.

Seasonal snowfall averages about 30 to
50 inches in the lower elevations of the
state to over 100 inches in the Black
Hills. Annual snowfall amounts vary
widely. For example, in 1930-31 Canton
in Lincoln County, only received 2.2 in-
ches of snow but in 1961-62 recorded
more than 100 inches. Highest annual
snowfall recorded outside the Black
Hills was 109.8 inches in 1936-37 at
Aberdeen. In the Black Hills annual
snowfalls in excess of 160 inches are
common (Spuhler, Lytle, and Moe,
1971).

Average depth of frost penetration
ranges from about 25 inches in south-
western South Dakota to 50 inches in the
northeastern part. Depth of frost de-
pends to a large degree on the amount
and timing of snowfalls in relation to
winter temperature extremes.

For the area excluding the Black Hills
the average last-spring-frost date is about
May 5 in the southeast to May 20 in the
northwest. Average date for the first fall
frost is September 15 in the northwest to
October 5 in the southeast. Average
length of time without killing frost varies
from 120 days along the northern part of
the state to 160 days in the southeastern
part. The Black Hills area generally has
shorter growing seasons than the rest of

Figure 4. Average annual precipitation and air temperature for South Dakota.
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the state, with average of frost-free days
ranging from 110 to 130 days.

During cold seasons winds are from
the northwest, and are from the southeast
during the warm season. Annual average
surface wind velocity for the state is 10 to
12 miles an hour.

The average number of clear days per
year is 120 to 140. Partly cloudy days per
year average 100 to 130 and cloudy days
average 100 to 120. Normal annual
number of hours of sunshine is about
2,850 in the southwestern part of the
state to 2,700 in the northeastern part.

It is possible to evaluate the climatic
factor in South Dakota in relation to that
of the United States by classification ac-
cording to a national scheme. Several
schemes may be used, but the system of
Thornthwaite (1948) classifies the cli-
mate of South Dakota as follows: (refer-
ring to Figure 1) Moist subhumid— east-
ern South Dakota (approximates the
Cool Moist Prairie and the Warm Moist
Prairie regions); Dry subhumid— cen-
tral South Dakota (approximates the
Cool Dry Plain and the Warm Dry Plain
regions); and Semiarid— western South
Dakota except for the Black Hills (ap-
proximates the Cool, Very Dry Plain and
the Warm, Very Dry Plain regions). The
Black Hills climate ranges from dry sub-
humid to humid.

Native Vegetation

Except for the Black Hills, which are
timbered, and the river valleys where
trees and brush grew, the native vegeta-
tion of South Dakota was originally
grassland (Weaver, 1954; Weaver and
Albertson, 1956).

Starting with the eastern border of the
state and extending to the eastern edge of
the James River Valley, the principal as-
sociation was one of tall grasses. Big
bluestem, sand dropseed, and switch-
grass were present along with upland
and lowland forbs.

Moving westward across the James
River Valley, the tall grasses gradually
dropped out, being found only on sandy
soils and on cool northern exposures, and
the medium and short grasses assumed
dominancy. Important species of the
midland area were needleandthread,
green needlegrass, western wheatgrass,
slender wheatgrass, blue grama, prairie
junegrass, and buffalograss.

Moving into western South Dakota,
shorter grasses largely replaced mid-
grass species, because of decreased rain-
fall. Here were blue grama, need-
leandthread, western wheatgrass, prairie
junegrass, and little bluestem.

Certain variations in this general pat-
tern occurred in western South Dakota as
a result of extremely sandy or clayey soil
texture. For example, on the Pierre plain,
an area of clay soils (Kp on Figure 5), the
principal association was one of western
wheatgrass, blue grama grass, and buf-

falograss. In the sand hills (Psh on Figure
5) of southwestern South Dakota an im-
portant association was little bluestem,
prairie sandreed, and needleandthread.

Parent Material

The kinds of soil parent material in
South Dakota are shown in Figure 5.
This map was generalized from maps by
Flint (1955) and Rothrock (1943).

As this map illustrates, soils of the state
have developed from a large variety of
materials. They include ancient crystal-
line rocks in the central Black Hills,
sedimentary rocks including shale,
sandstone, and limestone in western
South Dakota, and glacial materials of
several ages in eastern South Dakota.
Additional parent materials include
loess, alluvium, and colluvial materials
formed from upland deposits. As soil de-
velopment is extremely slow on crystal-
line rocks and as few South Dakota soils
have been recognized as having been
developed from them, they will not be
further discussed.

Sedimentary Rocks. Sedimentary
rocks formed by consolidation and
cementation of sand, silt, clay and other
clastic material, and the precipitation
from solution of the carbonates of cal-
cium and magnesium. All of this took
vlace on the floors of ancient seas.
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The sands formed sandstone, the silts
and clays formed siltstone and shale, and
the basic carbonates formed limestone.
Few of these rocks in South Dakota are
pure—instead they are calcareous sand-
stones, sandy limestones, and so on. The
principal sedimentary rock parent mater-
ials include: (1) Pierre shale of the cen-
tral part of the West River area; (2) upper
Cretaceous sandstones and sandy shales
of the northern part of the West River
area; and (3) Tertiary sandstones and
siltstones of the southern part of the West
River area.

The Pierre shale area is sometimes cal-
led the “gumbo region” because of the
plastic clay which weathers from the
shale. Strata of the Pierre shale are soft
and easily eroded. They generally are
not butte-formers, rather they weather
into soft rounded hills and ridges with
convex tops. The Pierre clay and Samsil
clay are soil series developed from
Pierre shale.

Some sedimentary beds in the Pierre
Shale area (the Pierre, Niobrara, and

Morrison formations) occasionally have_

high amounts of selenium associated
with them (Kubota and Allaway, 1972).
These three geologic formations are not
uniformly seleniferous throughout their
range of occurrence. High selenium
levels in plants grown in soils which

have developed from seleniferous
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Figure 5. Soil parent materials in South Dakota.

West River

Psh—Sand Hills
0Oa—Oligocene-Arickaree—sandstone and
siltstone

Ow—White River beds—silts and clays
Pflc—Cannonball, Ludlow, Fort Union, un-
differentiated

Kh—Hell Creek—sandy shales

Kf—Fox Hills sandstone

Kp—Pierre shale

BH—Black Hills—undifferentiated crystal-
line, metamorphic and sedimentary materials
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East River

Qa—Alluvium

Ql—Glacial Lake Basin—silts, clays, sands
Qm—Late Wisconsin glacial drift—loam till
Qc—Late Wisconsin glacial drift—loam till,
patchy silts (Stagnant ice moraine)
Qt—Early Wisconsin glacial drift—loam till,
thin loess

Qi—Early Wisconsin glacial drift—usually
thick loess



sedimentary beds can cause harmful ef-
fects to livestock and humans.

Upper Cretaceous sandstones and
sandy shales of northwestern South
Dakota give rise to a great variety of soil
textures. The sandstones weather to
sandy soils and the shales which contain
admixtures of silts and sands are parent
materials for sandy loams, loams, clay
loams, silty clay loams, silty clays, and
clays. The dominant textures are sandy
loams and loams. Morton silt loam, Ralph
loam, and Vebar sandy loam are soil
types mapped in this area.

Tertiary sandstones and siltstones of
southwestern and south central South
Dakota form sandy and silty soils. The
sandy materials on the south are an ex-
tension of the Nebraska Sand Hills.
Going north-the materials progressively
have higher silt and clay increments.
Some of the strata in this area and also
some of those of the Upper Cretaceous
area in northwestern South Dakota form
benches, plateaus, and buttes because
they are more resistant than other as-
sociated beds to weathering, erosion,
and stream cutting.

Pleistocene Geology. Pleistocene is
the name given to events of glaciation.
Glacier ice entered the state from the
northeast or north and flowed south and
west, the western margin of glaciation
being the Missouri River. As the ice
moved over the preglacial surface it fil-
led valleys, planed off hills, forced the
cutting of new valleys, piled up large

HARDING.

ridges, and otherwise changed the pre-
glacial topography.

The character of the rocks of the pre-
glacial surface determined, to a large ex-
tent, the composition of the glacial de-
posits formed from them. This is because
most glacial deposits consist of altered
rocks of local origin.

Glacial deposits cover South Dakota
east of the Missouri River. Geologic evi-
dence (Flint, 1955) consisting of a boul-
der line of glacial stones shows that an
early glacier pushed into western South
Dakota 30 to 50 miles west of the present
course of the Missouri River. Subse-
quent geologic erosion has removed this
West River glacial drift except for scat-
tered boulders and a few isolated
patches of glacial till. Soil parent materi-
als in this belt principally are sedimen-
tary in origin.

Glacial deposits are divided physi-
cally in to four groups: till, outwash, gla-
cial lake deposits, and ice contact
stratified drift. All are present in eastern
South Dakota as soil parent materials.

Till, which is the most abundant, is a
mixture of all size particles. It is thought
to have been deposited from the under
part of the flowing ice. Barnes, Houdek,
and Vienna are soil series developed
from till.

Outwash was deposited by melt water
as it flowed away from the ice and con-
sists principally of mixed gravel and
sand, usually crossbedded. Ordinarily
the outwash material is overlain by al-
luvium, as in the case of the Fordville
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Figure 6. Physical divisions of South Dakota.

1. Minnesota River—
Red River Lowland
2. Coteau des Prairies

7. Missouri River Trench
8. Northern Plateaus
9. Pierre Hills

3. James River Lowland 10. Black Hills

4. Lake Dakota Plain

11. Southern Plateaus

5. James River Highland 12. Sand Hills

6. Coteau du Missouri

Source: Flint, R. F. Prof. Paper 262, USGS, 1955.
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soils; or loess, as in the case of the Estel-
line soils.

Glacial lake deposits, called lacustrine
materials, consist of parallel-bedded silt
and clay with small admixtures of sand.
They were formed in depressions or ba-
sins temporarily blocked by glaciers and
filled with ponded water. The Beotia,
Harmony, Sinai, and Aberdeen are soil
series developed in these deposits.

Ice contact stratified drift
accumulated upon or against melting
glacier ice. It occurs as knobs or small
convex hills usually in rough terrain. In
South Dakota the Sioux series, which is
associated with the Buse series, is an ex-
ample.

Loess and Other Wind-deposited Sed-
iments. Loess is a nonglacial deposit of
wind blown and deposited particles of
silt size. The loess in South Dakota came
from mixing of silt from nonglacial de-
gosits to the west with silt which was

lown out or deflated from outwash
bodies and even from the till itself as the
glaciers melted. The loess may consist of
thin veneers to deposits 30 or more feet
in thickness. Moody, Nora, Keith, and
Trent are soil series developed in these
deposits.

Strictly speaking, loess refers to parti-
cles of silt size. Sandy and silty clay loam
materials, also carried and deposited by
the wind are called respectively eolian
sand and eolian silty clay loam. They
also are important South Dakota soil par-
ent materials. Distribution of these
wind-deposited sediments is shown in
Figure 5 along with other soil parent
materials of South Dakota. (See defini-
tion of soil separates in Glossary for di-
mensions of soil particles).

Alluvium. Alluvium consists of
stream-laid deposits of gravel, sand, silt,
and clay, generally interbedded and al-
most always mixed. Generally, the al-
luvium of the West River is clayey in
texture while that of the East River is
mostly loamy.

Relief and the Physical
Divisions

Relief. Relief, as used here, refers to
the lay-of-the-land. It may be level, un-
dulating, rolling, hilly, rough broken, or
mountainous. It may be smooth with a
network of small streams, or it may be
choppy with many closed basins dotting
the landscape. Relief usually varies from
acre to acre so it is difficult to show on
small-scale soil association maps. How-
ever any particular area usually is domi-
nated by certain relief characteristics.
For example, most of the Black Hills area
is mountainous while most of the glacial
Lake Dakota Plain in Spink and Brown
Counties is level.

Physical Divisions of South Dakota.
This section and the map (Figure 6) de-
scribe natural land forms of South



Dakota as classified by Fenneman (1938)
and Rothrock (1953) and revised by Flint
(1955). The most significant physical
boundary is that separating the Central
Lowland from the Missouri Plateau
(heavier line on Figure 6). As can be
noted from the soil association map, this
line lies in the Cool Dry Plain and the
Warm Dry Plain areas.

The Minnesota River-Red River Low-
land (Division 1, Figure 6) is a broad,
gently undulating, valley-like area with
_an-elevation of 900 to 1,100 feet above
sea level. Browns Valley, Minnesota,
situated midway between Lake Traverse
and Big Stone Lake, is the “East-West”
continental divide between drainage to
the Arctic Ocean and to the Gulf of Mex-
ico. The northeastern slope of the Coteau
des Prairies rises sharply nearly 1,000
feet to form the western limit of this low-
land.

The Coteau des Prairies (Division 2) is
a highland area between the
Minnesota-Red River Lowland and the
James River Lowland to the west. It
slopes gently to the south and west. Its
eastern and western slopes are steep at
the northern end and taper off on the
south. Elevations range from 2,000 feet
above sea level on the north to about
1,600 on the south. It is drained to the
south by the Big Sioux River, whose
tributary streams enter mainly from the
east. West of the Big Sioux River, the
surface of the Coteau is dotted with
lakes, while very few lakes occur east of
the river.

The James River Lowland (Division 3)
is a gently undulating plain lying con-
siderably lower than the Coteau des
Prairies on the east and the Coteau du
Missouri on the west. The James River
drains through the area from north to
south and occupies a rather narrow steep
sided valley. Elevations range from
1,300 to 1,400 feet above sea level.

The Lake Dakota Plain (Division 4) is
the nearly level surface formed by de-
position of sediment when glacial Lake
Dakota was ponded with water. The area
is sandy at the northern end and of a silty
clay loam and silty clay texture else-
where.

The James River Highlands (Division
5) consist of a group of three ridges lo-
cated at the southern end of the James

River Lowland. They are remnants of
former stream divides. From east to west,
these highlands are Turkey Ridge, James
Ridge, and Yankton Ridge.

Turkey Ridge, the largest of the three,
is more than 40 miles long, 10 miles
wide, and stands more than 300 feet
higher than the surrounding country.
Below the mantle of glacial drift is bed-
rock consisting of the Niobrara chalk,
overlain in places by the Sharon Springs
member of the Pierre shale (Flint, 1955).
These strata are exposed in the Canyon
of Turkey Creek; other exposures are
rare, as the drift mantle is 30 to 200 feet
thick.

Yankton Ridge forms the northern
bluff of the Missouri River Valley from
Yankton westward for 15 miles. Below
the drifts its core is Niobrara chalk, over-
lain by Pierre shale.

James Ridge, located west of the James
River and a few miles above its mouth, is
only 9 miles long, 1% miles wide, and
100 to 260 feet high. Like the other two
ridges, it is underlain by shale over
chalk.

The Coteau du Missouri (Division 6) is
part of the Missouri Plateau of the Great
Plains province, separated from the main
body of the Missouri Plateau by the Mis-
souri River. This highland area is co-
vered with glacial deposits and under-
lain by Pierre shale and older formations.
Several broad shallow sags traverse the
coteau, which mark positions of former
stream valleys of eastern continuations
of the Grand, Moreau, Cheyenne, Bad,
and White Rivers. These sags are shown
in plate 7 of the USGS Professional
Paper 262(2).

The Missouri River Trench (Division
7) averages a little over a mile in width
with the valley floor 300 to 600 feet
below the tops of the steep dissected
bluffs. The river flows south-southeast
with a gradient of about a foot per mile.
Erosion and deposition are believed to
be in equilibrium. As early travelers to
the region reported the water to be tur-
bid, rapid erosion apparently was in
progress before the advent of agricul-
ture, although cultivation in the tributary
region certainly has added to the sedi-
ment load.

The Northern Plateaus (Division 8) is
a series of plateaus and isolated buttes
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underlain by the Fox Hills sandstone
and younger Cretaceous strata. They
range in elevation from 2,000 to over
3,000 feet above sea level.

The Pierre Hills (Division 9) consist of
a series of smooth hills and ridges with
rounded tops. The region is underlain by
the Pierre shale formation and has lower
elevations (1,800 to 2,800 feet) than the
plateau country which rims it to the north
and south.

The Black Hills (Division 10) is a reg-
ion of mountainous terrain consisting of a
series of upturned sedimentary strata,
called hogbacks, arranged concentrically
around a core of ancient crystalline
rocks. Elevations range from 3,200 feet to
above 7,000 feet.

The Southern Plateaus (Division 11)
are divided into two regions. The large
area to the southwest consists of a series
of benches and buttes, underlain by Ter-
tiary sandstones, siltstones, and shale.
Elevations range from 2,800 to 3,600
feet. The Badlands comprise the north-
western part. The second area occurs in
southeastern South Dakota principally
in Union County. This is a stream-
dissected highland underlain by a thick
mantle of loess. Elevations range from
1,200 to 1,500 feet.

The Sand Hills (Division 12) is an ex-
tension of the Sand Hills region of Neb-
raska. It consists of a series of rounded
hills interspersed with low, swampy
areas, the whole region being underlain
by eolian sand. Elevations range from
3,000 to 3,600 feet.

Time

Time is important in the formation of a
soil. If the materials are easily eroded by
wind and water, as in the case of the
Pierre shale, the soil of steep slopes is
destroyed almost as fast as it is formed.
On undulating topography, soil forma-
tion on these materials and erosion go on
at aboiit the same pace. On flat slopes,
due to the grass root mat which retards
destructive processes, deeper soils de-
velop which are relatively older from the
standpoint of soil formation, than are the
undulating and rolling soils. Thus the
time factor is relative and varies across
materials of the same geologic age.



3 Soil Formation, Morphology and Classification

Soil Formation

Soils develop through a series of
changes. The starting point is freshly ac-
cumulated rock material. Weathering re-
leases simple compounds which serve as
food for bacteria and fungi. These simple
forms of life lived and died by the mil-
lions. Their bodies decayed in the rock
debris and thus organic matter began ac-
cumulating.

Gradually the developing soil was
able to support higher forms of plant and
animal life. The present accumulation of
soil organic matter is due principally to
the activity of these higher forms of plant
life. As they grow, upper layers of the
loose mass of parent materials slowly
change as organic matter accumulates
and leaching takes place. This develop-
ment of layers is the beginning of the soil
profile.

Soil Morphology

The morphological features of a soil,
which can be seen on the wall of a fresh
road cut, consist of a succession of layers
or horizons in a vertical section down
through the soil. In most soil profiles the
horizons are separated by transitional
zones, although some ofthe profiles have
sharply defined boundaries between
horizons.

Horizons. The uppermost layer is the
A horizon, commonly called the surface
soil; the second horizon is the B horizon,
commonly called the subsoil; and the
third is the C horizon, often called the
parent material. The upper part of the C
horizon of many soils is enriched with
lime leached from the A and B horizons.
This lime enriched layer is called the
horizon of lime accumulation and is de-
signated Cca; the symbol “ca” refers to a
zone of calcium carbonate enrichment.

The major A, B, and C horizons may be
subdivided by using Arabic numerals
such as Al and A2. The principal hori-
zons, Arabic numerals, and symbols used
in South Dakota are Al (the horizon of
maximum organic accumulation), A2 (a
light-gray leached layer in claypan and
forest derived soils), B2 (the horizon of
maximum profile development), and

ca.

All of these horizons donot occur in all
soils. Many soil profiles may have hori-
zons other than those discussed. Consult
the Soil Survey Manual for a more com-
plete discussion on horizonation in soils

(USDA-SCS Staff, 1951). The A and B
horizons, the horizon of lime accumula-
tion, and the upper part of the parent
material ordinarily occur within a depth
of 5 feet.

Formation Processes. The steps of soil
formation include the accumulation of
parent material, the addition of organic
matter, and the differentiation of a soil
profile. They occur in every soil. The
processes operating in each of the three
steps differ, however, from place to
place. If the parent material is sandy, the
soil developed in it has different proper-
ties than a soil developed in clay. Simi-
larly, soils developed in different clima-
tic regions or under different vegetation
or topographic positions will not be the
same.

The nature of soils is determined by
the combined influences of climate,
vegetation, parent materials, topog-
raphy, and age (the time interval soils
have been developing). These factors
have been discussed in preceding pages.
Climate and vegetation usually cause re-
gional differences in soils, as between
eastern and western South Dakota. Local
differences such as those among the soils
of a county are commonly due to differ-
ences in parent material, topography,
and age.

Soil Classification

South Dakota has a great many differ-
ent kinds of soils. To keep the charac-
teristics and qualities of these soils in
mind, it is necessary to group them sys-
tematically into a classification scheme.
The classification of soils: (1) aids in re-
membering characteristics of individual
soils, (2) clarifies relationships between
soils, (3) aids in discovering new facts, (4)
clarifies relationships between soils and
their environment, and (5) aids in a
person’s ability to predict properties of
unknown soil based on similar, known
soils.

A new system of soil classification has
been adopted in the United States called
Soil Taxonomy (USDA-SCS Staff, 1975).
It has replaced the 1938 Yearbook Sys-
tem of Soil classification (Baldwin, Kel-
logg, and Thorp, 1938; Kellogg, 1941).
To assist in using the new system the
following list of approximate 1938 equi-
valents for South Dakota is presented in
Table 1.
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There are six categories in Soil Tax-
onomy and they are in order of decreas-
ing rank or increasing number: order,
suborder, great group, subgroup, family,
and series. The highest category of the
system—order— differentiates soils by
the presence or absence of diagnostic
horizons or features that are characteris-
tic of the kinds and intensities of soil
forming processes and contrasting cli-
mates. All soils fit into one of 10 orders.

Suborders within a soil order are dif-
ferentiated on the basis of important soil
properties which influence genesis and
plant growth. There are 47 suborders
presently recognized. The large number
of suborders is a result of differences in
soil moisture, soil temperature, climatic
and vegetative influences on soil
genesis, and mineralogy.

At the great group level the entire soil
profile, the horizonation present, and the
most significant features of the entire
profile are considered. Soil great groups
are subdivisions of suborders and there
are 185 great groups currently recog-
nized in the United States. The great
group category combines soils which
have close profile similarities in the
kinds of horizons, the arrangement of
horizor the degree of expression of
horizons, soil moisture regimes, soil
temperature regimes, base status, cal-
cium content, iron content, gypsum con-
tent, and other salt content.

Each great group is divided into three
kinds of subgroups. These are: (1) the
central concept of the great group
(Typic); (2) soil properties which inter-
grade to or are transitional toward other
orders, suborders, or great groups; and
(3) subgroups with properties that are not
representative of any other order, subor-
der, or great group. There are about 970
known subgroups in the United States.

The next lower category of the system
is the soil family. Soil families are sepa-
rated within a subgroup on the basis of
similar physical and chemical properties
that influence plant growth, land man-
agement decisions, and engineering
purposes. Soil properties such as texture,
mineralogy, soil reaction, soil tempera-
ture regime, thickness of soil penetrable
by roots, thickness of horizons, and the
area’s precipitation pattern are used as
criteria to differentiate soil families. In
the United States about 4,500 soil
families are recognized.



Atthe lowest level of Soil Taxonomy is
the soil series. Soil series contain the
least variation in soil properties while
soil orders contain the most. The soils
comprising an individual soil series are
nearly homogeneous, their range of
properties is limited, and they have simi-
lar interpretations. Soil series are sepa-
rated on the basis of observable and
mappable soil properties such as color,
texture, structure, horizon arrangement
and thickness, mineralogy, moisture and
temperature regimes, consistence, and

Table 1. Approximate equivalents in Soil
Taxonomy and the Revised 1938 Year-

horizon presence and expression. There
are at least 10,500 soil series recognized
in the United States and over 510 in
South Dakota.

The higher the category of classifica-
tion, the fewer precise statements that
can be made for the unit. For most farm
management work, the soil series is the
most useful unit. However, the higher
categories, especially the subgroups, to
be discussed in the following pages,
have use in helping to clarify regional
relationships among soils.

book Systems of soil classification for
soils in South Dakota.

1938 Yearbook System

Soil Taxonomy

Great Soil Groups

Great Groups and Other Taxa Mostly or Partly Included

Alluvial Soils

Brown soils
Calcisols

Calcium Carbonate
Solonchak

Chernozem soils

Chestnut soils

Gray Wooded soils

Grumusols

Humic Gley soils

Lithosols

Planosols

Regosols

Solodized Solonetz
soils

Solonchak soils

Soloths

Fluvaquentic and fluventic subgroups of Mollisols; great groups of
Fluvents; entic subgroups of Haplustolls, Fluvaquents; great groups
of Psamments, Haplaquents, and Hapludolls.

Aridic subgroups of Arigustolls, Haplustolls, and Argiborolls.
Calciborolls, Calciustolls.

Calciaquolls, Aquic Calciustolls.

Mesic families of typic and udic subgroups of Argiustolls and Haplus-
tolls; udic and pachic subgroups of Argiborolls, Haplustolls, and
Haploborolls; Vermiborolls.

Mesic families of aridic subgroups of Argiustolls and Haplustolls;
typic and aridic subgroups of Argiborolls, Haplustolls, and Hap-
loborolls.

Eutroboralfs.

Vertic subgroups of Argiborolls, Haploborolls, Haplustolls, and Ar-
giustolls; Ustertic Camborthids.

Argiaquolls, Haplaquolls, Fluvaquents, Calciaquolls.

Lithic subgroups and shallow families of Entisols, Afisols, Aridisols,,
and Mollisols.

Argialbolls.

Great groups of Psamments; subgroups of Orthents other than lithic;
entic subgroups of Haplustolls and Psammaquents.

Natric great groups of Alfisols, Aridisols, and Mollisols.

Salorthidic Haplustoll and Salorthids.

Argialbolls.
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4 Regional Distribution of Soils

The typical, well-drained soils of
South Dakota reflect the subhumid and
semiarid climates and the original tall,
mid-, and short grass or forest vegetation
of the state. Most soils in the state are
well-drained, they have the same gen-
eral sequence of horizons, and they gen-
erally are uniform over relatively large
geographic areas.

Also within each major soil subgroup
region are other soils which lack B hori-
zons and are not well-drained. These in-
clude the thin soils formed on steep
slopes, sandy parent material, or unsta-
ble alluvium; the highlime soils; soils
influenced by high sodium contents;
soils formed in highly calcareous parent
material, and poorly drained soils. The
distribution of the major soil subgroups
is shown in Figure 7.

Soil Subgroups

Soil boundaries due to changes in soil
parent material or topography generally
are distinct while boundaries due to cli-
mate and vegetation differences are
gradual over a geographic area. The de-
lineated areas are characterized by
modal individuals which have a defined

range of soil characteristics. When a new
soil is to be classified it is classed with
the modal individual which it most re-
sembles. The soil lines on Figure 7 de-
lineate and show the principal geo-
graphic range of areas of important
modal soils.

Cool, Moist Forest (Typic Boralfs).
These soils have developed under a
humid climate (an annual precipitation
of 20 to 25 inches and an average annual
air temperature between 40-45° F.); a na-
tive vegetation of pine and spruce; par-
ent materials which include limestone,
sandstone, and local alluvium from igne-
ous, sedimentary, and metamorphic
rocks; and a topography which is un-
dulating to mountainous.

Typical well drained soil profile hori-
zons usually present include O, Al, A2,
B&A, B2t, B3, and C. The O horizon is
organic in nature and thin (% to 4 inches
thick). The O horizon is composed of
fresh forest litter, partially decayed but
still distinguishable as to origin, and well
decayed litter which is undistinguisha-
ble as to origin. The A1 horizon is a min-
eral horizon and is thin (up to 5 inches) or
absent. The A2 horizon is gray (10YR 6/2
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Figure 7. Soil zones of South Dakota.

1. Cool, Moist Forest (Typic Boralfs)

2. Cool, Very Dry Plain (Aridic Borolls)
3. Warm, Very Dry Plain (Aridic Ustolls)
4. Cool, Dry Plain (Typic Borolls)

5. Warm, Dry Plain (Typic Ustolls)
6. Cool, Moist Prairie (Udic Borolls)
7. Warm, Moist Prairie (Udic Ustolls)
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dry, 10YR 4/2 moist),® weak medium
platy in structure, and ranges in thick-
ness from 2 to 20 inches.

Between the A2 and B2t horizons is a
transitional horizon, B&A, about 4 in-
ches thick, which is weak medium pris-
matic in structure. Each prism is coated
with gray material from the A2 horizon
but is brown, like the B2t horizon, be-
neath the gray coating. The B2t horizon
is brown (7.5 YR 5/6 dry, 7.5 YR 4/6 moist)
and has coarse prismatic structure part-
ing to medium subangular blocky struc-
ture. Most of the blocks are of moderate
grade and all are coated with thick shiny
clay films on all surfaces. This horizon is
10 to 30 inches thick.

Sometimes a B3 horizon is present in
which the structure grade is weak. This
horizon is a transitional horizon between
the B2t and the C horizons. It gradually
grades into the parent material. Although
the reaction of the profile is acidic, base
saturation is over 50%. Where the parent
material is calcareous, free carbonates
may occur in the B3 horizon.

Cool Very Dry Plain (Aridic Borolls).
These soils have developed under a cool
semi-arid climate (an annual precipita-
tion of 12 to 16 inches and an average
annual air temperature between 42-45°
F.); native vegetation of short and mid-
grasses; parent materials which include
sandstones, sandy shales, shales, silty
shales, and siltstones; and a topography
which is undulating to strongly sloping
with buttes and mesas.

Typical well drained soil profile hori-
zons usually present include Al, B2(t)*,
B3ca, Cca, and C. The Al horizons are
thin, about 4 to 8 inches if not plowed.
They are brown (10YR 4/2 dry, 10YR 3/2
moist) and have weak fine granular struc-
ture. The cooler conditions that prevail
in this region have resulted in slower
oxidation of the organic matter and con-
sequently darker surface soil colors
when compared to the soils of the Warm,
Very Dry Plain. When soils are plowed,
the upper part of the B2(t) horizon is
mixed with the Al horizon in the plow
layer.

The B2(t) horizon is brown (10YR 5/3
dry, 10YR 4/3 moist) with medium pris-

3 See Munsel Color notation in Glossary (Ap-
pendix).

* Parentheses indicate the feature may or
may not be present.



matic structure of a moderate grade. The
thickness of this horizon ranges from 6 to
17 inches. Some of the prisms may be
covered with organic coatings and thin to
moderate clayfilms.

Between the B2(t) and the Cca hori-
zons is a transitional horizon, B3ca, about
3 to 12 inches thick, which has weak
medium prismatic structure. The B3ca
horizon is brownish gray (2.5Y 6/2 dry,
2.5Y 5/2 moist) and contains free carbo-
nates in disseminated and soft con-
cretionary form. The calcium carbonate
(CaCOs) equivalent usually exceeds
15%, and usually these horizons have at
least 5% more CaCOs equivalent than
the underlying C horizons.

The parent materials, C horizons, usu-
ally are calcareous. However, there usu-
ally is a zone of CaCOs accumulation at
the top of the parent material, Cca. This
is a result of leaching activity which re-
moved the calcium carbonate from the
overlying profile horizons and redepo-
sited them forming a Cca horizon.

Warm, Very Dry Plain (Aridic Ustolls).
These soils have developed under a
warm, semi-arid climate (an annual pre-
cipitation of 14 to 17 inches and an aver-
age annual air temperature between
44-47° F.); native vegetation of short and
mid-grasses; parent materials which in-
clude shales, siltstones, and sandstones;
and a topography which is gently un-
dulating to rolling in the shale areas and
undulating to strongly sloping with but-
tes and plateaus in the siltstone and
sandstone areas.

Typical well drained soil profile hori-
zons usually present include Ap(l),
B2(t), B3ca(sa), Cca, and C. The Ap(1)
horizons usually are 3 to 7 inches thick.
The plow layer, Ap, usually does involve
the upper part of the B horizons. The A
horizons are brown (10YR 5/2 dry, 10YR
4/2 moist) and have weak medium granu-
lar structure. Although annual precipita-
tion for this region and the Cool, Very
Dry Plain are the same, it is less effective
in this region due to higher annual temp-
eratures. Consequently, soils have sup-
ported shorter stands of grasses that have
left smaller residues of organic matter.
This, coupled with the higher annual
temperatures which increase organic
matter oxidation, results in the low soil
organic matter contents in the soils of the
Warm, Very Dry Plain Region as indi-
cated in Figure 2.

The B2(t) horizon is pale brown (10YR
6/3 dry, 10YR 5/3 moist) with moderate
medium prismatic or weak medium sub-
angular blocky structure. The thickness
ofthis horizon ranges from 7 to 24 inches.
Some of the structural units may be co-
vered with thin to moderate clayskins
and organic coatings.

The B3ca(sa), a transitional horizon
between B2(t) and Cca horizons, is about
3 to 15 inches thick and has weak
medium subangular blocky or weak
medium  prismatic  structure. The

B3ca(sa) horizon is pale brown (10YR 6/3
dry; 10YR 5/3 moist) and contains free
carbonates in disseminated and soft con-
cretionary form. The calcium carbonate
(CaCOs) equivalent usually exceeds
15%, and usually these horizons have at
least 5% more CaCOs equivalent than
the underlying C horizons. Where the
parent materials are saline, salts occur in
these horizons in concentrations of
0.25% or higher and are designated by
the “sa” symbol. The Cca horizon has
massive structure, resembles the B3ca in
carbonate content, and is gray (7.5YR 7/2
dry; 7.5YR 6/2 moist).

Cool Dry Plain (Typic Borolls). Soils
in this subgroup have developed under a
cool dry subhumid climate (an annual
precipitation of 15 to 19 inches and an
average annual air temperature between
42-45° F.); native vegetation of mid- to
short grasses; parent materials which in-
clude sandy shales, shales, sandstones,
and siltstones west of the Missouri River
and loess or Late Wisconsin glacial drift
east of the Missouri River; and a topog-
raphy which is gently undulating to rol-
ling with buttes and mesas in the areas
west and gently undulating to undulat-
ing in the area east of the Missouri River.
Adjacent to the Missouri River there are
steep hilly areas and shale breaks where
the native vegetation is sparse and is
primarily composed of mid- to short gras-
ses.

Soilsin this subregion have developed
in a more humid environment when
compared to the Cool, Very Dry Plain
subgroup. This increase in annual pre-
cipitation from the west edge of the Cool
Dry Plain to the east edge of the region
causes increases in surface organic mat-
ter contents, darker color values and
lower chromas of surface horizons, the
tendency of soils to develop color B hori-
zons (increase in color chroma in going
from A1 to B2 horizons), thicker Al or Ap
(surface) horizons, larger and less
strongly developed prismatic structure,
and deeper leaching of carbonates. Pre-
cipitation increase also results in de-
velopment of a salt horizon below the
carbonate horizon where parent materi-
als are saline.

Typical, well drained soil profile hori-
zons usually present include Al or Ap,
B2, B3ca, Cca(sa), and C. The Al or Ap
horizons are dark brown (10YR 4/2 dry,
10YR 3/2 moist), and have weak medium
granular structure. The A horizons are
usually 5 to 10 inches thick and the plow
layer does not normally involve the B
horizon. The granular structure of the A
horizons reflects the high base saturation
of these soils and the flocculated condi-
tion of the clays.

The B2 horizon is brown (10YR 5/3
dry, 10YR 4/3 moist) with weak to mod-
erately developed coarse prismatic
structure. The thickness of this horizon
ranges from 6 to 20 inches. Some of the
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prisms may have a thin clayfilm coating.
The B2 horizons often do contain more
clay than Al horizons however not
enough to warrant the use of the “t”
symbol in most profiles. Soil profiles
west of the Missouri River are more
likely to have the “t” associated with the
B2 horizon.

Between the B2 and the Cca(sa) is a
transitional horizon, B3ca, about 5 to 15
inches thick, which has weak coarse
prismatic structure. These horizons con-
tain free carbonates in disseminated and
soft concretionary form. The CaCOs
equivalent usually exceeds 15% and or-
dinarily the “ca” horizons have at least
5% more CaCOs equivalent than the un-
derlying C horizons. The B3ca horizon is
grayish brown (2.5Y 5/2 dry, 2.5Y 4/2
moist).

Cca(sa) horizons have massive or very
weak coarse prismatic structure and
often are saline; in all other respects they
resemble the B3ca horizons. The saline
layer is found deeper in soils of this sub-
group when compared to soils of the
Cool, Very Dry Plain.

Warm Dry Plain (Typic Ustolls). In
this subgroup the soils have developed
under a warm dry subhumid climate (an
annual precipitation of 17 to 24 inches
and an average annual air temperature
between 44° and 49° F.); native vegeta-
tion of mid- to short grasses; parent mat-

erials which include sands, sandstone,

siltstone, silts, shale, and clays west of
the Missouri River and loess, Late Wis-
consin glacial drift, and Missouri River
alluvium east of the Missouri River; and
a topography which is gently undulating
to rolling in the areas west and nearly
level to strongly undulating in the areas
east of the Missouri River. Adjacent to
the Missouri River are steep, hilly areas
and shale breaks where native vegeta-
tion is sparse and is composed of mid- to
short grasses.

Soils of this region differ from those of
adjoining subgroups as follows: (1) from
those to the west by being darker and
less brown, have higher organic matter
contents, thicker A horizons, deeper
leaching of carbonates, larger and less
strongly developed prismatic structure
in the B2 horizons and thicker soil pro-
files; (2) from those to the north by being
browner and lighter, having lower or-
ganic matter contents, thinner A hori-
zons, less leaching of carbonates, having
medium sized moderately developed
prismatic structure in the B2 horizons,
and shallower horizons of salt accumula-
tion; (3) from those to the northeast and
southeast by being browner and lighter,
having lower contents of organic matter
and total nitrogen in the surface hori-
zons, shallower horizons of calcium car-
bonate and salt accumulation, having
lesser tendency for chroma to increase
with depth, and greater tendency for clay
to accumulate in the B2 horizons. In the
southern part of this subgroup, near the



mouth of the James River the substrata is
usually saline while in other areas it is
usually nonsaline unless affected by a
high water table.

Typical, well-drained soils of this sub-
group normally have the following soil
profile horizons: Ap or Al, B2(t),
B3ca(sa), and C. The Ap (eastern part of
the region) or the A1 (western part of the
region) horizons are dark gray (10YR 4/1
dry, 10YR 2/1 moist), and have weak
medium granular to weak medium sub-
angular blocky structure. The A horizons
are usually 5 to 12 inches thick and the
plow layer does not normally involve the
B horizon unless moderate to severe ero-
sion has occurred. The granular structure
of the A horizons reflects the high base
saturation of these soils and the floccu-
lated condition of the clays. There are no
free carbonates and the soil reaction
ranges from 6 to 7.

The B2(t) horizon averages 6 to 15 in-
ches in thickness. Moist color values av-
erage 3 to 4, while moist chromas aver-
age 2. Structure is compound with mod-
erate medium prisms breaking to moder-
ate medium subangular blocks.
Clayfilms are usually thin and continu-
ous on all sides of the structural ped.
Some of the B2 horizons in the typical
well-drained soils of this subgroup have
a considerable clay increase in the B
horizon so the “t” symbol is used. Moist
consistence is friable and the horizon is
free of carbonates.

The B3ca(sa) horizon ranges from 6 to
15 inches in thickness and has a CaCOs
equivalent of 15% to 20%. It usually has
at least 5% more CaCOs than the under-
lying C horizon. The carbonates are in
disseminated or soft concretionary form.
The primary structure consists of weak
coarse prisms and weak medium suban-
gular blocks. In places where the parent
material is saline this horizon usually
contains soluble salts in excess 0f 0.25%.
The B3ca (sa) horizon is light brownish
gray (2.5Y 6/3 dry, 2.5Y 5/3 moist).

The Cca(sa) horizon is usually 15 or
more inches thick. It resembles the
B3ca(sa) horizon except for structure and
clayfilms both of which are absent.

Cool Moist Prairie (Udic Borolls). In
this subgroup the soils have developed
under a cool moist subhumid climate (an
annual precipitation of 19 to 23 inches
and an average annual air temperature
between 41° and 45° F.); native vegeta-
tion of tall grasses; parent materials
which include glaciolacustrine sedi-
ments, early Wisconsin glacial drift, and
late Wisconsin glacial drift; and a topog-
raphy which is nearly level (the Lake
Dakota Plain) to rolling (the Coteau des
Prairies).

Soils of this subgroup (see Figure 7)
have black surface horizons (moist Mun-
sell value and chroma are 2/1). This sur-
face soil color is one of the characteristics
setting apart the typical, well-drained
soils of this region from the typical,

well-drained soils of the surrounding re-
gions. To the west, southwest, and
southeast the typical, well-drained soils
are lighter in value and browner in
chroma.

The relatively cool moist climate of
this region has provided an environment
which favors the accumulation of organic
matter and retards its destruction. The
Udic Ustoll soils of the Warm, Moist
Prairie to the southeast have an envi-
ronment favorable for organic matter ac-
cumulation. However, the warmer
temperatures of this region favor a faster
rate of organic matter destruction than
prevails in the northern Cool, Moist
Prairie. Soil subgroups to the west have
drier environments and do not favor as
fast an accumulation of organic matter
although they have about the same
temperatures and rate of destruction is
about the same as for the Cool, Moist
Prairie.

In addition to the color differences, the
typical, well-drained soils of the Cool
Moist Prairie area are differentiated from
adjacent areas which adjoin on the west
and the Typic Ustolls of the Warm, Dry
Plain which adjoin them on the south by
having (1) deeper-lying horizons of car-
bonate accumulation, (2) deeper-lying
horizons of salt accumulation, and (3)
higher contents of organic matter and
total nitrogen in the surface horizons.

From the typical, well-drained soils of
the Warm, Moist Prairie which adjoins it
on the southeast these soils differ by hav-
ing (1) shallower-lying horizons of car-
bonate accumulation, (2) higher contents
oforganic matter and total nitrogen in the
surface horizons, (3) thinner B2 horizons,
(4) less tendency for clay to accumulate
in the B2 horizons, and (5) greater ten-
dency for chromato increase with depth.

Typical, well drained soils of the Cool,
Moist Prairie usually have the following
horizons: Ap, B2, B3ca, Cca, and C.
Plowing is usually entirely within the Ap
horizon. This surface horizon is about 5
to 8 inches thick and is black (moist value
and chroma 2/1). Consistence is friable
and the structure is granular, reflecting
the high base saturation and the floccu-
lated clays. There are no free carbonates
and reaction ranges from 6 to 7.

The B2 horizon averages 8 to 16 inches
in thickness. Moist color values average
3.5 while moist chromas average 2.
Structure is compound with moderate
coarse and medium prisms breaking to
moderate medium blocks. On medium
and fine textured soils, clayfilms usually
are thin, continuous and moderately
patchy on all sides of the prisms and
blocks. Moist consistence is friable. Free
carbonates are not present. The B2 hori-
zon grades smoothly into the B3ca hori-
zon.

The B3ca horizon is usually 8 inches or
more in thickness. Structure is com-
pound with weak medium prisms break-
ing to weak or moderate blocks. On
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medium or finer textured soils clayfilms
are thin and either continuous or patchy.
Moist consistence is friable. Carbonates
are in disseminated form and in soft con-
cretions. The CaCOs equivalent usually
approaches a maximum of about 20%.

The Cca horizon usually extends to 5
feet or more. Except for structure and
clayfilms, which usually are absent, it
resembles the B3ca horizon.

Warm Moist Prairie (Udic Ustolls). In
this subgroup the soils have developed
under a warm, moist subhumid climate
(an annual precipitation of 22 to 26 in-
ches and an average annual air tempera-
turé between 45-49° F.); native vegeta-
tion of tall grasses; from parent materials
which include early Wisconsin drift, late
Wisconsin drift, and alluvium; and have
a topography which is nearly level to rol-
ling.

The environment under which the
soils of this region have developed is re-
latively warm and moist. The relatively
high humidity and rainfall have resulted
in the vigorous growth of tall grasses
which in turn has resulted in the ac-
cumulation of large amounts of organic
matter. Relatively high temperatures
have encouraged considerable biologic
and chemical activity so organic matter
destruction is fairly high. This results in
a high rate of nitrogen release. The colors
of the surface soils reflect this environ-
ment. They are less dark and more brown
than the surface colors of the soils of the
cooler northeast area but darker and less
brown than the surface colors of the soils
of the area to the west. Moreover, the
depth of leaching of carbonates for the
typical, well-drained soils in this region
is greater than for the typical, well-
drained soils of any of the adjacent sub-
groups.

Other soil characteristics attest to the
conclusion that the soils of this subgroup
are transitional to the Udolls or tall grass
prairie soils. In some of the permeable
loess-derived soils the horizon of carbo-
nate enrichment lies below a leached C
horizon at depths of 40 to 50 inches from
the surface. This indicates a substantial
increase in depth of leaching over that in
the typical, well-drained soils of adjoin-
ing regions.

Carbonates in the soils of this region
may occur as large, hard, knotty concre-
tions. Carbonates rarely are found in this
form in the soils of the adjoining regions.
There is an increase in chroma in going
from A to B horizons of about one Mun-
sell unit in the typical, well-drained soils
of this region. In the typical, well-
drained soils of the adjoining northeast
area, chroma usually increases one-halfa
unit or more in going from the A to the B
horizon.

Typical, well-drained soils of the
Warm, Moist Prairie usually have the fol-
lowing horizons: Ap, B2, B3(ca), C. The
Ap horizon is about 7 inches thick and
very dark grayish brown (moist



value/chroma = 2.5/1.5 to 3/2). The soil is
friable and granular in structure. Base
saturation is about 80% to 90%. Occa-
sionally a part of the upper B horizon has
been incorporated into the plow layer.

The B2 horizon is thick, averaging
about 16 to 24 inches. It is usually dark
grayish brown (moist value/chroma =
3/2). The structure is moderately de-
veloped medium prismatic which breaks
to moderately developed blocky. Thin
continuous and moderate patchy
clayfilms coat all structural surfaces. No
carbonates are present.

The B3(ca) horizon is about 12 inches
thick and dark grayish brown to olive
brown (moist value/chroma = 4/3). The
structural aggregates are weak medium
prisms having thin patchy clayfilms on
the vertical surfaces. Carbonates occur in
disseminated form and as hard and soft
concretions. The CaCOs equivalent usu-
ally exceeds 15% and ordinarily is more
than 5% higher than the CaCOs of the
underlying C horizon.

The C(ca) horizon usually extends to 5
feet or more. It resembles the B3(ca)
horizon except for structure and
clayfilms which are absent.

Other Soils Found
in Subgroup Areas

Within each major soil subgroup are
other soils which are not mature and
well-drained. These include the thin
soils formed on steep slopes, sandy or
unconsolidated parent material, bed-
rock, or alluvium; the high lime soils;
soils influenced by high salt and/or
sodium contents; soils formed in cal-
careous bedrock; and poorly drained
soils.

Thin soils formed on bedrock. (Lithic
Haploborolls, Lithic Haplustolls, Lithic
Eutroboralfs, Lithic Torriorthents). Thin
soils in this group have bedrock near the
surface (within 18 inches), occur on
steep slopes, and lack B horizons. In this
environment, runoff is excessive so that
little water has entered the profile to
leach it and cause profile development,
or to support the vegetative growth
necessary to have produced much
humus. Erosion aids in keeping the A
horizons thin and total soil profiles shal-
low. Although less sensitive to their en-
vironments than the typical, well-
drained soils, these thin soils neverthe-
less reflect the climatic and vegetative
environments of the soil subgroup areas
and change with them as do the typical,
well-drained soils.

Thin soils formed in unconsolidated
parent material. (Typic Ustorthents,
Entic Hapustolls, Typic Ustipsamments,
Entic Haploborolls, Typic Torripsam-
ments). These thin soils occur on steep
slopes of unconsolidated parent material
such as glacial till, glacial outwash, or
sand, and lack B horizons. In this envi-

ronment, runoff is excessive so that little
water has the opportunity to cause pro-
file development, to leach the soil pro-
file, or to support the vegetative growth
necessary to produce a large amount of
organic matter. Erosional activity causes
the A horizons of these soils to be thin
and the total soil profile to be thin and
consist only of A and C horizons. Al-
though less sensitive to their environ-
ments than the typical, well-drained
soils, these thin soils nevertheless reflect
the climatic and vegetative environ-
ments of the soil subgroup areas and
change with them as do the typical,
well-drained soils.

Thin alluvial soils. (Mollic Fluva-
quents, Typic Ustifluvents, Aquic Udif-
luvents, Fluventic Hapludolls, Fluven-
tic Haplustolls). Alluvial soils are young
soils of flood plains which lack B hori-
zons. Most of the soils developed from
alluvium in South Dakota have B hori-
zons and therefore are classified in the
appropriate subgroups discussed earlier.
Ordinarily, only the soils which receive
increments of fresh alluvium every year
or so are classed as alluvial soils.

High lime soils. (Calciaquolls, Aquic
Calciustolls). This group of soils is set
apart because of the presence of a strong
carbonate horizon immediately below
the A horizon. The CaCOs equivalent
usually exceeds 15-20% for the zone of
carbonate enrichment. Sometimes the A
horizon itselfis calcareous. The cause of
the strong concentration of carbonates
appears to be related to a parent material
high in carbonates, e.g. the area around
the rims of prairie potholes in the
glaciated areas of eastern South Dakota.
These soils are most extensive in the
Cool Moist Prairie region, especially
around the northern end of the Coteau
des Prairies and in the northeast corner
of the state.

Soils influenced by high salt or sodium
contents. (Natriborolls, Natrargids, Nat-
rustolls, Natriboralfs, Argialboll, Salor-
thidic Haplustolls). These soils are set
apart because of high salt contents or
they have been or are being influenced
by high sodium contents.

Saline or salt affected soils (the Solon-
chaks in the 1938 system of soil classifi-
cation). Salts present in these soils are
chlorides and sulfates of sodium, potas-
sium, magnesium, and calcium. Soils
having high concentrations of CaCOs
have been considered earlier under the
high lime soils discussion. These salty
soils develop in environments where
drainage is poor and where excess salts
are present. The salts are usually brought
in by seepage, runoff, streams, or ar-
tesian water. High rates of evaporation
and slow runoff or permeability result in
the development of salt concentrations
in excess of 0.25%. Although the salts
keep the surface soil in good physical
condition, their concentration usually is
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too great for the growth of economic
plants.

Sodium-influenced claypan soils (the
Solonetz, Solodized Solonetz and the
Soloth in the 1938 system of soil classifi-
cation). These soils appear to develop
under drainage conditions that consist of
alternate wetting and drying. Possibly
freezing and thawing is a part of this en-
vironment. At any rate, the salts are re-
moved and sodium ions are adsorbed on
the soil colloids. When the sodium ions
reach a concentration of about 12% or
higher of the CEC the clay particles be-
come deflocculated, resulting in a jel-
lylike, strongly alkaline, impermeable B
horizon which is also called a natric hori-
zon. When the B horizon dries, the soil
shrinks, hardens, and cracks, forming a
columnar structure. Usually the tops of
the columns are rounded. This is indica-
tive of the first step that soils go through
when sodium becomes a problem. These
soils are called Solonetz soils.

It appears that while the defloccula-
tion of the clay is taking place a gray
horizon develops simultaneously over
the dispersed B horizon. The develop-
ment of this gray horizon is called solodi-
zation. Evidence indicates that at least
the initial stages of the development of
this gray horizon may simply be the re-
sult of removal of iron and manganese
coatings from the soil grains, thus
bleaching them by alternate oxidizing
and reducing conditions brought about
by the alternate wet-dry environment
over an impermeable B horizon. As soon
as the gray horizon is discernable the soil
has reached the second category of
sodium affected soils, called the Sol-
odized Solonetz in the 1938 classifica-
tion system or Natriboralfs, Natrustolls,
and Natriborolls under the new tax-
onomic system.

Soils in this second category range all
the way from those having only a
sprinkle of gray dust on the column tops
to those having a gray horizon several
inches thick. Sodium usually makes up at
least 12% of the exchangeable cations of
the natric B horizons of the immaturely
developed or thin surface of these
sodium-affected claypan soils. There is
usually twice as much exchangeable
magnesium as exchangeable calcium in
the natric B horizons. As the gray horizon
thickens and the soil becomes more ma-
ture, nearly all of the exchangeable
sodium is lost, although the exchange-
able magnesium concentrations remain
about twice the exchangeable calcium
concentration. This fact has led some in-
vestigators to use the term “Magnesium
Solonetz” for these soils.

As solodization continues the gray
horizon thickens, apparently by hyd-
rolysis of the clay minerals, at the ex-
pense of the B horizon until only a ves-
tige of the latter remains. This final step
represents the Soloth or Argialbolls.
Salts of course, are absent in the A1, A2,



and B2 horizons of these soils. Moreover,
in the B2 horizon, exchangeable sodium
percentages are very low and calcium
has replaced magnesium as the domin-
ant exchangeable cation.

Sodium-influenced claypan soils may
occur throughout the state on flats and in
closed basins or depressions. They are
more extensive in the James Valley and
west than they are on the Coteau des
Prairie.

Poorly drained soils (Argiaquolls, Ha-
plaquolls, Fluvaquents and Calcia-
quolls). These soils occur in poorly
drained depressions that dot the land-
scape east of the Missouri River. Rarely
are they found west of these areas. De-
pressional soils west of the Missouri

River usually are salt or sodium affected.

These poorly drained soils usually are
free of soluble salts but not of carbonates.
A rank vegetation induced by their wet
environment has contributed much or-
ganic matter to their surface horizons.
Due to poor aeration, certain chemicals
may be formed which partially limit the
activity of microorganisms which nor-
mally decompose vegetative residues.
Hence, these soils have thick surface
horizons high in humus. The lower hori-
zons of these soils have reddish-gray
mottled colors, called gley, caused by the
alternate oxidizing and reducing condi-
tions.

Soils formed in calcareous bedrock
(Calciborolls, Calciustolls). These soils
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occur on nearly level to steep upland.
They are formed in residuum derived
from soft chalky siltstone mainly of the
Niobrara formation. They have large
amounts of calcium carbonate within 9to
15 inches of the soil surface. Bedrock is
usually encountered within a depth of 36
inches. Components of the bedrock de-
termine to a large degree the chemical
and physical properties of these soils.
Because of abundance of calcium carbo-
nate in the parent material and rather
steep slopes, these soils usually do not
have a B horizon. The common horizona-
tion for these soils would be A, AC, Cca,
and R. In the 1938 soil classification sys-
tem these would have been called Cal-
cisols.



5 Soil Associations of South Dakota

The pattern of soils for most of South
Dakota is one of intermingled areas of
two or more soil types. Individual areas,
of one to many acres in size, form a
patchwork. The soil changes locally with
each change in relief or parent material
and regionally with climate and vegeta-
tion. Large-scale maps such as those in
soil survey reports show these individual
patterns.

It is known, however, that certain
combinations of soils occur in patterns
that are repeated from township to town-
ship and in many cases from county to
county. These combinations in their
characteristic patterns can be shown on
small-scale maps. They are called soil
associations, and they are natural units
of the landscape.

Soil associations have importance to
farming in that the arrangement and kind
of soil in an association governs its suita-
bility for various systems of farming. The
Moody-Trent association, for example,
contains soils suitable for crops or pas-
ture so that cash grain, dairy, or general
farming all are included in the choices
available to the farmer. On the other
hand, the Pierre-Samsil association is
adapted for range purposes so that this
area is suitable for ranching.

Soil associations usually are named by
placing together two or more names of
included important soil series. In some
cases a single series name is used, and
sometimes a land type such as Badlands
is used as a name. Not all soil series pres-
ent are mentioned in the association
name. A ol

Following is a paragraph description
of each soil association shown on Figure
8, the colored map (inside back cover).
Table 2 lists the acreage and proportion-
ate extent of the soil associations shown.
Available data for the soils and their tax-
onomic classification are presented in
the appendix.

A. Black Hills—Cool Moist Forest
(Typic Boralf Area)

Central Core
1. Rough Mountainous Land, Pre-
Cambrian, steep. The southern
part of this association consists of
bare rugged granite outcrops with
steep-sided valleys in which the
dominant vegetation is Ponderosa
pine. The central and northern
areas consist mainly of slate hav-
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ing strong relief with a sparse
cover of Ponderosa pine. Soils,
were present, are thin.

2. Rolling Limestone Plateau. This

area has fairly deep wooded soils
occurring under a thick growth of
spruce and Ponderosa pine. The
area is undulating between
streams which are deeply incised
in the limestone plateau.

Inner Hogback
3. Rough Mountainous Land, limes-

tone, steep. This area encircles
the Central Core and Limestone
Plateau and consists of sedimen-
tary rocks tilted inward toward the
core. The radial drains that start in
the Central Core occupy deep
gorges which cross the area. The
northern part of this area receives
more precipitation and is cooler so
supports mainly spruce while
Ponderosa pine is the main veg-
etative cover over the remainder
of the area. Much bare rock is ex-
posed and the main area of deeper
soils occurs in the valley bottoms
at the upper reaches of the
streams. Most of these alluvial
soils are poorly drained.

Red Beds
4. Spearfish-Nevee, Gently undulat-

ing. Spearfish soils are loams on
gently rolling to hilly uplands and
on steep slopes bordering deeply
entrenched streams and
drainageways. The slope gra-
dients range from 5% to about
40%. They are formed in re-
siduum weathered from reddish
colored gypsiferous siltstone,
sandstone, and shale.

Nevee soils are silt loams on nearly
level to moderately steep terraces,
uplands, and alluvial fans. The
slope gradients range from 2% to
15%. They are formed in silty al-
luvium weathered from reddish
colored silty shales, siltstones,
and sandstones.

uter Hogback

. Butche-Canyon, steep. Butche
soils are stony loams on sloping to
very steep upland slopes with
gradients ranging to as much as
40%. They are formed in loamy
material weathered from noncal-
careous sandstones.
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Canyon soils are loams on shoul-
ders and crests of upland ridges,
hills, and on tablelands. Slope
gradients range from 2% to about
50%. They are formed in re-
siduum from the underlying, limy
sandstone bedrock. The depth to
limy sandstone is about 12 inches.

B. Cool, Very Dry Plain (Aridic
Boroll Area)

Nearly Level to Rolling Loamy
Soils
6. Rhame-Cabbart-Ralph, undulat-
ing to rolling uplands. Rhame
soils are fine sandy loams on
gently undulating to rolling up-
lands. Slope gradients range from
1% to more than 15%. They are
formed in mildly alkaline calcare-
ous, residuum weathered from
very soft sandstone.

Cabbart soils are loams which are
gently rolling to steep and are on
sedimentary uplands at elevations
of 2,200 to 3,500 feet. They are
formed in loam, silt loam, clay, or
clay loam materials weathered
from the underlying platy silt-
stone of Cretaceous or Tertiary
Age.

Ralph soils are loams on nearly
level, undulating, and rolling up-
lands. The slope gradients range
from 0% to 9%. They are formed in
silty material weathered from cal-
careous silty shales, siltstones, or
fine grained sandstones.

Loamy and Sandy Soils with
Some Claypan
7. Twilight-Absher, strongly un-
dulating. Twilight soils are fine
sandy loams on gently sloping to
rolling uplands. The surfaces are
convex and the slope gradients
range from 2% to 15%. They are
formed in residuum weathered
from soft sandstone bedrock.
Absher soils are silty clays on nearly
level to moderately sloping allu-
vial terraces and fans. Elevations
range from 2,000 to 3,500 feet.
They are formed in transported
clayey materials from a- wide
source of geologic materials or re-
siduum from sedimentary rocks.

Sandy Loams to Loamy Sands
8. Fleak-Cabbart, rolling. Fleak soils



are loamy fine sands on steep
slopes, crests of hills, ridges, and
valley sides. Slope gradients
range from 3% to 50%. They are
formed in calcareous very soft
sandstones.

Cabbart soils are described in map
unit 6.

9. Rhame-Fleak, undulating. Rhame
soils are described in map unit 6
and Fleak soils are described in
unit 8.

10. Fleak-Rhame, strongly undulat-
ing. Fleak soils are described in
map unit 8 and Rhame soils in map

unit 6.
Claypan Soils
11. Absher, strongly undulating.

Absher soils are described in map
unit 7.

12. Sorum, undulating. Sorum soils
are fine sandy loams on nearly
level to gently sloping terraces
and alluvial fans. Slope gradients
range from 0% to 6%. They are
formed in moderately coarse tex-
tured alluvium.

C. Warm, Very Dry Plain (Aridic Us-
toll Area)

Silty Soils

13. Kadoka-Epping, strongly undulat-
ing. Kadoka soils are silt loams on
nearly level to moderately steep
uplands with convex to smooth
surfaces having slope gradients of
0% to 15%. They are formed in
silty residuum weathered mainly
from siltstone.

Epping soils are silt loams on up-
lands. The slopes gradients range
from 0% to over 30%. They are
formed in residuum weathered
from siltstone which contains con-
siderable material from volcanic
ash.

14. Kadoka-Huggins, strongly un-
dulating. See map unit 13 for a de-
scription of Kadoka soils.

Huggins soils are silt loams on
nearly level to sloping uplands
with slope gradients ranging from
0% to 9%. Soil surfaces are plane
or slightly convex. They are
formed in residuum weathered
from siltstone.

15. Keith-Colby, gently undulating.
Keith soils are silt loams on nearly
level to steep uplands and ter-
races. Slope gradients typically
are less than 6% and range from
0% to 18%. They are formed in
loess.

Colby soils are silt loams on steep
slopes. The slope gradients are
typically between 3-15% but
range to 30% on narrow ridge tops
and eroded areas. They are
formed in calcareous silty material
that is usually loess and less com-
monly in old silty alluvium that

Table 2. Acreage and proportionate extent of soil associations, South Dakota.

Siofl Mumber A Teient Soil Number Acres Percent
Al 567,066 115 E 44 236,088 A48
2 192,309 .39 45 2,519,705 5.11
3 803,754 1.63 46 1,499,026 3.04
4 226,826 46 47 246,550 A48
5 290,929 .59 48 93,689 .19
B 6 606,514 1.23 49 138,068 28
7 409,273 .83 50 941,822 1.92
8 88,758 .18 51 192,309 .39
9 78,896 .16 52 665,686 1.33
10 128,206 26 53 641,031 1.30
11 1,262,338 2.56 54 2,283,056 4.63
12 167,654 34 55 4,260,460 8.61
C 13 611,445 1.24 56 sgh iy 81
14 216,964 44 57 123,275 25
15 305,722 62 38 o o 1.3
16 T pr 59 335,308 .68
* G5 bt 15 60 49,310 .10
H 356101 s 61 537,479 1.09
i 167654 o 62 626,238 1.27
20 197,240 40 63 48k 93
21 714,996 145 F 64 335,308 .68
29 414,205 84 65 295,860 .60
23 784,030 1.59 66 88,758 18
24 2,647,951 5.37 67 162,723 33
25 216,964 44 68 147,930 .30
26 1,410,268 2.86 69 1,686,404 3.42
27 685,410 1.39 70 611,444 1.24
28 78,896 .16 71 98,620 20
29 315,585 .64 72 310,653 .63
30 1,163,718 2.36 73 261,343 53
D 31 1,055,235 2.14 i ggg’iiﬁ 1.22
22 L iR 1,222,889 2.48
33 73.965 .16 e :
i Wi o5 77 695,272 1.42
35 1,676,543 340 G718 532,548 1.08
36 562,134 1.14 79 951,684 1.93
37 197,240 40 80 498,031 1.01
38 192,309 39 81 108,482 22
39 389,549 79 82 172,585 35
40 103.551 22 83 108,482 22
41 197:240 40 84 261,343 .53
42 1,227,821 2.49
43 1,114,407 2.96 Total 49,310,080 100.00

lacks stratification in the upper 40
inches.

16. Ralph-Cabbart-Regent, undulat-
ing. Ralph and Cabbart soils de-
scribed in map unit 6.

Regent soils are silty clay loams on
long and plane or slightly convex
slopes of upland plains. Slope
gradients commonly are 2% to 4%
but range to 25%. They are formed
in residuum weathered from al-
kaline soft shales.

Loamy Soils with Some Claypan
17. Cabbart-Absher, rolling. Cabbart

soils are described in unit 6 and
Absher soils in unit 7.

Silty and Loamy High Terrace Soils
18. Satanta, gently undulating. Satanta
soils are loams on nearly level to un-
dulating to sloping uplands and high
terraces. Slope gradients range from
0% to 9%. They are formed in loamy,
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eolian materials, or loamy alluvium
that has been partially reworked by
wind action.

19. Ree, nearly level. Ree soils are
loams on terraces or uplands.
Slopes are plane to slightly convex
and range from 0% to 15%. They
are formed mainly in loamy allu-
vial deposits.

Loamy Soils and Limestone and

Sandstone Breaks

20. Epping-Kadoka, rolling. Both of
these soils are described in map-
ping unit 13.

21. Oglala-Canyon, strongly undulat-
ing. Oglala soils are loams on
slopes having moderate to steep
gradients, plane to convex sur-
faces, and a dissected landscape
having deeply entrenched
drainageways. They occur on the
mid and lower slopes having gra-



dients mostly of 9% to 21%, but
include minor acreages of less
than 9% slopes and greater than
21%. They are formed in re-
siduum from the underlying soft
fine grained sandstone which is
typically found at a deptlrof 36 to
42 inches.

Canyon soils, described in unit 5.

Clay Soils from Shale

22. Pierre-Kyle, undulating. Pierre
soils are clays on nearly level to
steep uplands that have slight gil-
gai microrelief in some_ places.
Slope gradient typically is 3% to
9%, but ranges from 0% to 25%.
They are formed in residuum
weathered from clay shales.

Kyle soils are clays on nearly level
to sloping uplands and colluvial
fans. Slopes are plane to convex
and slope gradients range from 0%
to 9%. They are formed in clay
sediments derived from weath-
ered calcareous clay shales.

23. Pierre-Lismas, strongly undulat-

ing. Pierre soils described in unit

Lismas soils are clays that occupy
hills and ridges of uplands. These
soils are shallow and well drained
with slope gradients of 4% to 35%.
They are formed in residuum
weathered from clay shales which
are found at a depth of 5 to 18 in-
ches.

24. Pierre-Samsil, undulating. Pierre
soils are clays described in unit
22.

Samsil soils are clays on slope
breaks of dissected shale plains.
Slope gradients range from 2% to
45% or more. They are formed in
residuum weathered from shale.

Clay Soils and Shale Breaks

25. Grummit-Snomo, hilly. Grummit

soils are clays on moderately slop-
ing to steep uplands. Slope gra-
dients range from 2% to 40%.
They are formed in clayey re-
siduum weathered from acid
shales.

Snomo soils are clays on gently
sloping to moderately steep up-
lands. Slope gradients range from
2% to 20%. They are formed in
transported material derived from
acid shales.

26. Samsil-Pierre, rolling. Samsil

soils are described in map unit 24
and Pierre soils in map unit 22.

Very Dense Clay Soils from Shale
27. Winler-Lismas, undulating.
Winler scils are clays on very
gently sloping to rolling uplands.
Slopes are dominantly smooth,
plane and 2% to 9% gradients.
They are formed in clayey re-
siduum weathered from clay

shale.

32. Reeder-Cabba,

Lismas soils are described in map
unit 23.

Sandy Loams to Fine Sands
28 Tuthill-Richfield, gently undulat-

4ng. Tuthill soils are fine sandy
loams on smooth nearly level to
rolling uplands, with convex to
slightly concave surfaces. Slope
gradients range from 0% to 15%.
They are formed in sandy and
loamy materials of mixed origin.
Richfield soils are silt loams on
loess-mantled uplands. Slope
gradients are dominantly less than
3% but some are as much as 6%.
They are formed in silty eolian
sediments ranging from 3 feet to
more than 10 feet in thickness.

29. Valentine, undulating. Valentine

soils are fine sands on nearly level
to slightly hummocky to steep,
hilly uplands. Slope gradient
ranges from 0% to 60%. They are
formed in eolian sand.

Badlands
30. Badlands, steep. Silty, clayey, and

sandy deposits occurring as steep
eroded badlands with many flat-
topped grass-covered buttes. Soils
are thin or absent in this area.
Some pines and cedars can be
found on north facing slopes.

D. Cool Dry Plain (Typic Boroll

Area)

Loamy and Silty Soils
31. Morton-Cabba, gently undulat-

ing. Morton soils are silt loams on
nearly level, undulating, and rol-
ling plains. Slope gradient is
commonly 1% to 6%, but in a few
places it is more than 10%. They
are formed in material weathered
from soft calcareous silty shales,
siltstones, and fine grained sand-
stones.

Cabba soils are cobbly clay loams
on steep bench edges and steeply
rolling uplands over limestones
and siltstones of Tertiary Age.
Soils are shallow with bedrock oc-
curring at a depth of 12 to 20 in-
ches. Slope gradients range from
5% to 25%.

undulating.
Reeder soils are loams on nearly
level undulating and rolling
plains. Slope gradient typically is
1% to 15%. They are formed in
material weathered from soft, cal-
careous, fine grained sandstones
and silty shales.

Cabba soils are described in map
unit 31.

33. Regent, undulating. Regent soils

are described in map unit 16.

34. Temvik-Linton, gently undulat-

ing. Temvik soils are silt loams on
nearly level to rolling upland
plains. Slopes are dominantly
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plane or convex. Slope gradients
typically are 1% to 5% but range to
15%. They are formed in a silty
mantle overlying loam or clay
loam glacial till.

Linton soils are silt loams on nearly
level to hilly loess covered ter-
races and uplands. Slopes range
from 1% to 25%. They formed in
calcareousloess containing a large
amount of silt and very fine sand.

35. Williams-Tonka, gently undulat-
ing. Williams soils are loams on
nearly level to steep slopes of gla-
cial till plains. Slopes commonly
are less than 9% but range from 1%
to 35%. They are formed in cal-
careous . glacial till of mixed
mineralogy.

Tonka soils are silt loams in closed
basins and depressions in glacial
till plains and glaciolacustrine
areas. Slope gradient is less than
1%, and is plane or slightly con-
cave. They are formed in local al-
luvium deposited over glacial till
or glaciofluvial material.

Loamy Soil$

36. Williams-Zahl, strongly undulat-
ing. Williams soils are described
in map urit 35.

Zahl soils.are loams on nearly level
to steep slopes of glacial till
plains, moraines, and valley sides.
Slopes of 6% to 15% are most
common, but range from 1% to
35%. They are formed in calcare-
ous glacial till.

Soils with Sandy and Gravelly

Substrata

37. Stady-Maddock, gently undulat-
ing. Stady soils are loams on
nearly level stream terraces and
glacial outwash valley terraces.
Slopes are mainly 1% to 4%. They
are formed in loamy alluvium over
sand and gravel.

Maddock soils are loamy fine sands
on sandy glaciolacustrine and
delta plains, some of which have
been wind worked. Slopes are
smooth, undulating to rolling.
Slope gradients range from 1% to
25%. They are formed in fine
sands deposited by wind or water.

Sandy Loams and Loamy Sands

38. Vebar-Flasher, gently undulating.
Vebar soils are fine sandy loams
on nearly level to rolling uplands.
Slopes are plain or convex. Slope
gradients range from 2% to 15%.
They are formed in residuum
weathered from soft calcareous
sandstone.

Flasher soils are loamy fine sands
on crests of hills, ridges, and steep
sides of valleys in uplands. Slope
gradients range from 6% to 50%.
They are formed in soft sandstone.

Friable and Claypan Soils
39. Niobell-Noonan, gently undulat-



ing. Niobell soils are loams on
nearly level to undulating glacial
till plains. Slope gradients com-
monly are less than 3%, but range
from 1% to 9%. They are formed in
firm loam or clay loam glacial till.

Noonan soils are loams having
moderate claypans which occur
on nearly level to gently rolling
glacial till plains. Slope gra-
dients commonly are less than
3%, but range from 1% to 9%.
They are formed in firm loams or
clay loam glacial till.

40. Regent-Rhoades, strongly un-
dulating. Regent soils are de-
scribed in unit 16.

Rhoades soils are loams having
dense claypans which occur on
nearly level to sloping upland
plains, terraces, and concave
swales. Slope gradients of 1% to
9% are most common. They are
formed in stratified loamy and
clayey material derived from
saline-alkali soft shales.

Claypan Soils

41. Rhoades-Cabba, rolling. Rhoades
soils are described in map unit 40
and Cabba in map unit 31.

42. Rhoades-Reeder, undulating.
Rhoades soils are described in
map unit 40.

Reeder soils are loams on nearly
level undulating and rolling
plains. Slope gradient typically is
1% to 15%. They are formed in
material weathered from soft, cal-
careous fine grained sandstones
and silty shales.

43. Rhoades-Vebar,undulating.
Rhoades soils are described in
map unit 40 and Vebar soils in unit
38.

E. Warm, Dry Plain. (Typic Ustoll

Area)

Silt Loam to Clay Loam Soils

44, Beadle, gently undulating. Beadle
soils are loams on nearly level to
sloping landscapes with slope
gradients typically 0% to 6% and
ranging from 0% to 9%. These
soils are formed in firm clay loam
glacial till.

45. Highmore-Eakin, gently undulat-
ing. Highmore soils are silt loams
on nearly level to undulating up-
lands. Slopes are plane to convex
and range from 0% to 9%, but most
commonly are less than 2%. These
soils are formed in silty glacial
drift.

Eakin soils are silt-loams on nearly
level to sloping plains. Slopes are
smooth plane or convex. Slope
gradients range from 0% to 9%.
These soils are formed in a silty
mantle overlying glacial till.

46. Houdek-Prosper, gently undulat-
ing. Houdek soils are loams on

nearly level to moderately steep
uplands on very gently undulating
to rolling glacial till plains. Slope
gradients typically are less than
6% but range from 0% to 15%.
These soils are formed in friable,
calcareous loam or clay loam gla-
cial till.

Prosper soils are loams on level and
gently sloping landscapes with
slope gradients typically of 0% to
2% but ranging from about 0% to
6%. These soils are formed in
loam or clay loam glacial till.

47. Kadoka-Huggins, undulating.
Kadoka soils are described in map
unit 13 and Huggins in map unit
14.

48. Lowry, gently undulating. Lowry
soils are silt loams on nearly level
to strongly sloping uplands and
terraces. Slope gradients range
from 0% to 15%, but typically are
less than 6%. These soils formed
in calcareous silty sediments of
recent eolian origin.

49. Reliance, gently undulating.
Reliance soils are silty clay loams
on nearly level to moderately
sloping loess covered table lands
that are underlain by bedded
shale, loamy sediments, or re-
siduum. The surfaces are plane or
convex. Slope gradients typically
are less than 6%, but range to 15%.
these soils are formed in silt loam
or silty clay loam material with
contrasting substrata typically
below depths of 5 to 10 feet, but
ranging to as shallow as 40 inches.

Loamy Soils

50. Clarno-Ethan, undulating. Clarno
soils are loams on nearly level to
rolling positions on till plains.
Slopes are plane to convex with
slope gradients from 0% to 15%.
These soils are formed in friable,
loam and clay loam glacial till.

Ethan soils are loams on upland till
plains. Slopes typically are short
and irregular and surfaces are
convex. Slope gradients range
from 2% to 25%. These soils are
formed in loam and clay loam cal-
careous glacial till or silty drift.

51. Ethan-Clarno-Betts, strongly un-
dulating. Ethan and Clarno soils
are described in map unit 50.

Betts soils are loams on undulating
to very steep uplands in rolling
and hilly glacial moraines and
side slopes of drainageways.
Slope gradients range from 2% to
40%. These soils formed in cal-
caﬁeous loam or clay loam glacial
till.

52. Glenham-Hoven-Java, undulat-
ing. Glenham soils are loams on
nearly level to moderately steep
glaciated uplands. Slope gra-
dients range from 0% to 15%.
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These soils are formed in loam or
clay loam glacial till.

Hoven soils are silt loams in closed
depressions. Slope gradients are
less than 2%. These soils are
formed in local alluvium.

Java soils are loams on gently slop-
ing to moderately steep slopes on
glacial uplands. Slope gradients
range from 2% to 25%. These soils
are formed in friable, loam or clay
loam glacial till.

Clayey Soils

53. Millboro-Lakoma, gently undulat-
ing. Millboro soils are silty clays
on nearly level to rolling uplands.
Slope gradients range from 0% to
15% and surfaces are plane or
convex. These soils are formed in
clayey material weathered from
shale.

Lakoma soils are silty clays on
gently sloping to moderately
steep or hilly uplands. Slope gra-
dients range from 2% to 25%.
These soils are formed in re-
siduum weathered from clay
shales.

54. Opal-Promise, undulating. Opal
soils are clays on nearly level to
steep uplands. Slope gradients
range from 0% to 25%, but typi-
cally are between 2% and 9%.
These soils are formed in re-
siduum or locally transported clay
sediments weathered from clay
shales.

Promise soils are clays on nearly
level to moderately steep uplands,
colluvial fans, and terraces. Slope
gradients range from 0% to 15%.
These soils formed in clay sedi-
ments weathered from clay shales.

Clayey Soils and Shale Breaks

55. Sansarc-Opal, rolling. Sansarc
soils are clays on sloping to steep
breaks in dissected shale plains.
The slope gradients range from
0% to 40%. These soils are formed
in clayey residuum weathered
from shale.

Opal soils are described in map unit
54.

56. Sansarc-Shale Land, hilly.
Sansarec soils are described in map
unit 55.

Shale land includes rugged valley
sides having slopes so steep that
little soil has been able to develop
over raw shale. Vegetation is
sparse or absent and erosion of
material can be severe.

Loamy Terrace Soils Moderately

Deep and Deep Over Gravel

57. Enet-Delmont, nearly level. Enet
soils are loams on nearly level,
gently undulating, and gently rol-
ling landscapes. The slope gra-
dients are usually less than 4% but
range from 0% to 9%. These soils
are formed in loamy alluvium, 20



to 36 inches thick, over stratified
sands and gravels from glacial
melt water sediments.

Delmont soils are loams on nearly
level to steep slopes of broad out-
wash plains and terraces. Slope
gradients range from 0% to 25%.
These soils are formed in loamy
alluvium, 10 to 20 inches thick,
over stratified sands and gravel.

Sandy Loams to Fine Sands

58. Anselmo-Tassel, undulating.

Anselmo soils are fine sandy
loams on upland and terrace
slopes. Slope gradient ranges from
0% to 30%. These soils are formed
in mixture of sandy or loamy
aeolian material.

Tassel soils are fine sandy loams on
gently to steeply sloping uplands,
usually on the crests and shoul-
ders of ridges and hills. Slope gra-
dients range from 3% to 45%.
These soils are formed in re-
siduum from the underlying soft
sandstone bedrock.

59. Blendon-Enet, gently undulating.

Blendon soils are sandy loams on
nearly level to gently sloping ter-
races and alluvial fans. Slopes are
plane to concave with slope gra-
dients 0f 0% to 6%. These soils are
formed in sandy glacial meltwater
deposits of mixed mineralogy.

Enet soils are described in soil map
unit 57.

60. Doger-Elsmere, undulating.
Doger soils are loamy fine sands
on nearly level to gently sloping
concave surfaces mostly in un-
dulating and rolling landscapes.
Slope gradients are mostly less
than 3% but range from 0% to 6%.
These soils are formed in mostly
windworked materials of fine and
loamy sand texture.

Elsmere soils are loamy fine sands
in sandhill valleys or on terraces,
and footslopes along streams flow-
ing out of the sandhills. Slope gra-
dient ranges from 0% to 2%. These
soils formed in water and wind
reworked sands.

61. Holt-Anselmo, undulating. Holt
soils are fine sandy loams on
nearly level to moderately steep
table lands having convex sur-
faces. Slope gradients range from
0% to 15% but usually are less
than 10%. These soils are formed
in residuum weathered from
moderately soft calcareous sand-
stone.

Anselmo soils are described in map
unit 58.

Friable and Claypan Soils

62. Raber-Cavo-Peno, undulating.

Raber soils are loams on nearly
level to moderately steep uplands.
Slope gradients range from 0% to
15%. Slopes are plane and convex.

These soils are formed in firm clay
loam glacial till.

Cavo soils are loams having moder-
ately developed claypans and
occur on nearly level to gently
sloping till plains. Slope gradients
typically are less than 2% but
range from 0% to 6%. These soils
are formed in glacial till.

Peno soils are loams on gently un-
dulating to rolling and moderately
steep on glacial till plains. Typi-
cally, slopes are short and convex,
and range from 2% to 15%. Peno
soils are formed in firm clay loam
glacial till.

Claypan Soils
63. Stickney-Beadle-Dudley, nearly

level. Stickney soils are loams
having weakly developed
claypans and occur on the broad
nearly level areas on glacial till
plains. The soil surfaces are plane
to convex. Slope gradients typi-
cally are 0% to 3% but range from
0% to 6%. These soils are formed
in calcarecus clay loam or loam
glacial till.

Beadle soils are described in map
unit 44.

Dudley soils are silt loams having
moderately developed claypans
and occur on plane to slightly con-
cave surfaces. The slope gradients
typically are 0% to 3%, but range
from 0% to 6%. These soils are
formed in calcareous glacial till on
upland till plains and in upland
swales.

F. Cool Moist Prairie (Udic Boroll

Area)

Silty and Loamy Soils
64. Barnes-Williams, gently undulat-

ing. Barnes soils are nearly black
loams on nearly level to hilly gla-
cial till plains. Slope gradients
typically are 2% to 6%, but range
from 0% to 20%. These soils are
formed in materials weathered
from loamy glacial till.

Williams soils are very dark grayish
brown loams on nearly level to
steep slopes of glacial till plains.
The slopes commonly are less
than 9% but range from 1% to 35%.
These soils are formed in calcare-
ous glacial till of mixed mineral-

ogy.

65. Beotia-Harmony, nearly level.

Beotia soils are silt loams on
nearly level to gently sloping lake
plains having plane and convex
surfaces. Slope gradients are
mostly less than 4% but range
from 0% to 6%. These soils are
formed in laminated glaciolacus-
trine stratified deposits which are
dominantly composed of silt and
with thin lenses of sandy or clayey
material.
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Harmony soils are silty clay loams
having weakly developed
claypans occurring on nearly level
lake plains. Slope gradients are
less than 2%. These soils are
formed in calcareous lacustrine
deposits of stratified silt, fine
sand, and silty clay.

66. Eckman-Gardena, nearly level.

Eckman soils are loams on glacial
lake plains. Slope gradients range
from 1% to 10%. These soils are
formed in calcareous stratified
glaciolacustrine silt and very fine
sand.

Gardena soils are silt loams with
very thick surface horizons occur-
ring on nearly level terraces, del-
tas, and glacial lake plains. Slope
gradients commonly average be-
tween 1% and 3% and range from
0% to 9%. These soils formed in
calcareous silt and very fine
glaciolacustrine sediments.

67. Heimdal-Sisseton, gently un-

dulating. Heimdal soils are loams
on nearly level to hilly ground
moraines in the till plains. Slope
gradients typically average bet-
ween 2% and 5%, but range from
0% to 25%. These soils are formed
in calcareous loamy glacial till.

Sisseton soils are loams on undulat-
ing to rolling uplands. Slope gra-
dients commonly are 3% to 15%,
but range from 2% to 40%. These
soils are formed in calcareous,
loamy and silty drift.

68. Kranzburg, nearly leVel.

Kranzburg soils are silty clay
loams on glacial plains having
gentle, smooth, and uniform
slopes with surfaces plane or
slightly convex. Slope gradients
typically are less than 6%, but
range from 0% to 9%. These soils
are formed in 20-40 inches of silty
material over clay loam glacial till.

69. Kranzburg-Brookings, gently un-

dulating. Kranzburg soils are de-
scribed in map unit 68.

Brookings soils are nearly black
silty clay loams having thick sur-
face horizons occurring on nearly
level upland flats, and broad ridge
tops and in swales on uplands.
Slope gradients range from 0% to
6%. These soils formed in 20 to 40
inches of loess or silty materials
over calcareous glacial till.

70. Poinsett-Waubay-Parnell, gently

undulating. Poinsett soils are silt
loams on nearly level to undulat-
ing uplands having plane to con-
vex slopes with gradients of 0% to
9%. They are formed in calcareous
silty glacial drift or outwash sedi-
ments.

Waubay soils are nearly black silt
loams with thick surface horizons
on level or nearly level till up-
lands, on flats, in slight depres-



sions and swales, and on lower
slopes. The slopes are plane or
concave with gradients of 0% to
3%. The soils are formed in cal-
careous silty glacial drift.

Parnell soils are thick black silty
clay loams occurring in depres-
sions in glacial moraines. Slope
gradients are less than 1%. These
soils are formed in moderately
fine and fine-textured, water
sorted sediments from glacial

drift.

71. Singsaas, gently undulating.

Singsaas soils are worm-worked

silt loams on nearly level depres-

sed upland drainageways to rol-
ling ground moraines. Slope gra-

dients range from 0% to 15%.

These soils formed in clay loam

glacial till or glacial till overlain

by a thin mantle of silty material.

72. Vienna-Lismore, gently undulat-
ing. Vienna soils are silty clay
loams on nearly level to hilly up-
lands having plane and slightly
convex surfaces. Slope gradients
typically are less than 6%, but
range from 0% to 15%. These soils
formed in silty material and cal-
careous loamy glacial till; the silty
material ranges from 10 to 20 in-
ches in thickness.

Lismore soils are silty clay loams on
nearly level upland flats and in
upland swales in glacial till plains.
Slope gradients typically are less
than 2%, but range to 6%. These
soils are formed in 10 to 20 inches
of silty mantle over glacial till.

on nearly level to steep outwash
plains, glacial stream terraces, and
terrace escarpments. Slope gra-
dients typically are less than 6%,
but range from 0% to 25%. These
soils are formed in a thin layer of
loamy alluvium, 10 to 20 inches
thick, over thick beds of sand and

gravel.

Fordville soils are loams on out-

wash plains and stream terraces.
Slopes are plane to convex and
slope gradients range from 1% to
9%. These soils are formed in
loamy alluvium, 20 to 36 inches
thick, over stratified sands and
gravels.

Sioux soils are loams on nearly level

to undulating outwash plains and
terraces, terrace escarpments, and
on knolls and ridgetops in un-
dulating to steep glacial moraines.
Slopes are plane or convex and
gradients range from about 2% to
4%. These soils are formed in sand
and gravel outwash.

Clayey Soils

76. Peever-Forman, gently undulat-

ing. Peever soils are heavy clay
loams on nearly level to sloping
uplands having plane and convex
slopes. Slope gradients typically
are less than 6%, but range from
0% to 9%. These soils are formed
in firm clay loam glacial till.

Forman soils are clay loams on

nearly level to rolling glacial till
plains. Slope gradients commonly
are 1% to 4%, but range from 0% to
15%. These soils are formed in

on nearly level to undulating up-
lands. Surfaces are plane to con-
vex with slope gradients from 0%
to 9%. These soils are formed in
silty glacial drift.

Clarno soils are loams on nearly
level to rolling positions on till
plains. Slopes are plane to convex
with slope gradients from 0% to
15%. These soils are formed in fri-
all)lle, loamy and clay loam glacial
till.

79. Egan-Wentworth-Viborg, gently
undulating. Egan and Wentworth
soils are described in map unit 78.

Viborg soils are nearly black silty
clay loams with thick surface hori-
zons occurring on level to gently
sloping areas in slight depres-
sions, swales, and heads of
drainageways. Surfaces are con-
cave or plane and slope gradients
typically are less than 3%, but
range to 6%. These soils are
formed in silty materials and clay
loam glacial till or loamy drift.

80. Moody-Nora, undulating. Moody
soils are silty clay loams on long,
smooth plane and convex slopes
in nearly level to rolling uplands.
Slope gradients are mostly bet-
ween 3% and 9%, but range from
about 0% to 17%. These soils are
formed in friable loess of silt loam
texture.

Nora soils are silt loams on gentle to
strongly sloping uplands having
convex surfaces and slopes. Slope
gradients range from 1% to 17%.
These soils are formed in friable
loess of silt loam texture.

Sandy Loams and Loamy Sands
73. Maddock-Hecla, gently undulat-
ing. Maddock soils are described

in map unit 37.
Hecla soils are nearly black loamy

calcareous loam or clay loam gla-

cial till. 81. Moody-Trent, gently undulating.
Claypan and Friable Soils Moody soils are described in map
77. Harmony-Aberdeen-Beotia, unit 80.

fine sands on plane and convex

surfaces of sandy lacustrine and

glacial outwash plains and nearby
sand-mantled till plains. Slope
gradients typically are less than

3% and range from 0% to 6%.

These soils are formed in re-

worked sands.

74. Buse-Forman, strongly undulat-
ing. Buse soils are loams on
slightly to strongly convex-shaped
slopes in glacial moraines. Slope
gradients range from 4% to 50%.
These soils are formed in calcare-
ous loam or clay loam glacial till.

Forman soils are clay loams on
nearly level to rolling glacial till
plains. Slope gradients commonly
are 1% to 4%, but range from 0% to
15%. These soils formed in cal-
ceﬁeous loam or clay loam glacial
till.

Loamy Soils with Sandy and

Gravelly Substrata

75. Renshaw-Fordville-Sioux, un-

dulating. Renshaw soils are loams

nearly devel. Harmony soils are
described in map unit 65.

Aberdeen soils are silty clay loams

having moderately developed
claypans and occurring on nearly
level lake plains. Slope gradients
are less than 2%. These soils are
formed in calcareous lacustrine
desposits of silt, fine sand, and
clay.

Beotia soils are described in map

unit 65.

G. Warm Moist Prairie (Udic Ustoll

Area)

Silty Soils
78. Egan-Wentworth-Clarno, undu-

lating. Egan soils are silty clay
loams on nearly level to undulat-
ing uplands. Slope gradients
range from 0% to 9% and surfaces
are convex to plane. These soils
are formed in silty sediments that
mantle clay loam glacial till or
loamy stratified silty drift.
Wentworth soils are silty clay loams
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Trent soils are silty clay loams on
plain or concave slopes in the up-
land; on flats, in slight depres-
sions, and swales; and on very
gentle lower slopes. Slope gra-
dients are typically 1% and range
from 0% to 2%. These soils are
formed in friable calcareous loess.

82. Egan-Clarno, undulating. Egan
and Clarno soils are described in
map unit 78.

83. Nora-Moody-Crofton, strongly
undulating. Nora and Moody soils
are described in map unit 80.

Crofton soils are thin silt loams on
convex slopes. The slope gra-
dients range from 2% to 60%.
These soils are formed in silty
loess.

Clayey Soils

84. Luton-Lamo-Albaton, nearly
level. Luton soils are silty clays on
nearly level to flat low second bot-
toms or backswamp areas of the
second bottom lands. These soils



are formed in deep clayey alluvial
sediments.

Lamo soils are silty clay loams on
nearly level flood plains. Slope
gradients are 0% to 2%. These are
formed in dark colored, calcareous
alluvium.

Albaton soils are silty clays on
nearly level bottomlands which
are subject to flooding unless pro-
tected by dams or levees. These
soils are formed in recent, cal-

careous, clayey alluvium more
than 40 inches thick. The area of
occurrence is several miles wide
and borders the Missouri River
channel, or channels of its tribut-
ary streams.
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Figure 9. Crop adaptation areas of South Dakota.

A Black Hills
B1 Northwestern Tableland
B2 North Central Glacial Up-

land

B3 Pierre Plain
B4 Southwestern Tableland
C1 Northern James Valley

C2 South Central Upland
C3 South Central Tableland
D1 Northeast Lowland

D2 Northern Prairie Coteau
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D3 Central Prairie Coteau
D4 Southern James Flatland
E Southeast Prairie Upland



Soil interpretation in this publication
is confined to grouping soils to show land
use patterns, relative yielding abilities,
and soil management problems. For this
purpose the state was divided into 13
interpretation or crop adaptation areas.
These interpretation areas were arrived
at by starting with the major soil regions
presented in Chapter 1 and shown in
Figures 1 and 7. Several of the major soil
regions were subdivided in response to
small, significant climatic and parent
material variations within the region.
The resulting map, Figure 9, shows the
soil interpretation or crop adaptation
areas of South Dakota. Yielding predic-
tions for individual soil series appear in
the Appendix.

Land Use Patterns

Principal crops grown. The approxi-
mate percentage of each crop planted in
1970-75 in each of the 13 interpretative
areas is shown in Figures 10 through 23.
The data are for percentages of total land
and represent approximations (South
Dakota Crop and Livestock Reporting
Service, 1970-75). Data given are for
corn, Figure 10; oats, Figure 11; barley,
Figure 12; rye, Figure 13; flax, Figure
14; soybeans, Figure 15; durum wheat,
Figure 16; other spring wheat, Figure
17; winter wheat, Figure 18; sorghum,
Figure 19; alfalfa seed production, Fig-
ure 20; alfalfa hay, Figure 21; wild hay,
Figure 22; and pasture, rangeland, or
timber (Black Hills) Figure 23. Heavy
lines in this series of Figures (10 through
23) separate areas of equal land use for
the designated crop.

Percentages that are given in Figures
10 through 23 show that each of the in-
terpretive areas reflects a land use pat-
tern compatible with the classification of
the soils of the area. Soils of the South-
east Prairie Upland (area E) are used
mainly for corn, soybeans, and oats.
Rangeland and wheat are the dominant
land use for the soils in areas B1, B2, B3,
and B4. The C and D areas are more
general farm areas. Spring wheat along
with pasture, corn, and oats were domin-
ant in C1; grazing with sorghum, corn,
spring grains, and winter wheat in C2;
and grazing, sorghum, winter wheat,
corn, and oats in C3. In D1 corn, oats,
pasture, flax, and spring wheat are do-
minant; in D2 pasture, corn, oats, flax,
and spring wheat rate in that order; in D3

Interpretation of Soils

corn, pasture, oats and flax lead; and in
D4 corn, pasture, oats, and soybeans are
dominant.

Farm information by county. Data for
each county for 1975 are presented in
Figures 24 and 28. Included are average
size of farms and relative percentage rat-
ing per acre of unimproved land (based
on 1967-74 sales data).

Generally the smallest farms are in the
Southeast Prairie Upland with the
largest farms in the Northwestern and
Southwestern Tablelands (see Figure
24). Average farm size in South Dakota
has been increasing by 13.9 acres per
year over the last 46 years, from 439 acres
in 1930to 1,058 acres in 1975 (see Figure
25). The largest increase in farm size has
occurred in the area west of the Missouri
River (see Figure 26).

Since 1930 the number of farms has
decreased from 84,300 to 43,000 in 1975
or an average loss of about 900 farms per
year (see Figure 27). As average farm
sizes increased in South Dakota the
number of farms has decreased.

Farms may be given a rating based on
the ability of the soil to produce impor-
tant crops. Such a rating is given in Fig-
ure 28. Farms in the Southeast Prairie
Upland have the highest percentage rat-
ing per acre of unimproved land while
farms in Northwestern Tableland have
the lowest (see Figure 28). The percen-
tage rating falls off rapidly as one moves
north and west of the Southeast Prairie
Upland. This trend is closely related to
average annual precipitation (see Figure
4).

Crop Yield Predictions

In Table 3, potential yields are given
for corn, wheat, oats, barley, flax, sor-
ghum, soybeans, rye, alfalfa hay, wild
hay, and range for each soil association
area. The potential yields were de-
veloped by checking the experiences of
farmers plus the yield records from the
soil experiment fields located around the
state on a variety of soils. These potential
yield figures show what yields can
reasonably be expected. Improved man-
agement is defined as management
where nutrient losses by cropping are
made up by a fertilization program; loss
of organic matter, nitrogen, and soil
structure are reduced by growing
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legumes; and an effective soil moisture
conservation program is followed.

The potential yield figures given are
average yields a farmer can expect over a
long period of years. In any one year,
yields could be 20% above or below the
potential; and in one year in three or
four, they could fall outside of this range.
This variation is caused by yearly fluctu-
ations in the weather.

Soil Management Problems

Conserving moisture. One of the most
serious soil management problems in
South Dakota is moisture conservation.
This problem is present in every region
of the state, although it is most serious in
regions B1-B4 (see Figure 9) or the Cool
Very Dry Plain, the Cool Dry Plain, the
‘Warm Very Dry Plain, and the Warm Dry
Plain soil regions. Precipitation is light
in these areas while evaporation and
runoff losses are considerable, even with
a close growing crop such as alfalfa on
the land. Moisture losses under alfalfa
amount to about 40% of the total annual
rainfall in the Warm Moist Prairie soil
region (region E on Figure 9) and about
50% in the Cool Dry Plain, the Warm
Very Dry Plain, and the Warm Dry Plain
soil regions. Moisture losses under corn
or wheat are higher, ranging from 50% in
the Warm Moist Prairie soil region to
about 60% in the Cool Dry Plain, the
Warm Very Dry Plain, and the Warm Dry
Plain soil regions. (It is assumed that 7
acre-inches of moisture are necessary to
produce 1 ton of alfalfa, and 1 acre-inch
to produce 3 bushels of wheat or 5
bushels of corn. These figures are only
approximations.)

The problem is to reduce moisture los-
ses. It is probably impossible to raise
moisture utilization above that achieved
by alfalfa which covers the land the year
around. However, if moisture utilization
for other crops can even approach that
achieved under alfalfa, yields in every
region of the state could be substantially
increased. For example in the Northern
James Valley Area the average alfalfa
yield for the period 1970-75 was 1.66
tons per acre. This uses each year 12 of
the 19 inches of average annual precipi-
tation. If in this same region corn and
wheat could use 12 inches of the mois-
ture annually received and other condi-
tions were favorable, yields could be 60
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Figure 12. Approximate percent of land in barley in each county and soil

area—1970-75.
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bushels for corn and 36 bushels for
wheat. The 1970-75 approximate aver-
age yield for these crops for this area was
36 bushels for corn and 22 bushels for
wheat. Each crop used only about 7 in-
ches of moisture each year it was grown.

Moisture is lost mainly through runoff,
evaporation, and transpiration by weeds.
Runoff and evaporation occur when
water does not soak into the soil where it
falls. Texture of the soil has a great effect
on how readily water soaks in. For exam-
ple, sandy soils usually absorb more
water than loams and clays. This is the
reason corn, a deep rooted crop, does so
well on sandy soils in the Northern
James Valley. Sandy soils, however,
have a severe wind erosion hazard and
are low in nitrogen. Therefore to
capitalize on the good moisture relations
of sandy soils, it is necessary to provide
nitrogen and an adequate cover to pre-
vent erosion or these factors will limit
production.

Finer textured soils than sand tend to
puddle when raindrops splash on the
bare surface. Thus the soil is sealed over
and large moisture losses occur by runoff
and evaporation and, in addition, soil
losses by wind and water erosion can
occur.

One way to increase the water intake
of medium and fine textured soils is to
increase the organic matter content. Or-
ganic matter acts as a sponge to absorb
water. It also helps impart a favorable
granular structure to the soil which will
increase water intake. Moreover, nit-
rogen and phosphorus, both essential
plant food elements, are present in or-
ganic matter. Added organic matter,
therefore, will increase water intake, add
essential nutrient elements, and de-
crease runoff, erosion, and evaporation
losses.

Moisture losses through weed transpi-
ration are serious. Weeds can decrease
crop yields by as much as 60% (Reed and
Hughes, 1970). One crop of pigeon grass
(foxtail) will remove approximately 2
acre-inches of moisture from the soil.
Weed control starts with planting clean
seed. Once weeds are established there
are cultural and chemical methods of
control. Cultural methods which include
use of good rotations and competing
crops in most cases are effective.

Much research is in progress on de-
creasing soil moisture losses. Weed con-
trol and runoffreduction measures are, of
course, aimed in this direction. In addi-
tion, much work is being done in an at-
tempt to reduce evaporation losses.
Generally water vapor is lost most
rapidly where there is a vapor transfer to
the soil surface of moisture held in the
soil profile. Turbulent air at the soil sur-
face removes the water vapor to maintain
the flow. Ways of suppressing evapora-
tion loss include (1) decreasing the tur-
bulent transfer of water vapor to the at-



mosphere, and (2) decreasing the vapor
transfer to the surface.

Ways used to decrease the turbulent
transfer of water vapor include allowing
stubble to stand, adding mulch material,
and increasing surface roughness. None
of these practices in field trials has yet
suppressed evaporation to an important
degree. It is known, for example, that
heavy plant residues conserve heat and
consequently turbulent transfer of water
vapor to the atmosphere actually is in-
creased.

Surface roughness was found often to
increase turbulence. There may be a
point where a little stubble on the
ground may increase turbulence while
more stubble may decrease it. Much re-
search is needed in this area.

Practices used to decrease vapor trans-
fer to the surface include use of certain
tillage implements such as the rod
weeder and stubble mulching machin-
ery or the use of chemical additives of the
soil stabilizer type.

Organic matter and nitrogen loss. A
second important soil management prob-
lem is the continuing loss of organic mat-
ter and nitrogen from South Dakota soils.
This problem was touched on briefly in
discussing the importance of organic
matter for increasing moisture absorp-
tion by soils.

Available data show that South Dakota
soils have lost (in 70-90 years of crop-
ping) from 25% to 35% of the organic
matter and nitrogen originally present in
the soils. Although it is not practical or
necessary to maintain the amounts of
these materials originally present in the
soil, yet the losses are great enough to
affect the tilth and fertility of the soil and
hence crop yields.

Management measures and crop re-
sidues returned to the soil are the only
means of adding organic matter, al-
though nitrogen can be added in com-
mercial preparations. Alfalfa can return
to the soil as much as 80 pounds of nit-
rogeén per acre when the second cutting
of a 3-year stand is plowed under. A
40-bushel crop of corn will remove 80
pounds of nitrogen from the soil. This
makes it obvious that it is difficult to
maintain soil nitrogen at present levels
by this method alone, even though only
one good crop of corn is raised for every 3
years of alfalfa.

Under present farming systems the or-
ganic matter content of our soils will con-
tinue to decline. However, the rate of
decline is slowing down as more resis-
tant organic materials are encountered.
Although nitrogen losses can be made up
by commercial products, the effect of
lower organic matter levels will further
aggravate an already serious moisture
conservation problem.

Soil nitrogen and organic matter losses
are more serious in the more humid soil
regions. This occurs because larger
yields of crops in these areas have de-

<04 04-1 1-2 >2
R r{"“”s CORSON PBELL o PRERSOR BROWN WARSHALL €l
04 14 1.0
0.1 WAL WORTH TGS TAY 53
G0 ZIEBACH WEY o 28 19 L i
| Ol [R] GTTER UK TP g = AL =
Weaoe 08 35 21 [P b
0.0 00 LY [RYD 25 23 [
STANLEY 08 S 13 12 1
11 URY
HAAKON UGHES l 0'7 L
ol ol 05| 04 2 05
YMAN BUFFALOD JERAULD INER LARE IMOCOY
oy o3 02 02 0.1 02
COSTER 00 0.5 BAULE  [RURORA R S T Ty
00 WASHARAUGH MELLETTE TRIPP 03 02| 0. 0.1 00
FALL. SiveR 00 0.0 TOUGLAS TOTCWINGON | TURNER |NCOLM
0.0 BERRETT 500 it aom S - 00 o
00 SHANNON N L
NK
0.2 [+1] a3 0.1 ol HOMMEY A WS 00T
00| 00| 00| o

Figure 13. Approximate percent of land in rye in each county and soil

area—1970-75.
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area—1970-75.

Figure 15. Approximate percent of land in soybeans in each county and soil

area—1970-75.
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Figure 17. Approximate percent of land in other spring wheat in each county and

soil area—1970-75.

Figure 18. Approximate percent of land in winter wheat in each county and soil

area—1970-75.
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pleted the more humid soils, although in
total amounts of nitrogen and organic
matter, these soils still rank above the
soils of the drier areas.

Other soil nutrients. Except for phos-
phorus, amounts of nutrient elements in-
cluding potassium, calcium, and mag-
nesium apparently are present in ade-
quate amounts in South Dakota soils at
present. Soil reaction is usually slightly
to moderately acid in the surface hori-
zons of South Dakota soils, but because
ofthe high base status of the surface soils
and free CaCOs in the substrata, lime is
not needed at present (Ward, et al. 1976).

Available phosphorus, however, is
generally in short supply in certain areas
of the state, especially for alfalfa. In the
soils of the Warm Moist Prairie (Area E),
available phosphorus is very low to
medium. In other Major Soil Areas (see
Figure 9) available phosphorus, based
on a summary of soil tests at South
Dakota State University ranks as follows:
areas D1, D2, D3—very low to low; areas
C2, C3—very low to medium; Northern
area Cl—low to high; areas B1, B2, B3,
and B4—very low to high; and the Cool
Moist Forest area—very low to high
(Ward and Carson, 1975).

Generally within any region, calcare-
ous soils have low levels of phosphorus
availability. This is because the phos-
phorus combines with calcium to form a
nearly insoluble compound. Soil tests
are the best way to determine the phos-
phorus needs of a soil. Soil phosphorus
can be maintained by the use of commer-
cial fertilizer.

Wind and water erosion. Soil erosion
by wind or water is a soil management
problem in all regions of South Dakota.
Susceptibility to erosion by wind de-
pends largely upon soil texture. Re-
search has shown that soils with a large
percentage of sand-sized particles (2.0 to
0.05 mm) are most susceptible to blow-
ing. These particles may be sand grains
or clay or silt particles balled up into
sand-sized grains.

Wind erosion is caused by a process
called saltation. In this process the sand
grains or sand-sized granules are blown
several feet into the air and then driven
with a high velocity into the soil. The
impact of the grains upon the soil sprays
soils up into the air. The fine individual
silt and clay particles are taken up by the
wind and blown out of the area. The
sand-sized particles rise several feet into
the air and again are driven back into the
soil and the cycle is repeated.

As wind erosion hazard depends so
much on soil texture, it is fairly easy to
delineate the susceptible areas. They are
shown accurately on county soil surveys
and the sandy areas on the soil associa-
tion maps generally delineate the sus-
ceptible areas.

Control measures for wind erosion
center about keeping a close growing
crop or crop residues on the land at all



times. Because it is difficult to establish
cover on sandy soils during dry periods
when it is needed the most, the safest
procedure for sandy soils is to keep them
in perennial vegetation. If these soils are
used for grains or row crops, the residues
should be returned and left on the soil
surface or partly incorporated into the
surface soil. If the soils are bare when
wind erosion starts, the soil surface may
be roughened and thrown up into ridges
by tillage implements. These are ‘“last
ditch” control measures, however, and it
should not be assumed that they will be
too effective. A more complete descrip-
tion of conservation tillage methods can
be found elsewhere (Williamson, et al.
1976).

Water erosion occurs when rain water
falling on the soil surface runs off and
takes with it soil particles in suspension.
This erosion is affected by soil slope, tex-
ture, amount of organic matter, structure,
and fertility status. These factors are
more or less interrelated. A good soil
management program for sloping soils
might involve terrace or contour cultiva-
tion and a rotation that includes legumes
and commercial fertilizer.

Terraces or contours tend to neutralize
the slope factor and improve water in-
take and reduce the amount of water av-
ailable for runoff and erosion. Legumes
in the rotation and the addition of fer-
tilizer increase the amount of organic
matter and nutrient status. This im-
proves the structure and hence the abil-
ity of the soil to absorb moisture.

Water erosion is serious on sloping
lands, especially in eastern South
Dakota. Certain soil associations lend
themselves to contour erosion control
measures, for example the Kranzburg-
Brookings association. These soils have
long, smooth slopes. Certain of the till
soil associations, such as the Williams-
Tonka association, have short, choppy
slopes, difficult to contour.

Erosion control can best be accomp-
lished on these soils by increasing the
percentage of legumes and grasses in the
cropping sequence. The added organic
matter will increase the rate of water in-
take and decrease the amount of water
available to runoff and erode.

(Table 3 and remaining figures
continued on following pages.)
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Figure 19. Approximate percent of land in

area—1970-75.
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Figure 20. Approximate percent of land in alfalfa seed production in each county
and soil area—1970-75.

Figure 21. Approximate percent of land

area—1970-75.
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Figure 22. Approximate percent of land in wild hay in each county and soil

area—1970-75.
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Figure 23. Approximate percent of land not accounted for in figures 10 through 22.

Assumed to be in rangeland or pasture (timber for Black Hills)

soil area—1970-75.

Figure 24. Average size of farms per county (acres)—1975.
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Figure 25. Average increase in farm size
since 1930 in South Dakota.
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Figure 26. Average acreage increase in

farm size per county from 1964 to 1975.

Figure 27. Decrease in number of South

Dakota farms since 1930.

Figure 28. Average percentage rating
per acre of unimproved land per county

(1967-1974 sales data).
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Table 3. Estimated average potential yields of crops and range with improved management.

Spring Winter Mfalfa Wild Native Comparative
Map Corn Oats Wheat Wheat Barley Flax Sorghum Soybeans Rye hay hay range Crop Ranking
No. Bu/A Bu/A Bu/A Bu/A Bu/A  Bu/A Bu/A Bu/A Bu/A T/A T/A AUM/A (%)
1 * * * * * * * * * * * * O+++
2 * * * * * * * * * * * * 0
3 * * * * * * * * * * * * 0
4 * 25+ 18+ 20+ 21+ * * * * 1.4+ 60+ .32 37
5 ¥ 28+ 18+ 21+ 19+ * * * * 1.3+ .60+ .29 37
6 ¥ 2324 204 29+ 24+ 8+ 22+ * * 1.2+ .75 .33 41
7 ¥ 17+ 11+ 16+ 16+ * 11+ * * 0.7+ 41 .20 24
8 * * * * * * * * * * .50 s 202 11
9 ¥ 28+ 19+ 29+ 20+ 7+ 22+ * * 1.2+ .68 .30 40
10 ¥ 28+ 19+ 20+ 29+ 7+ 22+ * * 1.2+ .64 .28 39
11 ¥ 11+ 7+ 11+ 8+ * * * * 0.4+ .30 «dl5 16
12 ¥ 26 12 14 13 * 13 * * 1.0 .56 s 3L 28
13 33+ 44+ * 33+ 29+ * 28+ * * 1.3+ .68 .36 48
14 34+ L4+ * 33+ 28+ * 39+ * * 1.2+ .68 < 3. 23
15 34+ 43+ * 38+ 26+ * 40+ * 28+ 1.5+ o 13 .38 52
16 ¥ 43+ 25+ 38+ 38+ * 33+ * * 1.6+ « 70 .32 62
17 * 11+ 7+ 11+ 8+ * * * * 0.4+ .38 .20 akrs
18 36 43 26 34 33 * 40 * * 1.4 .70 .36 51
19 37 56 28 34 37 * 47 * * 1.8 .90 45 58
20 33+ 44+ * 33+ 30+ * 33+ * * 1.3+ 73 .36 48
21 28+ 41+ * 37+ 31+ * 32+ * * Dt .78 .34 49
22 24+ 32+ 23+ 29+ 30+ * 36+ * * 1.3+ «70 35 45
23 18+ 27+ 19+ 25+ 26+ * 24+ * * qigi+ .53 o2 36
24 18+ 30+ 20+ 28+ 28+ * 26+ * * 1.3+ .58 .26 42
25 ¥ 13+ 8+ 15+ 10+ * * ¥ * 0.6+ 40 .20 21
26 18+ 30+ 20+ 28+ 28+ * 26+ * * 1.3F .40 24 Siascs
27 S5¢ 15+ 14+ 18+ 18+ *- * * * 0.3% Al 19 21
28 28+ 39 20 27 29 * 35 * * st Aogd <33 bty
29 25+ 23+ 20+ 23+ 25+ * 25+ * * 1.0+ .60 41 37
30 * * * * * * * * * * * * 0
31 33+ 56+ 27+ 34+ 4b+ 12+ * * * 1.8+ 52 GO 56
32 32+ 50+ 27+ 30+ 42+ 13+ * * * 1.6+ « 70 il 53
33 31+ 49+ 27+ 30+ 42+ 11+ * * * 1.6+ 72 <32 52
34 31 55 28 30 47 14 * * 32 1.9 1.08 47 61
35 38++ 54++ 30++ 34++ Lb++ 16++ * * 3++ 2.2++ 1.20++ 78 68
36 32+ 47+ 23+ 25+ 40+ 13+ * * 30+ 1.6+ .85 41 53
237 35+ 38+ 19+ 22+ 31+ 11+ * 12 28+ 1,.3# o Tl 42 45
38 31+ 40+ 24+ 28+ 35+ 10+ * * * 1.4+ .60 <36 47
39 26 35 22 22 25 7 * * 25 1:5 .60 <34 41
40 31+ 42+ 27+ 29+ 33+ * * * * 1.5% 93 .27 47
41 * 25+ 12+ 15+ 22+ * * * * 0.9+ .60 .26 31
42 34+ L6+ 27+ 31+ 35+ 10+ * * * 1.7% .78 .32 51
43 31+ 38+ 24+ 28+ 33+ 11+ * * * 1.4+ .80 w34 47
bt 52 56 30 30 37 17 53 * 34 2.8 1,00 .56 67
45 50 64 29 34 37 17 54 20 33 2.4 12I00 60 67
46 71 80 34 30 43 21 61 25 36 220 1.20 .67 78
47 36+ 45+ 24+ 35+ 30+ * 39+ * 20+ 1:3% .85 .48 93
48 48 50 27 32 36 * 45 22 28 R .80 4l 58
49 45 49 29 38 35 * 52 ¥ 27 2.2 .85 42 62
50 56+ 58+ 23+ 34 38+ 18+ 56+ 22+ 28+ 2.6+ 1.07 .60 67

34



Table 3 (cont.)

Spring Winter Alfalfa Wild Native Comparative
Map Corn Oats Wheat Wheat Barley Flax Sorghum Soybeans Rye hay hay range Crop Ranking
No. Bu/A Bu/A Bu/A Bu/A Bu/A Bu/A Bu/A Bu/A Bu/A T/A T/A AUM/A (%)
91 48+ 52+ 20+ 28+ 32+ 16+ 47+ * 26+ 2.2+ .85 «23 58+++
52 30++ 45++ 22++ 28++ 30++ 14++ 36++ * 28++  1.7++ .80 .61 53
53 28 40 19 31 28 * 40 * 27 1.5 oL .37 48
54 26+ 45+ 24+ B2+ 32+ * L2+ * * 1.4+ .62 .35 49
55 23+ 38+ 19+ 30+ 23+ * 20+ * * B .60 .28 41
56 * * * ¥ * * * * * * * .20 7
57 40 44 23 33 34 12 36 18 * 1.8 <90 43 o3
58 34+ L2+ 24+ 34+ 29+ * 38+ * 26+ 1.9+ 1D =39 52
59 b 4T 25 29 34 14 42 18 31 2.0 .85 .53 5%
60 33+ 40+, 22+ 33+ 30+ * 42+ * 33+ 2.0+ 1.00 .84 59
61 32+ 38+ 24+ 26+ 31+ * 30+ * * 1.6+ .80 A 48
62 30+ 38+ 23% 28+ 30+ 14+ 37+ * 27+ 1.8+ .64 Al 50
63 52 60 30 * 38 5] 48 22 30 2.4 .86 A 61
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