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Consult **Contents®* for parts of the publication that will meet your specific needs,
This survey contains useful information for farmers or ranchers, foresters or

7_ agronomists; for planners, community decision makers, engineers, developers,
builders, or homebuyers; for conservationists, recreationists, teachers, or
students; 1o specialists in wildlife management, waste disposal, or pollution centrol



This soil survey is a publication of the National Cooperative Soil Survey, a
joint effort of the United States Department of Agriculture and other federal
agencies, state agencies including the Agricultural Experiment Stations, and
local agencies. The Soil Conservation Service has leadership for the federal
part of the National Cooperative Soil Survey. In line with Department of
Agriculture policies, benefits of this program are available to all, regardless of
race, color, national origin, sex, religion, marital status, or age.

This survey was made cooperatively by the Soil Conservation Service; the
lowa Agriculture and Home Economics Experiment Station and the Cooperative
Extension Service, lowa State University; and The Department of Soil
Conservation, State of lowa. It is part of the technical assistance furnished to
the Story County Soil Conservation District. Funds appropriated by Story
County and the city of Ames were used to defray part of the cost of the survey.

Major fieldwork for this soil survey was completed in 1976-1980. Soil names
and descriptions were approved in 1981. Unless otherwise indicated,
statements in this publication refer to conditions in the survey area in 1980.

Soil maps in this survey may be copied without permission. Enlargement of
these maps, however, could cause misunderstanding of the detail of mapping.
If enlarged, maps do not show the small areas of contrasting soils that could
have been shown at a larger scale.

Cover: Soybeans on Nicollet loam, 1 to 3 percent slopes. In most areas, this soll is
Intensively cropped.
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Preface

This soil survey contains information that can be used in land-planning
programs in Story County, lowa. It contains predictions of soil behavior for
selected land uses. The survey also highlights limitations and hazards inherent
in the soail, improvements needed to overcome the limitations, and the impact of
selected land uses on the environment.

This soil survey is designed for many different users. Farmers, foresters,
and agronomists can use it to evaluate the potential of the soil and the
management needed for maximum food and fiber production. Planners,
community officials, engineers, developers, builders, and home buyers can use
the survey to plan land use, select sites for construction, and identify special
practices needed to insure proper performance. Conservationists, teachers,
students, and specialists in recreation, wildlife management, waste disposal,
and pollution control can use the survey to help them understand, protect, and
enhance the environment.

Great differences in soil properties can occur within short distances. Some
soils are seasonally wet or subject to flooding. Some are shallow to bedrock.
Some are too unstable to be used as a foundation for buildings or roads.
Clayey or wet soils are poorly suited to use as septic tank absorption fields. A
high water table makes a soil poorly suited to basements or underground
installations.

These and many other soil properties that affect land use are described in
this soil survey. Broad areas of soils are shown on the general soil map. The
location of each soil is shown on the detailed soil maps. Each soil in the survey
area is described. Information on specific uses is given for each soil. Help in
using this publication and additional information are available at the local office
of the Soil Conservation Service or the Cooperative Extension Service.






STORY COUNTY SOIL SURVEY REPORT SUPPLEMENT*

This supplement includes supplementary and updated information
compiled for the for the Story County soil survey report dated May, 1984.

The supplementary portion contains corn suitability ratings (CSRs)
which are not found in the report. Additional supplementary information
includes an explanation of subsoil fertility terms, and a definition of
erosion classes. The updated portion provides yield estimates for commonly

growrl Crops.

Corn Suitability Ratings provide a relative ranking of all soils

mapped in the State of Iowa based on their potential to be utilized for
intensive row crop production. The CSR is an index that can be used to
rate one soil s potential yield production against another over a period of
time. The CSR index considers average weather conditions as well as
frequency of use of the soil for row crop production. Ratings range from
100 for soils that have no physical limitations, occur on minimal slopes,
and can be continuously row cropped to as low as 5 for soils with severe
limitations for row crops. The highest CSR value in Story County is 94.
The ratings listed in this supplement assume a) adequate management, b)
natural weather conditions (no irrigation), c) artificial drainage where
required, d) soils lower on the landscape are not affected by frequent
floods, and e) no land leveling or terracing. The CSR for a given field
can be modified by the occurrence of sandy spots, rock outcropping, field
boundaries, and so forth. Even though predicted average yields (Table 5,
pp. 104-107) will range with time, the CSRs are expected to remain
relatively constant in relation to one another. The CSR can be useful
tobt bbbttt bbbt bbb+ + Prepared by Gerald A. Miller, Extension Agronomist and Thomas E.Fenton, Research Agrononist, Towa

State University; and Thomas A. Dewitt, Soil Scientist, Soils Conservation Service. CSR values were taken from information provided the Story County Assessor by the Towa
Cooperative Soil Susrvey Staff. Prepared june 1984.



to farmers, land buyers, and assessors and others as an aid in determining
suitable land use and land value. The CSRs assigned for individual tracts
of land by the Story County Assessor may differ from those listed in the
accompanying table. These differences are due to adjustments for
waterways, land use for woodland and forest reserves, and combination of
some soil mapping units during correlation of the final report.

Subsoil nutrient levels. Inherent subsoil fertility levels in terms
of potential plant available phosphorus and potassium are described for
each soil map unit in Story County (pp. 15-45). The qualitative ratings of
available phosphorus and potassium assigned to each soil mapping unit are
for the following depths in the soil profile: Phosphorus 24 to 36 inches
and potassium, 6 to 12 inches.

Soil test of the plow layer are used to determine the most profitable
rates of fertilizers for various crops. Nutrient levels in the subsurface
layers do influence crop yields, particularly in drier seasons when the
nutrients in the dry tilled layer become temporarily unavailable to plants.
The availability of nutrients in the tilled layer and subsoil influences
the relative uptake from the two zones in the soil profile. Fertilizer
recommendations based on soil tests of the tilled layer may be adjusted by
the average nutrient levels in the subsoil of each soil series. The
fertilizer recommendations made by the Iowa State University Soil Testing
Laboratory are adjusted for subsoil nutrient levels. The potential plant

available subsoil phosphorus and potassium classes are described as

follows:



Subsoil phosphorus (P). The base for the subsoil phosphorus level in

soil test recommendations from the Iowa State University Soil Testing

Laboratory are:

Soil Test Class Soil Test Value, 1lbs/A
Very Low (VL) Less than 15

Low (L) 15 to 25

Medium (M) 26 to 45

High (H) Greater than 45

Subsoil potassium (K). The base for subsoil potassium level in soil

test recommendations from the Iowa State University Soil Testing Laboratory

are:
Soil Test Class Soil Test Value, 1lbs/A
Very Low minus (VL-) Less than 40
Very Low plus (VL+) 40 to 79
Low (L) 80 to 125
Medium (M) 126 to 200
High (H) 201 to 300
Very High (VH) Greater than 300

Soil Mapping Unit Erosion classes. The soil mapping unit name

includes the soil type name, the slope gradient in percent, and the erosion
class. For example, 138C2 is the soil mapping unit symbol for Clarion
loam, 5 to 9 percent slopes, moderately eroded. The soil type, Clarion
loam, is identified by the number 138. The slope gradient, 5 to 9 percent
slopes, is identified by the letter C, and the erosion class, moderately
eroded, is identified by the number 2. The erosion class of a soil mapping
unit is classified by soil scientists based on the thickness of the A
horizon and/or the amount of mixing of subsoil material in the tilled layer

of cultivated soils.
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A description of the erosion classes used in the Story County Soil

Survey Report is outlined in the following table.

Erosion Erosion
Symbol Class Name Description
+ Overwash Recent deposition. 8 to 18 inches of

lighter-colored material deposited on
an existing A horizon.

(no symbol None or The tilled layer consists of A

indicated. slightly horizon material. Soils on 0 to 1%

Blank) eroded 0 to 2%, and 1 to 3% slopes usually
have a A horizon thickness of 10
inches or greater. Soil on 2 to 5%
or steeper slopes usually have 7 to
12 inches of A horizon material.
Little or no mixing of the subsoil
material occurs in the tilled layer.

2 Moderately Dark colored A horizon material is 3

eroded to 7 inches thick;. Some mixing of

subsoil material is present in the
tilled layer.

3 Severely Dark colored A horizon material is

eroded less than 3 inches thick. A major

portion of the tilled layer consists
of subsoil material.

Yield estimates. The yield estimates listed in this supplement are
provided to update corn, soybeans, oats, and grass-legume hay yields listed
on Table 5 (pp. 104-107) of the report. These updated yields are estimated
for high level management and are normalized for a five-year average. The
yields listed in Table 5 for smooth bromegrass, Kentucky bluegrass and
bromegrass-alfalfa are satisfactory estimates.

High level management includes the adaption of best available
technology for crop production to include agronomic, engineering, and
economic practices. For example, best available technology for corn
production includes tillage and engineering practices that maintain soil
erosion rates at or below tolerance limits. Also, best available
technology includes use of artificial drainage on those soils requiring the

removal of excess water for optimum plant root growth and development and
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protection from periodic flooding for those soils adjacent to drainageways,
streams, and rivers.

Other management practices may include cultivar selection, planting
dates, optimum population, row-spacing, optimum fertilization and liming
rates, weed and insect control, and timely and efficient harvest practices.
All yield estimates are for dryland (non-irrigated) conditions.

Five-year average estimates are used to smooth the effects of weather
variations on a year-to-year basis.

Yield estimates for soybeans, oats, and alfalfa-grass hay are
calculated from a percentage of the estimated corn yields. Kind of parent
material is considered in the calculation of soybean yield estimates.
Natural soil drainage class is considered in the calculation of alfalfa-
grass hay yield estimates. The alfalfa-grass hay yields assume 80 percent

or more alfalfa in the stand with either orchardgrass or bromegrass.

And Justice for All

The Iowa Cooperative Extension Service's programs and policies are consistent with pertinent federal and state laws and regulations on non-discrimination regarding race, color,
national origin, religion, sex, age, and hand{if;i}f.

Iowa State University and U.S. Department of Agriculture cooperating



Land Alfalfa | Kentucky
Soil Map Capability| Corn |Soybeans| Oats | Brome Bluegrass
Symbol Soil Mapping Unit Name CSR Class | Bu/Ac| Bu/Ac |BulAc| T/Ac T/Ac
6 Okoboji silty clay loam, 0 to 1% slopes 59 3w 117 37 82 35 2.9
27B  |Temil loam, 2 to 5% slopes 86 2E 152 49 106 6.4 3.7
27C | Termil loam, 5 to 9% slopes 70 3E 147 47 103 6.2 3.6
34C Estherville sandy loam, 2 to 9% slopes 14 4E 56 18 39 24 1.4
41B Sparta loamy fine sand, 2 to 5% slopes 42 4S 86 28 60 3.6 2.1
41C _ |Sparta loamy fine sand, 5 to 9% slopes 26 48 81 26 57 3.4 2
41D |sparta loamy fine sand, 9 to 14% slopes 16 6S NA NA 50 3 1.8
52B  |Bode clay loam, 2 to 5% slopes 84 2E 149 48 104 6.3 37
54 Zook silty clay loam, 0 to 2% slopes 73 2W 131 42 92 3.9 3.2
55 Nicollet loam, 1 to 3% slopes 94 1 163 52 114 6.5 4
62C3 |[storden loam, 5 to 9% slopes, severely eroded 49 3E 120 38 84 5 3
62D Storden loam, 9 to 14% slopes 44 3E 123 39 86 52 3
62D3 |Storden loam, 9 to 14% slopes, severely eroded 39 4E 111 35 78 47 2.7
62E Storden loam, 14 to 18% slopes 33 4E 106 34 74 44 26
62E3 |Storden loam, 14 to 18% slopes, severely eroded 28 6E NA NA NA 3.7 2.3
62F Storden loam, 18 to 25% slopes 13 6E NA NA NA 34 2.4
65F Lindley loam, 18 to 25% slopes 10 7E NA NA NA 25 1.8
90 Okoboji mucky silt loam, 0 to 1% slopes 62 3W 123 39 86 3.7 3
95 Harps loam, 1 to 3% slopes 66 2W 131 42 92 39 3.2
107 |Webster clay loam, 0 to 2% slopes 89 2W 152 49 106 46 3.7
108 Wadena loam, 24 to 32" to sand & gravel, 0 to 2% slopes 57 2S 102 33 71 43 25
108B  |Wadena loam, 24 to 32" to sand & gravel, 2 to 5% slopes 52 2E 99 32 69 42 24
135 Coland clay loam, 0 to 2% slopes 84 2W 143 46 100 43 3.5
136B Ankeny fine sandy loam, 2 to 5% slopes 58 3E 100 32 70 4.2 2.5
138B |Clarion loam, 2 to 5% slopes 86 2E 152 49 106 6.4 3.7
138C  |Clarion loam 5 to 9% slopes 70 3E 147 47 103 6.2 3.6
138C2 |Clarion loam, 5 to 9% slopes, moderately eroded 68 3E 143 46 100 6 3.5
138D2 {Clarion loam, 9 to 14% slopes, moderately eroded 58 3E 134 43 94 56 3.3
168B Hayden loam, 2 to 5% slopes 75 2E 132 42 92 55 3.2
168C  |Hayden loam, 5 to 9% slopes 60 3E 127 41 89 53 3.1
168E Hayden loam, 9 to 18% slopes 43 4E 101 32 71 4.2 2.5
168F Hayden loam, 18 to 25% slopes 18 6E NA NA NA NA 2.2
175 Dickinson fine sandy loam, 0 to 2% slopes 63 38 118 38 83 5 2.9
175B |Dickinson fine sandy loam, 2 to 5% slopes 58 3E 115 37 81 4.8 2.8
175C  |Dickinson fine sandy loam, 5 to 9% slopes 42 3E 110 35 77 46 2.7
201B |Coland-Termil complex, 1 to 5% slopes 40 2W 83 27 58 25 2
202 Cylinder loam, 24 to 32" to sand & gravel, 0 to 2% slopes 69 2S 123 39 86 4.9 3




Land Alfalfa | Kentucky
Soil Map Capability! Corn |Soybeans| Oats | Brome Bluegrass
Symbol Soil Mapping Unit Name CSR Class | Bu/Ac| Bu/Ac |Bul/Ac| TI/Ac T/Ac
203 Cylinder loam, 32 to 40" to sand & gravel, 0 to 2% slopes 82 1 144 47 100 5.8 3.5
221 Palms muck, 0 to 1% slopes 52 3w 120 38 84 3.6 3
236B  |Lester loam, 2 to 5% slopes 81 2E 143 46 100 6 35
236C  |Lester loam, 5 to 9 % slopes 65 3E 138 44 97 5.8 3.4
236C2 |Lester loam, 5 to 9% slopes, moderately eroded 63 3E 134 43 94 56 3.3
236D |Lester loam, 9 to 14% slopes 54 3E 129 41 390 5.4 3.2
236D2 |Lester loam, 9 to 14% slopes, moderately eroded 52 3E 125 40 88 53 3.1
236E |Lester loam, 14 to 18% slopes 44 4E 112 36 78 47 2.8
236F |Lester loam, 18 to 25% slopes 23 6E NA NA NA NA 25
253B _ |Famrar fine sandy loam, 2 to 5% slopes 64 2E 125 40 88 5.3 3.1
259  |Biscay clay loam, 32 to 40% to sand&gravel, 0 to 2% slope 81 2w 138 44 97 4.2 3.4
274  |Rolfe silt loam, 0 to 1% slopes 55 3w 109 35 76 33 2.7
284 Flagler sandy loam, 0 to 2% slopes 52 3S 90 29 63 3.8 22
284B  |Flagler sandy loam, 2 to 5% slopes 47 3E 87 29 52 3.7 2.1
288 Ottosen clay loam, 1 to 3% slopes 90 1 157 50 110 6.3 3.9
356G |Hayden-Storden loams, 25 to 50% siopes 5 7E NA NA NA NA 2.1
386 Cordova clay loam, 0 to 2% slopes 84 2W 143 46 100 43 3.5
388 Kossuth silty clay loam, 0 to 2% slopes 83 2W 140 45 98 4.2 3.5
485 Spillville loam, 0 to 2% slopes 92 2W 156 50 109 6.2 3.8
506  |Wacousta silty clay loam, 0 to 1% slopes 79 3w 130 42 91 3.9 3.2
507 |Canisteo clay loam, 0 to 2% slopes 84 2W 146 47 102 4.4 3.6
536 Hanlon fine sandy loam, 0 to 2% slopes 73 2S 125 40 88 5.3 3.1
559  ITalcot clay loam, 32 to 40" to sand & gravel, 0 to 2% slopes 75 2W 130 42 91 58 3.2
638C2 |Clairon-Storden loams, 5 to 9% slopes, moderately eroded 61 3E 137 44 96 54 3.4
638D2 |Clairon-Storden loams, 9 to 14% slopes, moderately eroded 51 3E 128 41 90 48 3.1
828B |zenor sandy loam, 2 to 5% slopes 52 3E 93 30 65 3.9 2.3
828C2 |Zenor sandy loam, 5 to 9% slopes, moderately eroded 35 3E 85 27 60 3.6 2.1
956 |Harps-Okoboji complex, 0 to 2% slopes 60 3w 120 38 84 3.6 3
1178 |Waukee Variant loam, 0 to 2% slopes 87 1 141 45 99 59 3.5
1314 |Hanlon-Spillville complex, channeled, 0 to 2% slopes 25 5W NA NA NA NA NA
1585 _ |spillville-Coland complex, channeled, 0 to 2% slopes 25 5W NA NA NA NA NA
4000 |urban land Not rated
5010 {Pits, gravel Not rated
5030 |Prits, quarry Not rated
5040 Orthents, loamy Not rated
5050 |Orthents, sandy Not rated
5060 |Pits, clay Not rated
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Soil Survey of

Story County, lowa

By Thomas A. DeWitt, Soil Conservation Service

Fieldwork by Thomas A. DeWitt, Robert C. Russell, James C. Sanner,
Byron F. Chalstrom, and Michael J. Wiemann, Soil Conservation Service;

and Harry R. James, lowa State University

United States Department of Agriculture, Soil Conservation Service
In Cooperation with the lowa Agriculture and Home Economics
Experiment Station and the Cooperative Extension Service

lowa State University and

The Department of Soil Conservation, State of lowa

Story County is in the geographic center of lowa (fig.
1). It is square in shape, measuring 24 miles from both
north to south and east to west. The total area is
363,520 acres, or about 568 square miles. The present
boundaries were established in 1846.

The entire county was originally prairie, with the
exception of some areas of timber along the larger
streams. Soils in the county formed in glacial till,
alluvium, eolian, and organic parent materials. The
topography is predominantly undulating. There are some
nearly level areas, a few rolling to hilly sections, and
numerous small shallow depressions. Most drainageways
are not well developed.
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Figure 1.—Locatlon of Story County In lowa.

About 80 percent of the county is cultivated. Corn and
soybeans are the major crops. Other important crops are
small grains, hay, and rotation pasture.

The first soil survey of Story County was published in
1904 (72). A second soil survey of the county was
published in 1941 (73). This survey updates these
previous surveys and provides additional information and
larger maps that show more detail.

General Nature of the Survey Area

This section presents general information about the
county. It includes a brief discussion of the history, relief
and drainage, farming, transportation, and climate of the
county.

History

The first settlers in Story County came mainly from
indiana, New York, and Pennsylvania (5). Other early
settlers included many Norwegians, Germans, and
Danes. The first great population influx was in the early
1850’s. State of lowa figures give the population as 214
in 1852, This had increased to 4,051 in 1860.

Nevada became the county seat in 1853. The county
was named for Joseph Story, an associate justice of the
United States Supreme Court.

Railroad construction greatly accelerated the
development of Story County. When the first railroad
came to the county in 1864, several established towns
moved to be on the line. Although Nevada was long



considered to be the metropolis of the county, Ames was
the most widely known of the towns because of the busy
railroad depot where travelers changed trains for all points
north, south, east, and west.

In 1978, Story County consisted of 16 townships and
15 incorporated cities. The population, by special census
in 1978, was 69,193. This ranked the county ninth in
population among the ninety-nine lowa counties.

Relief and Drainage

Most of the soils in Story County are nearly leve! to
gently sloping or moderately sloping. Small areas of
moderately sloping to steep soils occur throughout the
county except in the northwestern part. Larger areas of
steeper soils are along Indian Creek south of Nevada
and along the Skunk River valley.

The Skunk River and its tributaries drain much of Story
County. The lowa River and its tributaries drain the
northeastern part of the county.

The soils in about 35 percent of Story County are
poorly drained or very poorly drained. Some of these
soils, particularly those in the western half of the county,
formed in old lakebeds or swamp basins that have little
natural drainage. In these areas, drainage ditches
provide outlets for drains installed underground. Many of
the poorly drained and very poorly drained soils
throughout the county have been artificially drained
sufficiently for crop production. Other areas have
insufficient underground and surface drainage for wetter-
than-average years, and crops are sometimes damaged.
With the increased size of farm machinery, wetness
becomes more of a problem in tillage. For this reason,
some of the previously drained areas need additional
subsurface drainage to speed up soil drying following
prolonged wet seasons.

Farming

Most of Story County is farmland. The land is used
mainly for corn and soybeans, but some acreage is in
pasture, oats, hay, garden crops, or woodland. Soybeans
and corn are sold as cash crops. The principal livestock
enterprises are hogs and beef cattle.

The trend in recent years has been toward a decrease
in the number of farms in the county and an increase in
their size. In 1976, the county had a total of 1,140 farms
(3). The average farm was 298 acres.

Transportation

Four major highways serve Story County. U.S.
Highway 30 traverses the county east to west. It
intersects U.S. Highway 65, Interstate Highway 35, and
U.S. Highway 69, all running north to south. Hard-surface
state and county roads connect these highways with all
the smaller communities. There are an additional 950
miles of secondary roads, primarily gravel but including
some unimproved dirt roads.

Soil Survey

Four major railroad lines serve Story County. Two of
these lines run north and south, one traversing the
western part of the county and another traversing the
eastern and central parts of the county. Two lines run
east and west, one traversing the central part of the
county and another traversing the southern part. Two
smaller branch lines include one that traverses the
southwestern part of the county and one running east
from Zearing that is presently under plans for
abandonment.

Bus transportation is available from Ames in all
directions. Ames also has an airport, although no
commercial airlines provide scheduled service.

Climate

Prepared by the National Climatic Center, Asheville, North Carolina.

Story County is cold in winter. It is quite hot with
occasional cool spells in summer. Precipitation during
the winter frequently occurs as snowstorms. During the
warm months there are showers, often heavy, when
warm moist air moves in from the south. Total annual
rainfall is normally adequate for corn, soybeans, and
small grains.

Table 1 gives data on temperature and precipitation
for the survey area as recorded at Colo in the period
1964 to 1978. Table 2 shows probable dates of the first
freeze in fall and the last freeze in spring. Table 3
provides data on length of the growing season.

In winter the average temperature is 20 degrees F,
and the average daily minimum temperature is 11
degrees. The lowest temperature on record, which
occurred at Colo on January 16, 1977, is -28 degrees. In
summer the average temperature is 71 degrees, and the
average daily maximum temperature is 82 degrees. The
highest recorded temperature, which occurred at Colo on
July 7, 1977, is 103 degrees.

Growing degree days are shown in table 1. They are
equivalent to “heat units.” During the month, growing
degree days accumulate by the amount that the average
temperature each day exceeds a base temperature (50
degrees F). The normal monthly accumulation is used to
schedule single or successive plantings of a crop
between the last freeze in spring and the first freeze in
fall.

The total annual precipitation is 34 inches. Of this, 25
inches, or 75 percent, usually falls in April through
September. The growing season for most crops falls
within this period. In 2 years out of 10, the rainfall in April
through September is less than 21 inches. The heaviest
1-day rainfall during the period of record was 4.2 inches
at Colo on August 29, 1975. Thunderstorms occur on
about 50 days each year, and most occur in summer.

The average seasonal snowfall is 25 inches. The
greatest snow depth at any one time during the period of
record was 12 inches. On an average of 26 days, at
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least 1 inch of snow is on the ground. The number of
such days varies greatly from year to year.

The average relative humidity in midafternoon is about
60 percent. Humidity is higher at night, and the average
at dawn is about 80 percent. The sun shines 70 percent
of the time possible in summer and 50 percent in winter.
The prevailing wind is from the northwest. Average
windspeed is highest, 13 miles per hour, in spring.

Tornadoes and severe thunderstorms occur
occasionally. These storms are local and of short
duration, and they result in narrow belts of sparse
damage. Hailstorms occur in irregular patterns and in
relatively small areas at times during the warmer part of
the year.

How This Survey Was Made

This survey was made to provide information about the
soils in the survey area. The information includes a
description of the soils and their location and a
discussion of the suitability, limitations, and management
of the soils for specified uses. Soil scientists observed
the steepness, length, and shape of slopes; the general
pattern of drainage; the kinds of crops and native plants
growing on the soils; and the kinds of bedrock. They dug
many holes to study the soil profile, which is the
sequence of natural layers, or horizons, in a soil. The
profile extends from the surface down into the
unconsolidated material in which the soil formed. The
unconsolidated material is devoid of roots and other
living organisms and has not been changed by other
biologic activity.

The soils in the survey area occur in an orderly pattern
that is related to the geology, the landforms, relief,
climate, and the natural vegetation of the area. Each
kind of soil is associated with a particular kind of
landscape or with a segment of the landscape. By
observing the soils in the survey area and relating their
position to specific segments of the landscape, a soil
scientist develops a concept, or model, of how the soils
were formed. Thus, during mapping, this model enables
the soil scientist to predict with considerable accuracy
the kind of soil at a specific location on the landscape.

Commonly, individual soils on the landscape merge
into one another resulting in gradual changes in
characteristics. To construct an accurate soil map,
however, soil scientists must determine the boundaries
between the soils. They can observe only a limited
number of soil profiles. Nevertheless, these
observations, supplemented by an understanding of the
soil-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to
determine the boundaries.

Soil scientists recorded the characteristics of the soil
profiles that they studied. They noted soil color, texture,
size and shape of soil aggregates, kind and amount of
rock fragments, distribution of plant roots, acidity, and

other features that enable them to identify soils. After
describing the soils in the survey area and determining
their properties, the soil scientists assigned the soils to
taxonomic classes (units). Taxonomic classes are
concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes
are used as a basis for comparison to classify soils
systematically. The system of taxonomic classification
used in the United States is based mainly on the kind
and character of soil properties and the arrangement of
horizons within the profile. After the soil scientists
classified and named the soils in the survey area they
comipared the individual soils with similar soils in the
same taxonomic class in other areas so that they could
confirm data and assemble additional data based on
experience and research.

While a soil survey is in progress, samples of some of
the soils in the area generally are collected for laboratory
analyses and for engineering tests. Soil scientists
interpreted the data from these analyses and tests as
well as the field-observed characteristics and the soil
properties in terms of expected behavior of the soils
under different uses. Interpretations for all of the soils
were field tested through observation of the soils in
different uses under different levels of management.
Some interpretations are modified to fit local conditions,
and new interpretations sometimes are developed to
meet local needs. Data were assembled from other
sources, such as research information, production
records, and field experience of specialists. For example,
data on crop yields under defined levels of management
were assembled from farm records and from field or plot
experiments on the same kinds of soil.

Predictions about soil behavior are based not only on
soil properties but also on such variables as climate and
biological activity. Soil conditions are predictable over
long periods of time, but they are not predictable from
year to year. For example, soil scientists can state with a
fairly high degree of probability that a given soil will have
a high water table within certain depths in most years,
but they cannot assure that a high water tabie will
always be at a specific level in the soil on a specific
date.

After soil scientists located and identified the
significant natural bodies of soil in the survey area, they
drew the boundaries of these bodies on aerial
photographs and identified each as a specific map unit.
Aerial photographs show trees, buildings, fields, roads,
and rivers, all of which help in locating boundaries
accurately.

Map Unit Composition

A map unit delineation on a soil map represents an
area dominated by one major kind of soil or an area
dominated by several kinds of soil. A map unit is
identified and named according to the taxonomic



(dissimilar) inclusions. They generally occupy small areas
and cannot be shown separately on the soil maps
because of the scale used in mapping. The inclusions. of

classification of the dominant soil or soils. Within a
taxonomic class there are precisely defined limits for the
properties of the soils. On the landscape, however, the

soils are natural objects. In common with other natural
objects, they have a characteristic variability in their

properties. Thus, the range of some observed properties

may extend beyond the limits defined for a taxonomic

class. Areas of soils of a single taxonomic class rarely, if

ever, can be mapped without including areas of soils of
other taxonomic classes. Consequently, every map unit
is made up of the soil or soils for which it is named and
some soils that belong to other taxonomic classes.

These latter soils are called inclusions or included soils.

Most inclusions have properties and behavioral
patterns similar to those of the dominant soil or soils in
the map unit, and thus they do not affect use and
management. These are called noncontrasting (similar)
inclusions. They may or may not be mentioned in the
map unit descriptions. Other inclusions, however, have
properties and behavior divergent enough to affect use
of require different management. These are contrasting

contrasting soils are mentioned in the map unit
descriptions. A few inclusions may not have been
observed, and consequently are not mentioned in the
descriptions, especially where the soil pattern was so
complex that it was impractical to make enough
observations to identify all of the kinds of soils on the
landscape.

The presence of inclusions in a map unit in no way
diminishes the usefuiness or accuracy of the soil data.
The objective of soil mapping is not to delineate pure
taxonomic classes of soils but rather to separate the
landscape into segments that have similar use and
management requirements. The delineation of such
landscape segments on the map provides sufficient
information for the development of resource plans, but
onsite investigation to precisely define and locate the
soil is needed to plan for intensive uses in small areas.



General Soil Map Units

The general soil map at the back of this publication
shows broad areas, called associations, that have a
distinctive pattern of soils, relief, and drainage. Each soil
association on the general soil map is a unique natural
landscape. Typically, a soil association consists of one
or more major soils and some minor soils. It is named for
the major soils. The soils making up one association can
occur in other associations but in a different pattern.

The general soil map can be used to compare the
suitability of large areas for general land uses. Areas of
suitable soils can be identified on the map. Likewise,
areas where the soils are not suitable can be identified.

Because of its small scale, the map is not suitable for
planning the management of a farm or field or for
selecting a site for a road or building or other structure.
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The soils in any one association differ from place to
place in slope, depth, drainage, and other characteristics
that affect management.

1. Clarion-Webster-Nicollet association

Nearly level to moderatsly sloping, well drained, poorly
drained, and somewhat poorly drained, loamy soils
formed in glacial till and local alluvium from till: on
uplands

This association is characterized by an undulating
ground moraine of swales and rises that differ from
about 5 to 10 feet in elevation. Surface drainage is not
well developed, and runoff water commonly accumulates
in scattered depressions (fig. 2). Slopes range from O to
9 percent.

Figure 2.—Pattern of soils and parent material In the Clarion-Webster-Nicollet agsociation.



This association makes up about 62 percent of Story
County. It is about 35 percent Clarion soils, 22 percent
Webster soils, 10 percent Nicollet soils, and 33 percent
soils of minor extent.

Clarion soils are well drained and occur on the higher,
more sloping areas. Webster soils are poorly drained and
occur in low areas and drainageways. The Nicollet soils
are somewhat poorly drained and occur on concave to
slightly convex slopes.

Typically, the surface layer of the Clarion soils is black
loam about 8 inches thick. The subsurface layer is very
dark grayish brown loam about 5 inches thick. The
subsoil is brown and dark yellowish brown, friable loam
about 20 inches thick. The substratum to a depth of 60
inches is light olive brown, mottied loam.

Typically, the surface layer of the Webster soils is
black clay loam about 8 inches thick. The subsurface
layer is black clay loam about 9 inches thick. The subsoil
is very dark gray and olive gray, mottled, friable clay
loam about 21 inches thick. The substratum to a depth
of 60 inches is olive gray, mottled loam and sandy loam.

Typically, the surface layer of the Nicollet soils is black
loam about 8 inches thick. The subsurface layer is very
dark gray loam about 9 inches thick. The subsoil is dark
grayish brown and light yellowish brown, mottled, friable
loam about 19 inches thick. The substratum to a depth
of 60 inches is grayish brown loam.

Of minor extent in this association are the well drained
Lester and Storden soils, the poorly drained Canisteo
and Harps soils, and the very poorly drained Okoboji and
Palms soils. Lester soils occupy about the same position
on the landscape as Clarion soils. Storden soils are on
knobs and narrow ridges. Canisteo soils occupy about
the same position on the landscape as Webster soils.
Harps soils are very gently sloping and are on rims of
depressions. Okoboji and Palms soils are in depressions.

Nearly all of this association is used for row crops. A
few areas are timbered or in permanent pasture.

The major soils are well suited to row crops if they are
properly drained and if erosion is controlled. The minor
Okoboji and Palms soils are moderately suited to row
crops if properly drained, but they are susceptible to
ponding after heavy rains and spring thaws. A few steep
areas and some sloping, gravelly areas are not suited to
row crops.

Most of the poorly drained soils and many of the
depressions have been drained. Contouring and
terracing are complicated by the irregular topography.
Controlling water erosion and removing excess water in
the nearly level areas and depressions are the major
management concerns.

2. Canisteo-Okoboji-Nicollet assoclation

Level and very agent/y sloping, somewhat poorly drained
to very poorly drained, loamy and silty soils formed in
glacial till or local alluvium from till; on uplands and in
upland depressions

Soil Survey

Most of this association consists of soils in wide, very
shallow swales or on flats. There are many slight,
convex rises and many depressions. The natural
drainage pattern in most of the association is indistinct
and not well established (fig. 3). In places, however,
small, sluggish streams in indistinct valleys extend into
the association. Drainage ditches have been dug in
these valleys to provide outlets for tile drains. The
ditches generally begin in a large depression and
eventually empty into larger, well defined streams.
Slopes range from 0 to 3 percent.

This association occupies about 10 percent of the
county. It is about 35 percent Canisteo soils, 30 percent
Okoboaiji soils, 15 percent Nicollet soils, and 20 percent
soils of minor extent.

Canisteo soils are poorly drained, calcareous soils on
concave upland swales. Okoboji soils are level, very
poorly drained soils in depressions. Nicollet soils are
somewhat poorly drained soils in swales and on knolls.

Typically, the surface layer of the Canisteo soils is
black clay loam about 10 inches thick. The subsurface
layer is black silty clay loam about 13 inches thick. The
subsoil is about 14 inches thick. It is dark gray, firm silty
clay loam in the upper part and mixed olive gray and
dark gray, friable silty clay loam in the lower part; mottles
are throughout. The substratum to a depth of 60 inches
is olive gray and olive, mottled clay loam in the upper
part and olive gray and yellowish brown, mottied loam in
the lower part. The soil is calcareous and mildly alkaline
throughout the surface layer, subsurface layer, and
subsoil.

Typically, the surface layer of the Okoboji soils is black
silty clay loam about 8 inches thick. The subsurface layer
is black silty clay loam about 24 inches thick. The
subsoil is dark gray and gray, mottled, friable silty clay
loam about 15 inches thick. The substratum to a depth
of about 60 inches is light gray and gray, mottled,
calcareous silty clay loam.

Typically, the surface layer of the Nicollet soils is black
loam about 8 inches thick. The subsurface layer is very
dark gray loam about 9 inches thick. The subsoil is dark
grayish brown and light yellowish brown, mottled, friable
loam about 19 inches thick. The substratum to a depth
of 60 inches is grayish brown, calcareous loam.

Of minor extent in this association are the gently
sloping to moderately sloping Clarion soils on knolls or
low hills. The highly calcareous Harps soils are on
narrow rims around depressions. The very poorly drained
Wacousta soils and Palms soils are in depressions.

Most of this association is used for row crops. Corn
and soybeans are the major crops. The undrained
depressional areas provide good wetland wildlife habitat.

Much of this association is artificially drained. Most
areas are drained by tile lines, but shallow drainage
ditches are used to drain some depressions, and large
drainage ditches are used in places.
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Figure 3.—Pattern of solls and parent materlal in the Canisteo-Okobojl-Nicollet assoclation.

Water erosion is a hazard in a few areas. These soils
commonly are plowed in the fall, and large areas are
then left bare. If the surface is dry in spring and other
weather conditions are appropriate, soil blowing is a
serious hazard in places. Soil blowing causes road
ditches to fill with soil, and cleaning these ditches
generally is expensive.

3. Coland-Splliville-Zook association

Nearly level, moderately well drained to poorly drained,
loamy and silty soils formed in alluvium; on bottom lands

This association is characterized by soils on alluvial
flood plains. The soils in this association are subject to
flooding. Open ditches and levees provide surface
drainage and some flood control (fig. 4). Slopes range
from O to 2 percent.

This association occupies about 8 percent of the
county. It is about 40 percent Coland soils, 32 percent
Spillville soils, 15 percent Zook soils, and 13 percent
soils of minor extent.

The Coland and Zook soils are poorly drained. The
Spillville soils are moderately well drained or somewhat
poorly drained. All three soils are on nearly level flood
plains; the Spillville soils are commonly nearest to the
stream channels.

Typically, the surface layer of the Coland soils is black
clay loam about 8 inches thick. The subsurface layer is
black and very dark gray, mottled clay loam about 39
inches thick. The substratum is olive gray clay loam.

Typically, the surface layer of the Spillville soils is
black loam about 8 inches thick. The subsurface layer to
a depth of 60 inches is black, very dark brown, and very
dark grayish brown loam.

Typically, the surface layer of the Zook soils is black
silty clay loam about 8 inches thick. The subsurface layer
is black and gray, firm silty clay about 43 inches thick.
The substratum to a depth of 60 inches is olive gray and
olive silty clay loam.

Of minor extent in this association are the Biscay,
Wadena, and Hanlon soils. The Biscay and Wadena soils
are on adjacent stream terrace landscapes. The Wadena
soils are generally not subject to flooding. The Hanlon
soils are on the natural levee adjacent to meandering
streams. They have a fine sandy loam surface layer and
are somewhat droughty during extended dry periods.
They are commonly flooded.

Most areas of this association are cuitivated. Corn and
soybeans are the main row crops. Areas that have
meandering stream channels are commonly left in
permanent pasture and woodiand.
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Figure 4.—Pattern of solls and parent material In the Coland-Spillville-Zook assoclation.

The main concerns of management are flooding and
surface drainage. Clearing trees and land leveling are
commonly practiced in channeled areas to convert
permanent pasture and woodland to row crop
production. Streambank erosion is common along the
major streams. Drainage ditches fill with sediment from
the uplands and must be dredged frequently. Some
levees and diversions are used to protect cropland from
flooding.

4. Kossuth-Ottosen-Bode assoclation

Nearly level to gently s/opirbq, well drained, somewhat
poorly drained, and poorly drained, silty and loamy soils
formed in local alluvium or lacustrine sediment over
glacial till: on uplands

This association is characterized by broad, nearly level
areas that have many slightly convex rises and concave
depressions. Most of this association consists of poorly
drained soils (fig. 5). Drainage ditches and large tile
systems provide outlets for drainage. Slopes range from
0 to 5 percent.

This association occupies about 3 percent of the
county. It is about 57 percent Kossuth soils, 21 percent
Ottosen soils, 10 percent Bode soils, and 12 percent
soils of minor extent.

Kossuth soils are level, poorly drained soils on broad
upland flats. They form a nearly continuous area of
several thousand acres containing small islands of
Ottosen and Bode soils on areas of low relief. Ottosen
soils are gently sloping, somewhat poorly drained soils in
swales and on knolls of gently undulating uplands. Bode
soils are gently sloping, well drained soils on convex
knolls.

Typically, the surface layer of the Kossuth soils is
black silty clay loam about 8 inches thick. The
subsurface layer is black and very dark gray silty clay
loam about 14 inches thick. The subsoil is about 13
inches thick. The upper part is dark gray, mottled, firm
silty clay loam and the lower part is olive gray, mottled,
firm clay loam. The substratum to a depth of 60 inches is
grayish brown clay loam.

Typically, the surface layer of the Ottosen soils is
black clay loam about 8 inches thick. The subsurface
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Figure 5.—Pattern of solls and parent materlal in the Kossuth-Ottosen-Bode assoclation.

layer is black and very dark grayish brown clay loam
about 10 inches thick. The subsoil is dark grayish brown,
friable clay loam about 17 inches thick. The substratum
to a depth of 60 inches is dark grayish brown and olive
gray, mottled loam.

Typically, the surface layer of the Bode soils is black
and very dark grayish brown clay loam about 8 inches
thick. The subsurface layer is very dark grayish brown
clay loam about 4 inches thick. The subsoil is firm clay
loam about 22 inches thick. It is olive brown in the upper
and middle parts and light olive brown in the lower part.
The substratum to a depth of 60 inches is light olive
brown, mottled loam.

Of minor extent in this association are the Canisteo,
Harps, and Okoboji soils. The very poorly drained
Okoboiji soils are in depressions. The highly calcareous,
poorly drained Harps soils are on rims around
depressions of this association. The mildly calcareous,
poorly drained Canisteo soils also surround some of the
depressions.

Most areas of this association are used for row crops.
Corn and soybeans are the major crops.

Much of this association needs artificial drainage. Most
areas are drained by tile lines and some by drainage
ditches. Surface drains and tile intakes are used to

remove ponded water from depressions. Wind erosion is
a hazard in this association. If soils are plowed in the fall
and large areas then left bare, snow and soil blowing
from such areas can cause ditches beside roads and in
farmsteads to fill with snow or soil.

5. Clarion-Storden-Coland assoclation

Nearly level to steep, well drained and poorly drained,
loamy soils formed in glacial till or alluvium; on uplands
and bottom lands

This association is characterized by dissected glacial
moraine areas. These areas consist of side slopes,
knolls, ridgetops, and flood plains (fig. 6). Surface
drainage is well developed. Slopes range from 1 to 25
percent.

This association occupies about 9 percent of the
county. It is about 45 percent Clarion soils, 35 percent
Storden soils, 10 percent Coland soils, and 10 percent
soils of minor extent.

Gently sloping or moderately sloping, well drained
Clarion soils are on convex knolls and ridgetops. Clarion
soils on side slopes are dominantly moderately sloping
or strongly sloping. Storden soils are strongly sloping to
steep, well drained soils on knobs, ridgetops, and
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Figure 6.—Pattern of solls and parent materlal in the Clarion-Storden-Coland association.

shoulders of side slopes. The Coland soils are nearly
level, poorly drained soils on upland drainageways.

Typically, the surface layer of the Clarion soils is black
loam about 8 inches thick. The subsurface layer is very
dark grayish brown loam about 5 inches thick. The
subsoil is friable loam about 20 inches thick. The upper
and middle parts are brown and the lower part is
yellowish brown. The substratum to a depth of 60 inches
is light olive brown, mottled, calcareous loam.

Typically, the surface layer of the Storden soils is dark
grayish brown, calcareous loam about 8 inches thick.
The substratum to a depth of 60 inches is light olive
brown, mottled, calcareous loam.

Typically, the surface layer of the Coland soils is black
clay loam about 8 inches thick. The subsurface layer is
black and gray, mottled clay loam about 39 inches thick.
The substratum to a depth of about 60 inches is olive
gray clay loam.

Of minor extent in this association are the Webster,
Nicollet, Lester, and Terril soils. The Webster soils
occupy drainageways and swale positions. Nicollet soils
are at the head of drainageways or on slightly convex
knolls. Lester soils occupy landscape positions similar to
those of the Clarion soils but formed under mixed forest
and prairie vegetation. Terril soils occupy the colluvial
foot slope position below the Clarion and Storden soils
and adjacent to the Coland soils.

Many of the ridgetops and some of the side slopes of
this association are cultivated. Corn and soybeans are
the main row crops. Because of steep side slopes and
drainageways that are uncrossable with tillage
implements (fig. 7), much of this association is in
permanent pasture and woodland. The narrow
drainageways that have steep side slopes are potential
sites for ponds.
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Figure 7.—A typical landscape of Clarion-Storden-Coland association. The watercourse dissecting this landscape Is uncrossable by tlllage
implements.

Rili and sheet erosion on cuitivated land and gully
erosion in the drainageways are the major concerns.

6. Hayden-Lester-Storden assoclation

Gently sloping to very steep, well drained, loamy soils
formed in glacial till; on uplands

This association is characterized by dissected glacial
moraine areas. These areas consist of ridgetops and
convex side slopes. Drainageways, streams, and gullies
dissect this association (fig. 8). Many areas have
escarpments and very steep bluffs adjacent to the flood
plain and stream channels. Slopes range from 2 to 50
percent.

This association occupies about 7 percent of the
county. It is about 35 percent Hayden soils, 25 percent
Lester soils, 20 percent Storden soils, and 20 percent
other soils.

Hayden soils are gently sloping to very steep, well
drained soils on upland side slopes adjacent to major
streams. Most areas of Hayden soils are dissected by
many gullies and deep drainageways. Lester soils are
gently sloping to steep, well drained soils on knolls, on
ridgetops, and on convex side slopes that border

streams and upland drainageways. Storden soils are
moderately sloping to very steep, well drained soils on
escarpments and on convex side siopes that border
streams and upland drainageways.

Typically, the surface layer of the Hayden soils is very
dark grayish brown, friable loam about 3 inches thick.
The subsurface layer is dark grayish brown, friable loam
about 5 inches thick. The subsoil is about 45 inches
thick. The upper part is brown, friable loam, and the
middle and lower parts are dark yellowish brown and
yellowish brown friable loam and clay loam. The
substratum to a depth of 60 inches is yellowish brown,
mottled loam.

Typically, the surface layer of the Lester soils is very
dark grayish brown loam about 8 inches thick. The
subsurface layer is dark grayish brown loam about 3
inches thick. The subsoil is dark yellowish brown and
brown, friable loam about 44 inches thick. The
substratum is light olive brown loam.

Typically, the surface layer of the Storden soils is very
dark brown loam about 9 inches thick. The subsurface
layer is very dark grayish brown and yellowish brown
loam about 8 inches thick. The substratum to a depth of
60 inches is yellowish brown, mottled, calcareous loam.
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Figure 8.—Pattern of solls and parent materlal In the Hayden-Lester-Storden assoclation.

Of minor extent in this association are the Cordova
and Rolfe soils. Cordova soils are in concave swales and
drainageways on the upland ridge crest. Rolfe soils are
in depressions on upland ridge crests.

Most of this association is used for pasture and
woodland. The gently sloping and moderately sloping
Hayden and Lester soils on ridge crests are suited to
row crops. The steeper Hayden, Lester, and Storden
soils on side slopes are better suited to permanent
pasture and woodland.

The main concerns of management are controliing
water erosion on cultivated areas of the ridge crests and
gully erosion in the waterways. Where streambank
erosion occurs at the base of escarpments, soil slippage
and slides are common.

7. Sparta-Dickinson-Farrar association

Nearly level to strongly sloping, excessively drained to
well drained, sandy and loamy soils formed in eolian,
alluvial, and glacial till sediment; on uplands and stream
terraces

This association is characterized by dune-like
landscapes along the bluffs of major streams and on
stream benches. Slopes range from 0 to 14 percent (fig.
9).

This association occupies about 1 percent of the
county. It is about 40 percent Sparta soils, 25 percent
Dickinson soils, 20 percent Farrar soils, and 15 percent
soils of minor extent.

Sparta soils are gently sloping to strongly sloping,
excessively drained soils on convex ridge crests on
uplands and stream terraces. Dickinson soils are nearly
level and moderately sloping, somewhat excessively

drained soils on slightly convex areas on stream terraces
and uplands. Farrar soils are gently sloping, well drained
soils on convex knolls and ridges.

Typically, the surface layer of the Sparta soils is very
dark grayish brown loamy fine sand about 9 inches thick.
The subsurface layer is brown loamy fine sand about 7
inches thick. The subsoil is very friable loamy fine sand
about 23 inches thick. The upper part is dark yellowish
brown, and the lower part is brown. The substratum to a
depth of 60 inches is brown sand.

Typically, the surface layer of the Dickinson soils is
very dark brown fine sandy loam about 8 inches thick.
The subsurface layer is very dark brown fine sandy loam
about 9 inches thick. The subsoil is about 23 inches
thick. The upper part is very dark grayish brown, very
friable sandy loam; the middle part is brown, very friable
fine sandy loam; and the lower part is dark yellowish
brown, very friable loamy fine sand. The substratum to a
depth of about 60 inches is variegated sand.

Typically, the surface layer of the Farrar soils is very
dark brown fine sandy loam about 7 inches thick. The
subsurface layer is very dark brown fine sandy loam
about 7 inches thick. The subsoil extends to a depth of
39 inches. It is brown, very friable sandy loam in the
upper part; dark yellowish brown, friable loam in the
middle part; and yellowish brown, friable loam in the
lower part. The substratum to a depth of 60 inches is
light brown loam.

Of minor extent in this association are the Ankeny and
Storden soils. Ankeny soils occupy the foot slopes and
alluvial fans. Storden soils occupy the eroded shoulder
slopes on the nose slopes and side slopes of the
interfluves.
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Figure 9.—Pattern of solls and parent material in the Sparta-Dickinson-Farrar assoclation.

Much of this association is cultivated or is in pasture
or hayland. Corn and soybeans are the main row crops.
Alfalfa, red clover, and bromegrass are the main forage
crops. Woodland and nursery stock production is
practiced on some of these soils.

These soils are best suited to woodland or forage and
pasture production. The available water capacity is
limiting for row crop production of corn and soybeans.
Soil blowing and rill erosion are serious problems on
cultivated areas of this association.

Broad Land Use Considerations

Story County has a wide variety of soils, each of which
is suitable for a particular use. The county’s soils are on
upland nearly level areas, on gently sloping to steep
ridges or side slopes, in former marsh areas, and in
stream valleys. Many of the soils are well drained and
deep. A few soils are shallow to sand or gravel. Some
soils have few limitations; others are very erosive if tilled.
Some soils are naturally wet; others are droughty or are

subject to flooding. Each kind of soil has attributes that
determine its best use.

Many areas of Story County are well suited to grain
production and are used for that purpose. A much
smaller acreage is best used as pasture or woodland or
for close growing crops, wildlife habitat, or recreational
areas. The general soil map of Story County divides the
county into seven soil associations for broad land use
planning. Each association is a unique natural landscape
with a distinct pattern of soils, relief, and drainage.

The soils in associations 1, 2, and 4 have few
limitations for farming. Fields are generally large and
suitable for cultivation. Corn and soybeans are the main
crops. Where erosion and drainage needs are met, these
soils are in optimal use.

Soil associations 1 and 4 formerly contained many
ponds and marshes. These were drained with ditches
and large tile in the early part of this century as land
became more valuable. Although the soil is drained
sufficiently for tillage, some of the drainage systems
need improvement if the grain production potential is to
be realized.
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Soil association 3 contains many of the county’s rivers
and streams and the adjacent bottom land and terrace
soils. Much of the woodland in the county is in these
frequently flooded bottom lands. The streams in this
area naturally meander, frequently cutting new channels.
They serve as drainageways for floodwater and for
normal surface runoff. In places, where channels have
been straightened, wildlife habitat is destroyed and
cropland of only marginal value is developed. Many of
the soils on the stream terraces are somewhat droughty.
Although they are generally suited to intensive grain
production, yields are not as consistently high as on the
deeper soils that have a higher available water capacity.

Soil associations 5 and 6 are more sloping and more
dissected by small streams and waterways than those
previously mentioned. Fields are commonly smaller.
Small areas unsuited to cultivation are left to grass and
woodland. These landscape features generally make the
soils less suited to intensive grain production and better
suited to livestock farming than soils in other
associations. The woods and grassland furnish favorable
habitat for wildlife. These soils are also suited to such
recreational uses as hunting, hiking, and nature study.

Soil association 5 consists dominantly of moderately
sloping to steep, well drained soils that formed in glacial
drift. These soils are not generally suited to intensive

grain production. The largest area of these soils is near
the Skunk River and Indian Creek. Many of the slopes
are long and border narrow, wet waterways. The steeper
soils are frequently wooded. Some of the better farm
ponds and recreational areas are in this association.

Soil association 6 consists of a series of hills that have
gently sloping crests and moderately sloping to steep
side slopes. It also contains narrow waterways and good
sites for recreational impoundments. In some sandy
areas, however, water can leak from ponds unless
special construction measures are used. Erosion is a
severe problem where many of the soils are tilled.
Streambank erosion is a problem along many very steep
escarpments of this association.

Soil association 7 consists of soils formed in eolian
sand deposits. Wind erosion is a severe problem where
many of the soils are tilled. Tree nurseries and tree
plantings provide cover and protect these soils from
wind. These soils are well suited to woodland production.
The soils are droughty and are not well suited to row
crop production.

Soil associations 5, 6, and 7 contain a high percentage
of land well suited to residential development and poorly
suited to row crop production. Soil associations 1
through 4 contain a high percentage of prime agricultural
land that should be preserved.
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The map units on the detailed soil maps at the back of
this survey represent the soils in the survey area. The
map unit descriptions in this section, along with the soil
maps, can be used to determine the suitability and
potential of a soil for specific uses. They also can be
used to plan the management needed for those uses.
More information on each map unit, or soil, is given
under “Use and Management of the Soils.”

Each map unit on the detailed soil maps represents an
area on the landscape and consists of one or more soils
for which the unit is named.

A symbol identifying the soil precedes the map unit
name in the soil descriptions. Each description includes
general facts about the soil and gives the principal
hazards and limitations to be considered in planning for
specific uses.

Soils that have profiles that are almost alike make up
a soil series. Except for differences in texture of the
surface layer or of the underlying material, all the soils of
a series have major horizons that are similar in
composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface
layer or of the underlying material. They also can differ in
slope, stoniness, salinity, wetness, degree of erosion,
and other characteristics that affect their use. On the
basis of such differences, a soil series is divided into soi/
phases. Most of the areas shown on the detailed soil
maps are phases of soil series. The name of a soil
phase commonly indicates a feature that affects use or
management. For example, Clarion loam, 5 to 9 percent
slopes, moderately eroded, is one of several phases in
the Clarion series.

Some map units are made up of two or more major
soils. These map units are called soil complexes. A soi/
complex consists of two or more soils in such an
intricate pattern or in such small areas that they cannot
be shown separately on the soil maps. The pattern and
proportion of the soils are somewhat similar in all areas.
Harps-Okoboji complex, 0 to 2 percent slopes, is an
example.

Most map units include small scattered areas of soils
other than those for which the map unit is named. Some
of these included soils have properties that differ
substantially from those of the major soil or soils. Such
differences could significantly affect use and
management of the soils in the map unit. The included
soils are identified in each map unit description. Some

small areas of strongly contrasting soils are identified by
a special symbol on the soil maps.

This survey includes miscellaneous areas. Such areas
have little or no soil material and support little or no
vegetation. Urban land is an example. Miscellaneous
areas are shown on the soil maps. Some that are too
small to be shown are identified by a special symbol on
the soil maps.

Table 4 gives the acreage and proportionate extent of
each map unit. Other tables (see “Summary of Tables")
give properties of the soils and the limitations,
capabilities, and potentials for many uses. The Glossary
defines many of the terms used in describing the soils.

6—Okoboji siity clay loam, 0 to 1 percent slopes.
This level, very poorly drained soil is in upland
depressions. It is subject to ponding. Individual areas
dominantly are 2 to 10 acres and are elliptical, but some
areas range to 50 acres.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is black silty
clay loam about 24 inches thick. The subsoil is dark gray
and gray, mottled, friable silty clay loam about 15 inches
thick. The substratum to a depth of about 60 inches is
light gray and dark gray, mottled, calcareous silty clay
loam. In places, the substratum is olive gray silty clay
loam and is at a depth as shallow as 24 inches. In other
places, the substratum is stratified and is dominantly
loam or silt loam.

Included with this soil in mapping are small areas of
calcareous Harps soils on low knolls or rims of
depressions. These soils make up less than 5 percent of
the map unit.

Permeability of this Okoboji soil is moderately slow,
and surface runoff is slow or ponded (fig. 10). This soil
has a seasonal high water table. The available water
capacity is high. The content of organic matter is about 9
to 12 percent in the surface layer. This soil has high
shrink-swell potential. Typically, the surface layer is
neutral and the subsurface layer and subsoil are neutral
or mildly alkaline. The subsoil generally is very low in
available phosphorus and potassium.

Most areas of this soil are cultivated. If adequately
drained, the soil is moderately suited to corn, soybeans,
and small grains and to grasses and legumes for hay
and pasture. Surface intakes remove ponded water. Tile
drains improve internal drainage by removing subsurface
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Figure 10.-—~Ponded water on an area of Okoboji solls in September. This area Is being used for corn and as set-aslde land.

water. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, helps to
prevent soil loss. Returning crop residue or regularly
adding other organic material helps to improve fertility
and maintain good tilth. Cultivating when this soil is too
wet causes compaction and cloddiness.

Wetness is the main limitation if this soil is used for
trees and shrubs grown as windbreaks and ornamental
plantings. An adequate drainage system and the
selection of species that can withstand wetness are very
important.

This Okoboii soil is in capability subclass Iliw.

27B—Terrll loam, 2 to 5 percent slopes. This gently
sloping, moderately well drained soil is on foot slopes
that are downslope from strongly sloping or very steep
soils and on convex alluvial fans. Slopes generally are
short. Typical areas are 2 to 5 acres and are irregular or
elongated. A few areas are somewhat larger.

Typically, the surface layer is very dark brown loam
about 8 inches thick. The subsurface layer is very dark
brown and very dark grayish brown loam about 24
inches thick. The subsoil extends to a depth of 60
inches. It is dark brown, friable loam in the upper part
and brown, friable clay loam in the lower part.

Included with this soil in mapping are small areas of
soils that are wet and seep water in the spring. These
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soils are on similar landscape positions as this Terril soil
and make up about 5 percent of the map unit.

This Terril soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 4.5 to 5.5 percent
in the surface layer. Typically, the soil is slightly acid or
neutral. The subsoil generally is very low in available
phosphorus and potassium.

Most areas of this soil are cultivated, but some areas
are in pasture. The soil is well suited to corn, soybeans,
and small grains and to grasses and legumes for hay
and pasture. If this soil is used for cultivated crops, there
is an erosion hazard. Conservation tillage, a practice that
leaves all or part of the crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. In places, contouring and
terracing are difficult because of irregular topography
and short slopes. Returning crop residue or other
organic material helps to improve fertility, reduce surface
crusting, and increase the infiltration rate.

This soil has a moderate erosion hazard if it is used
for trees and shrubs grown as windbreaks and
ornamental plantings. A mulch cover helps to reduce
erosion.

This Terril soil is in capability subclass lle.

27C—Terrll loam, 5 to 9 percent slopes. This
moderately sloping, moderately well drained soil is on
slightly concave foot slopes. Individual areas range from
2 to 10 acres and are long and narrow.

Typically, the surface layer is very dark brown loam
about 8 inches thick. The subsurface layer is very dark
brown and very dark grayish brown, friable loam about
24 inches thick. The subsoil extends to a depth of about
60 inches. It is dark brown, friable loam in the upper part
and brown, friable clay loam in the lower part. In places,
the surface soil is thinner and has lower content of
organic matter.

This Terril soil is moderately permeable, and surface
runoff is medium. The soil receives runoff from soils that
are upslope. The available water capacity is high. The
content of organic matter is about 4 to 5 percent in the
surface layer. Typically, the surface layer is neutral or
slightly acid. The subsoil is very low in available
phosphorus and potassium.

Most areas of this soil are cultivated. This soil is well
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. if this soil is
used for cultivated crops, there is a hazard of erosion. In
places, diversion terraces can be used to protect this soil
from runoff and the resulting rills and gullies.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss. Returning crop residue or regularly adding other
organic material helps to improve fertility and maintain
good tilth.
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This soil has a moderate erosion hazard if it is used
for trees and shrubs grown as windbreaks and
ornamental plantings. A muich cover helps to reduce
erosion.

This Terril soil is in capability subclass llle.

34C—Estherville sandy loam, 2 to 9 percent
slopes. This gently sloping and moderately sloping,
somewhat excessively drained soil is on knolls, convex
side slopes, and stream terraces. Slopes typically are
short. Individual areas range from 2 to 10 acres and are
irregular.

Typically, the surface layer is very dark grayish brown
and dark brown sandy loam about 9 inches thick. The
subsoil is dark yellowish brown and brown, very friable
sandy loam about 7 inches thick. The substratum to a
depth of about 60 inches is brown, light olive brown, and
yellowish brown, loose, calcareous sand and gravel.

Permeability of this Estherville soil is moderately rapid
in the solum and rapid in the substratum. Surface runoff
is slow. The available water capacity is low. The content
of organic matter is about 0.5 to 2.0 percent in the
surface layer. Typically, this soil is slightly acid or neutral
throughout. The subsoil generally is very low in available
phosphorus and potassium.

Most areas of this soil are cultivated, but some areas
are left as wildlife areas and are not tilled. Some areas
are in pasture. This soil is poorly suited to corn,
soybeans, and small grains and to grasses and legumes
for hay and pasture. It is droughty because of the
gravelly substratum. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
helps to prevent excessive moisture and soil loss. In
places, contouring is used to control erosion. Returning
crop residue or regularly adding other organic material
helps to improve fertility, conserve moisture, and reduce
soil erosion. Overgrazing reduces the protective
vegetative cover and results in increased runoff and soil
erosion.

This soil has a severe drought hazard and a slight
erosion hazard if it is used for trees and shrubs grown as
windbreaks, ornamental plantings, or wildlife plantings.
Plantings should be limited to species that can survive in
droughty soils.

This Estherville soil is in capability subclass llis.

41B—Sparta loamy fine sand, 2 to 5 percent
slopes. This gently sloping, excessively drained soil is
on convex ridge crests on uplands and stream terraces.
Individual areas range from 2 to 20 acres and are long
and narrow.

Typically, the surface layer is very dark grayish brown
loamy fine sand about 9 inches thick. The subsurface
layer is brown loamy fine sand about 7 inches thick. The
subsoil is very friable loamy fine sand about 23 inches
thick. The upper part is dark yellowish brown, and the
lower part is brown. The substratum to a depth of about
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60 inches is brown sand. In places, this soil has a thin,
brown surface layer. In other places, the subsoil has
more clay and less sand.

This Sparta soil is rapidly permeable. Surface runoff is
slow. The available water capacity is low. The content of
organic matter is about 1 to 2 percent in the surface
layer. The surface layer typically is acid if not limed
within the past 5 years. The subsoil is very low in
available phosphorus and potassium.

Most areas of this soil are cultivated or in pasture.
This soil is moderately suited to small grains and to
grasses and legumes for hay and pasture. Drought is a
severe limitation for corn and soybean production on this
s0il.

If this soil is used for cultivated crops, there is a
hazard of wind erosion and water erosion. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, and stripcropping help to prevent
excessive soil loss. Returning crop residue or regularly
adding other organic material helps to improve fertility.
Pasture and hay are effective in controlling erosion.

This soil is well suited to trees and is used for tree
nurseries in some areas of the county. Seedling mortality
is high because of droughtiness. Seedlings should be
closely spaced when planted and later thinned to
achieve the desired stand density.

This soil is in capability subclass IVs.

41C—Sparta loamy fine sand, 5 to 9 percent
slopes. This moderately sloping, excessively drained soil
is on convex ridge crests on uplands and stream
terraces. Individual areas range from 2 to 10 acres and
are long and narrow.

Typically, the surface layer is very dark grayish brown
loamy fine sand about 9 inches thick. The subsurface
layer is dark brown, very friable loamy fine sand about 7
inches thick. The subsoil is very friable loamy fine sand
about 23 inches thick. It is dark yellowish brown in the
upper part and brown in the lower part. The substratum
to a depth of about 60 inches is brown sand. In places,
this soil has a thin, brown surface layer that is lower in
content of organic matter. Also in places, the subsoil has
more clay and less sand.

This Sparta soil is rapidly permeable, and surface
runoff is slow. The available water capacity is low. The
content of organic matter is about 0.5 to 1 percent in the
surface layer. Typically, the surface layer is acid if not
limed during the past 5 years. The subsoil is very low in
available phosphorus and potassium. Soil tilth is good.

Most areas of this soil are cultivated or in pasture.
This soil is moderately suited to small grains and to
grasses and legumes for hay and pasture. Drought is a
severe limitation for corn and soybean production on this
soil. If this soil is used for cultivated crops, there is a
hazard of wind erosion and water erosion. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, contouring, and stripcropping help
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to prevent excessive soil loss. Returning crop residue or
regularly adding other organic material helps to improve
fertility. Pasture and hay are also effective in controlling
erosion.

This soil is well suited to trees and is used for tree
nurseries in some areas. Seedling mortality is high
because of droughtiness. Seedlings should be spaced
closer together when planted and thinned later to
achieve the desired stand density.

This Sparta soil is in capability subclass IVs.

41D—Sparta loamy fine sand, 9 to 14 percent
slopes. This strongly sloping, excessively drained soil is
on convex ridge crests on uplands and stream terraces.
Individual areas range from 2 to 10 acres and are long
and narrow.

Typically, the surface layer is very dark grayish brown
loamy fine sand about 7 inches thick. The subsurface
layer is dark brown loamy fine sand about 7 inches thick.
The subsoil is very friable loamy sand about 23 inches
thick. The upper part is dark yellowish brown, and the
lower part is brown. The substratum to a depth of about
60 inches is brown sand. In places, this soil has a thin,
brown surface layer that is lower in content of organic
matter.

Included with this soil in mapping are small areas of
less droughty Storden soil on similar landscape
positions. These areas make up less than 15 percent of
this map unit.

This Sparta soil is rapidly permeable, and surface
runoff is medium. The available water capacity is low.
The content of organic matter is about 0.5 to 1 percent
in the surface layer. Typically, the surface layer is acid if
not limed during the past 5§ years. The subsoil is very low
in available phosphorus and potassium. Soil tilth is good.

Most areas of this soil are cultivated or in pasture.
This soil is generally unsuitable for cultivated crops
because of the severe erosion hazard and low available
water capacity. It is better suited to grasses and legumes
for hay and pasture. Pasture and hay are effective in
controlling erosion.

This soil is well suited to trees and is used for tree
nurseries in some areas. Seedling mortality is high
because of droughtiness. Seedlings should be spaced
closer together when planted and thinned later to
achieve the desired stand density.

This Sparta soil is in capability subclass Vls.

52B—Bode clay loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on knolls and on
convex side slopes that border upland drainageways.
Slopes typically are short. Individual areas range from 2
to 5 acres and are irregular in shape.

Typically, the surface layer is black and very dark
grayish brown, friable clay loam about 8 inches thick.
The subsurface layer is very dark grayish brown, friable
clay loam about 4 inches thick. The subsoil is firm clay
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loam about 22 inches thick. It is olive brown in the upper
and middle parts and light olive brown and mottled in the
lower part. The substratum to a depth of about 60 inches
is light olive brown, mottled, friable loam.

This Bode soil is moderately permeable, and surface
runoff is rapid or medium. The available water capacity is
high. The content of organic matter is about 3 or 4
percent in the surface layer. Typically, the surface layer
and the upper part of the subsoil are slightly acid or
neutral. The subsoil generally is very low or low in
available phosphorus and very low in available
potassium.

Most areas of this soil are cultivated. If erosion is
controlied, the soil is well suited to corn, soybeans, and
small grains and to grasses and legumes for hay and
pasture. Conservation tillage, a practice that leaves all or
part of the crop residue on the surface throughout the
year, and grassed waterways help to prevent excessive
soil loss. Contouring and terracing are difficult in places
because of undulating topography and short slopes, but
in most places these practices are practical. It generally
is easy to maintain good tilth. The use of crop residue or
other organic material helps to improve fertility, reduce
soil erosion and crusting, and increase the infiltration
rate.

This soil has a slight erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to control erosion.

This Bode soil is in capability subclass lle.

54—Zook silty clay loam, 0 to 2 percent slopes.
This nearly level, poorly drained soil is on low, flat flood
plains. Areas of this soil are subject to flooding.
Individual areas range from 5 to 120 acres and are
broad and irregular in shape.

Typically, the surface layer is black silty clay loam
about 8 inches thick. The subsurface layer is black and
very dark gray silty clay loam and silty clay about 43
inches thick. The substratum to a depth of about 60
inches is olive gray and olive silty clay loam.

Included with this soil in mapping are small areas of
Spillville and Hanlon soils on similar landscape positions.
These areas contain more sand and less clay and make
up about 5 percent of this map unit.

This Zook soil is slowly permeable, and surface runoff
is slow or very slow. This soil has a seasonal high water
table. The available water capacity is high. Areas of this
soil receive runoff and are commonly flooded. The
content of organic matter is about 5 to 7 percent in the
surface layer. This soil has high shrink-swell potential.
The surface layer is slightly acid or neutral. The subsoil
is low in available phosphorus and very low in available
potassium. This soil has poor tilth.

Most areas of this soil are cultivated. This soil is well
suited to cultivated crops if drainage is adequate. Areas
can be drained by tile and surface drains if adequate
outlets are available. Diversions, levees, and channel
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improvements are practices used to control flooding and
runoff from adjacent areas. Artificial drainage improves
the timeliness of field operations and improves soil tilth.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
loss. Returning crop residue or regularly adding other
organic material helps to improve fertility and maintain
good tilth.

A high water table and flooding are the main
limitations if this soil is used for trees and shrubs grown
as windbreaks and ornamental plantings. It is important
to select species that withstand wetness and flooding.

This Zook soil is in capability subclass Ilw.

§5—Nicollet loam, 1 to 3 percent slopes. This very
gently sloping, somewhat poorly drained soil is on
slightly convex or plane slopes on knolls and swales.
Some areas make up an entire knoll or swale. Typical
areas are 2 to 15 acres and are oblong.

Typically, the surface layer is black, friable loam about
8 inches thick. The subsurface layer is very dark gray
clay loam about 9 inches thick. The subsoil, about 19
inches thick, is dark grayish brown and light yellowish
brown, mottled, friable loam. The substratum to a depth
of about 60 inches is grayish brown, mottied loam.

Included with this soil in mapping are some small
areas of very poorly drained Okoboji soils in depressions
that pond water. Also included are small areas of well
drained Clarion soils on humps and poorly drained
Waebster soils on swales. These soils make up about 5
percent of the map unit.

This Nicollet soil is moderately permeable, and surface
runoff is slow. The soil has a seasonal high water table.
The available water capacity is high. The content of
organic matter is about 5 to 6 percent in the surface
layer. Typically, the surface layer and the upper part of
the subsoil are slightly acid or neutral. The subsoil
generally is very low in available phosphorus and
potassium.

Most areas of this soil are cultivated. The soil is well
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. Tile drains
help to avoid delays in field operations. Conservation
tillage, a practice that leaves crop residue on the surface
throughout the year, helps to prevent soil loss. The use
of crop residue or other organic material helps to reduce
wind erosion and crusting and increase the infiltration
rate. Cultivation or grazing when the soil is too wet
causes compaction.

This Nicollet soil is in capability class |.

62C3—Storden loam, 5§ to 9 percent slopes,
severely eroded. This moderately sloping, well drained,
calcareous soil is on knolls and convex side slopes that
border streams and upland drainageways. Slopes
generally are short. Individual areas range from 2 to 10
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acres and are irregular in shape or are elongated. Some
individual areas are larger.

Typically, the surface layer is dark grayish brown,
calcareous, friable loam about 8 inches thick. It is mixed
with streaks and pockets of light olive brown substratum
material. The substratum to a depth of about 60 inches
is light olive brown, mottled, calcareous loam.

Included with this soil in mapping are small sandy or
gravelly knobs. These areas make up less than 5
percent of the map unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. The available water capacity is
high. The content of organic matter is less than 0.5
percent in the surface layer. Typically, the soil is
moderately alkaline throughout. Below the surface layer,
the available phosphorus and potassium generally are
very low. Typically, it is easy to maintain good tilth.

Most areas of this soil are cultivated. If erosion is
controlled and fertility is improved, this soil is moderately
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. This soil has
a severe erosion hazard. Conservation tillage, a practice
that leaves all or part of the residue on the surface, and
grassed waterways help to prevent excessive soil loss.
In places, contouring and terracing are difficult because
of short slopes; in most places, however, these practices
are suited. Larger additions of phosphorous and
potassium fertilizers are needed because of the high lime
content of the soil. Soybeans may also require additions
of iron compounds. Returning crop residue or regularly
adding other organic material helps to improve fertility,
reduce soil erosion and crusting, and increase the
infiltration rate.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. A muich cover helps to deter erosion.

This Storden soil is in capability subclass llle.

62D—Storden loam, 9 to 14 percent slopes. This
strongly sloping, well drained soil is on convex side
slopes in uplands. The slopes typically are short.
Individual areas range from 2 to 5 acres and are long
and narrow.

Typically, the surface layer is very dark brown,
calcareous, friable loam about 9 inches thick. The
subsurface layer is very dark grayish brown and dark
yellowish brown, calcareous loam about 8 inches thick.
The substratum to a depth of about 60 inches is
yellowish brown, mottled, calcareous loam.

Included with this soil in mapping are a few small
areas of Zenor soil on high knolls. The Zenor soil
contains more sand and gravel and is droughty. These
areas make up less than 5 percent of this map unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. The available water capacity is
high. The content of organic matter is about 1 to 2
percent in the surface layer. The surface layer is mildly

Soil Survey

alkaline or moderately alkaline. The subsoil is very low in
available phosphorus and potassium. The surface layer
is friable and easily tilled through a fairly wide range in
moisture content.

Most areas of this soil are used for grasses and
legumes for hay and pasture. If this soil is used for
cultivated crops, there is a hazard of erosion.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and grassed
waterways help to prevent excessive soil loss.
Contouring and terracing are difficult because of rolling
topography and short slopes, but in places these
practices are suited. Returning crop residue or regularly
adding other organic material helps to improve fertility,
reduce crusting, and maintain good tilth.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. A mulch cover helps to deter erosion. Species
adapted to calcareous soils should be selected for
plantings.

This Storden soil is in capability subclass llle.

62D3—Storden loam, 9 to 14 percent siopes,
severely eroded. This strongly sloping, well drained,
calcareous soil is on convex side slopes that border
streams and upland drainageways. Slopes generally are
short. Individual areas range from 2 to 10 acres and are
elongated. A few areas, mostly along the major streams,
are 25 acres or more.

Typically, the surface layer is dark grayish brown,
calcareous, friable loam about 8 inches thick. it is mixed
with streaks and pockets of light olive brown substratum
material. The substratum to a depth of 60 inches is light
olive brown, mottled, calcareous loam. In places, strata
of silt loam and sandy loam are in the substratum.

Included with this soil in mapping are small sandy or
gravelly knobs. These areas make up less than 5
percent of the map unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. The available water capacity is
high. The content of organic matter is less than 0.5
percent in the surface layer. Typically, the soil is
moderately alkaline throughout. Below the surface layer,
available phosphorus and potassium generally are very
low. It typically is easy to maintain good tilth.

Most areas are cultivated, but some areas are in
pasture. If erosion is controlled and fertility is improved,
the soil is poorly suited to corn, soybeans, and smali
grains and to grasses and legumes for hay and pasture.
it has a severe erosion hazard. Conservation tillage, a
practice that leaves all or part of the residue on the
surface, and grassed waterways help to prevent
excessive soil loss. Contouring and terracing are difficuit
in places because of short, irregular slopes; in most
places, however, these practices are suited. Larger
additions of phosphorous and potassium fertilizers are
needed because of the high lime content of the soil.
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Soybeans may also require additions of iron compounds.
Returning crop residue or regularly adding other organic
material helps to improve fertility, reduce soil erosion and
crusting, and increase the infiltration rate. Much of the
rainfall from intense rains runs off unless a plant cover is
present. Pastures commonly are renovated by planting a
cultivated crop one year and reestablishing the pasture
the next year. Stands can be maintained for a period of
years by controlling grazing and by reseeding in the
existing stand and fertilizing as needed.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. A mulch cover helps to deter erosion.

This Storden soil is in capability subclass IVe.

62E—Storden loam, 14 to 18 percent slopes. This
moderately steep, well drained, caicareous soil is on
convex side slopes that border streams and upland
drainageways. Slopes generally are short. Typically,
areas are 2 to 10 acres and are elongated. A few areas,
mostly along major streams, are 25 acres or more.

Typically, the surface layer is very dark brown, friable
loam about 9 inches thick. The subsurface layer is very
dark grayish brown and dark yellowish brown, calcareous
loam about 8 inches thick. The substratum to a depth of
about 60 inches is yellowish brown, mottled, calcareous
loam. In places, the substratum has strata of silt loam
and sandy loam.

Included with this soil in mapping are some areas that
have slopes of less than 14 percent or more than 18
percent. These areas make up about 10 percent of the
map unit.

This Storden soil is moderately permeable, and
surface runoff is rapid. The available water capacity is
high. The content of organic matter is about 1 to 2
percent in the surface layer. Typically, the soil is
moderately alkaline throughout. Below the surface layer,
available phosphorus and potassium generally are very
low.

Most areas of this soil are in pasture; a few areas are
in cultivated crops. The soil is poorly suited to corn and
soybeans. It is moderately suited to small grains and
grasses and legumes for hay and pasture. The soil has a
severe erosion hazard if it is used for cultivated crops or
if pastures are overgrazed. Rainfall runs off rapidly, and
a plant cover should be maintained. Planting row crops
occasionally is suitable if pastures are in need of
renovation. Conservation tillage, a practice that leaves all
or part of the crop residue on the surface throughout the
year, and grassed waterways help to prevent excessive
soil loss. In places, contouring and terracing are difficult
because of steep, short slopes. It typically is easy to
maintain good tilth. The use of crop residue or other
organic material helps to improve fertility, reduce soil
erosion and crusting, and increase the infiltration rate.
Pastures commonly are renovated by planting a
cultivated crop one year and reestablishing the pasture
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the next year. Stands can be maintained for a period of
years by controlling grazing and by reseeding in the
existing stand and fertilizing as needed.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. A mulch cover helps to deter erosion.

This Storden soil is in capability subclass IVe.

62E3—Storden loam, 14 to 18 percent slopes,
severely eroded. This moderately steep, well drained
soil is on knobs and shoulders of hills. Slopes are short.
Individual areas range from 2 to 10 acres and are
circular to long and narrow.

Typically, the surface layer is dark grayish brown,
calcareous, friable loam about 8 inches thick. It is mixed
with streaks and pockets of light olive brown substratum
material. The substratum to a depth of about 60 inches
is light olive brown, mottled, friable, calcarecus loam.

Included with this soil in mapping are small areas on
high knobs of Zenor soils that contain more sand and
gravel and are more droughty. These areas make up
less than 5 percent of this map unit.

This Storden soil is moderately permeable, and
surface runoff is very rapid. The available water capacity
is high. The content of organic matter is less than 0.5
percent in the surface layer. The soil is mildly alkaline or
moderately alkaline and does not need lime; it has
excess lime. The subsoil is very low in available
phosphorus and potassium. Excess lime in the surface
layer affects crop response to fertilizer and herbicides.
Soil tilth is generally good; however, surface crusting is a
problem after heavy rains.

Most areas of this soil are cultivated. This soil is
generally unsuited to cultivated crops. It is better suited
to small grains and to grasses and legumes for hay and
pasture. If this soil is used for cultivated crops, there is a
hazard of further erosion. Conservation tillage, a practice
that leaves crop residue on the surface throughout the
year, and grassed waterways help to prevent excessive
soil loss. Contouring is difficult because of hilly
topography and short slopes, but in most places these
practices are suited. Returning crop residue or regularly
adding other organic material helps to improve fertility,
reduce crusting, and maintain good tilth. Pasture or hay
is also effective in controlling erosion.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. Planting may be difficult because of steep
slopes. A mulch cover helps to deter erosion. Species
adapted to calcareous soils should be selected for
plantings.

This Storden soil is in capability subclass Vie.

62F—Storden loam, 18 to 25 percent slopes. This
steep, well drained, calcareous soil is on convex side
slopes that border streams and upland drainageways.
Slopes generally are short. Typical areas are 2 to 10
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acres and are elongated. A few areas along major
streams are 25 acres or more.

Typically, the surface layer is very dark brown,
calcareous loam about 9 inches thick. The subsurface
layer is dark grayish brown and dark yellowish brown,
calcareous loam about 8 inches thick. The substratum to
a depth of about 60 inches is yellowish brown, mottled,
calcareous loam. In places, the substratum has strata of
silt loam and sandy loam.

Included with this soil in mapping are some Storden
soils that have slopes of less than 18 percent or more
than 25 percent. These inclusions make up about 10
percent of the map unit. Also included are areas where
the substratum has stratified lenses of loamy sand and
sand. These areas are on similar landscape positions as
this Storden soil and make up less than 5 percent of the
map unit.

This Storden soil is moderately permeable, and
surface runoff is very rapid. The available water capacity
is high. The content of organic matter is about 1 to 2
percent in the surface layer. Typically, the soil is
moderately alkaline throughout. Below the surface layer,
available phosphorus and potassium generally are very
low.

Most areas of this soil are in pasture. The soil is
generally unsuited to cultivated crops. It is better suited
to grasses and legumes for hay and pasture. This soil
has a severe erosion hazard if used for cultivated crops.
It is too erodible to be used for unlimited grazing. The
use of farm machinery is hazardous because of the
steep slope, and some areas remain in native grasses.
Where farm machinery can be used, it is practical to
fertilize and renovate pastures as needed.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. Planting is difficult because of the steep
slopes. A mulch cover helps to deter erosion.

This Storden soil is in capability subclass Vle.

65F—Lindley loam, 18 to 25 percent slopes. This
steep, well drained soil is on convex side slopes in
uplands. Individual areas range from 5 to 25 acres and
are long, narrow, and irregular in shape.

Typically, the surface layer is very dark grayish brown
loam about 3 inches thick. The subsurface layer is dark
grayish brown and brown loam about 8 inches thick. The
subsoil is about 30 inches thick. It is brown, friable clay
loam in the upper part; dark yellowish brown, mottled,
firm clay loam in the middle part; and yellowish brown,
mottled, firm clay loam in the lower part. The substratum
to a depth of about 60 inches is light yellowish brown
and strong brown, mottled clay loam.

Included with this soil in mapping are a few small
areas of severely eroded soils and small areas of red
clay on similar landscape positions. These areas make
up less than 10 percent of this map unit.

Soil Survey

Permeability of this Lindley soil is moderately slow,
and surface runoff is very rapid. The available water
capacity is high. The content of organic matter is about
0.5 to 1 percent in the surface fayer. This soil has
moderate shrink-swell potential in the subsoil. Typically,
the surface layer is slightly acid to medium acid and the
subsoil is medium acid to strongly acid. The subsoil is
medium in available phosphorus and very low in
available potassium.

Most areas of this soil are in woodland. This soil is
generally unsuited to cultivated crops but is moderately
suited to pasture and trees. Farm machinery or tree-
starting equipment can be used on many areas of this
soil, but caution is necessary because of steepness. If
trees are cleared, extreme care is needed to prevent the
loss by erosion of the few inches of topsoil. This soil has
suitable sites for ponds.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks or ornamental
plantings. Planting is difficult because of the steep
slopes. A mulch cover helps to deter erosion.

This Lindley soil is in capability subclass Vlle.

90—O0koboji mucky slit loam, 0 to 1 percent
slopes. This level, very poorly drained soil is in upland
depressions. Most individual areas are in the middle of
large depressions. This soil is subject to ponding. Typical
areas are from 5 to 20 acres and are irregular, but some
areas are 40 acres or more.

Typically, the surface layer is black, mucky silt loam
about 8 inches thick. The subsurface layer is black,
mucky silt loam and silty clay loam about 25 inches
thick. The subsaoil is gray, mottled, friable silty clay loam
about 7 inches thick. The substratum to a depth of about
60 inches is gray and dark gray, mottled silt loam and
silty clay loam. In places, the surface layer is muck about
10 to 15 inches thick.

Included with this soil in mapping are small areas of
calcareous Harps soils. These areas make up about 5
percent of the map unit and are on knolls and rims of
depressions.

Permeability of this Okoboiji soil is moderately siow,
and surface runoff from adjacent soils is slow to ponded.
The soil has a seasonal high water table. The available
water capacity is high. The content of organic matter is
about 9 to 18 percent in the surface layer. This soil has
high shrink-swell potential. Typically, the mucky surface
layer is strongly acid or medium acid, and the subsurface
layer and subsoil are neutral or mildly alkaline. The
subsoil generally is very low in available phosphorus and
potassium. It typically is easy to maintain good tilth if
proper drainage measures have been taken.

Most areas of this soil are cultivated. if adequately
drained, the soil is moderately suited to corn, soybeans,
small grains, and grasses. Surface intakes remove
excess ponded water. Tile drains remove excess
subsurface water. Deep cuts commonly are needed to
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obtain outlets. The use of crop residue or other organic
material helps to reduce wind erosion.

Wetness is the main limitation if this soil is used for
trees and shrubs grown as windbreaks and ornamental
plantings. Species that withstand wet conditions are
needed. Artificial drainage is beneficial to establish trees
and shrubs.

This Okoboji soil is in capability subclass lliw.

95—Harps loam, 1 to 3 percent slopes. This very
gently sloping, poorly drained, calcareous soil is on plane
or slightly convex positions, typically on rims of larger
upland depressions. Typical areas are 2 to 10 acres and
elliptical.

Typically, the surface layer is black, calcareous loam
about 8 inches thick. The subsurface layer is very dark
gray, calcareous clay loam about 12 inches thick. The
subsoil is olive gray and light olive gray, mottied,
calcareous, friable loam about 21 inches thick. The
substratum to a depth of about 60 inches is light olive
gray, mottled, calcareous loam. In places, the subsoil
has thin lenses of sandy loam.

Included with this soil in mapping are small areas of
highly calcareous sandy spots. Also included are areas
where the substratum is stratified with lenses of loamy
sand and sand. These inclusions, which make up about
5 percent of the map unit, are on landscape positions
similar to this Harps soil.

This Harps soil is moderately permeable, and surface
runoff is slow. The soil has a seasonal high water table.
The available water capacity is high. The content of
organic matter is about 4 to 5 percent in the surface
layer. The soil is moderately alkaline throughout. The
subsoil generally is very low in available phosphorus and
potassium. The surface layer typically needs special care
to maintain good tilth.

Most areas are cultivated. If adequately drained, the
soil is well suited to corn, soybeans, and small grains
and to grasses and legumes for hay and pasture. Tile
drains remove excess subsurface water. Cultivating this
soil when it is too wet causes compaction and
cloddiness. Conservation tillage, which leaves residue on
the surface, reduces runoff and increases infiltration.
Returning crop residue or regularly adding other organic
material helps to reduce wind erosion and crusting and
increase the infiltration rate. Excess lime modifies crop
response to fertilizer and herbicides. lron chlorosis and
herbicide carry-over damage are common in soybeans
on this soil. Proper selection and use of soybean
varieties, herbicides, and fertilizers minimize these
problems.

A high water table and excess lime are the main
limitations if this soil is used for trees and shrubs grown
as windbreaks or ornamental plantings. Species that
withstand wet, calcareous soils should be selected.

This Harps soil is in capability subclass Ilw.
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107—Webster clay loam, 0 to 2 percent slopes.
This nearly level, poorly drained soil is on slightly convex
to slightly concave positions on uplands. Typically, it is in
swales. Most individual areas are about 5 to 15 acres
and are elongated, but some areas are as large as 100
acres and are irregular in shape.

Typically, the surface layer is black clay loam about 8
inches thick. The subsurface layer, about 9 inches thick,
is black clay loam in the upper part and very dark gray
clay loam in the lower part. The subsoil is mottled, friable
clay loam about 21 inches thick. The upper part is very
dark gray, and the lower part is olive gray. The
substratum to a depth of about 60 inches is olive gray,
mottied loam and sandy loam. In places, the surface
layer is silty clay loam.

Included with this soil in mapping are some small
areas of the depressional, very poorly drained Okoboji
soils and the calcareous Harps soils, which are on
landscape positions similar to this Webster soil. These
areas make up about 10 percent of the map unit.

This Webster soil is moderately permeable, and
surface runoff is slow. The soil has a seasonal high
water table. The available water capacity is high. The
content of organic matter is about 6 to 7 percent in the
surface layer. Typically, the surface layer is neutral, and
the subsoil is mildly alkaline. The subsoit generally is
very low in available phosphorus and potassium.

Most areas are cultivated. The soil is well suited to
corn, soybeans, and small grains and to grasses and
legumes for hay and pasture if adequately drained. Tile
drains are effective in removing excess water. Cultivating
this soil when it is too wet causes compaction and
cloddiness.

Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, and grassed
waterways help to prevent soil loss. Returning crop
residue or regularly adding other organic material helps
to reduce wind erosion and crusting and increase the
infiltration rate.

Wetness is the main limitation if this soil is used for
trees and shrubs for windbreaks and ornamental
plantings. Selecting species that withstand wetness and
providing adequate drainage are important.

This Webster soil is in capability subclass liw.

108—Wadena loam, 24 to 32 inches to sand and
gravel, 0 to 2 percent slopes. This nearly level, well
drained soil is on slightly convex slopes. It dominantly is
on terraces, but a few areas are on uplands. Typical
areas on terraces are 5 to 20 acres and irregular in
shape. Typical areas on uplands are 2 to 3 acres and
irregular in shape.

Typically, the surface layer is very dark brown loam
about 7 inches thick. The subsurface layer is dark brown
loam about 5 inches thick. The subsoil is about 13
inches thick. The upper part is dark yellowish brown,
friable loam, and the lower part is brown, very friable
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sandy loam. The substratum to a depth of about 60
inches is strong brown and dark yellowish brown sand
and loamy sand. In places, the loamy sand or sand and
gravel is at a depth as shallow as 18 inches. In other
places, the lower part of the subsoil is sandy loam or
sandy clay loam. Also in places, the sand and gravel is
at a depth of 32 to 40 inches.

included with this soil in mapping are some sandy and
gravelly soils on small knobs and some small areas of
poorly drained soils on low lying positions. These
inclusions make up less than 10 percent of the map unit.

This Wadena soil is moderately permeable in the
solum and rapidly permeable in the substratum. Surface
runoff is slow. The available water capacity is low. The
content of organic matter is about 3 to 4 percent in the
surface layer. Typically, the surface layer, subsurface
layer, and upper part of the subsoil are slightly acid or
neutral. The subsoil generally is very low in available
phosphorus and potassium.

Most areas are cultivated. The soil is moderately
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. It is
seasonally droughty because of the sandy and gravelly
substratum. Conservation tillage, a practice that leaves
all or part of the residue on the surface, helps to prevent
erosion. Returning crop residue or regularly adding other
organic material helps to improve fertility, conserve
moisture, and reduce soil blowing. Overgrazing reduces
the protective plant cover and can result in increased
soil blowing.

Seasonal droughtiness is the main limitation if this soil
is used for trees and shrubs grown as windbreaks and
ornamental plantings. Species that withstand
droughtiness should be selected, or supplemental
irrigation can be used where practical.

This Wadena soil is in capability subclass lls.

108B—Wadena loam, 24 to 32 inches to sand and
gravel, 2 to 5 percent slopes. This gently sloping, well
drained soil is on convex slopes. Most areas of this soil
are on terraces. Typically, areas are 2 to 10 acres and
are irregular in shape.

Typically, the surface layer is very dark brown loam
about 7 inches thick. The subsurface layer is dark brown
loam about 5 inches thick. The subsoil is about 13
inches thick. The upper part is dark yellowish brown,
friable loam, and the lower part is brown, very friable
sandy loam. The substratum to a depth of about 60
inches is strong brown loamy sand and yellowish brown
sand. In places, depth to sand and gravel is 32 to 40
inches.

Included with this soil in mapping on convex knobs are
some small areas of droughty Estherville soils. These
inclusions make up about 5 percent of the map unit.

This Wadena soil is moderately permeable in the
surface layer, subsurface layer, and subsoil and rapidly
permeable in the substratum. Surface runoff is medium.
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The available water capacity is low. The content of
organic matter is about 3 to 4 percent in the surface
layer. Typically, the surface layer, subsurface layer, and
upper part of the subsoil are slightly acid or neutral. The
subsoil generally is very low in available phosphorus and
potassium.

Most areas of this soil are cultivated. The soil is
moderately suited to corn, soybeans, and small grains
and to grasses and legumes for hay and pasture. If this
soil is used for cultivated crops, there is a hazard of
erosion. This soil is seasonally droughty because of the
sandy and gravelly substratum. Conservation tillage, a
practice that leaves all or part of the crop residue on the
surface throughout the year, helps to prevent excessive
soil loss. Returning crop residue or regularly adding other
organic material helps to improve fertility, conserve
moisture, and reduce soil erosion. Overgrazing of
pastures reduces the protective plant cover and results
in increased runoff and erosion.

This soil has a slight erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings, and it is seasonally droughty. A mulch cover
helps to reduce erosion and conserve moisture. Species
that withstand droughtiness should be selected, or
supplemental irrigation can be used where practical.

This Wadena soil is in capability subclass lle.

135—Coland clay loam, 0 to 2 percent slopes. This
nearly level, poorly drained soil is on bottom lands. It is
subject to flooding. Typically, individual areas are 10 to
50 acres and are elongated.

Typically, the surface layer is black clay loam about 8
inches thick. The subsurface layer is clay loam about 39
inches thick. It is black in the upper part and very dark
gray and mottled in the lower part. The substratum to a
depth of about 60 inches is olive gray clay loam.

Included with this soil in mapping are small areas of
Talcot soils, which are underlain by sand and gravel and
are calcareous. These areas make up less than 10
percent of this map unit.

This Coland soil is moderately permeable, and surface
runoff is slow. The soil has a seasonal high water table.
The available water capacity is high. The content of
organic matter is about 5 to 7 percent in the surface
layer. This soil has high shrink-swell potential. Typically,
the surface layer and subsurface layer are neutral, but, in
places, it is mildly alkaline throughout. Below the surface
layer, available phosphorus is low, and available
potassium generally is very low.

Most areas of this soil are cultivated. Some areas that
are not protected from flooding or that are isoiated by a
meandering stream are used for pasture. If adequate
drainage can be provided and flooding is controlied, the
soil is well suited to corn, soybeans, and small grains
and to grasses and legumes for hay and pasture.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent soil
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loss. Returning crop residue or regularly adding other
organic material helps to improve fertility and maintain
good tilth. Cultivating this soil when it is too wet causes
compaction and cloddiness. Grasses and legumes that
are tolerant of wetness produce the best pastures. Weed
control is important because of weed seeds carried in by
flood waters.

A high water table and flooding are the main
limitations if this soil is used for trees and shrubs grown
as windbreaks and ornamental plantings. It is important
to select species that withstand wetness and flooding.

This Coland soil is in capability subclass Hw.

136B—Ankeny fine sandy loam, 2 to 5 percent
slopes. This gently sloping, well drained soil is on
slightly concave foot slopes and on convex alluvial fans
on uplands. Individual areas range from 2 to 10 acres
and are long and narrow.

Typically, the surface layer is very dark brown fine
sandy loam about 8 inches thick. The subsurface layer is
very dark brown and very dark grayish brown, friable fine
sandy loam about 28 inches thick. The subsoil is about
18 inches thick. The upper part is brown, very friable fine
sandy loam, and the lower part is brown, very friable
loamy fine sand. The substratum to a depth of about 60
inches is dark yellowish brown loamy fine sand grading
with depth to yellowish brown fine sand. In places, this
map unit contains small areas of this soil on steeper
slopes.

Permeability of this Ankeny soil is moderately rapid,
and surface runoff is medium. The available water
capacity is moderate. The content of organic matter is
about 2 to 3 percent in the surface layer. The surface
layer is slightly acid or neutral depending on past liming
practices, and the subsoil is neutral or slightly acid. The
subsoil is very low in available phosphorus and
potassium. This soil has good tilth.

Most areas of this soil are cultivated. Areas that are
not cultivated are generally long, narrow strips between
very steep soils and major watercourses. These areas
are small and are generally managed with the steeper
soils. This soil is only moderately suited to row crops
because of limited available water capacity. Some areas
of the more sloping soils, especially those on foot
slopes, are subject to erosion and to rilling if this soil is
not protected by a cover of plants. If this soil is used for
cultivated crops, conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
terraces, winter cover crops, and grassed waterways
help to prevent soil loss. Returning crop residue or
regularly adding other organic material helps to improve
fertility.

This soil has a slight erosion hazard if it is used for
trees and shrubs as windbreaks and ornamental
plantings. A mulch cover helps to reduce erosion.

This Ankeny soil is in capability subclass lle.
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138B—Clarion loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on convex knolls on
uplands. Typical areas are 2 to 10 acres and are oblong
or elongated, but a few individual areas are more than
50 acres and are irregular in shape.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is very dark grayish
brown loam about 5 inches thick. The subsoil is friable
loam about 20 inches thick. It is brown in the upper and
middle parts and yellowish brown in the lower part. The
substratum to a depth of about 60 inches is light olive
brown, mottled loam. In places, lenses of silt loam,
loamy sand, or sand are in the substratum.

Included with this soil in mapping are areas of
somewhat poorly drained Nicollet soils. They are at
lower elevations than this Clarion soil. Also included are
some small sandy or gravelly knobs and some Storden
soils, which are at higher elevations than this Clarion
soil. These areas make up about 10 percent of this map
unit.

This Clarion soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 3 to 4 percent in
the surface layer. Typically, the surface layer and upper
part of the subsoil are slightly acid or neutral. The
subsoil generally is very low in available phosphorus and
potassium.

Most areas are cultivated. The soil is well suited to
corn, soybeans, and small grains and to grasses and
legumes for hay and pasture. If it is used for cultivated
crops, there is a hazard of erosion. Conservation tillage,
a practice that leaves all or part of the crop residue on
the surface, and grassed waterways help to prevent
excessive soil loss. In places, contouring and terracing
are difficult because of undulating topography and short
slopes; in most places, however, these practices are
suited. Returning crop residue or regularly adding other
organic material helps to improve fertility, reduce soil
erosion and crusting, and increase infiltration.

This soil has a slight erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to deter erosion.

This Clarion soil is in capability subclass lle.

138C—Clarion loam, 5 to 9 percent slopes. This
moderately sloping, well drained soil is on knolls on
uplands and on convex side slopes that border streams
and upland drainageways. Slopes generally are short.
Typical areas are 2 to 10 acres and are irregular in
shape or elongated. Some individual areas near streams
are somewhat larger and are irregular in shape.

Typically, the surface layer is very dark gray loam
about 8 inches thick. The subsurface layer is very dark
grayish brown loam about 4 inches thick. The subsoil is
friable loam about 16 inches thick. It is brown in the
upper part and dark yellowish brown and yellowish
brown in the middle and lower parts. The substratum to
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a depth of about 60 inches is light olive brown, mottled
loam. In places, concave positions near the base of the
slope have a dark surface layer as much as 24 to 30
inches thick.

Included with this soil in mapping are some small
sandy or gravelly knobs and areas of Storden soils,
which are at higher elevations than this Clarion soil.
These inclusions make up less than 10 percent of the
map unit.

This Clarion soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 3 to 3.5 percent
in the surface layer. Typically, the surface layer,
subsurface layer, and upper part of the subsoil are
slightly acid or neutral. The subsoil generally is very low
in available phosphorus and potassium.

Most areas are not cultivated but are used for pasture.
The soil is well suited to corn, soybeans, and small
grains and to grasses and legumes for hay and pasture.
If this soil is used for cultivated crops, there is a hazard
of erosion. Conservation tillage, a practice that leaves all
or part of the crop residue on the surface, and grassed
waterways help to prevent excessive soil loss. In places,
contouring and terracing are difficult because of
undulating topography and short slopes; in most places,
however, these practices are practical. Returning crop
residue or regularly adding other organic material helps
to improve fertility, reduce soil erosion and crusting, and
increase infiltration.

This soil has a moderate erosion hazard if it is used
for trees and shrubs grown as windbreaks and
ornamental plantings. A mulch cover helps to deter
erosion.

This Clarion soil is in capability subclass llle.

138C2-=Clarion loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is on knolls on uplands and on convex side
slopes that border upland drainageways. Slopes typically
are short. Individua! areas range from 5 to 35 acres and
are irregular in shape.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. It is mixed with streaks and
pockets of brown subsoil material. The subsoil is friable
loam about 20 inches thick. The upper and middle parts
are dark brown, and the lower part is dark yellowish
brown. The substratum to a depth of about 60 inches is
yellowish brown and light olive brown, mottled loam.

Included with this soil in mapping are some small
areas of calcareous Storden soil, which are mainly on
the steepest parts of slopes. They make up about 5
percent of the map unit.

This Clarion soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 2 to 3 percent in
the surface layer. Typically, the surface layer and upper
part of the subsoil are slightly acid or neutral. The

Soil Survey

subsoil generally is very low in available phosphorus and
potassium.

Most areas of this soil are cultivated. The soil is
moderately suited to corn, soybeans, and small grains
and to grasses and legumes for hay or pasture. If the
soil is used for cultivated crops, there is a hazard of
further erosion damage. Conservation tillage, a practice
that leaves all or part of the crop residue on the surface
throughout the year, is effective in helping to prevent
excessive soil loss. Grassed waterways help to prevent
gully erosion (fig. 11).

The use of the soil for pasture or hay is effective in
controlling erosion. Overgrazing, however, causes
surface compaction and a poor stand and results in
increased runoff.

This soil has a moderate erosion hazard if it is used
for trees and shrubs grown as windbreaks and
ornamental plantings. A muich cover helps deter erosion.

This Clarion soil is in capability subclass llle.

138D2—Clarion loam, 9 to 14 percent slopes,
moderately eroded. This strongly sloping, well drained
soil is on convex, upland side slopes that border streams
and upland drainageways. Slopes generally are short.
Typically, areas are 2 to 10 acres and are elongated. A
few areas are larger.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. It is mixed with streaks and
pockets of brown subsoil material. The subsoil is friable
loam about 14 inches thick. It is brown in the upper part
and dark yellowish brown and yellowish brown in the
middle and lower parts. The substratum to a depth of
about 60 inches is light olive brown loam. In places, the
surface layer is thicker and darker. In other places,
lenses of loamy sand or sand are in the substratum.

This Clarion soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 1 to 2 percent in
the surface layer. Typically, the surface layer and upper
part of the subsoil are slightly acid or neutral. The
subsoil generally is very low in available phosphorus and
potassium. It typically is easy to maintain good tilth.

Some areas are cultivated; other areas are in pasture.
The soil is moderately suited to corn and soybeans; it is
well suited to small grains and grasses and legumes for
hay and pasture. This soil has a severe erosion hazard if
it is used for cultivated crops. Conservation tillage, a
practice that leaves all or part of the crop residue on the
surface throughout the year, and grassed waterways
help to prevent excessive soil loss. In places, contouring
and terracing are difficult because of short slopes; in
most places, however, these practices are suited.
Returning crop residue or regularly adding other organic
material helps to improve fertility, reduce soil erosion and
crusting, and increase infiltration. Farm machinery can be
used on this soil to renovate pasture as needed.
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Figure 11.—Grassed waterways help to prevent soll erosion on sloping Clarion solls.

Overgrazing results in a poor plant cover and increased
runoff.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to deter erosion.

This soil is in capability subclass llle.

168B—Hayden loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on convex, upland
ridgetops. Slopes typically are short. Individual areas
range from 2 to 20 acres and are irregular and narrow.

Typically, the surface layer is very dark grayish brown
loam about 3 inches thick. The subsurface layer is dark
grayish brown loam about 5 inches thick. The subsoil is
about 45 inches thick. The upper part is brown, friable
loam; the middie part is dark yellowish brown and
yellowish brown, friable clay loam; and the lower part is
light olive brown, friable clay loam. The substratum to a
depth of about 60 inches is yellowish brown, mottled,
calcareous loam.

Included with this soil in mapping are small areas of
poorly drained Cordova soils on low lying positions and
small areas of other very poorly drained soils that pond
water in depressions. These areas make up less than 7
percent of this map unit.

This Hayden soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 1.5 to 2.5 percent
in the surface layer. The surface layer is slightly acid or
neutral. The subsoil is medium in available phosphorus
and very low in available potassium. The surface layer is

friable and easily tilled; however, it has a tendency to
crust or puddle after hard rains.

Most areas of this soil are cultivated. This soail is well
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. If this soil is
used for cultivated crops, there is a hazard of erosion.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, helps to prevent
excessive soil loss. Contouring and terracing are difficult
because of irregular shapes and short slopes, but in
some places these practices are suited. Returning crop
residue or regularly adding other organic material helps
to improve fertility and maintain good tilth.

This soil is well suited to trees for windbreaks and
woodland areas. Many small areas remain in native
hardwoods. No particular problems should be
encountered in planting new stands of trees if species
are selected and managed properly.

This Hayden soil is in capability subclass: lle.

168C—Hayden loam, 5 to 9 percent slopes. This
moderately sloping, well drained soil is on convex,
upland ridgetops. Slopes typically are short. Individual
areas range from 2 to 50 acres and are irregular in
shape and narrow.

Typically, the surface layer is very dark grayish brown
loam about 3 inches thick. The subsurface layer is dark
grayish brown loam about § inches thick. The subsoil is
about 45 inches thick. The upper part is brown, friable
loam; and the middle and lower parts are dark yellowish
brown and yellowish brown, friable loam and clay loam.
The substratum to a depth of about 60 inches is
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yellowish brown, mottled loam. In places, the surface
layer is lighter colored, and the subsoil is lighter textured.

This Hayden soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 1 to 2 percent in
the surface layer. The surface layer is slightly acid or
neutral. The subsoil is medium in available phosphorus
and very low in available potassium. The surface layer is
friable and easily tilled; however, it has a tendency to
crust or puddle after hard rains.

Most areas of this soil are in timber or pasture. This
soil is moderately suited to corn, soybeans, and small
grains and to grasses and legumes for hay and pasture.
if this soil is used for cultivated crops, there is a hazard
of erosion. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, helps to
prevent excessive soil loss. Contouring and terracing are
difficult because of irregular shapes and short slopes,
but in many places these practices are suited. Returning
crop residue or regularly adding other organic material
helps to improve fertility and maintain good tilth.

This soil is moderately suited to trees for windbreaks
and woodland areas. Many small areas remain in native
hardwoods. No particular problems should be
encountered in planting new stands of trees if species
are selected and managed properly.

This Hayden soil is in capability subclass Hle.

168E—Hayden loam, 9 to 18 percent slopes. This
strongly sloping and moderately steep, well drained soil
is on upland side slopes adjacent to major streams. Most
areas are dissected by deep drainageways. Individual
areas range from 10 to 40 acres and are irregular in
shape.

Typically, the surface layer is very dark gray loam
about 2 inches thick. The subsurface layer is brown,
friable loam about 6 inches thick. The subsoil is friable
clay loam about 24 inches thick. The upper part is
brown, and the lower part is yellowish brown. The
substratum to a depth of about 60 inches is yellowish
brown, mottled, calcareous loam. In places, this soil has
a thicker, dark surface layer.

Included with this soil in mapping on similar landscape
positions are small areas of gravelly outwash material
that has lower available water capacity. These areas
make up less than 8 percent of this map unit.

This Hayden soil is moderately permeable, and surface
runoff is rapid. The available water capacity is high. The
content of organic matter is about 1 to 1.5 percent in the
surface layer. The surface layer is slightly acid or neutral.
The subsoil is medium in available phosphorus and very
low in available potassium.

Because of the strongly sloping and moderately steep
slopes, this soil is poorly suited to cultivated crops. It is
well suited to trees, hay, and pasture. Many areas
remain in native hardwoods. Careful consideration
should be given to the location of trails and roads to
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reduce the possibility of erosion. The slope of this soil is
steep enough to cause some hazard in the operation of
equipment. Survival of seedlings or competition from
undesirable plants should not be a problem.

This Hayden soil is in capability subclass IVe.

168F—Hayden loam, 18 to 25 percent slopes. This
steep, well drained soil is on upland side slopes adjacent
to major streams. Most areas are dissected by deep
drainageways. Individual areas range from 10 to 70
acres and are irregular.

Typically, the surface layer is very dark gray loam
about 2 inches thick. The subsurface layer is brown loam
about 6 inches thick. The subsoil is friable clay loam
about 24 inches thick. The upper part is brown, and the
lower part is yellowish brown. The substratum to a depth
of about 60 inches is yellowish brown, mottled,
calcareous loam. Some areas have a thicker, dark
surface layer.

Included with this soil in mapping on similar landscape
positions are small areas of gravelly outwash material
that has a lower available water capacity. These areas
make up less than 8 percent of this map unit.

This Hayden soil is moderately permeable, and surface
runoff is rapid. The available water capacity is high. The
content of organic matter is about 1 to 1.5 percent in the
surface layer. The surface layer is slightly acid or neutral.
The subsoil is medium in available phosphorus and very
low in available potassium.

Because of the steep slopes, this soil is not suited to
cultivated crops and is moderately suited to pastures and
trees. Many areas remain in native hardwoods; better
quality woodland can be obtained by restricted grazing.
Careful consideration should be given to the location of
trails and roads to reduce the possibility of erosion. The
slope of this soil is steep enough to cause some hazard
in the operation of equipment. Survival of seedlings or
competition from undesirable plants should not be a
problem.

This soil has a severe erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to deter erosion.

This Hayden soil is in capability subclass Vle.

175—Dickinson fine sandy loam, 0 to 2 percent
slopes. This nearly level, somewhat excessively drained
soil is on slightly convex areas on stream terraces and
uplands. Individual areas range from 2 to 5§ acres and
are irregular in shape.

Typically, the surface layer is very dark brown fine
sandy loam about 8 inches thick. The subsurface layer is
very dark brown fine sandy loam about 9 inches thick.
The subsoil is about 23 inches thick. The upper part is
very dark grayish brown, very friable fine sandy loam; the
middle part is brown, very friable fine sandy loam; and
the fower part is dark yellowish brown, friable loamy fine
sand. The substratum to a depth of about 60 inches is
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yellowish brown sand. In places, the subsoil has more
sand and less clay.

Included with this soil in mapping on similar landscape
positions are a few small, wet, seepy areas that need tile
drainage. These areas make up about 5 percent of this
map unit.

This Dickinson soil has slow surface runoff and low
available water capacity. Permeability is moderately rapid
in the upper part and rapid in the lower part. The content
of organic matter is about 1 to 2 percent in the surface
layer. The surface layer generally is acid if not limed
during the past 5 years. The subsoil is very low in
available phosphorus and potassium. Soil tilth is good.

Most areas of this soil are cultivated. This soil is
moderately suited to cultivated crops, hay, and pasture.
it is droughty in some years. It is subject to slight soil
blowing if cultivated. Conservation tillage, a practice that
leaves crop residue on the surface throughout the year,
and winter cover crops help to prevent soil loss.
Returning crop residue or regularly adding other organic
material helps to improve fertility. Cultivation after heavy
rains helps to prevent damage to small row crops from
blowing sand. Pasture and hay are also effective in
controlling erosion.

This soil is well suited to trees for windbreaks and
woodlands. Seedling mortality is high because of
droughtiness. Seedlings should be spaced closer
together when planted and thinned later to achieve the
desired stand density.

This Dickinson soil is in capability subclass llls.

175B—Dickinson fine sandy loam, 2 to 5 percent
slopes. This gently sloping, somewhat excessively
drained soil is on convex mounds and dunes on stream
terraces and uplands. Individual areas range from 2 to
25 acres and are irregular in shape.

Typically, the surface layer is very dark brown fine
sandy loam about 8 inches thick. The subsurface layer is
very dark brown fine sandy loam about 9 inches thick.
The subsoil is about 23 inches thick. The upper part is
very dark grayish brown, friable fine sandy loam; the
middle part is brown, very friable fine sandy loam; and
the lower part is dark yellowish brown, very friable loamy
fine sand. The substratum to a depth of about 60 inches
is' yellowish brown sand.

Included with this soil in mapping on similar landscape
positions are a few small, side hill seep areas that need
tile drainage. These areas make up about 5 percent of
this map unit.

This Dickinson soil has medium surface runoff. The
available water capacity is low. Permeability is
moderately rapid in the upper part and rapid in the lower
part. The content of organic matter is about 1 to 2
percent in the surface layer. The surface layer is
generally acid if not limed. The subsoil is very low in
available phosphorus and potassium. Soil tilth is good.
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Most areas of this soil are cultivated. This soil is
moderately suited to cultivated crops, hay, and pasture.
it is subject to soil blowing if used for cultivated crops.
Conservation tillage, a practice that leaves crop residue
on the surface throughout the year, and winter cover
crops help to prevent soil loss. Returning crop residue or
regularly adding other organic material helps to improve
fertility. Cultivation after heavy rains helps to prevent
damage to small row crops from blowing sand. Pasture
and hay are also effective in controlling erosion.

This soil is well suited to trees for windbreaks and
woodland. Seedling mortality is high because of
droughtiness. Seedlings should be spaced closer
together when planted and thinned later to achieve the
desired stand density.

This Dickinson soil is in capability subclass llle.

175C—Dickinson fine sandy loam, 5§ to 9 percent
slopes. This moderately sloping, somewhat excessively
drained soil is on convex side slopes of uplands along
streams. Individual areas range from 4 to 20 acres and
are long and narrow.

Typically, the surface layer is very dark brown fine
sandy loam about 8 inches thick. The subsurface layer is
very dark brown fine sandy loam about 4 inches thick.
The subsoil is about 23 inches thick. The upper part is
very dark grayish brown, very friable sandy loam; the
middle part is brown, very friable fine sandy loam; and
the lower part is dark yellowish brown, very friable loamy
fine sand. The substratum to a depth of about 60 inches
is yellowish brown sand. In some places, glacial till is at
a depth of 40 inches. Other places have sand
throughout.

included with this soil in mapping on similar landscape
positions are a few small areas of Zenor soils that have
some coarse sand and gravel throughout and Clarion
soils that have more clay throughout. These areas make
up about 10 percent of this map unit.

This Dickinson soil has medium surface runoff. The
available water capacity is low. Permeability is
moderately rapid in the upper part and rapid in the lower
part. The content of organic matter is about 1 to 1.5
percent in the surface layer. The surface layer is slightly
acid to neutral. The subsoil is very low in available
phosphorus and potassium. The surface layer is very
friable and easily tilled through a wide range in moisture
content.

Most areas of this soil are cultivated. This soil is
moderately suited to corn, soybeans, and small grains
and to grasses and legumes for hay and pasture. When
used for cultivated crops, erosion and soil blowing are
hazards. Conservation tillage, a practice that leaves crop
residue on the surface throughout the year, helps to
prevent soil loss. Returning crop residue also helps to
maintain good tilth, conserve moisture, and increase
water infiltration. This soil is droughty in years of below
normal rainfall or during extended dry periods. The
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selection of herbicides and their application rate is
affected by the sand content of this soil.

When used for pastureland, overgrazing or grazing
when the soil is too wet causes surface compaction and
increases runoff. Proper stocking rates, pasture rotation,
timely deferment of grazing, and restricted use during
wet periods help to keep the pasture and soil in good
condition.

This soil is well suited to trees for windbreaks and
woodlands. Seedling mortality is high because of
droughtiness. Seedlings should be spaced closer
together when planted and thinned later to achieve the
desired stand density.

This Dickinson soil is in capability subclass llle.

201B8—Coland-Terril complex, 1 to 5 percent
slopes. These very gently sloping and gently sloping
soils are in long narrow valleys. The stream channel
within this map unit meanders from valley side to valley
side. The poorly drained Coland soil is on flood plains
and is subject to flooding. The moderately well drained
Terril soil is on foot slopes and alluvial fans that receive
runoff from adjacent upland soils. Individual areas range
from 2 to 10 acres and are long and narrow. This map
unit contains 65 percent Coland soils and 35 percent
Terril soils. The soils are so intricately mixed, or areas
are so small in size that it was not practical to separate
them in mapping.

Typically, the surface layer of the Coland soil is black
clay loam about 8 inches thick. The subsurface layer is
clay loam about 39 inches thick. It is black in the upper
part and very dark gray and mottled in the lower part.
The substratum to a depth of about 60 inches is olive
gray clay loam.

Typically, the surface layer of the Terril soil is very
dark brown loam about 8 inches thick. The subsurface
layer is very dark brown and very dark grayish brown
loam about 24 inches thick. The subsoil extends to a
depth of about 60 inches. It is dark brown, friable loam in
the upper part and brown, friable clay loam in the lower
part.

Coland and Terril soils are moderately permeable, and
surface runoff is slow. The Coland soil has a seasonal
high water table. The available water capacity is high in
both soils. The content of organic matter in the surface
layer is 4 to 5 percent in Terril soils and about 5 to 7
percent in Coland soils. The Coland soil has high shrink-
swell potential. The surface layer and subsurface layer in
both soils typically are slightly acid or neutral. The
subsoil in both soils generally is very low in available
phosphorus and potassium.

Most areas of this complex are in pasture or
woodland. These soils are poorly suited to corn,
soybeans, and small grains. A meandering stream
dissects these areas, and it is impractical to use farm
machinery in places. The areas are well suited to wildlife
habitat.

Soil Survey

A high water table and flooding are the main
limitations if this complex is used for trees and shrubs.
Species selected for wildlife or woodland plantings must
be able to withstand wet soil conditions.

The Coland and Terril soils in this complex are in
capability subclass Vw.

202—Cylinder loam, 24 to 32 inches to sand and
gravel, 0 to 2 percent slopes. This nearly level,
somewhat poorly drained soil is on stream terraces and
upland outwash areas. Slopes typically are nearly level
or convex, but in places they are slightly concave.
Individual areas range from 2 to 10 acres and are
irregular in shape.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is very dark grayish
brown loam about 5 inches thick. The subsoil, about 14
inches thick, is dark grayish brown, mottled, friable loam
and sandy clay loam. The substratum to a depth of
about 60 inches is light olive brown and yellowish brown
sand and gravel. In places, the substratum is loamy sand
or sand that has less than 5 percent gravel. In other
places, loamy soil material is below the sand and gravel
at a depth of 40 to 60 inches.

This Cylinder soil is moderately permeable in the
surface layer and upper part of the subsoil and very
rapidly permeable below that depth. Surface runoff is
slow. The soil has a seasonal high water table. The
available water capacity is low or moderate. The content
of organic matter is about 4 to 5 percent in the surface
layer. Typically, the surface layer and upper part of the
subsoil are slightly acid or neutral. The subsoil generally
is very low in available phosphorus and potassium. It
typically is easy to maintain good tilth.

Most areas are cultivated. The soil is moderately
suited to corn, soybeans, and small grains and to
grasses and legumes for hay and pasture. This soil has
a high water table during wet seasons but becomes
droughty after brief dry periods. Returning crop residue
or regularly adding other organic material helps to
improve fertility, conserve moisture, and reduce soil
blowing.

This soil has a drought hazard if it is used for trees
and shrubs grown as windbreaks and ornamental
plantings. Mulch cover helps to conserve moisture.
Generally, plantings on these sites must be able to
withstand seasonal wetness as well as droughtiness.
Installing a drainage system and using supplemental
irrigation as needed would make it possible to use
almost any species adapted to the climate of the county.

This Cylinder soil is in capability subclass ls.

203—Cylinder loam, 32 to 40 inches to sand and
gravel, 0 to 2 percent slopes. This nearly level,
somewhat poorly drained soil is on stream terraces and
upland outwash areas. Slopes typically are nearly level
or concave, but in places they are slightly convex.
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Individual areas range from 2 to 15 acres and are
irregular in shape.

Typically, the surface layer is black loam about 8
inches thick. The subsurface layer is black and very dark
grayish brown loam about 11 inches thick. The subsoil is
dark grayish brown and brown, mottled, friable loam
about 23 inches thick. The substratum to a depth of
about 60 inches is dark yellowish brown and grayish
brown sand and gravel. In places, the substratum is
loamy sand or sand that has less than 5 percent gravel.
In other places, loamy soil material is below the sand
and gravel at a depth of 50 to 60 inches.

This Cylinder soil is moderately permeable in the
solum and very rapidly permeable in the substratum.
Surface runoff is slow. The soil has a seasonal high
water table. The available water capacity is moderate.
The content of organic matter is about 4 to 5 percent in
the surface layer. Typically, the surface layer and subsoil
are slightly acid or neutral. The subsoil generally is very
low in available phosphorus and potassium.

Most areas of this soil are cultivated. The soil is well
suited to corn, soybeans, and small grains and to
legumes for hay and pasture. This soil has a high water
table during wet seasons but becomes droughty after
brief dry periods. Returning crop residue or regularly
adding other organic material helps to improve fertility,
conserve moisture, and reduce soil blowing.

This soil has a drought hazard if it is used for trees
and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to conserve moisture.
Generally, plantings on these sites must be able to
withstand seasonal wetness as well as droughtiness.
Installing a drainage system and using supplemental
irrigation as needed would make it possible to use
almost any species adapted to the climate of the county.

This Cylinder soil is in capability class .

221—Palms muck, 0 to 1 percent slopes. This level,
very poorly drained soil is in depressions of uplands.
Individual areas range from 2 to 12 acres and are
circular. This soil ponds after heavy rains.

Typically, the surface layer is black sapric material
about 7 inches thick. The subsurface layer is black
sapric material about 19 inches thick. The substratum to
a depth of about 60 inches is dark grayish brown, very
dark grayish brown, light olive brown, and gray, mottled
silt loam.

Included with this soil in mapping on similar landscape
positions are soils with organic layers to a depth of more
than 51 inches. Tile lines can settle and may be difficult
to maintain in these areas. These areas make up about
156 percent of this map unit.

Permeability of this Palms soil is moderately rapid in
the organic layers and moderate in the substratum. The
soil has a seasonal high water table. The available water
capacity is very high. The content of organic matter is
greater than 20 percent in the surface layer. The soil is
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neutral to moderately alkaline and does not need lime.
The subsoil is very low in available phosphorus and
potassium. This soil is ponded after heavy rains and
spring thaws even if it is drained. Tilth is good when the
soil is adequately drained. Calcareous areas affect the
response of herbicides and fertilizer.

This soil is moderately suited to corn, soybeans,
specialty crops, and grasses for hay and pasture where
it is properly tile drained. Undrained areas are well suited
to wildlife habitat. Small grains have a lodging problem
on this soil. Legumes commonly experience winter kill or
drown. If this soil is used for cultivated crops, there is a
hazard of wind erosion. Conservation tillage, a practice
that leaves crop residue on the surface throughout the
year, winter cover crops, and shelterbelts help to prevent
excessive soil loss. There is danger of early frost in the
fall. Over a length of time, subsidence occurs. This
should be considered in determining the depth of the tile.

Wetness is the main limitation if this soil is used for
trees and shrubs grown as windbreaks and ornamental
plantings. Adequate drainage and the selection of
species that can withstand wetness are very important.

This Palms soil is in capability subclass Illw.

236B—Lester loam, 2 to 5 percent slopes. This
gently sloping, well drained soil is on uplands on convex
knolls and convex side slopes that border streams and
drainageways. Typically, areas are 2 to 5 acres and are
irregular in shape. A few individual areas are larger than
20 acres.

Typically, the surface layer is very dark grayish brown
loam about 8.inches thick. The subsurface layer is dark
grayish brown loam about 3 inches thick. The subsoil is
brown and dark yellowish brown, friable clay loam about
44 inches thick. The substratum to a depth of about 60
inches is light olive brown loam. In places, the
substratum is clay loam and, in places, it has thin lenses
of sandy loam.

Included with this soil in mapping are some areas of
nearly level, somewhat poorly drained soils. These areas
make up about 5§ percent of the map unit.

This Lester soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 2.5 to 3.5 percent
in the surface layer. Typically, the surface layer,
subsurface layer, and subsoil are medium acid or slightly
acid. The subsoil generally is medium in available
phosphorus and very low in available potassium. It
typically is easy to maintain good tilth.

Some areas are in woodland pasture; other areas are
cultivated. The soil is well suited to corn, soybeans, and
small grains and to grasses and legumes for hay and
pasture. If this soil is used for cultivated crops, there is a
hazard of erosion. Conservation tillage, a practice that
leaves all or part of the crop residue on the surface
throughout the year, and grassed waterways help to
prevent excessive soil loss. In places, contouring and
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terracing are difficult because of undulating topography
and short slopes; in most places, however, these
practices are suited. Returning crop residue or regularly
adding other organic material helps to improve fertility,
reduce soil erosion and crusting, and increase the
infiltration rate.

The soil is well suited to pasture or to trees. Most
areas that are used for pasture have scattered trees;
some areas have thick stands of trees. Generally, better
quality pasture can be obtained by removing the trees.
Better quality woodland can be obtained by restricting
grazing.

This soil has a slight erosion hazard if it is used for
trees and shrubs grown as windbreaks and ornamental
plantings. A mulch cover helps to deter erosion. Better
quality native trees can be left where desired.

This Lester soil is in capability subclass lle.

236C—Lester loam, 5 to 9 percent slopes. This
moderately sloping, well drained soil is on knolls and
convex side slopes that border streams and upland
drainageways. Slopes typically are short. Individual areas
range from 2 to 30 acres and are irregular in shape.

Typically, the surface layer is very dark grayish brown
loam about 8 inches thick. The subsurface layer is dark
grayish brown loam about 3 inches thick. The subsoil is
about 44 inches thick. The upper part is brown, friable
loam, and the middle and lower parts are dark yellowish
brown, friable clay loam. The substratum to a depth of
about 60 inches is light olive brown loam.

Included with this soil in mapping are small areas of
Okoboiji, Webster, and Cordova soils in depressions and
swales that need tile drainage. Also included are small
areas of Zenor soils on high knobs that are droughty.
These areas make up about 10 percent of this map unit.

This Lester soil is moderately permeable, and surface
runoff is medium. The available water capacity is high.
The content of organic matter is about 2 to 3 percent in
the surface layer. The soil generally is acid if not limed in
the past 5 years. The subsoil is medium in available
phosphorus and very low in available potassium.

Most areas of this soil are in pasture and trees. This
soil is moderately suited to corn, soybeans, and small
grains and to grasses and legumes for hay and pasture.
If this soil is used for cultivated crops, there is a hazard
of erosion. Conservation tillage, a practice that leaves
crop residue on the surface throughout the year, and
grassed waterways help to prevent excessive soil loss.
Contouring and terracing are difficult because of
undulating topography and short slopes, but in many
places these practices are suited. Returning crop residue
or regularly adding other organic material helps to
improve fertility and maintain good tilth.

The use of this soil for pasture or hay is also effactive
in controlling erosion. This soil is well suited to pasture
or to trees. Most areas used for pasture have scattered
trees, and some areas have thick stands of trees.

Soil Survey

Generally, better quality pasture can be obtained by
removing the trees. Better quality woodland can be
obtained by restricted grazing.

This soil has a moderate erosion hazard if it is used
for trees and shrubs grown as windbreaks and
ornamental plantings. A mulch cover helps deter erosion.
Better quality native trees can be left where desired.

This Lester soil is in capability subclass llle.

236C2—Lester loam, 5 to 9 percent slopes,
moderately eroded. This moderately sloping, well
drained soil is on knolls and on convex side slopes that
border streams and upland drainageways. Slopes
typically are short. Individual areas range from 2 to 25
acres and are irregular in shape.

Typically, the surface layer is very dark grayish