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P R E F A C E

S
oil Science Simplified, Sixth Edition explains soil science in an easily understand-
able manner. Students, professionals, and nonprofessionals alike will gain an accu-
rate working knowledge of the many aspects of soil science and be able to apply

the information to their endeavors. The book is a proven and successful textbook and works
well as assigned reading for university students in the natural sciences and earth sciences.
Agricultural science courses taught at the high school or post high school level can also use
this edition as a resource.

Soil science has been largely directed toward agricultural production. Farming
remains at the forefront of food and fiber production and is, more than ever, concerned
with soil and its properties.

Anyone who works with soil can benefit from an understanding of soil and its prop-
erties. Horticulturists, foresters, landscape architects, and similar professionals can benefit
from an in-depth understanding of soils. Home gardeners can likewise benefit. Those who
construct houses and other structures need to understand that the soil’s physical and chem-
ical properties can impact foundation problems. Engineers need the same understanding of
soil properties as they build roads, bridges, dams, levees, and similar structures. Environ-
mentalists and people in related areas find a working knowledge of soils useful.

There are many uses of soil-far more than for production agriculture. And everybody
who works with the land in any way needs to know how to take full advantage of the infor-
mation in a soil survey report. The need for an understanding of soil is ever-present. If your
profession will involve the use of soil, read and understand the information in this sixth
edition of Soil Science Simplified. Keep a reference copy in a handy spot in your bookcase.

This sixth edition expands and updates several chapters. New approaches to the
content have been incorporated to provide information needed by those professionals listed
previously. A chapter on conservation agriculture (CA) has been added that describes
the evolution of agricultural management practices that support and strengthen both food
production and environmental resources. The illustrations and photos demonstrate the
principles described in the text and enhance comprehension.

Drs. Eash, Sauer, and Odoi are experienced university professors of soil science who
have taught and conducted research in soils. Through experience in the field, classroom, and
laboratory, they have gained a basic, hands-on appreciation of the importance of applied soil
science. This book represents their many years of experience and the desire to provide a
working knowledge of soil and how its properties influence decisions on the best use of soil,
whether it is used as a medium for plant growth, as a base for the foundation of buildings,
or for any other purpose.

This book has been used successfully as a resource in certification programs in the
agricultural industry such as the Certified Crop Advisor program sponsored by the Ameri-
can Society of Agronomy. We once again use many of the line illustrations by Mary C. Bratz
that have appeared in earlier editions of the book which continue to be useful in communi-
cating essential ideas and processes in soil science.

vii





C H A P T E R 1

Introduction to Soil

Soil is a natural resource on which people are dependent in many ways. Since the birth of the
soil conservation movement in the 1930s, there has been an increased interest in conserving
the soil. The environmental awareness and concerns that have occurred over the past several
decades have focused attention on the need to conserve soil as a fundamental part of the
ecosystem. There is, however, little public understanding of the soil’s complexity.

Careful observers may see soil exposed in roadbanks or excavations, and it may be
noticed that the soil does not look the same in all locations (Fig. 1.1). Sometimes the dif-
ferences are apparent in the few inches of surface soil that the farmers plow, but greater
variations can usually be seen by looking at a cross section of the top 3 or 4 ft. (0.9 or
1.2 m) of soil. The quality and quantity of vegetative growth depends on the properties of
the soil layers.

Roads and structures may fail if they are constructed on soils with undesirable char-
acteristics. Special care must be taken to overcome soil limitations for specific engineering
uses. Satisfactory disposal of human waste and livestock manure is becoming an increasing
concern, particularly where soils are used as a disposal site.

Poor yields of agricultural crops and poor growth of trees may result from a
mismatching of crops and soils. This mismatching may happen because the landowner has
not examined the soil horizons or understood their limitations. Soil scientists study the
factors necessary for proper soil management and plant growth.

What Is Soil?
The traditional meaning of soil is that it is the natural medium for the growth of land

plants. The Soil Science Society of America has published two definitions. One is "The
unconsolidated mineral or organic material on the immediate surface of the earth that serves
as a natural medium for the growth of land plants."

A more inclusive definition by the Society is "The unconsolidated mineral or organic
matter on the surface of the earth that has been subjected to and shows the effects of genetic
and environmental factors of: climate (including water and temperature effects) and macro-
and microorganisms, conditioned by relief, acting on parent material over a period of time."

Soil Science Simplified, Sixth Edition. Neal S. Eash, Thomas J. Sauer, Deb O’Dell, and Evah Odoi.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.
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2 C H A P T E R 1

1.1 Roadbanks can reveal the complexity of the soil.

The effect of each of these genetic and environmental factors will be discussed in Chapter
2 on soil formation.

Soil differs from the material from which it is derived in many physical, chemical,
biological, and morphological properties and characteristics. The differences in these prop-
erties and characteristics will be discussed in subsequent chapters. Their effect on soil
management decisions is important whether the soil is to be used for crop production, in an
urban setting, or for roads, dams, waste disposal, and its many other uses.

Most soil consists of fragmented and chemically weathered rock which includes
sand, silt, and clay separates, and it usually contains humus, which is partially decomposed
organic matter. Soil is very diverse over the face of the earth, and it varies considerably.
If properties of a soil are known, the soil can be properly managed, and it will serve quite
well for the purpose for which it is used.

Nature and Uses of Soil
Soil is a medium in which plants are grown for food and fiber. It is fortunate that over

most of the land area of the earth, soil covers bedrock to a considerable depth. If there were
no soil, the continents would be wastelands of barren rock. In soil, seeds germinate and
plants grow as they obtain water and nutrients from the soil. Crops of the fields and forests
produce food and fiber.

Soil gives mechanical support for plant roots so that even tall trees stand for decades
against strong winds. Soil also physically supports structures such as houses, buildings,
sidewalks, streets, and highways. Sometimes the properties of soils are undesirable and
buildings and pavement will crack due to the instability of the underlying soil. Abandoned
roads may be buried by soil carried upward by ants, earthworms, and other creatures.

In intertropical regions, millions of people live comfortably in places built chiefly
from locally excavated soil. Such earthen houses are common in West Africa (Fig. 1.2).
A compound earthen dwelling for an extended family may be quite an impressive structure.
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1.2 Earthen houses are common in West Africa.

The adobe houses of the southwestern United States and the pioneer sod houses of the
prairies are other examples of earthen houses. Modern earth-sheltered homes are shown
with pride by the owners and builders. For maximum insulation, houses often feature an
earthen embankment covering all but the side exposed to the sun.

Soil is involved in several processes in the hydrologic cycle. Water in the form of
rain, dew, fog, irrigation, or snowmelt may move into the soil (infiltrate) or evaporate or
run off of the soil surface into the area drainage system into lakes or streams. The water
that infiltrates into the soil may evaporate or be utilized by plants. It may be used by the
plants to form compounds or it may be transpired from the leaves back into the atmosphere.
If there is more water than the soil will hold, it may percolate downward to become part of
the groundwater reservoir and eventually become part of streams, rivers, and springs.

Many organic and inorganic pollutants in wastewater are sorbed as they pass through
the soil, thereby partially cleansing the groundwater. If potential pollutants that are very
soluble are added to the soil, they may be carried by the soil water into the groundwater to
our detriment.

Soil is an air-storage facility. Plant roots and billions of other organisms living in
the soil need oxygen. The pore system in soil provides access to air, which moves into
and drawn out of the soil by changes in barometric pressure, by turbulent wind, by the
flushing action of rainwater, and by diffusion. Some plants, such as rice, have the capacity
to conduct oxygen into waterlogged soil. Soil air contains considerable amounts of carbon
dioxide.

Soil is even useful as a mineral supplement for people. In some impoverished African
countries, selected types of soil containing high calcium, for example, have been used as
a special food supplement. Specifically, pregnant women and their babies have benefited
from the mother’s ingestion of soil from termite mounds that are enriched with calcium. By
using this natural resource, these women may have adequate calcium in their systems.

Soil accepts back that which came from it. When plants die, it is not long before
organisms that cause them to decompose will be active and the plant will eventually become
a part of the soil. Even huge logs on the forest floor soon disappear (Fig. 1.3). Animals that
live in the wild as well as other forms of life also return to the soil when they die. Society
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1.3 Living organisms sooner or later become a part of the soil once again.

produces vast amounts of waste of every size, shape, and description, which is often buried
in landfills where it will decompose if it is organic.

Soil is beautiful; it is an aesthetic resource. People may become fond of their native
soil, whether it is black and brown or red and yellow. There is a rainbow of various hues of
soil under our feet.

Changes in both soil and vegetation through the seasons are observed with great inter-
est. Some soils form wide cracks in dry seasons and swell when the rains return. Frost action
may create little ice pillars that lift the surface of the ground in winter. The smell of freshly
tilled soil seems good to farmers and gardeners as they plant their crops with high expecta-
tions for an abundant harvest. Some people love their native soil so much that even today
they still perform the ancient ritual of kneeling to kiss it when they return home.

How Big Is an Acre? A Hectare?
Land measurements in the United States are in the English system while for most of

the rest of the world the metric system is used. The principal measure of land in the English
system is the acre while the hectare is used in the metric system. One acre equals 0.4047
ha; hence, an acre is only about 40% the size of an hectare. An acre has 43,560 sq ft, while
a hectare contains 107,628 sq ft.

In the United States, soil amendments are usually applied in units of pounds (or tons)
per acre. In the rest of the world, applications are usually in metric units of kilograms (or
metric tons) per hectare. Pounds per acre closely correspond to the metric units of kilograms
per hectare. Tons per acre closely correspond to metric tons per hectare. Loss of soil by
erosion is rated in tons per acre.
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1.4 An acre is 208.7 ft on a side; a hectare is 328 ft on a side.

Comparing a house lot size to an acre will give a perspective on the size of an acre.
Most house lots will be approximately 10,000 sq ft in size (about one-fourth of an acre),
whereas an acre has 43,560 sq ft. See Figure 1.4 for a perspective on these units of mea-
surements.
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Soil Formation

Many people throughout the world depend upon soil for their subsistence. Soil is a dynamic
feature on the landscape and few realize the importance of the parent rock to soil fertility and
productivity. Although the parent rocks determine many soil characteristics, soil is much
more than just weathered rock.

Pedogenesis is the term used to describe the formation and development of the soil
profile. The "pedon" is the three-dimensional body of soil used as the soil base of refer-
ence and "genesis" is often defined as "beginning." Through pedogenic processes the soil
profile develops from the very thin—maybe several inches thick which is common in young
soils—to soil that is greater than 80 in. (2 m) thick, which is common in older soils.

To understand soil pedogenic processes, it is essential to consider how rocks are
formed, how that formation influences their mineralogy, and subsequent breakdown into
soil parent material. The minerals in rocks strongly influence the composition of the soil
derived from them. The other factors in nature that influence the specific properties of soil
in a given location will also be discussed in this chapter.

One of the basic rules of nature is that nothing remains the same over long periods of
time. Astronomers tell us that even stars such as our sun have a finite lifespan. They coalesce
from cosmic dust, form into shining solar bodies, finally expend their energy, collapse, and
return to cosmic dust. The secrets of these processes have only recently been revealed by
the Hubble telescope. On earth, the alteration of rocks from one form to another is much
more easily understood because we can study specimens of rocks and relate them to their
position in the earth’s crust.

Rocks are merely combinations of minerals. Minerals have specific chemical com-
positions whereas a rock refers to a material within a specified range of mineralogical
composition that is of appreciable extent in the crust of the earth. Some of the most common
rocks are granite, basalt, sandstone, and limestone. Rounded pieces of rock—so common
in glaciated regions—are boulders, stones, cobbles, and gravels in descending order of size.

The Rock Cycle
To understand the formation of soil, consider first the rocks from which the mineral

particles in the soil were derived. As the earth cooled, the molten magma crystallized into

Soil Science Simplified, Sixth Edition. Neal S. Eash, Thomas J. Sauer, Deb O’Dell, and Evah Odoi.
© 2016 John Wiley & Sons, Inc. Published 2016 by John Wiley & Sons, Inc.
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8 C H A P T E R 2

2.1 The rock cycle shows how heat and pressure, melting and erosion
cause rocks to change in form through geologic time.

igneous rocks. As long as there has been water on the earth, flowing water has been erod-
ing rocks and the fine particles produced have become sediments, which may solidify into
sedimentary rocks. Under conditions of extreme heat and pressure, both igneous and sedi-
mentary rocks may be modified and at least partially recrystallized into metamorphic rocks.

The shifting of continents causes landmasses to slide over and bury other landmasses
to the extent that the buried ones may become molten again. Where this occurs there is
evidence of great tectonic activity in the form of earthquakes, volcanoes, faults, and related
phenomena. Therefore, over geologic time the rocks of the earth are cycled from one form
to another (Fig. 2.1). Rocks are the evidence for these actions in the past, and the same
processes continue today.

Composition of the Earth’s Crust
Chemists recognize a few over 100 elements that make up everything tangible on

earth. Of these, the eight listed in Table 2.1 are the most abundant elements in the earth’s
crust. The others are no less important, but are present in much smaller quantities.

Silicate Minerals
If molten magma from within the earth cools very rapidly, these elements solidify ran-

domly into a glass such as obsidian, a material commonly used in jewelry. If the cooling is
slower, the elements will assemble themselves into crystalline silicate minerals. The slower
the cooling is, the larger the crystals.

Silicates are minerals made up, in large measure, of combined silicon and oxygen.
They are the most common minerals in rocks. When only silicon and oxygen ions are
involved, they form a four-sided structure with oxygen ions at the points and a silicon ion in
the center. It can be compared to a three-sided pyramid, with the base being the fourth side.
This is called a tetrahedron. If the O2– on each corner is shared with another tetrahedron,
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Table 2.1 Composition of earth’s

surface crust

Element Ion

Oxygen O2–

Silicon Si4+

Aluminum Al3+

Iron Fe2+, Fe3+

Calcium Ca2+

Magnesium Mg2+

Potassium K+
Sodium Na+

a very strong framework structure results. A
mineral with this form is quartz, and it is so
resistant that it is said to be nonweatherable.
Hence, the beaches along our oceans consist
mainly of sand.

Of the silicates, most are aluminosil-
icates; feldspars are the classic example.
Feldspars also have a framework structure
but from one-fourth to one-half of the Si4+

was replaced with Al3+ during the original
crystallization of the feldspar. Since Al3+

has a lower positive charge than Si4+, the
unsatisfied negative bonds from the O2– are satisfied primarily by K+ and Ca2+ in the
crystal. Feldspars are quite stable but are less resistant to weathering than is quartz. The
weathering of feldspar accounts for much of the potassium and calcium found in the soil,
the oceans, and sedimentary rocks.

Micas are the other main group of aluminosilicates. The tetrahedra are formed into
layers that can be lifted, one from the other, like the pages of a book. When separated from
the rocks, these small flat particles will glisten in the sun, especially if they settled out of
flowing water and lay flat on the dried soil surface.

Most of the very dark colored minerals in rocks are ferromagnesian silicates. Instead
of the framework silicate structure discussed above, these minerals have single, paired, or
chained sets of tetrahedra that are bonded together by accessory ions, usually Fe2+ and
Mg2+, hence, the term ferromagnesian. It is by way of the accessory ions that weathering
gains access to these minerals and the integrity of the mineral structure is destroyed. Two
common groups of these dark minerals are the amphiboles and pyroxenes.

Igneous Rocks
Igneous rocks (Fig. 2.2), including granites and their metamorphic associates,

make up the bedrock foundation of the continents. The minerals in them are crystalline

2.2 Igneous rocks.
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in form and, if the magma cooled slowly far below the surface of the earth, the crystals
are comparatively large. This is the case with granite. If the cooling of the magma took
place more rapidly, the crystals are small, such as in rhyolite. Granite and rhyolite may
be identical in mineralogical composition and are characterized by having abundant
quartz due to the high silica content of the magma. In a parallel manner, magma lower
in silica may solidify into very dark colored gabbro or basalt, depending on the rate of
cooling.

Crystalline igneous rock lays just below the unconsolidated surface material on about
one-quarter of the earth’s land area. Elsewhere it is more deeply buried. It is quarried for
building stones and monuments. Pink and light-colored granite is popular. It outcrops dra-
matically in the Black Hills of South Dakota at Mount Rushmore, where the heads of four
U.S. presidents have been carved. Gabbro can be polished into a beautiful building stone
and is sometimes called black granite. A well-known example of it is the Vietnam Memo-
rial in Washington, DC. Blackish and finely crystallized basalt is well known because of
extensive volcanic activity on earth.

Sedimentary Rocks
Sedimentary rocks (Fig. 2.3) are the bedrock for about three-quarters of the land area

of the earth. These rocks were deposited as loose layers of sediment on the bottoms and
edges of ancient seas. Sand, primarily quartz grains, was deposited near the shores, gray
siliceous mud farther out, and limy, whitish mud from fossil shells in the deep water. These
layers gradually hardened into rock to become sandstone, shale, and limestone, respectively.
As the land was slowly uplifted and the seas receded, sedimentary rock covered most of the
continents.

Metamorphic Rocks
Rocks can be altered by heat and pressure within the earth. The metamorphic rocks

that result may have been any of the igneous or sedimentary rocks. Granite is commonly
metamorphosed into gneiss, a beautifully banded rock wherein like minerals became
concentrated due to similar viscosity and density in the shifting magma. Sandstone is
cemented by silica from solution to become quartzite, which is the most resistant rock that
is widespread on the earth. Shale is converted into slate and limestone into marble by heat
and pressure.

2.3 Sedimentary rocks.
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Processes of Rock Weathering

2.4 Exposure to weathering
causes tiny cracks to develop
in the surface of rocks, which
allows for chemical reactions
with the penetrating solutions.

When living organisms such as plants
die, they are rotted by saprophytic microor-
ganisms. In a similar manner, naturally occur-
ring physical and chemical forces cause rocks
to be weathered into saprolite. Collectively,
saprolite is called the regolith of the earth,
which is composed of the loose mineral mate-
rials above solid bedrock. The effects of rock
weathering can be observed by splitting a
stone that has been exposed on or near the
ground surface for a long time (Fig. 2.4).
During the weathering process, the altered
rock material may accumulate in place over
the solid rock or it may slide, be washed, or be blown to other sites. Soil formation begins
soon after loose rock material is stabilized.

Biological Decomposition of Rocks
If you have ever been on a hike into the mountains and sit down on a rock to rest, if

you look closely at the rock you will quickly see that it is covered by small macroscopic
organisms called lichens. Lichens are composed of an alga and a fungus and are often one
of the first organisms to colonize exposed rocks.

Just three years after the island of Krakatoa was largely blown away by a violent vol-
canic eruption in 1883, scientists visited it and found that the surface of the fresh bedrock
was already being invaded by cyanobacteria, one of the most self-supporting forms of life
on earth. It can both photosynthesize and fix nitrogen. Growing along with the cyanobac-
teria were nitrogen- and carbon-fixing bacteria as well as fungi and lichens. Weak acids
produced by these microorganisms were dissolving nutrients (phosphorus, calcium, etc.)
from the rocks and building up a humic mat capable of supporting mosses and eventually
higher plants. The weak acids include carbonic acid formed by solution of carbon dioxide
gas in water and lactic acid produced by fungi, and the stronger acids (nitric and sulfuric)
were formed by bacteria. Certain fungi and bacteria can release phosphorus from mineral
particles. It is evident that microorganisms are involved in rock weathering from the start.

Physical Weathering
Physical weathering of rocks is their breakdown into progressively smaller pieces with

no change in molecular arrangement within the minerals. Any of the forces that transport
solid particles causes them to wear. Sand on a beach that is rolled by each incoming wave
is a familiar example. Strong winds pick up sand and blast it against objects that soon
show the effects of abrasion. Tree roots penetrate cracks in rocks and as the roots grow they
cause the cracks to expand and eventually break the rock. In temperate regions, water enters
cracks in rocks, freezes, and can cause the surface of the rock to peel off like the rind of
an orange, which is called exfoliation. Glaciers were the ultimate in physical weathering as
they broke loose massive boulders and moved them great distances with a grinding action.
Hills were lowered, valleys were filled, and there was a general leveling effect except at
the glacier’s edge, where small hills called terminal moraines were created. No matter the
extent of physical weathering, it does not directly cause significant release of ions from the
minerals for the benefit of plants.
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Chemical Weathering
Chemical weathering, as the term implies, results from chemical reactions that alter

the molecular composition of minerals. These chemical forces react with the surface of
minerals. If physical weathering did not greatly increase surface area by breaking down
rock into smaller pieces, chemical weathering would progress much more slowly.

Hydrolysis. Hydrolysis is important in mineral weathering. It takes place when
hydrogen ions (H+) in water replace metallic ions in minerals. All water is slightly ion-
ized, so hydrolysis is pervasive. Rain absorbs carbon dioxide (CO2) as it falls, resulting in
a relatively weak carbonic acid (H2CO3), which greatly increases the reaction of hydroly-
sis. However, the ancient statues from the Greek and Roman empires did not show much
degradation until smoke from modern industry resulted in sulfuric acid and nitric acid in
the precipitation. Over millions of years, most of the acid in the soil resulted from the
respiration of CO2 by living organisms. Plant roots also release H+ during nutrient uptake.

In one simplified example of hydrolysis, potassium feldspar reacts with water to yield
silicic acid and potassium hydroxide as shown in following equation:

KAlSi3O8 + HOH = HAlSi3O8 + KOH

The silicic acid is the building block of clay. In the reaction, the primary mineral is
destroyed, clay is formed, and potassium (K+) is released into the soil for use by plants. If
precipitation is sufficient to leach away the base (KOH), the land will become more acid
and the sea will become more basic.

Oxidation. Oxidation takes place when certain multivalent ions lose an electron
(a negative charge) to become more positive. A common element in rocks capable of two
valence states is iron. Just as a wrench left in the rain will rust, so also iron-bearing minerals
in rocks become oxidized. The equations for the reaction are

Fe2+ = Fe3+ + 1e– and 4 Fe3+ + 3O2 = 2Fe2O3

Hydration. By itself, oxidation would not be extremely disruptive to the mineral,
but, in nature, it is followed by hydration:

Fe2O3 + nH2O = Fe2O3 • nH2O

In this reaction, n water molecules attach themselves to an iron oxide molecule. This
results in considerable expansion, which greatly disrupts the mineral structure of the rocks
and causes them to crumble. For this reason, when digging in the subsoil in a humid region it
is common to encounter stones that disintegrate if struck by a spade. Manganese is another
element in minerals that can exist in multivalent ionic states, but it is much less abundant
than iron. Salt may also hydrate with similar results.

Reduction. Reduction, being the opposite of oxidation, reflects a gain of elec-
trons in multivalent ions. It is not disruptive to most bedrock, but it does have a marked
influence on soil where oxygen has been depleted by microorganisms in wet places. Under
reducing conditions, iron and manganese may be dissolved and removed from the system
or translocated to regions with free oxygen. Here they precipitate as nodules, concretions,
or various types of layers and coatings.
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Solution. Water comes as close as anything to a universal solvent. However, it
is only capable of dissolving large quantities of soluble salts that were precipitated from
solution at some earlier time. The calcium carbonate in limestone came from the shells
of sea creatures. It is an example of a salt that is slowly soluble in pure water, but water
enriched by carbonic acid, due to biological activity, reacts with limestone. This dissolution
is evidenced by massive caves where the rock was dissolved by biologically acidified water
that seeped down from the soil.

Factors of Soil Formation
Soil scientists think of soils as natural bodies that have length, breadth, and depth.

Each soil body occupies a portion of the landscape. This means that soils are more than
simply the product of rock weathering; they are components of the landscape (Fig. 2.5),
just as are rivers, forests, marshes, and prairies. Thousands of years have been required to
make our present-day soils. Five factors of soil formation have been identified (Fig. 2.6).
They are (1) parent material, (2) climate, (3) living organisms, (4) topography, and (5) time.

Soil Parent Material
Parent material of mineral soils is the weathered rock that was slowly broken up at a

site or was transported there by natural agents. It can be grouped into (1) crystalline rocks,
such as granite and gneiss, (2) sedimentary rocks, such as sandstone and limestone, and
(3) geologically recent deposits, such as alluvium and glacial till.

Soils that have formed from granite contain a full range of particle sizes, from gravel
and sand to the finest clay. Since quartz grains (somewhat like bits of glass) in granite
are very resistant to weathering, they become the gritty sand in the soil. The less-resistant
minerals in rock—such as feldspar (a word meaning field crystal) and dark minerals rich
in iron and magnesium (ferromagnesian minerals), including black mica—are altered by
weathering into fine clay particles.

Black and dark gray crystalline rocks include gabbro (coarse grained) and basalt (fine
grained). Because these rocks contain no quartz, soils formed from gabbro and basalt are
not sandy but are clayey, sticky, and rather fertile.

2.5 Soils are natural features of the landscape.
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2.6 Parent material in a topographic location is acted on over time by organ-
isms and climate.

Soils from sandstone are sandy; those from shale are silty or clayey. Soils from lime-
stone consist largely of insoluble shaley materials that were included as gray mud in the
otherwise more weatherable rock mass. Therefore, soils from limestone commonly are
clayey.

Recent deposits are blankets of geologically young sediments that overlie the types of
bedrock just discussed. They include (1) eolian (windblown) sand, (2) loess, (3) volcanic
ash, (4) glacial drift, (5) alluvium, (6) and colluvium (Fig. 2.7).

Eolian sands are most common in arid and subhumid areas. Most were initially
deposited by water when massive expanses of sandstone were being eroded over a long
period. Wind action may shift these cover sands into dune formations, which are then
referred to as eolian deposits. The Sand Hills of western Nebraska are a good example
of eolian deposits. When viewed from an airplane, they are seen as an expanse of
crescent-shaped dunes. They are droughty and not very productive for crops or livestock.

Loess is a wind-transported deposit that mainly consists of silt that was derived from
the flood plains of rivers that drained the meltwater from glaciers. These silts have a rich
supply of plant nutrient-bearing minerals, and their size is such that they hold a significant
quantity of water for crops. Extensive areas of fertile agricultural soils can be found in loess
deposits in such places as China, the Mississippi-Missouri Valley, and the Danube Valley
in Europe.

Volcanic ash is widespread in Hawaii, Oregon, and Washington in the United States
and in Central America, Japan, Indonesia, and many other mountainous areas. The min-
eralogy of volcanic ash is variable, but most of it develops into high-quality soil for crop
production.

Glacial deposits, often with a covering of loess, are parent materials of soils in much
of the corn belt in North America and the wheat belt of Eurasia. They were left by glaciers
(and their meltwaters) that advanced and retreated repeatedly between 1 million and 10,000
years ago. Glaciers carried a lot of rock debris collected by a grinding action on the terrain
over which they passed and thus were made of "dirty" ice. An unsorted mixture (till) of
stones, sand, silt, and clay was deposited in broad blankets and ridges called moraines.
Glacial till is sometimes stony enough to inhibit cultivation, but its fresh supply of miner-
als provides an abundance of many plant nutrients. Rapidly flowing meltwaters left behind
extensive sheets of sand and gravel, called outwash, that tend to be droughty for crops.



Soil Formation 15

2.7 Bedrock may be blanketed by sediment from several sources.

Where huge ice blocks, which melted later, were surrounded by glacial drift (till and out-
wash), large pits or potholes were formed. Many lakes once existed near the glaciers. Today,
the ancient lake bottoms are almost level farmlands with rich silty and clayey soils.

Alluvium is sediment that was deposited by rivers and streams in valleys throughout
the world. Centuries of erosion have created fertile areas of alluvial soils: the Bangkok
Plain, the Mekong Delta, the Mississippi Delta, and the vast alluvial plains of China. About
one-third of the human population is supported on these fertile flood plains that are rich
in topsoil materials brought down from the uplands. Although flooding is a major hazard
to humans, buildings, and crops, it is a major agent in depositing soil materials. Alluvial
soils are finely layered (stratified) to great depths. Each layer may represent the deposit of
a single flood. These soils show marked changes horizontally, from somewhat sandy near
riverbanks on natural levees and alluvial fans to clayey and even peaty in remote swampy
areas. Older soils with distinct subsoil layers may be found on natural terraces, or "high
bottoms," that now stand above the rest of the valley floor but were subject to flooding at
one time (Fig. 2.8).

Colluvium, a gravity-transported deposit at the base of foothills or mountains, moved
from above to its present location. Often, as in the case of mudflows, it was in a somewhat
fluid state at the time of transport. These deposits are extremely variable in composition
but are not geographically extensive. Colluvium includes talus, which consists of chunks
of broken rock at the foot of a mountain.

Climate
Every place on earth has climate that can be described based on its many compo-

nents. The two components that most strongly influence soil formation are precipitation
and temperature.
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2.8 Representative land forms.

Each of the soil-forming factors interacts with the others, and this is evident with
climate. It strongly influences the rate at which rocks are weathered into a loose regolith.
It controls the supply of water for physical weathering and determines breakup by freez-
ing and thawing. Climatic change led to the advancement and retreat of glaciers and the
resulting glacial till.

It is the effect of climate on chemical weathering that has the greatest influence on
the weathering of rocks. Precipitation provides the water necessary for chemical weath-
ering processes and may be sufficient to carry away soluble products, thereby allowing
the reaction to continue. Without water, there can be no hydrolysis or hydration. Even
oxidation-reduction may be dependent on the quantity of dissolved oxygen. The solution of
minerals in certain rocks is dependent on rainfall unless they are adjacent to a body of water.

Temperature has a marked influence on the rate of soil formation. Perhaps the most
obvious effect is that which occurs in the temperate zone, where essentially no chemical
weathering takes place while the ground is frozen. There is a well-established rule in chem-
istry that for every 10∘C rise in temperature, the rate of chemical reactions increases by a
factor of 2–3. For example, the soils of the warmer southern part of the United States are
more highly weathered than those in the cooler northern states even where glaciers were
not a factor.

The combined influence of precipitation and temperature is probably as important as
either one of them individually. If the temperature is cool, water does not evaporate fast, so
the effectiveness of the precipitation is high. On the other hand, some warm areas receive
quite a lot of precipitation, but due to rapid evaporation, they have the properties of a much
drier climate. As an example, St. Paul, Minnesota, and San Antonio, Texas, each receive
about 28 in. of precipitation annually, but because of the cool Minnesota temperature, the
soil there is normally moist, whereas in the San Antonio area, the soil is usually dry. This
effect is also reflected in the native vegetation, which is hardwood forest in the St. Paul area
and drought-tolerant vegetation in the prairies of South Texas.

Living Organisms
The influence of all the organisms, plants, and animals (both large and small)

is the biotic factor of soil formation. Chapter 4 is devoted to soil biology, but in
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2.9 Grass leaves are normally highest in bases, broad leaves of trees are
intermediate, and conifer needles are the lowest.

this section the ways that living organisms are involved in soil development are
discussed.

In any particular climatic region, the amount of humus in the soil is a direct result
of how much and what type of plant residue has been incorporated into it. Thus, if
vegetation is sparse, the soil will be low in humus and less fertile. Grasses have a fibrous
root system that quite thoroughly invades the tiny pores of the soil so that as the roots
live, die, and decay over thousands of years, the soil becomes well supplied with humus.
Tree roots are much larger, but because they do not invade the pores of the topsoil
as completely as those of grasses, the humus content of soils under forests is usually
lower.

Most of the trees in the world’s forests can be divided into two groups: the hard-
woods with broad leaves and the softwoods (conifers) with needles. Chemical analyses
of broad leaves and needles show that needles are usually more acid because they
contain fewer base-forming elements such as calcium and magnesium. Grasses contain
even more bases than either broad leaves or needles (Fig. 2.9). Therefore, soils formed
under conifer forests tend to be the most acid and least well buffered (e.g., against acid
rain).

Grassland regions have the most fertile soil for agriculture, but most of them are
subject to extended dry periods. Pioneers tended to select the hardwood forests as places
to settle because the soils were quite good, and they needed the forest products for their
livelihood.

Topography
The lay of the land—its levelness or hilliness—is called topography. Topography

influences the formation of soil primarily in two ways: (1) Erosion carries topsoil from
the higher positions, particularly the side slopes of hills, and deposits it in the valleys.
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This results in relatively thicker, more fertile soils in the valleys. (2) Water drains from the
uplands to the valleys and if the excess is removed in a timely manner, vegetation is more
abundant there. The abundant plant life, which does not decompose as rapidly in moist
valleys as on the drier uplands, also contributes to the formation of deep, dark-colored,
fertile soils. As a result, much of the world’s population relies on crops grown in valleys
for their food.

Climatic conditions modify the effects of topography on soil development. In the
subhumid and drier climates, the soils are well drained in all positions in the landscape,
but they differ in thickness by their long history of erosion or deposition. In the humid
regions with a rolling landscape, soils may be thin and excessively drained on the hills and
thick with poor drainage in the valleys. Broad, nearly level topographic positions typically
have deeply developed soils even if they lie high above the drainageways. In the humid
regions, these areas will show the effects of excess moisture unless the parent material is
coarse textured, so it will allow rapid internal drainage. In semiarid regions, broad level
uplands typically have deep, dark colored soils formed under grassland vegetation.

Topography is a strong indicator of soil characteristics within a particular region. In
1935 an English earth scientist named Milne, working in East Africa, noticed the sequential
nature of soils from the top of one hill, down through the valley, up the next hill, and down
again repeatedly. Being a scholar in classic languages, Milne knew the Greek term for the
arc formed by a chain suspended between two posts. From this, he derived the term catena,
meaning a sequence of soils differing from each other due to their topographic position. In a
two-dimensional sense, he saw each soil as a link in the chain. A catena is a toposequence of
soils that may differ from each other in a variety of ways, such as composition and drainage.
The drainage catena relationship of a humid region illustrated in Figure 2.10 is horizontally
compressed.

Time

2.10 In a drainage catena,
the soil reflects the effects of
long-term moisture conditions.

Time is typically discussed as the last
of the five soil-forming factors. It is a con-
sideration of how long the other factors have
been influencing soil formation. The effects
of time can best be seen in equatorial regions,
where the extremes in age are well expressed.
Geologically young areas typically have an
irregular topography, and they are com-
paratively more fertile because young par-
ent materials usually contain an abundance
of weatherable minerals that slowly release
plant nutrients as they weather. Geologically
old surfaces, on the other hand, have long
since lost most of their weatherable min-
erals. Their fertility is found primarily in
the organic matter, which is subject to rapid
depletion under cultivation. Since prehistoric times, farmers in the tropics have been
attracted to rugged landscapes because of the success of growing better crops there. Similar
comparisons of soil fertility could be made between geologically young regions such as the
northern Rocky Mountains and old, highly weathered portions of the Piedmont Plateau in
the southeastern United States.

In glaciated regions, which occur in much of the northern part of the United States,
there is a relationship between the time since the last glacial advance, the irregularity of the
landscape, and the degree of soil development as evidenced by the concentration of clay


