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Prefdce

Fundamentals of Soil Science was written primarily as a college text-
book for use in the introductory or general course in soils. Also, it
may be studied profitably by soil conservation technicians, agricultural

‘agents, farmers, or anyone seeking a knowledge of the soil and of the
principles underlying successful soil management. ' :

The purpose of the book is fourfold: first; to give the reader the
opportunity of becoming familiar with soils as natural units or entities
and with their inherent characteristics; second, to develop in the student
an understanding of the significance of fundamental soil “properties;
third, to set forth basic relationships between soils and plants; and last,
to give the reader an understanding of the principles involved in the
practical use and conservation of the soil.
~ General principles of soil Science are emphasized and explained in
simple terms, technical discussions, particularly of debatable points, be-
ing omitted. Special attention is given to progress which has been made
in fundamental principles since the publication of the second" edition
_ of this book. The material dealing with the influence of the soil-ferm-
ing factors on soil genesis has been consolidated and expanded. Other
additions include material on the texture profile, the role of clay in or-
ganic matter accumulation, liquid fertilizers, and the relationship of
pH to percentage of base saturation. Proven soil-management prac-
tices are referred to, but the details of practices have been omitted’to a.

‘large extent. AT

It has been necessary to go somewhat into the fields .of chemistry;
botany, geology, physics, microbiology, crop production, and agricul-
tural engineering because soil science is closely related to them.

Chapter sequence in the book provides a logical treatment of the
subject. The arrangement of the material in the chapters is designed
to assist the student in an effective study of the subject matter pre-
sented. For example, the “objectives” call attention to the main sub-

-
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vi PREFACE

divisions of the material under discussion, and the “questions” bring
out the pertinent pcfmts in the discussion.

We take pleasure in expressing appreciation to Dr. C. H. Spurway
(deceased), Professor J. O. Veatch, Dr. G. J. Bouyoucos, and Dr.
A. H. Mick for assistance in the preparation of the original edition of
this book. _ In the first revision of the text valuable help was received
from Professor W. T. McGeorge, University of Arizona; Dr. C. E.
Kellogg, then with the Bureau of Plant Industry, Soils, and Agricultural
Engineering; ‘Dr. R. D. Hockensmith, Soil Conservation Service; and
Dr. E. P. Whiteside, Dr. R. L. Cook, Dr. J. Q. Lynd, and other mem-
bers of the Soil Science Department of Michigan State University. We
also take pleasure in expressing appreciation for the valuable help re-
- ceived in preparing the second revision from Professor L. J. Braamse,
Dr. L. S. Robertson, Professor 1. F. Schneider, Dr. E. P. Whiteside,
Dr. A. R. Wolcott, and other members of the Soil Science Department
of Michigan State University. . i ‘
C. E. MiLLAR (Deceased)

L. M. Turk

H. D. FotH
East Lansing, Michigan
January 1, 1958
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Materials
for

Soil
Development

CHAPTER 1

e L L EE LS

Soils are developed; they are not merely an accumulation of debris
resulting from decay of rock and organic materials. Soil formation is,
accordingly, a constructive as well as a destructive process. Destructive
forces predominate in the breaking down chemically and physié:.ally of
minerals and plant and animal structures, with the resultant partial loss
of the more soluble and volatile products. Particles of the original
materials in various stages of decomposition also remain, together with
newly developed compounds. The constructive forces develop new
chemical compounds, both ‘mineral and organic, and provide a new dis-
tribution or association of the materials so that the resultant soil has a
characteristic structural and textural as well as chemical composition
which influences plant growth. In other words, a soil is an entity—an

object in nature which has characteristics that distinguish it from all

other objects in nature.

Soils are developed from two classes of materials: (1) partiaily de-
composed plant substance (organic material); and (2) rocks and min-
erals (mineral material). To a limited extent soils develop in a mix-
ture, containing considerable quantities of both organic and mineral
matter. In discussing the parent materials from which soils are devel-
oped it is helpful to consider the following objectives.

- > Objectives -
A. Kinds and composition of mineral parent material.
B. Characteristics of minerals from which soils are derived.
; 1

AN



2 : ; FUNDAMENTALS OF SOIL SCIENCE
C. Igneous rocks as parent material.
D. Sediments as soil parent material.
E. Nature and source of organic parent materials.

KINDS AND COMPOSITION OF MINERAL PARENT MATERIAL -

Before the forces of soil development can be operative, it is necessary

that raw materials on which they can work be present. Let us first study,.

therefore, parent materials from which soils are made. The mineral
materials have been classified from a purely geological point of view,
their mineralogical composition, texture, structure, and age being taken
into account. Occasionally soil groups are’incorrectly designated ac-
cording to the geological classification of their parent material, and we
carelessly speak of “granite soils” or “limestone soils.” When we use
these terms what we really mean is “soils developed from granite rdcks”
.or “soils developed from limestone.” - In the consideration of mineral
" parent material, two questions suggest themselves.

P> Questions _
1. What is mean by “residual” and “transported” soils? 3
/2. Which chemical elements make up a large part of the earth’s surface?
Residual and Transported Materials

Soils have developed from the decay of hard rocks, consolidated sedi-

ments, or unconsolidated sediments exposed to soil-forming processes. ~

Soils developed from hard rocks or consolidated sediments are often
loosely termed residual soils. On the other_hand, many soils have
formed from stones, ‘sand, silt, and clay which have been moved from
their original sites and have not been consolidated after their deposition.
- Such soils are frequently called transported soils; more correctly speak-
ing, they are soils that have developed in transported, unconsolidated
material, because it is impossible for a soil to be naturally transported in
_ its entirety. The general distribution of residual and transported soil
materials in the United States is shown in Fig. 1.

Cher;'lical Composition of the Earth’s Crust : ;
The solid crust of the earth (lithosphere) is made up largely of eight

chemical elements. In fact, two eléments, oxygen and silicen, compose .

-some 75 per cent of it. On the other hand, many of the elements impor-
tant in the growth of plants and animals occur in very small quantities.
Needless to say, these elements and their compounds are not evenly dis-
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Fig. 1. A generalized physiographic map. of ‘the United States. (Drawn from a map pre-

pared by the Division of Soil Survey and presented in U.S.D.A. Bull. 96.)

Legend of Areas:, 1. Pacific Coast region. 2. Northwest intermountain region. 3. Great
Basin region. 4. Southwest arid region. 5. Rocky Mountain region. 6. Great Plains region.
7. Glacial lake and river terraces. 8. Glacial region. 9. Loessial deposits. 10. Limestone
Valleys and Uplands. 11. Appalachian Mountains and Plateaus. 12. Piedmont Plateaus.
13. River flood plains. 14. Atlantic and Gulf coastal plains. 15. Loessial deposits ‘over

glacial material.

Valley depressions

Fig. 2. A diagrammatic presentation of the mature topography of a residual-soil area.
The long, sniooth slopes and m'pdgrufe valley depressions with well-developed drainages are

i

characteristic. (Compare with Fig. 5.)
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1.85%
Iron 4.50%

Calcium 347%
Fig. 3. Composition of the solid
crust of the earth (lithosphere)
to a depth of 10 miles. Note
relatively small percentages of

Sodium 2.46%

Potassium  2.46%

Magnesium- 2.249% - several elements essential for
D plent growth. (From- F. W.
Titanium  0.46% Clarke, U.S.G.S. Bull. 695.)

Hydrogen> 0.22%
Carbon o.199§
Phosphorus 0.12%
Sulfur .0.129

Others 0.847

tributed throughout the earth’s surface. For example, in some places
phosphorus compounds are so concentrated that they are mined, whereas
in many other areas there is a deficiency of phosphorus for maximum
plant growth. The-composition of the lithosphere is shown in Fig. %

Differences in Soil Parent Materials

‘There were many variations in the original rocks from which soils were
derived. Igheous; sedimentary, and metamorphic rocks all served as
sources; and within these broad groups there are, of course, many dif-
ferences in composition, structure, and ease of decomposition. A short
discussion of igneous rocks and sedimentary materials will be given. -

CHARACTERISTICS OF MINERALS FROM WHICH
SOILS ARE DERIVED

Soils are composed very largely of fragments of rocks and minerals
and of the products of their decomposition. A student should know at
least some of the elementary facts concerning the composition and prop-

<
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ertits of minerals found most abundantly in soils.
as guides in the study of soil minerals.

> duestions

3

5

Three questions serve

1. Minerals represent what. kinds of chemical compbunds?
2. Into what groups are soil minerals divided?
3. What are the chief characteristics of the mineral groups?

Groups, Composition, ‘and Characteristics of Minerals

Combinations of oxygen with silicon and iron, and sometimes with
water also, give rise to such compounds as SiO, and Fe;03-3H,0 and
constitute one group of minerals called oxides.
Ca(OH), and Mg(OH), combine with CQ, to form another mineral
group, known as carbonates, which is very important in soil formatlon
By. far the largest number of minerals belong to the silicate group, in
which Ca, Mg, Na, K, Fe, and Al combine with the various-silicic
‘acids like orthosilicic (H4SiQ4), metasilicic (H:SiOs), and polysilieic
(H,SizO0g). At times the Al is part of the negative radical forming
» Many of these compounds and the products formed
from their decomposition take on water; that is, they become hydrated.

The name, chemical composition, and some information about occur-
rence, properties, and decomposition products of some of the most
important and widely distributed minerals and rocks are listed be-

“aluminosilicates.

low.

Oxide Group

Quartz
Hematite
Magnetite

Limonite

Other hydrated
oxides of Fe

SiOs
Feq0s
FesO4

2Fes03-3H0

2Fe 03-Ho0
Fey03:H0

Fey03:2H0

Basic compounds like

Very resistant to change; highly
insoluble; very hard.

Red; hydrates with increase in
volume to form 2Feg03-3H50.

Dark brown; magnetic; resistant to

change;

Yellow;

except

not of wide occurrence.

soft; resistant to change .

in degree of hydration;

widely distributed.

Color wvaries from yellowish red to
yellow with increase in hydration.
Are supposed to account for red and
yellow in soils. Are resistant to
change other than in degree of hy-

dration.

Are of wide occurrence.
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Carbonate Group

Calcite - CaCOg, quite pure.
Dolomite CaCO3-MgCO3
Magnesite MgCQs3, purity varies.
Siderite

as an iron ore.

.

Feldspar Group

Microcline and KAISizOg
orthoclase

Albite NaAlSizOg

Labradorite NaCaAlsSigO16

Anorthite CaAlsSinOg

Micas

Muscovite

HoKAI3Sis0;2 -
(white) :

FeCOj3, sometimes mined

FUNDAMENTALS OF SOIL SCIENCE
s

Well crystallized. Goes into solu-

- tion readily as Ca(HCOj3)s.

Important constituent of dolomitic
limestone.

.
Not of wide occurrence. -

Not an important soil mineral.
Found under pobrly drained con-
ditions. Combines with- CO2 and
HsO to form Fe(HCOj3)s, which is
soluble.

=

Orthoclase occurs in large quantities
as a constituent of granite and
gneiss.

The sodium and calcium feldspars
form a part of many crystalline
rocks like basalt, diabase, gabbro,
diorite, and many lavas. The feld-
spars decompose fairly readily in
the presence of HyO and CO». The
Ca goes to the carbonate or more
soluble bicarbonate, and the Na and
K to carbonates. Some SiOz is split
off and may remain as insoluble
SiO, or form silicic acids and solu-
ble or colloidal hydrated silicates.
Most of the Al and much Si gointo
the formation of hydrated alumino-
silicates, of which kaolinite (HoAlg-
Sis0g-Hs0) is an ex_ample.’ The
exact hydrated aluminosilicate
formed depends on the conditions
prevailing during decomposition.
Compounds of this nature are im-
portant constituents of clay and
play prominent roles in determining
the properties of soils and the reac-
tions that take place in them. Cal-
cium feldspars’ decompose « much
more easily than. do sodium and
potassium feldspars. .

Break up into fine glittering scales
which are sometimes mistaken for
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Biotite (dark): ~

Other Silicates

Amphiboles
" (hornblende)

Pyroxenes
(a}xgite)

Olivine

Leucite

Talc (soap-
stone) and
Serpentine

Sulfides

Pyrite
and
Marcasite

(H{ K)Z(Mgr Fe)?'
(Al, Fe)sSizOq2

Ca(Mg, Fe)gSquu
with NagAlsSigOi9 and
(Mg, Fe)s(Al, Fe)sSisOrs

CaMgSigOs with

(Mg, Fe)(Al, Fe)sSisOs
There is considerable
variation in the propor-
tions of the different ele-

‘ments, especially of Ca,

Mg, Al, Fe.
MgFeSiOs

KAISi3012 4

3MgO-4Si0,-Hy0

3MgO -25i05-2H,0

FeSy

7

gold when yellow. When much iron
is present in biotite, it decomposes
readily; otherwise the micas break
up physically quite easily but de-
compose chemically very slowly.
They are abundant ingredients of
many rocks.

The minerals are dark green in thin
sections but appear hlack as they
occur.  Hornblende decomposes
fairly readily because of its easy
cleavage and high content of ferrous
iron. On decomposition it produces
a rust-colored clay which is a con-
stituent of many red soils. Augite
does not cleave so easily and often
occurs as “black gravel” in soils.

Decomposes in presence of moisture
to form serpentine (HsMgsSisOg),
liberating SiO2 and FeO.

A constituent of many volcanic

.rocks but otherwise not an abun-

dant mineral. Tt.is of interest be-
cause of its high K content.

These two hydrated silicates of
magnesium are found extensively in
some regions. Both are soft, but

.serpentine in the absence of definite

structure disintegrates slowly. un-
less considerable ferrous iron is
present. Talc cleaves readily and
is very soft; so disintegration is
accelerated. .= Both give. rise tb
rather infertile soils. :

- These minerals are yelléw, often

mistaken for gold when small frag-
ments are mixed with sand or
gravel. They oxidize under suitable
conditions, forming HySO4. They

are common “constituents of rocks

in some areas.



