i o R T ) | el . BEEama. o g a7

" INTRODUCTORY
SOIL SCIENGE::

A Study Guide and
Laboratory Manual

Leon J. Johnson




INTRODUCTORY
SOILSCIENCE

A Study Guide and
Laboratory Manual

-Leon J. Johnson

Department of Agronomy
The Pennsylvania State University-

Macmillan Publishing Co., Inc.
New York .

Collier Macmillan Publishers
LLondon )



Copyright © 1979, Macmillan Publishing Co., Inc.
Printed in the United States of America

All rights reserved. No part of this book may be reproduced or
transmitted in any form or by any means, electronic or me-
chanical, including photocopying, recording, or any information
storage and retrieval system, without permission in writing from
the Publisher.

Macmillan Publishing Co., Inc.

866 Third Avenue, New York, New York 10022

CollienMacmillan Canada, Ltd.
ISBN: 0-02-361120-0

Printing: 12345678 Year: 9012345



Preface

An introductory survey course by its very nature covers a broad spectrum of tgpics to
adequately acquaint students with the diversity and significance of a general subject matter
area such as soil science. It is the function of a good textbook to provide the background
information on all the necessary topics. Howevet, a major hurdle confronts the students in
attempting to sift through and grasp the significance of the plethora of information encoun-
ted within the time frame of a single three or four credit course. Is is unrealistic to expect
the student to divine what an instructor may judge to be most important to understand and
remember from textbook assignments. Goals and objectives should be explicitly stated and
used as a basis for measurement of achievement. One of the major purposes of this study
guide then is to assist stydents in charting their way through the maze of material and to
state the educational objectives in as clarion a manner as possible. Since, in many cases,
understanding an idea is not fully achieved until one can use it quantitatively, occasions for
quantitative manipulation of some of the concepts are provided. Finally, it is an aim of the
guide to offer opportunities for self-discovery or first-hand experiencing of concepts dis-
cussed verbally. This is done through a series of laboratory exercises.

To make the breadth of subject matter manageable, it is subdivided into ten units each of
which considers a limited and closely related set of concepts that are usually aligned to a
subdiscipline within soil science such as soil physics or soil microbiology. Each of the units$
is organized using a common topic sequence. In some units topics are found unnecessary
and are thus omitted. Foﬁowing is a list of the topics in the sequence found in each unit
and a description of their content and purpose:

Introduction A brief discussion of the nature of the subject matter, its relation to other
units and, if appropriate, the particular concepts that will be emphasized.

Outli_ne An organized listing of the ideas to be discussed in approximately the sequence
presented; this should assist the student in organizing and recording his notes; readings from
the assigned text may be conveniently listed in this section opposite the pertinent outline
topic.

lllustrations A compilation of visual aid material that can be used by the instructor in his
presentation; inclusion in the guide enables the student to concentrate his attention on the



lecture since it is not necessary to attempt a rapid, usually incomplete or inaccurate, repro-
duction of an illustration for later perusal and study.

Educational Objectives The specific and measurable goals or things a person should be able
to do when the unit has been completed; these are the guidelines useful in determining what
the instructor deems important; they are also very helpful in reviewing or testing ones reten-
‘tion and comprehension of the subject matter; quizzes and examinations should be de51gned
to measure the degree of achievement of these objectives.

Information Sources Relevant readings from texts or reference books; presented on two
levels, introductory and advanced; these are mainly to provide sources that may present the -
same material in a somewhat different manner or that gives a more in-depth presentation.

Key Words and Phrases Vocabulary pertinent to the subject matter that one should know
and be able to use; no definitions are included since most introductory téxts contain a glos-
sary of soil science terms.

Practice Problems Problems pertaining to the subject matter of the unit that provide prac-
tice in the quantitative manipulation of some of the concepts; examples with step by step
solutions are included to illustrate the logic involved in problem solving; an answer set to the
practice problems is given to allow self checking of one’s progress.

Study Questions Questions that offer a means of self-testing and determining if the educa-
tional objectives have been achieved; answers to these questions are not included but should
be readily found within the study guide, in lecture notes, or in text reading assignments.

Laboratory Exercises Provides a means to experience first-hand many of the concepts or
procedures encountered only in a verbal manner; questions sets concerning the laboratory
work or applications of the concepts are included in most cases.

These guidelines and self-learning aids are intended to minimize the “cost/benefit” ratio.
Cost in this context means the time devoted to study and benefit the degree of achievement
of the educational objectives. .You are fervently urged to use them to your advantage.

L. J. JOHNSON
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Unit 1

Prelude
{o
Soils

1.0 Introduction

Soil it is but dirt it is not! Whatever the name used, soil lias, whether we know it or not,
a real impact on our lives as individuals and collectively as a society. Land, with'its
resources of flora, fauna, water, minerals, and soil, is the foundation on which nations and
civilizations are based. It is abused and misused at our peril. All of our necessities and many
of the amenities of life are inextricably linked with land and soil. Husband it, care for it,-
use it wisely, so that you and the generatxons to follow may reap its benefits.

Land, with its soil, is used for many different human purposes: (1) as building sites for
homes, roads, shoppmg centers, schools, factories, (2) for forests, parks, and recreation,

(3) as the ultimate repository for most of our solid and liquid wastes, and (4) for the grow-
ing of our food and fiber. Allocation of land resources to various competing uses has been,a
topic of increasing interest in the recent past and will continue to be into the indefinite
future, on 4 local, state, and national level. Finite earth has been discovered and is enterifig
our consciousness.

Although nonagricultural land use will be recognized where appropriate, our paramount
interest in land and soil will be as an agricultural resource —a medium for plant growth. Ex-
ternal to the plant itself (the plant’s ecology) there may be defined six factors that control
its growth and development: (1) light energy, (2) heat energy, (3) air, (4) water, (5) nutrients,
and (6) mechanical support. Soil is the supplier of the last two and is involved in all except
light. Another important aspect, sometimes included as a seventh factor, is the absence of
adverse environmental conditions —insects, disease, weeds, foot traffic, air pollution, etc. .
The subsequent development of the subject matter about soil will be modulated by tife con-
cept presented above.

Land and soil are not synonomous, interchangeable terms, although they are often used _
in this manner. Land is a general term, including within its meaning, not only soil, but also
all the living organisms and water bodies within or on it, the air above, and the rocks below.
Soil is a narrower concept, which is composed of that part of the land surface that is 8 loose,
unconsolidated matenal and in which plants grow (refer to the glossary in your text for
a more specific definition). .
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1.0 Outline

1.1

1.2

1.3

1.4

Orientation

1.11 Necessary mental attitude

1.12 Scientific orientation —common element in many courses
1.13 Plants —common interest of diverse group

1.14 Brief historical review -

Course description |

1.21 Mechanical organization
1.22 Subject matter content
1.23 Subject matter organization

Soil-plant.system

1.31 Plant system; ecological factors (6 or 7)
1.32 Soil system; physical components

1.33 Soil-plant connection; root system

Definitions and boundary conditions
1.41 Land and soil; dirt

1.42 Definitions of soil

1.43 The soil and a soil

1.44 Mineral and organic soil



Plants Growth Requirements

1. Light

2. Heat

3. Air; 0, and CO,

4. Water

5. Nutrients (17)

6. Mechanical support

7. Absence of adverse conditions

Prelude to Soils/3

REQUIREMENTS FOR 150 BU/ACRE OF CORN
(GRAIN, STOVER, AND ROOTS)

Approximate .
Ibs per acre Supplied or Represented by
H,0 | 6.45:8.26x10¢ | 29-36 inches of rain
0, 10,200 “sessrecsenenceacennas
[+ 7800 C or Carbon in 6 tons of coal
28,500 CO,
N 310 675 lbs urea
P 52 1165 Ibs triple super
K 205 340 ibs KC!
Ca 58 150 Ibs gd. limestone
S 33 33 Ibs sulfur
Mg 50 515 Ibs epsom sait
Fe 3 15 Ibs iroR suifate
Mn 045 1.3 ibs manganese sulfate
8 0.10 1.0 tbs borax
Zn tr.
Cu tr.
Mo tr.

Law of the Minimum

100 - - 100
(optimal} [ ]
£ 5o +- T ] 50
E] F ]
=0 0

(absent) Light Heat CO, O, H,O N P K

growth requirements

etc...

APPROXIMATE COMPOSITION OF A SURFACE S8OIL
{by volume)

SOLIDS 50%

. inorganic 40%
Inorganic

anic organic  10%
10%
Organic
(95% by wt.) (5% by Wt.)
p P €O,/ 20%
Solution /
16-35% /
/ 80%
Permanent v Fleld
Wilting Point Capacity
fluctuates during PORES 80%
growth of plants - liquid 18-38%
gates  1838%

Adapted from CHEMISTRY OF THE SOIL, 2nd Edition

by F. E. Bear, ed. © 1964 by Litton Educational Pub-
lishing, Inc. Reprinted by permission of Van Nostrand
Reinhold Company.
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TYPICAL TOPSOIL — APPROXIMATE COMPOSITION

SOIL
SOLIDS Liguips GASES
% by Vol. 50 25 25
INORGANIC ORGANIC -
% by Vol, 40 10
% by Wt. 95 ) . . T
SAND SILT CLAY HUMUS
PRIMARY SECONDARY COLLOIDS
MINERALS MINERALS ———— s e e
QUARTZ LAYER SILICATES LIFE OF SOIL
FELDSPAR HYDROUS OXIDE
MICA T T e

COLLOIDS

TYPICAL TOPSOIL ~APPROXIMATE
COMPOSITION (2)

«
LiQuUIDS GASES
25 25
SO!L SOLUTION SOIL AIR
H,0 AND SALTS SoIL ATMOS.
-------------------- - AlR AIR
CATIONS  ANIONS [ RH ~100% ~
Ca’* HCO, N, 786 - 783
Mg*+ o) o, 20.0 21.0
Kt cr co, 05 0.03
Nat NO; Ar 09 094
HY e - ~ —
At HPOT 1.VARY WITH 1.COUNTRY AIR
H,PO; | CONDITIONS 2.TRACES OF
2.TRACES NH,, SULFUR
0.001-0.01 MOLAR 3
or OF H,,CH,, OXIDES, NITRO-
100- 1000 P H,S, NH, GEN OXIDES,
SALTS, & DUST
IN PORES AND AS
FILMS ON SURFACES

SOIL—-ROOT SYSTEM

Rye plant in 1 ft.2 soil for 4 months
length—miles surface area—ft.?

ROQTS 385 2550
ROOT HAIRS 6600 4320
M = ~ 7000 or 1.0% of
surface area in 1.0 ft.® of soil
. 12"
Soil == =~ 0,002" or
7000 0.005 cm or
T 50 um
12"
7000  furthest distance of root
l | stices surface from soil
: 12—}

MINERAL OR ORGANIC SOIL

% organic matter

0 20 40 60 80 100
1 i 1 i i i 1 i
mineral organic
0 / 50% clay

depends on clay content
in this region



1.0

Prelude to Soils[S

Educational Objectives

On completion of this unit, the student should be able to complete the following:

1.1

1.2

1.3
1.4

1.5

1.6

1.0

1.1

Write a brief paragraph on the place of soil within our socioeconomic system and its
possible role in the rise and fall of past civilizations.

Distinguish between land and soil, by enumerating the factors involved in each and
define soil from a practical (edaphological) and theoretical (pedological) point of view.

List the ecological factors determining plant growth, indicating the controlling influ-
ence and the role of soil in each.

Identify the physical phases composing a soil, indicating the amount present by
volume, and give a brief description of the materials found in each.

Describe the physical nature of the soil-root system.

Define how soils are distinguished one from another and name some properties useful
for this purpose.

Information Sources

Introductory and General

1.11 Brady, N. C. The Nature and Properites of Soils. 8th Ed. Macmillan Publishing

Co., Inc., New York. 1974. Chapters 1 and 2. pp. 19-30.

1.12 Dale, T. and V. G. Carter. Topsoil and Civilization. 2nd Ed. University of Qkla-
homa Press, Norman, Oklahoma. 1974,

1.13 Donahue, R. L, R. H. Follett, and R. W. Tullock. Qur Soils and their Manage-
ment. 4th Ed. The Interstate Printers & Publishers, Inc. Danville, Illmoxs 1976.
Chapter 3.

1.14 Donahue, R. L., R. W. Miller, and J. C. Shickluna. Soils: An Introduction to
Soils and Plant Growth. 4th Ed. Prentice-Hall, Inc., Englewood Cliffs, New
Jersey. 1977. Chapter 1.

1.15 Foth, H. D. Fundamentals of Soil Science. 6th Ed. John Wiley & Sons, Inc.,
New York. 1978. Chapters 1 and 2.

1.16 Hausenbuiller, R. L. Soil Science, principles and practices. 2nd Ed. Wm. C. -
Brown Company Publishers, Dubuque, Iowa. 1978. Chapter 1.

1.17 Hyam, E. S. Soil and Civilization. Thames and Hudson, London and New York.
1952.

1.18 Thompson, L. M. and F. R. Troeh. Soils and Soxl Fertility. 4th Ed. McGraw-Hxll
Book Company, New York. 1978. Chapter 1.

1.19 Townsend, W. N. An Introduction to the Scientific Study of the Soil. Sth Ed.
St. Martin’s Press, New York. 1973. Chapter 1.
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Soil Science

1.0 Key Words and Phrases
plant growth requirements parent material
law of the minimum topsoil
soil subsoil
land mineral soil
soil horizon organic soil
0O, A, B, C-horizons ‘soil monolith
soil profile - _ soil series
solum '
1.0 Study Questions
1.1 Historical perspective (
1.11 What is a land-oriented explanation for the development and long-term survival
of civilizations in the.Nile and Indus Vallies and the Mesopotamia area?
1.12 Why have civilizations in other areas not persisted for periods longer than 30
to 70 generations (800-2000 years)?

1.13

What has been the history of land use on the North American continent after
occupation by nonnatives?

1.2 General Orientation

1.21

1.25

1.26°

What ecological requirements must be fulfilled to sustain plant growth? Give
the source of, an example of, and/or the reason for the requirement.

Explain the meaning of the “law of the minimum”. Who originated this idea?
Briefly describe the physical situation of the root-soil system.

Define the term, soil horizon, and give examples of the main types. What is a
soil profile? ‘

Into what physical components may a soil be subdivided? What proportion by
volume do each occupy? Name the constituents found in each. How does

soil air differ from atmospheric air? , : .

How can you distinguish between topsoil and subsoil? Organic and mineral
s0il? Land and soil? Define soil. '

1.0 Laboratory Exercises

. The soil,

a generally-occurring body of unconsolidated, mineral and organic matter at

the earth’s surface, may be subdividéd into innumerable individual, distinct bodies, any
one of which may be called a soil. Recognition of a unique, individual soil body is made

possible by

eXamining and describing the,_morphologi’ca_l'rproperties of its soil profile. A

_profile is a sequence of soil horizons —layers of soil essentially parallel to the soil surface,
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that differ in properties —that are observed when a section of soil, vertical to the soil
surface, is exposed upon excavation. The kinds of horizons found, and their properties, are
thus used to define a soil. Some common physical characteristics used in describing a soil
profile are color, texture (particle size), structure (particle arrangement), and thickness of
each horizon. These individual soil bodies are called soil series and, for purposes of identi-
fication, are assigned names which usually originate from a nearby geographic locality where
the soil series was first discovered. The Gatesburg soil series, for example, is named after the
small village of Gatesburg, located in Centre County, a few miles southeast of State College,
Pennsylvania. ‘ '

The main horizon types are identified by the letters O, A, B, and C. O represents organic
layers, A the topsoil, B the subsoil, and C the parent material. Use of the term parent
implies that A and B were originally the same as C in appearance and properties but, over
time, soil-forming processes have changed the parent material into the A and B horizons. -
Solum (true soil) is used in reference to the combination of the A + B since they are the
horizons that are truly developed through soil formation.

In the exercise that follows, several examples of soil profiles are to be examined, using
soil monoliths, to observe the appearance of soil horizons, profiles, and series. '

SOIL PROFILE—MAJOR HORIZONS

HORIZON
L k.
A topsoil
——————— Solum
B subsoil
C parent

- material

Figure 1.1 Main horizon types in a soil profile

Exercise 1.11 Examination of soil monoliths.

Monoliths are thin, vertical sections of a soil profile that have been mounted on a board
by the use of plastic cement. They provide a convenient means of observing and comparing
different soil series without going into the field. It should be emphasized that a soil cannot
wholly be transported into the laboratory. A soil is a three-dimensional body, occupying
some niche in the landscape, Figure 1.2, that gives it such properties as depth, slope, and
aspect that are not transportable. A monolith is only part of a soil which just provides a
sample of all or part of the soil horizons.
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Material ;

ol
2
3

Soil monoliths
DATA SHEETS and pencil or pen
Acute powers of observation

Procedure

i
2.

Carefully examine the assigned soil monoliths.

Describe the nature of the profile by drawing in the major horizon boundaries and
recording properties of each horizon —color, texture and thickness. Use the DATA
SHEET. ‘

. In the field, the soil is liberally handled in the process of description. Unfortunately,

this is not possible with monoliths. Therefore, only observable properties can be truly
described. However, some of the field-determined properties are included on the brief
compilation accompanying each monolith and may be used in making your descrip-
tion. ' i o

. From the description provided with each monolith; find and list the series name,

parent type material, topographic position in the landscape, and geographic locality
where sampled.

A SOIL BODY

4 C-Horizon
Parent Material)

A SOIL PROFILE

Figure 1.2 Hlustration of a soil as a three-dimensional body within a landscape

From: Bulletin No. 79, Soil Survey Division, Wisconsin Geological and Natural History Survey, University of Wisconsin-
Extension, Madison, Wisconsin. Used by permission of F. D. Hole.



