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“And furthermore, my son, be admonished
Of the making of many books there is no end
and much study is a weariness of the flesh.”

Ecclesiastes XII: 12

Preface

Tradition has it that wise King Solomon, using Ecclesiastes as nom de
plume, reached his sorrowful conclusion (cited above) only in old age; other-
wise, we might have been deprived of the enchanting ‘“Song of Songs™ of
his youth and of the worldly “Proverbs” of his middle age.

This book is not, in any case, in total defiance of the Wise Old Man’s
admonition, for it is not an entirely new book. Rather, it is an outgrowth
of a previous treatise, written a decade ago, entitled “Soil and Water:
Physical Principles and Processes.” Though that book was well enough
received at the time, the passage of the years has inevitably made it necessary
to either revise and update the same book, or to supplant it with a fresh
approach in the form of a new book which might incorporate still-pertinent
aspects of its predecessor without necessarily being limited to the older
book’s format or point of view.

After some deliberation, I have decided to follow the second course. In
so doing, I have also endeavored to enlarge the scope of the book so as to
encompass a number of topics that were omitted or only scantily treated in
the original book, such as the properties of clay, soil structure, soil aeration,
soil heat, soil rheology and mechanics, and solute movement. Consequently,
the present book is an attempt at a comprehensive, albeit elementary, exposi-
tion of the foundations of soil physics as a whole, rather than a restricted
treatment of soil-water relations alone. A companion volume, entitled
“Applications of Soil Physics,”” deals specifically with the field- water cycle
and associated phenomena.

In writing this book, I have attempted to answer the need for an upper-level
undergraduate textbook in soil physics for students of the agricultural as
well as of the environmental and engineering sciences. Toward this end, I

xiil



Xt Preface

have made a conscious effort to avoid unnecessary technical or mathematical
jargon and unfamiliar notation, and to explain each development explicitly
without assuming anything more than general undergraduate knowledge
of the basic concepts of calculus, physics, chemistry, and biology. This book
is thus meant to be as autonomous and self-sustaining as possible. When
necessary, however, the reader is referred to outside sources for supple-
mentary study, particularly where the topic relates to a field of science out-
side the scope of our own necessarily limited coverage. Sample problems are
presented at the end of each chapter and are worked out explicitly (in what
some might consider excruciating detail) in an effort to help students trans-
mute the vague abstractions of unfamiliar theory into actual working
knowledge.

Some students of agriculture and biology are deterred by the very sight
of mathematical equations, and tend to skip over them (as if they were merely
irrelevant clusters of meaningless symbols . . .) and to read only the narrative
text. This is a mistake. Equations should be deciphered and digested, for
they provide essential information on the quantitative relationships among
factors and variables, and they do so with precision and logic. Mathematics,
as Josiah Willard Gibbs once defined it so aptly, is a language. In fact, it is
the indispensible language of science. Ordinary language is too cumbersome
and imprecise to replace the elegance and economy of mathematics. Still,
the fear of mathematics is so pervasive that it alone can prevent highly intel-
ligent people from understanding science. We have therefore attempted in
this text to meet our friends half-way, by refraining from excessive or avoid-
able mathematical niceties and by going to some length to explain the
mathematics we could not avoid.

Some students may even feel uneasy about the amount of physics involved
in a study of soil physics. They, too, have nothing to fear. The concepts are
elementary and ought to be understood by all naturalists. These concepts
include the conservation of mass, energy, and momentum; velocity and
acceleration; force and force fields; pressure and viscosity; as well as poten-
tial and kinetic energy. They also include a few basic physicochemical and
thermodynamic concepts—all essential to the understanding not merely of
soil physics but of all natural systems. At this point the bewildered student
might be tempted to ask: Is that all? Well, that is practically all . . . .

A textbook on so vital a subject as soil physics ought by right to capture
and convey the special fascination and excitement of the soil physicist’s quest
for knowledge and understanding of his (or her) complex system, and hence
should give some pleasure in the reading. It is my hope that this book might
be read, not merely consulted, and that the reader might discover in it a few
insights as well as facts.



Preface Xv

While any book written by an individual author inevitably reflects his
particular point of view, it is in the nature of the ongoing process of scientific
exchange that one’s own ideas cannot easily be distinguished from those of
numerous others. Some of the concepts elucidated herein have had their
roots in my formal studies in various universities, mainly in my native U.S.A.
Others were conceived during the course of my rather extensive travels, which
included assignments and sojourns as observer, consultant, researcher, and
teacher in such diverse places as Japan, India, Southeast Asia, Australia,
Europe, Africa, and the Americas. An important nursery of this book is
the State of Israel, where I witnessed and took part in the development of
intensive land and water management methods which have enabled that
country, despite its arid climate, to multiply its agricultural production
severalfold within a single generation.

Being still in midcareer, I cannot yet assume the mantle of the Wise Old
Man and encapsulate my experience as an ultimate truth in the form of a
terse maxim of my own. Suffice it to say that I have already discovered the
truth of the ancient Talmudic adage: “Much haveI learned from my teachers,
and yet more from my colleagues, but most of all from my students.”
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To see a world in a grain of sand
and heaven in a wild flower
Hold Infinity in the palm of your hand
and eternity in an hour.
William Blake
Innocence and Experience
1789-1794

1 The Task of Soil Physics

The soil beneath our feet is the basic substrate of all terrestrial life. The
intricate and fertile mix composing the soil, with its special life-giving
attributes, is a most intriguing field of study. The soil serves not only as a
medium for plant growth and for microbiological activity per se but also as a
sink and recycling factory for numerous waste products which might other-
wise accumulate to poison our environment. Moreover, the soil supports our
buildings and provides material for the construction of earthen structures
such as dams and roadbeds.

The attempt to understand what constitutes the soil and how it operates
within the overall biosphere, which is the essential task of soil science,
derives both from the fundamental curiosity of man, which is his main
creative impulse, and from urgent necessity. Soil and water are, after all, the
two fundamental resources of our agriculture, as well as of our natural
environment. The increasing pressure of population has made these resources
scarce or has led to their abuse in many parts of the world. Indeed, the
necessity to manage these resources efficiently on a sustained basis is one of
the most vital tasks of our age.

That knowledge of the soil is imperative to ensure the future of civilization
has been proven repeatedly in the past, at times disastrously. In many regions
we find shocking examples of once-thriving agricultural fields reduced to
desolation by man-induced erosion or salinization resulting from injudicious
management of the soil-water system. Add to that the shortsighted depletion
of unreplenished water resources as well as the dumping of poisonous
wastes—and indeed we see a consistent pattern of mismanagement. In view
of the population—environment—food crisis facing the world, we can ill
afford to continue squandering and abusing such precious resources.



