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Preface

Everyone who grows plants, whether a single geranium in a flower pot or hun-
dreds of acres of corn or cotton, is aware of the importance of water for suc-
cessful growth. Water supply not only affects the yield of gardens and field
crops, but also controls the distribution of plants over the earth’s surface, rang-
ing from deserts and grasslands to rain forests, depending on the amount and
seasonal distribution of precipitation. However, few people understand fully
why water is so important for plant growth. This book attempts to explain its
importance by showing how water affects the physiological processes that con-
trol the quantity and quality of growth. It is a useful introduction for students,
teachers, and investigators in both basic and applied plant science, including
botanists, crop scientists, foresters, horticulturists, soil scientists, and even gar-
deners and farmers who desire a better understanding of how their plants grow.
An attempt has been made to present the information in terms intelligible to
readers with various backgrounds. If the treatment of some topics seems in-
adequate to specialists in certain fields, they are reminded that the book was
not written for specialists, but as an introduction to the broad field of plant
water relations. As an aid in this respect, a laboratory manual is available with
detailed instructions for some of the more complex methods (J. S. Boyer in
“Measuring the Water Status of Plants and Soils,” Academic Press, San Diego,
1995).

We begin with a brief review of the research on plant water relations from
Aristotle to the 20th century, including the development of such basic concepts
as plant water balance, the soil-plant—atmosphere continuum, and the Klebs
concept showing that both genetic potentialities and environmental factors
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xiv Preface

modify growth through their effects on physiological processes and conditions.
Some current questions, such as the role of roots as sensors of water stress and
the increasing importance of investigations at the cellular and molecular level,
are mentioned briefly in preparation for later discussion. Succeeding chapters
are devoted to the unique properties of water and to cell water relations, provid-
ing an opportunity to define some of the terminology and units used in later
chapters. Cell water relations are discussed in detail because they are basic to
later discussions of plant water relations. Soil is discussed as a reservoir for wa-
ter and a medium for root growth, root structure and growth are discussed with
respect to the absorption of water and minerals, and the transport of water to
the transpiring shoots is discussed in detail. Considerable attention is given to
transpiration and the role of stomata in controlling it because transpiration of-
ten dominates plant water relations. Finally, we discuss the effects of water defi-
cits on various physiological processes that control growth and yield of plants.

There is considerable cross referencing among chapters but there is also some
repetition of material in various chapters. This is intended to make each chapter
a fairly complete unit that can be read without excessive referral to other chap-
ters, facilitating use of the book as a reference.

The need for a book summarizing modern views on plant water relations
has been increased by the large volume of publications and the changes in view-
point that have occurred in recent years. A number of books on plant water
relations have appeared, but most of them are collections of papers on special
topics. This book attempts to present the entire field of water relations in an
organized manner, using current concepts and a consistent, simple terminology.
Empbhasis is placed on the interdependence of various processes. For example,
the rate of water absorption is closely linked to the rate of transpiration by the
sap stream in the vascular system, and it also is affected by resistance to water
flow into roots and by soil factors affecting the availability of water. The rate of
transpiration depends primarily on the energy supply, the stomatal opening,
and the leaf water supply. Proper functioning of the physiological processes in-
volved in growth requires a favorable water balance, which is controlled by
relative rates of water absorption and water loss by transpiration. These com-
plex interrelationships are discussed and described in modern terminology.

The large volume of publications in recent years makes it impossible to cite
all of the relevant literature and many good papers have been omitted. Never-
theless, the bibliography is extensive enough to serve as an introduction to the
literature in most areas of plant water relations research.

The present lively research activity is producing significant changes in expla-
nations of various phenomena, and some long held views may have to be modi-
fied or abandoned. Examples of new trends are the recent emphasis on roots
rather than leaves as primary sensors of water stress, the role of cell wall me-
tabolism versus turgor in cell expansion, questions concerning the validity of
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water potential as a measure of plant water status, and the importance of os-
motic adjustment. Even the cohesion theory of the ascent of sap is being ques-
tioned. Another new concept is the ecological importance of “hydraulic lift,” or
the supplying of water to shallow rooted plants by deeper rooted plants. Re-
search at the molecular level is providing a better understanding of the reasons
for such phenomena as differences in drought tolerance among species and cul-
tivars. It also suggests the possibility of increasing plant drought tolerance by
the genetic engineering of crop plants to minimize the effects of water stress.

Differences in opinion among various investigators are discussed, and in
some instances the authors have indicated their preference, but it is pointed
out that in many instances more research is needed before conclusions can be
reached. We hope the uncertainty about some phenomena will challenge inves-
tigators to develop better explanations. Readers are reminded that so-called sci-
entific facts often are merely the most logical explanations that can be developed
from the available information. As additional research provides more informa-
tion, it frequently becomes necessary to revise generally accepted explanations,
and some that seem logical today may become untenable later.

This book owes more to interactions with other scientists than can be easily
identified. We are indebted to our many graduate students and postdoctoral
research associates and to our colleagues for their valuable suggestions. We es-
pecially acknowledge E. L. Fiscus, M. R. Kaufmann, J. S. MacFall, and C. D.
Raper, Jr., for their useful comments on several chapters. We also acknowledge
the assistance of Peggy Conlon in Dr. Boyer’s office in typing several chapters
and in preparing the bibliography, Dr. An-Ching Tang for preparing the art-
work in several chapters, and the secretaries in the Duke University Department
of Botany office who patiently typed and revised several chapters so many times.

Paul J. Kramer
John S. Boyer



