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Preface to Volume |

Since Volume II of this treatise actually preceded Volume I, it is
desirable to recapitulate certain general aims and objectives of the
whole work.

The aim of this treatise is to say what Plant Physiology is about and
to do this in sufficient detail and with sufficient analysis of, and even
extracts from, the ever expanding literature, so that each volume will be
in large measure self-contained.

Plant physiologists will find that the treatment is sufficiently detailed
to benefit their research in their own specialized fields and that the
scope is broad enough to make reading of all portions of the work both
stimulating and profitable. This treatise is, therefore, designed for ihe
use of advanced and postgraduate students, teachers, research workers,
and investigators in other fields of knowledge who need information
about the present status of plant physiology. While such a synthesis of
current knowledge is well justified by the great advances that have been
made, especially in the last quarter of a century, its accomplishment
requires the knowledge and mature experience of many authors who
are aware of the trends in their often rapidly advancing fields of
interest. Upon these authors, therefore, rests the quality and value of
the work and to each the editor acknowledges his debt.

Although the treatise is now arranged in six volumes, each has been
planned as a distinct unit and consists of a group of related chapters
which, together, cover a major segment of the subject. Each chapter has
been written by an authority in the field and analyzes the present status
of its subject matter, giving pertinent references to the literature. The
chief emphasis is on a synthesis of current knowledge, but consideration
is also given to significant accomplishments of the past and, where pos-
sible, an insight into the problems of the future. Thus the reader may
acquire an informed outlook on each topic.

While full advantage is taken of recent advances which accrue from
the application of physical and biochemical techniques and the study of
subcellular systems, the need to see the subject of plant physiology in
terms of the morphology and organization of living plants is recognized
throughout.

The treatise is intended not solely for use as a work of reference but
is to be read by those who wish to obtain a reasoned analysis of the
status and development of each subject which is discussed. Admittedly,
and rightly, each chapter is affected by the author’s own opinions, but,
so far as possible in a work of this kind, an attempt has been made to
achieve a measure of integration between the different chapters. Indexes
make it possible for information to be traced by reference to an author’s
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 name, to the plants used, or to the subject matter in question. For this
volume the Index of Plant Names was prepared by Dr. W. J. Dress,
and the Subject Index was compiled by Dr. H. Y. Mohan Ram. For this
help the editor is grateful.

Volume I consists of two parts, A and B, each of which is complete
with its own table of contents, separate pagination, indexes, etc. The
consecutive numbering of Chapters 1 through 5, however, links these
together as a single volume within the over-all plan of the treatise.

Even though Volume II has in fact preceded Volume I, it is still
appropriate that the subject matter of Volume I should be considered
first, for it concerns problems raised by the cellular and subcellular
levels of organization within which physiological events occur, and it
also deals with mechanisms by which cells store energy only to release
it later for useful purposes.

While any of the subjects dealt with in Volume I could have been
expanded beyond the limits of the present treatment, there were special
reasons for the more extensive treatment of photosynthesis in Chapter
4 of Volume I B. The subject of photosynthesis, distinctive as it is of
plants, has advanced so rapidly in recent years that an adequate treat-
ment of all facets of the problem required a longer chapter. This plan
was adopted even though it necessitated the division of Volume I A and
I B into separate books. These parts now represent separate but closely
related works on cells and cellular respiration in one unit (I A) and
photosynthesis and chemosynthesis in the other (I B), and the hope is
that the two parts will be the more useful because of their separate
publication.

In both the treatment of cellular respiration, i.e. of energy release
and utilization, and of photosynthesis, or energy storage, the attention
is focused upon these physiological functions as they occur in cells.
Other problems are to be raised at the level of organs or organisms, and
these will be dealt with in Volume IV, along with other aspects of
organic nutrition and of intermediary metabolism: this may account for
some seeming gaps in the present treatment. A

The separate acknowledgment to all those who have heiped the au-
thors and the Editor by permitting the inclusion of their published or
unpublished material would be too great a task in a work of this kind.
It should be understood, however, that both acknowledgment and thanks
are conveyed by the ferm of citation in the text. The Editor wishes
especially to acknowledge the helpful cooperation of the personnel of
Academic Press. -
F. C. StEwarD
Cornell University
November, 1959



PLANT PHYSIOLOGY
The Plan of the Treatise

The treatise is planned in three main sections, as follows:

Section on Cell Physiology and Problems Relating
to Water and Solutes

The purpose of this section is to present the properties of cells, their
energy relations (Volume I) and behavior toward water and solutes
with the closely related problems of the movement of solutes within
the plant body and the economy of water in plants (Volume IT).

The underlying theme of Volumes I and II is the basis of plant physi-
ology in cell physiology.

Section on Nutrition and Metabolism

In this section the detailed facts and knowledge of nutrition and
metabolism are presented, first with reference to the need for, and
utilization of, inorganic nutrients (Volume III), and second wiih re-
spect to the processes of organic nutrition (Volume IV). The treatment
of organic nutrition leads to a reconsideration of photosynthesis and
respiration at the level of organs and organisms. Volume IV describes
the intermediary metabolism of carbon and nitrogenous compounds and
presents a brief comparison of plants in health and in disease.

The main theme of Volumes III and IV is the nutrition, organic and
inorganic, of plants and the biochemical steps by which these processes
are achieved.

Section on Growth and Development

The purpose of the last section is to present the problems of plant
physiology as seen through the analysis of growth and development,
mainly with reference to flowering plants. This entails (Volume V) a
reappraisal of the main events of growth and development from the
standpoint of morphology and leads to a consideration of growih of cells
and of organs. Tropisms and the role of hormones and the effects of
synthetic growth regulators are discussed. In Volume VI the attention
is focused upon the quantitative analysis of growth and development,
the physiology of reproduction, the development of fruits and seeds,
the problems of dormancy and perennation. The role of environmental
factors in the control of growth and development merits separate treat-
ment. Finally the problems of growth and development are examined

X



X Tue PrLaN oF THE TREATISE

from the standpoint of genetic control and fium the interpretation of
abniormal growth as seen in the formation of tumors. Throughout this
treatment the controlling mechanisms of growth are evaluated.

Thus the last section of the work provides a synthesis of knowledge
about plants since all their physiological processes converge upon growth
and development.

The fulfillment of these objectives is possible only through the co-
operation of many authors. The scope and treatment of individual
chapters reflects the special interests of the contributors. While each
volurne is a complete unit, with its own table of contenis and indexes,
it is also an integral part of the whole plan.

OQOutline of the Plan

Section on Cell Physiology and Problems Relating to Water and Solutes

Volume I A. Cellular Organization and Respiration
Volume I B. Photosynthesis and Chemosynthesis
Volume II. Plants in Relation to Water and Solutes

Section on Nutrition and Metabolism
Volume Iil. Imorganic Nuiriton of Plants
Volume IV. Organic Nutrition and Metabolism

Section on Growth and Development

Volume V. Analysis of Growth
Volume VI. The Physiology of Development



NOTE ON THE USE OF PLANT NAMES

The policy has been to identify by its scientific name, whenever pos-
sible, any plant mentioned by a vernacular name by the contributors to
this work. In general, this has been done on the first occasion in each
chapter when a vernacular name has been used. Particular care was
taken to ensure the correct designation of plants mentioned in tables
and figures which record actual observations. Sometimes, when refer-
ence has been made by an author to work done by others, it has not
been possible to ascertain the exact identity of the plant material origi-
nally used, because the original workers did not identify their materiai
except by generic or common name.

It should be unnecessary to state that the precise identification of
plant material used in experimental work is as important for the endur-
ing value of the work as the precise definition of any other variables in
the work. “Warm” or “cold” would not usually be considered an ac-
ceptable substitute for a precisely stated temperature, nor could a gen-
eral designation of “sugar” take the place of the precise molecular con-
figuration of the substance used; “sunflower” and “Helianthus” are no
more acceptable as plant names, considering how many diverse speaec
are covered by either designation. Plant physiologists are becoming in-
creasingly aware that different species of one genus (even different
varieties or cultivars of one species) may differ in their physiological
responses as well as in their external morphology, and that experimen-
tal plants should therefore be identified as precisely as possible if the
observations made are to be verified by others.

On the assumption that such common names as lettuce and bean are
well understood, it may appear pedantic to append the scientific names
to them—but such an assumption cannot safely be made. Workers ir
the United States who use the unmodified word “bean” almost invari-
ably are referring to some form of Phaseolus vulgaris; whereas in
Britain Vicia faba, a plant of another genus entirely, might be implied.
‘“Artichoke” is another such name that comes to mind, sometimes used
for Helianthus tuberosus (properly, the Jerusalem artichoke), though
the true artichoke is Cynare scolymus.

By the frequent interpolation of scientific names, consideration has
also been given to the difficulties that any vernacular English name
alone may present to a reader whose native tongue is not English. Even
some American and most British botanists would be led into a misinter-
pretation of the identity of “yellow poplar,” for instance, if this ver-

x
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nacular American name were not supplemented by its scientific equiv-
alent Liriodendron tulipifera, for this is not a species of Populus as
might be expected, but a member of the quite unrelated magnolia
family. ‘

When reference has been made to the work of another investigator
who, in his published papers, has used a plant name not now accepted
by the nomenclatural authorities followed in the present work, that
name ordinarily has been included in parentheses, as a synonym, im-
mediately after the accepted name. In a few instances, when it seemed
expedient to employ a plant name as it was used by an original author,
even though that name is not now recognized as the valid one, the valid
name, preceded by the sign —, has been supplied in parentheses: e.g.,
Betula verrucosa (= B. pendula). Synonyms have occasionally been
added elsewhere also, as in the case of a plant known and frequently
reported upon in the literature under more than one name: eg.,
Pseudotsuga menziesii (P. taxifolia); species of Elodea (Anacharis).

Having adopted these conventions, their implementation rested first
with each contributor to this work; but all outstanding problems of
nomenclature have been referred to Dr. W. J. Dress of the Bailey
Horiorium, Cornell University. The authorities for the nomenclature
empioyed in this work have been Bailey’s Hortus Second and Bailey’s
Manual of Cultivated Plants for cultivated plants. For bacteria Bergey’s
Manual of Determinative Bacteriology, for fungi Ainsworth and Bis-
bee’s Dictionary of the Fungi have been used as reference sources; other
names have been checked where necessary against Engler’s Syllabus
der Pflanzenfamilien. Recent taxonomic monographs and floras have
been consulted where necessary. Dr. Dress’ work in ensuring consist-
ency and accuracy in the use of plant names is deeply appreciated.

TuE Ebrror
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PREAMBLE TO CHAPTERS 4 AND 5

Chapters 4 and 5 should be considered together, for they deal with
the questions which surround the acquisition of energy by plants and
its storage in ultimately usable chemical forms. In these chapters the
emphasis is placed upcn the means by which the energy transfers are
negotiated, since the cellular organization of the system in which they
are mediated has already been described (Chapter 1, Volume IA). The
great importance of photosynthesis in the over-all economy of nature
justifies the particular attention here paid to this process as the main
portion of Volume IA of the treatise. It is now dramatically evident
that the hydrogen transfer from water, which occurs in green cells by
photolysis, plays a key role in the ultimate reduction of carbon dioxide;
whereas the recombination of hydrogen with oxygen to form water is
an equally important event in the means by which the energy is
released from the reduced and therefore energy-rich compounds.
Whereas light is the source of the energy which is built into the com-
pounds produced in photosynthesis, the necessary energy is donated by
chemical means in chemosynthetic processes. Understanding of the
energy storage in chemically usable forms in cells therefore requires
a consideration of both photosynthesis (Chapter 4) and chemosynthetic
(Chapter 5) processes.



CHAPTER FOUR

Energy Storage: Photosynthesis

Hans GAFFRON
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I. Introduction

A. PROTOSYNTHESIS—DEFINITION AND GENERAL SURVEY

Photosynthesis—or the assimilation of carbon by plants with the aid
of sunlight—is, strictly speaking, only a special chapter in the field of
plant physiclogy. Yet, more than any other metabolic process in either
plants or animals, it has aroused the interest and challenged the in-
vestigative skill of students in many branches of the natural sciences.
This is easily understood if we consider that photosynthesis is the one
reaction which maintains life in all its abundance on this planet.

With few minor exceptions, the carbon in natural organic matter
originates from the carbon dioxide present in the air or dissolved in the
oceans. It diffuses into the cells of land and water plants and, where
these cells contain the green pigment, chlorophyll, carbon dioxide is
transformed into carbohydrates, such as sucrose or starch which are
primary nuirient materials for all things living. This transformation
or synthesis occurs only in the light, and in the presence and with the
participation of water. While carbon dioxide is being absorbed, the
plants release an equivalent amount of oxygen gas. The light absorbed
by chlorophyll is within that part of electromagnetic radiation which



