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Preface

Biochemistry and Physiology of Plant Hormones is intended primarily as
a textbook or major reference for a one-term intermediate-level or ad-
vanced course dealing with hormonal regulation of growth and develop-
ment of seed plants for students majoring in biology, botany, and applied
botany fields such as agronomy, forestry, and horticulture. Additionally,
it should be useful to others who wish to become familiar with the topic in
relation to their principal student or professional interests in related
fields. It is assumed that readers will have a background in fundamental
biology, plant physiology, and biochemistry.

The dominant objective of Biochemistry and Physiology of Plant Hor-
mones is to summarize, in a reasonably balanced and comprehensive
way, the current state of our fundamental knowledge regarding the major
kinds of hormones and the phytochrome pigment system. Written pri-
marily for students rather than researchers, the book is purposely brief.
Biochemical aspects have been given priority intentionally, somcwhat at
the expense of physiological considerations. There are extensive citations
of the literature—both old and recent—but, it is hoped, not so much docu-
mentation as to make the book difficult to read. The specific choices of
publications to cite and illustrations to present were made for different
reasons, often to illustrate historical development, sometimes to illustrate
ideas that later proved invalid, occasionally to exemplify conflicting hy-
potheses, and most often to illustrate the current state of our knowledge
about hormonal phenomena. The lists of references at the ends of the
chapters, containing some references which are cited and others that are
not, are not intended as comprehensive bibliographies of the most recent,
or even exclusively the most important, publications on each subject.
Each list is intended both to document the text and provide other exam-
ples of the extensive literature on each topic.



vi Preface

An explanation should be given for inclusion of the subject matter com-
prising Chapter 1, since it is acknowledged that many readers will regard
Chapter 1 as quite elementary information with which they already are
familiar. That is fully to be expected. But for those readers whose back-
ground may be deficient, as has been found to be true of a fair percentage
of students, Chapter | will provide a reasonable overall introduction to
and perspective about growth and development of whole plants through-
out ontogeny and set the stage for consideration of hormonal regulation.

Books such as this invariably disappoint some readers, which is to say
that they cannot be—perhaps shouid not even purport to be—all things
that all readers might wish or expect. In my judgment, Biochemistry and
Physiology of Plant Hormones most likely might disappoint some readers
in each of two ways. First, the book does not contain as lengthy and inte-
grated a discussion either of the physiological roles of the different kinds
of hormones or of hormonal interactions as some readers will wish, al-
though, of course, these topics definitely are covered. To the extent that
this is true it is by design. For in my ten years of experience teaching a
graduate course in hormonal regulation of plant growth and development,
I personally have found that it is more effective to guide students from an
information base such as this book provides to a more integrated under-
standing of regulation of growth and development than to undertake the
converse approach. Another way this book might disappoint some pro-
spective users is that it lacks detailed and comprehensive coverage of
practical uses of synthetic plant growth regulators, except for synthetic
auxins and auxin-type herbicides. Such information is largely beyond the
scope of this small volume. Moreover, practical uses of plant growth reg-
ulators are covered in many specialized books in agronomy, forestry, and
horticulture.

It seems to be a good time in some ways. and not so good a time in
other ways, for a new book on the biochemistry and physiology of plant
hormones. On the negative side, so far during the decade of the 1970s
there seems to be a relative lull in the field as regards dramatic new de-
velopments—the “‘acid growth theory’’ and other important advance-
ments notwithstanding—compared, let us say. to either of the previous
two decades. In view of the relative scarcity of ““big news,’” it could be
argued that it is not a particularly good time. But, on the other hand, there
is really good and highly significant research going on, and there is a steady
output of important new knowledge. The literature—the state of the sci-
ence —probably is in the best shape ever as far as unequivocal validation
of facts and concepts is concerned. It is a time of separation of fact from
fiction and devising new approaches to old problems, as well as asking
new, important, exciting questions. For these reasons, it seems, there-
fore, timely for a new book to call attention to this healthy state of the
science. In any case, it is an excellent time to be a student at any level of
the fascinating subject discussed in Biochemistry and Physiology of Plant
Hormones.
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Chapter 1

Introduction

Fundamental Terms and Concepts

The term ‘‘development,’ as it applies to whole seed plants arising by
sexual reproduction, denotes the gradual and progressive changes in size,
structure, and function which collectively comprise the transformation of
a zygote into a mature, reproductive plant. It is also a correct and com-
mon practice to speak of the development of particular organs from ini-
tials or primordia, and to refer to development of a whole plant from any
single cell. Whatever the specific case, development is a gradual process
that takes time to be fully realized, generally is accompanied by increases
in size and weight, involves the appearance of new structures and func-
tions and the loss of former ones, is characterized by temporal and spatial
discontinuities and changes in rate, and eventually slows down or ceases
when mature dimensions are reached.

Unfortunately, but perhaps not surprisingly, there is no rigorously
standardized terminology applied to the phenomena of plant growth and
development. Some physiologists, the author included, consider that
there are three interrelated processes that together comprise develop-
ment, namely, ‘‘growth, cellular differentiation,”” and ‘‘morphogen-
esis.” “*Growth’" is defined as an irreversible increase in size which is
commonly, but not necessarily (e.g., the growth of an etiolated seedling),
accompanied by an increase in dry weight and in the amount of proto-
plasm. Alternatively, it may be viewed as an increase in volume or in
length of a plant or plant part. In any case, it must be emphasized that
growth can occur only by an increase in volume of the individual cells.
Some authors consider cell division as a separate process which accom-
panies growth in meristems, but a more generally held view is that growth
includes cell division as well as cell enlargement.

LRI



1: Introduction

““Cellular differentiation’” is the transformation of apparently geneti-
cally identical cells of common derivation from a zygote or other single
cell into diversified cells with various biochemical, physiological, and
structural specializations. It is the sum of the processes by which specific
metabolic competences are acquired or lost and distinguish daughter cells
from each other or from the progenitor cell.

‘‘Morphogenesis’” is the integration and coordination of growth and
differentiative events occurring at the cellular level and is the process
which accounts for the origin of morphological characters and gross form.

Other authors have used the terminology somewhat differently. For
example, E. W. Sinnott (1960} in a book entitled Plant Morphogenesis
wrote, ‘*The process of organic development, in which are posed the chief
problems for the science of morphogenesis, occurs in the great majority of
cases as an accompaniment of the process of growth. The association
between these two activities (growth and development) is not an invari-
able one, for there are a few organisms in which growth is completed
before development and differentiation are finished, but far more com-
monly the form and structure of a living thing change while it grows.™
One example of an exception is the development of the female gameto-
phyte from an 8-nucleate stage in embryo sac development in angio-
sperms.

Some have employed the term *'‘morphogenesis’” in a strictly descrip-
tive sense, essentially as synonymous with classical developmental mor-
phology. More generally and properly, however, it includes, besides
descriptive facts as to the origin of form, a study of the results
of experimentally controlled development and an analysis of the effects of
factors, external and internal, that determine how the development of
form proceeds. In other words, it attempts to get at the underlying forma-
tiveness in the development of organisms and especially to reach an
understanding of the basic fact of which form is the most obvious manifes-
tation, namely, biological organization itself. According to morphoge-
neticists like Sinnott, **The organism may thus be said to make the cells
rather than the cells to make the organism.”

F. B. Salisbury and Cleon Ross (1978) used the term ‘‘development™
(or “*morphogenesis’") as an inclusive term and regard the phenomenon as
consisting of two primary functions: growth and differentiation. They
consider growth primarily as an increase in size, and differentiation as the
process by which cells become specialized. P. F. Wareing and 1. D. J.
Phillips (1970) likewise adopted the view that development should be ap-
plied in its broadest sense to the whole series of changes which an orga-
nism goes through during its life cycle, while noting that it may also be
applied to individual organs, to tissues, or even to cells. According to
these authors, ‘‘plant development’™ involves both “‘growth’ and *‘dif-
ferentiation.”” **Growth " is used to denote quantitative changes occurring
during development and is defined as an irreversible change in the size of
a cell, organ, or whole plant. * Differentiation’” is applied to qualitative
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changes. Thus, in their view growth and differentiation are the two major
developmental processes. They reserve the term ‘‘morphogenesis’’ as
one used by experimental morphologists (morphogeneticists) to denote
origin of form. F. C. Steward (1968) employed a quite inclusive connota-
tion of growth. Essentially he used the term *‘growth’’ in a very general
way to include what others consider more explicitly to be growth, dif-
ferentiation, and morphogenesis.

With the variable usage of terminology, as has been illustrated, per-
haps it is understandable why the coupled terms *‘growth and develop-
ment’" are used so prevalently. This couplet connotes the kind of concept
that James Bonner and A. W. Galston (1952) had when they wrote, *‘The
changing shape, form, degree of differentiation, and state of complexity of
the organism constitute the process of development.”” They viewed
“growth’ as a quantitative matter concerned with the increasing amount
of the organism. On the other hand, *development,”’ in their view, refers
to changes in the nature of the growth made by the organism.

Many biologists have emphasized the biological importance of organi-
zation and emphasize that the characteristics of life itself are characteris-
tics of a system arising from, and associated with, the organization of ma-
terials and processes. It is of utmost importance to keep in mind the fact
that there are unique emergent qualities associated with each successively
higher level of biological organization—from molecular and subcellular to
the levels of cells, tissues, organs, whole organisms, and beyond. In no
instance is the cliché that the whole is more than the sum of its parts more
vividly exemplified than when we observe the complicated changes which
a seed plant manifests during the repeating cycle of development. We can
arbitrarily conceive of this cycle as starting with the germination of a seed
and continuing with the passage of a juvenile phase of growth and the
graduation into maturity. With maturity the organism is capable of shift-
ing from vegetative to reproductive development, with the development
of flowers, the development of fruits, and the production again of a new
generation of seed. Ultimately, the development of the individual plant
ends with senescence and death. This book is concerned with the pro-
cesses involved in and the mechanisms which control the growth and de-
velopment of seed plants.

Patterns and Kinetics of Growth in Cells,
Tissues, Organs, and Whole Plants

The curve which typically describes the changing size of a growing orga-
nism, organ, tissue, cell population, or individual cell is sigmoid in shape
(Fig. 1-1a). The sigmoid growth curve can, for convenience, be consid-
ered in three parts. First, there is an accelerating phase in which growth
starts slowly and gathers momentum. During this period of constantly ac-
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Figure 1-1. Generalized growth
curves. a, Size-versus-time sig-
moid growth curve; b, logarith-
mic growth curve; and ¢, growth
rate curve. (Based on data for
corn, Zea mays, in Whaley,
1961.)
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celerating growth rate, increase in size is exponential. When a plant is
growing exponentially, it is said to be in the logarithmic phase of its
growth. Second, there is either a point of inflection or a phase, more or
less protracted, in which the course of growth is approximately linear
with time. That is, equal increments of growth tend to occur in equal in-
tervals of time. This is often termed the linear phase of growth. In some
cases, however, there is no linear phase but merely a point of inflection in
the curve, when the first rising rate of growth gives way to a decreasing
rate of growth. Third, there is a phase of declining growth rate until, in
fact, growth subsides and the organism may maintain only the size it has
already achieved. In annual plants this is followed by senescence and
death. In the case of woody perennials, each period of shoot growth is
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approximately sigmoidal and is followed by dormancy. Shoots of bien-
nials, of course, exhibit two seasons of sigmoidal growth. Instead of plot-
ting merely size versus time (Fig. 1-1a), it is often useful to plot the log, of
size versus time (Fig. 1-1b) or growth rate versus time (Fig. 1-1c) when
analyzing growth. Examples of various specific growth curves and a brief
discussion of each follow.

Even the growth of single cells has been demonstrated to be sigmoidal
(Fig. 1-2). Organs such as leaves follow a sigmoidal pattern also on the
basis of several parameters, including fresh weight, area of lamina, length
of lamina, and cell number (Fig. 1-3).

Many fruits exhibit common sigmoid growth curves—e.g., apple (Fig.
1-4), pineapple, strawberry, pea, tomato, etc. However, fruits of many
species exhibit more complicated growth curves, which are essentially
double sigmoid growth curves. This type of curve is common to probably
all the stone fruits such as cherry (Fig. 1-5), apricot, plum, and peach.
Such curves are also typical of some nonstone fruits such as fig, grape,
and currant. However, neither type of growth curve seems to be distinc-
tive for a particular morphological type of fruit, because there are berries,
pomes, and simple and accessory fruits which manifest each.

The double sigmoid growth curve can be explained on the basis of
asynchrony of growth of the different parts of the fruit. Two general types
of growth centers occur in fleshy fruits, the pericarp and ovule(s). The
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Figure 1-3. Growth curves for leaves of sunflower (Helianthus annuus). FW.

fresh weight: A. leaf lamina area: L, length: CN, number of cells. (Redrawn, with
permission, from Sunderland, 1960.)

growth of the pericarp commonly accounts for the initial enlargement.
Growth in later stages generally is associated with seed development.

There is wide variation in the extent to which celi division participates
in the growth of fruits, ranging from cases in which cell division (except in
the developing seeds) has been completed at the time of pollination
(Ribes, Rubus), to cases in which there is a brief period of cell division
just following pollination (tomato, Citrus, cucurbits, apple, Prunus), or
rather extended periods of cell division (strawberry).

The curve describing the kinetics of growth of whole plants also is typi-
cally sigmoidal. Herbaceous annual plants, such as garden pea (Pisum sa-
tivum L.), exhibit a single sigmoid growth curve throughout ontogeny
from germination to senescence and death (Fig. 1-6). Size versus time
plots of the shoot growth of woody perennials are sigmoidal throughout
ontogeny (Fig. 1-7), although there is a gradual progression toward the
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