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PREFACE TO THE SECOND EDITION

In the second edition of this textbook the authors have maintained the
viewpoint and the aims of the first edition: a textbook, introductory in
level, that will serve primarily for classroom use, and only secondarily
as a reference text. They have been mindful of the request that the new
edition present greater amounts of detailed description and that it cover
aspects of the field not treated in the first edition—that it include, for
example, “full details of meristem development” and a discussion of the
structure of chimeras and their significance. The inclusion of such addi-
tions is obviously impossible in a book of this type and size.

Since the preparation of the first edition, there has been marked prog-
ress in our knowledge of certain fields of plant anatomy, especially cell-
wall origin, development, and structure; meristems; phloem; leaf develop-
ment; abscission; flower and fruit structure. The authors have incorpo-
rated into the new edition as much from this material as in their opinion
properly belongs in this book. These additions have increased the length
of most of the chapters, and in an effort to keep the book at
approximately its original size, Chap. XV—A Sketch of the History of
Plant Anatomy—has been omitted because, although of general interest,
it is not essential to the student in gaining a working knowledge of
plant anatomy.

A few changes have been made in the terminology used in the first
edition. Some changes have been made because the structure of certain
cells and tissues, such as the phloem, is more fully understood today than
in 1925; other changes have been made so that the terminology of the
textbook conforms with a glossary of terms used in describing wood,
adopted by the International Association of Wood Anatomists.

The authors wish to acknowledge the help of Dr. Antoinette M.
Wilkinson and Dr. H. W. Blaser, who were especially helpful in the
preparation and reading of the manuscript. They are also greatly in-
debted to Mrs. Rita B. Eames for her assistance with the preparation and
improvement of the illustrations and her supervision of the manuscript.
The authors also wish to thank W. R. Fisher for his interest and coopera-
tion in making many of the photographs in this book.

ArTHUR J. EAMES
LavreEnce H. MAcDANIELS
ItHACA, N.Y,,
July, 1947.



PREFACE TO THE FIRST EDITION

In presenting this book the authors hope to fill a need for a textbook
in plant anatomy of a type at present not available—a need which they,
as teachers in this field, have keenly felt. Not only, however, in their
opinion, is there need for a book for class study and guidance, but also
for one which shall serve as a reference text for workers in fields of applied
botany, and for teachers and students in other fields of pure botany.
A double purpose, therefore, has been kept in mind in the preparation of
the book. In the treatment of the subject matter, however, emphasis
has been placed on adaptability to classroom use from the standpoint
of the student beginning anatomical study. Thus, the book is, first of
all, a textbook in the elements of plant anatomy—an introduction to the
field. It presupposes an acquaintance only with the fundamental struc-
ture and activities of plants—an acquaintance such as is ordinarily
obtained from a first course in botany.

Though the book is thus introductory in nature, it is believed to
embody a fairly comprehensive treatment of the fundamental facts and
aspects of anatomy—to be, in fact, so inclusive as to provide a working
basis for independent study. Yet it does not lay claim to the exposition,
in detail, of the known facts and the theories concerning any structural
features. So great is the number of recorded facts, and so confused is
the terminology of anatomy, that a treatise approaching completeness
in the presentation thereof would not be usable as a textbook. Further,
the anatomy of vascular plants, especially that of the angiosperms is,
in detail and in some broader features, still largely unknown. It is thus
obviously impossible to present data covering the facts and structural
features which will be met by the student in later work. It is, further,
the firm opinion of the authors that the student of anatomy should not
learn facts primarily, but should be taught self-reliance in the study of
plant structure through training in power of observation and interpreta-
tion. Therefore, the book is not a compendium of facts.

Training which results in independence in the study of anatomy is,
of course, secured only by laboratory practice. On such practice the
authors believe emphasis must be placed, and not on lectures, text study,
nor, in the beginning, on reading. For laboratory teaching the present
book should provide a background of facts, terms, history, ete.; it may,
indeed, be used, in part, as a laboratory guide. The sequence of sub-
jects adopted is that which in the experience of the authors has been
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X PREFACE TO THE FIRST EDITION

found most satisfactory in laboratory work. Such material as is specif-
ically mentioned, or is used for illustration, suggests only in a general
way the range and the amount of material that may be used in a first
course in plant anatomy. It is not necessary, nor is it even desirable,
that the same plants be used in the classroom. Any available material
may be used, and, by comparison with the descriptions and illustrations of
the text, the teaching can be made more effective. The authors in their
own classes use considerable material, sufficient to cover so far as possible
the range and type of variation in each structure. An acquaintance with
variation is thus acquired by the student, and a power of interpretation
is given by practice with many examples, so that he is enabled thereafter
to interpret wholly new material.

As a reference book, the synoptical treatment of the more important
facts, usage of terms, present status of opinion, etc. should render the
book generally useful. More detailed information may be obtained, of
course, from the larger reference works, though often it is only to be
found in papers and articles of limited scope. A certain small amount of
material embodied in the book represents the result of unpublished
research and observation on the part of the authors, or represents their
personal opinions.

Except for an occasional mention of lower forms, the structure of
vascular plants only is considered, since the histological structure of the
thallophytes is usually not complex. Where it is, the method of study
and the terms applied to cells and tissues in higher plants may generally
be used. In the selection of forms for illustration there have been
chosen, so far as available material has permitted, well-known or eco-
nomically important plants.

The viewpoint of the treatment is fundamentally that of deseriptive
morphology, that is, of existent form and structure. Physiological anat-
omy regards form but little; yet an understanding of form and of struc-
tural relationship must precede all valuable anatomical study. The
physiological aspects and the practical bearing of the subject matter are
discussed briefly, and incidentally to the general treatment. Compara-
tive morphology is made use of whenever an understanding of phyloge-
netic development helps to make structural complexity clear. A textbook
written on the basis of descriptive morphology the authors believe
to be most generally useful. For students going beyond the introductory
steps in anatomy, however—either into the various fields of applied
subjects, such as pathology and horticulture, or into any field of the pure
science—a complete understanding of morphological modification and
variation can be obtained only through the consideration of the phy-
logenetic history of the structure in question.
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The book does not pretend to present the historical development of
our knowledge of the field, or of any phase or part thereof; nor are the
contributions of prominent students brought out as the work of individ-
uals. The present status of knowledge and opinion is made the first
aspect of treatment; secondarily, other viewpoints are considered. Chap-
ter XV, however, outlines the history of the subject, and deals briefly
with the contributions of some of the earlier prominent students of
anatomy. This historical sketch is placed at the end of the book, since
the beginning student may best make use of it only when he has acquired
an understanding of the subject matter.

Owing to the state of confusion which exists in the terminology of
anatomy, it has in many cases been necessary to evaluate the different
uses of terms. For use in the book, those terms have been accepted
which seem best on a basis first of morphological usefulness and secondly,
of priority; in a few instances the history and the use of a term are briefly
discussed.

Since the book is primarily an elementary text and not a text for
research reference nor for the use of advanced students, the bibliography
has been kept at a minimum. After each chapter there are listed a few
of the more recent and more important books and articles—and some-
times those valuable for their own bibliographies—dealing with the sub-
jects discussed in that chapter. By reference to these, students may
obtain longer lists. Such a method of citation naturally often excludes
the older, “classic’’ treatments. To the first chapter is appended a list
of texts which are generally useful for some or for many phases of the
subject. Reference to these texts is not repeated after the various chap-
ters, except where the book in question deals particularly with the subject
matter of a chapter.

The common names of plants have for the most part been omitted
from the text. They may be sought in the index, as such, and also under
the generic names with which they are associated.

In present-day botany, the terms ‘“‘anatomy’ and ‘‘histology’ are
often loosely used. To many botanists the study of the internal struc-
ture of plants is unfortunately known as histology. This is doubtless
due in part to the fact that histology deals with the structure of cells and
tissues—internal structure meaning this and little more—and in part to
the fact that the grosser internal structures, such as steles and traces, have
been consistently neglected in courses in ‘“‘histology.” The study of
these features of grosser internal structure, and sometimes of those of
external make-up also, have been looked upon as ‘“anatomy.” Anatomy,
however, deals with the structure of organisms, structure both gross and
minute, external and internal. Histology, which deals with the minute
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structure of organisms, is, therefore, a part of the broader field of anatomy.
An understanding of the structure of a plant obviously cannot be obtained
from the study of minute features alone. Thus, a treatment such as is
here presented is anatomical rather than histological, and the book is,
therefore, a text in Plant Anatomy.

In so far as the treatment in its histological aspects deals with the
structure of cells—especially wherever the protoplast is concerned—it
enters the field of cytology; and cytology in recent years has become an
independent division of biological science. Cytological aspects of ana-
tomy, therefore, need not be considered, and have been omitted from the
discussion except in so far as they are essential to histological study.
An arbitrary limit has necessarily been set to the description of the cell.
The protoplast is very briefly discussed, except for the paragraphs on
plasmodesma, plastids, and cell inclusions; nuclear division is omitted
since it is ordinarily taught in first courses in botany, and again in greater
detail in cytology. The wall, however, which, aside from aspects of
origin and early development, is usually considered by cytologists as a
histological feature, is more fully treated.

The illustrations have in large part been made directly from the ma-
terial itself. The explanation of the figures is placed chiefly in the leg-
ends. With a few exceptions, the drawings are the work of the authors
themselves and of Mrs. Rita Ballard Eames to whom the authors are
greatly indebted for invaluable assistance and suggestions. The helpful
criticism of their colleagues the authors also desire to acknowledge.

ArtaHUR J. EAMES
Lavrence H. MAcDANIELS
Itaaca, N.Y.,
July, 1925.
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CHAPTER I
GENERAL STRUCTURE OF THE PLANT BODY—AN OUTLINE

Among vascular plants there is very great diversity in size, form, and
structure; yet, underlying the variations in form and the complexities
in structure in the plant body, there is a simple, uniform, structural
plan. The body consists fundamentally of a cylindrical axis which bears
lateral appendages. The more or less free branching of the axis and the
variety and complexity of the appendages, however, often conceal this
simplicity of plan.

Fundamental Parts of the Plant Body.—The axis, though a continu-
ous structure, consists of two parts, different structurally and physiologi-
cally, and clearly morphologically distinct: that portion which is normally
aerial is known as the stem, and that portion which is subterranean is
called the root (Fig. 1). The appendages are of three ranks. Those
into which pass strands of vascular tissue may be said to be of the first
rank, and are known as leaves. Appendages of this type are characteris-
tic of the stem and do not occur on the root. They are arranged in a
definite manner, and bear an intimate structural relation to the skeleton
of the axis. The leaf may be looked upon from the standpoint of the
present treatment as a lateral expansion of the stem, continuous with it,
in the formation of which all fundamental parts of the stem are con-
cerned. In the appendages of the second rank only the outermost layers
of the stem, the cortex and the epidermis, are usually present. These
are known as emergences; the prickles of the rose are a familiar example.
In appendages of the third rank, projections of the outermost layer of
cells only are present; these form hairs. Emergences and hairs occur on
both axis and leaves, usually without definite arrangement.

The Axis.—The axis itself consists of a central core with a surround-
ing, ensheathing layer. This core serves chiefly the important functions
of conduction and support; it contains the vascular tissue and the larger
part of all the supporting and conducting cells of the mature axis.
Because of its shape and its position in the axis, this central unit mass is
known as the ceniral cylinder, or stele (Fig. 2). The surrounding layer,
which serves for protection, support, storage, and for other purposes, is
the cortex; the outermost layer of cells is the epidermas.

The Stele.—Primarily, the stele is composed of vascular tissue of

two types: that which conducts water and other substances absorbed
1



2 AN INTRODUCTION TO PLANT ANATOMY

from the soil, the xylem; and that which carries the food (and possibly
mineral nutrients), the phloem. Xylem and phloem nearly always occur
together, usually side by side radially, the phloem outermost (Fig. 2).
These tissues together may form a solid rod, a hollow cylinder, a sheath

73
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F1G. 1.—Diagram of plant body, showing fundamental parts.

of more or less symmetrically placed strands (Fig. 66), or a group of
scattered strands (each consisting of xylem and phloem). Where the
arrangement of the vascular tissues is such that they enclose tissue of a
different type, usually soft and loose, a central portion, the pith, is set
off. Outside the external conducting cells and forming the outermost
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part of the stele are a few layers of nonconducting cells, the pericycle.
The pericycle is usually limited externally by a definite uniseriate sheet of
cells of peculiar structure, the endodermis. The vascular core is thus
ensheathed by the pericycle in a way similar to that in which the stele is
enveloped by the cortex.

- epiderns
-f--cortex
-A-~endoderrmis
--- pericycle

--primar
ph/oerﬁy

. seconolary
phloem

-- cambrum

-- secordary
xylem

i

- pith

F1e. 2—Diagram showing structure of axis. A, transverse section; B, longitudinal section.

Primary and Secondary Growth.—An axis complete in all the
structural features above mentioned and with complete appendages is
built up by growth at the growing points, situated at the tips of the axis.
This first-formed body is known as the primary body, since it is built
up by first, or primary, growth. Its tissues are, for the same reason,
known as primary tissues; for example, the first-formed xylem is called
primary xylem. In many vascular plants the primary body is reinforced
by a different sort of growth, which because it begins later and adds to
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the original primary tissues is called secondary growth. The tissues thus
formed are termed secondary tissues. Secondary growth does not usually
form new types of cells, but merely increases the bulk of the plant, espe-
cially of the vascular tissues, providing new conducting cells and addi-
tional support and protection. It does not fundamentally change the
structure of the primary body. Primary growth increases the length of
the axis, laying down its branching system and adding its appendages;
that is, it builds up the new, or young, parts of the plant body. After
the parts thus formed have attained
full size, additional increase in diam-
eter is secured only by secondary
growth.

The secondary vascular tissues are
formed by a specialized growing layer,
the cambium, which arises between the
primary xylem and the primary
phloem, and lays down new xylem
and phloem adjacent to these. The
secondary masses of xylem and
phloem lie, therefore, entirely within
the central eylinder and between the
radiat L)1 7 primary phloem and primary xylem.

S HIG il The newly formed xylem cloaks and
ultimately completely surrounds the

Fia. 3.—Diagrammatic sketch of a primary Xylem and  the pith’ not
cylinder of wood, to show transverse, changing the primary structure with-
radial, and tangential planes of section. in, but burying it intact. The pri-
mary phloem and all other tissues outside the cambium are forced
outward by secondary growth and may be ultimately more or less dis-
torted or destroyed. The primary growth of a given region is completed
in a relatively brief period, whereas secondary growth continues for a
longer time, and in perennial axes may persist indefinitely.

Constitution of the Plant Body.—The root, stem, and leaves of a plant
constitute its organs. These perform distinct, general functions for
which they are adapted by the kinds, proportion, and arrangement of the
tissues of which they are composed. The tissues have more restricted
functions, which are determined by the kinds of cells that constitute them.
The plant body thus consists of cells that, aggregated, form tissues; these
grouped together, form organs.

Methods of Studying the Anatomy of the Plant.—The principal
methods of studying the minute structure of the plant body are by means
of thin sections of plant material and macerations in which the individual

frahsverse

fangential
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cells are freed from one another. Moreover, for adequate comprehension
of the complex structure of most parts of the plant, study of sections cut
in more than one plane is necessary. For the axis—a cylindrical struc-
ture—three planes, each at right angles to the other two, are most useful.
One plane is transverse to the long axis; the others are parallel with the
long axis, that is, longitudinal. Of the two longitudinal planes, that
dividing the cylinder radially is the radial plane, and that at right angles
to the radial plane is the tangential plane (Fig. 3). Sections cut in
these planes are known as {ransverse (or cross), radial, and tangential sec-
tions respectively.
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