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PREFACE TO SECOND EDITION

In the preparation of this edition several portions of the text
have been rewritten, the aims being to correct errors, and to
make the matter clearer, more applicable to other lines of work
of the student and less similar to other texts. Many of the illus-
trations have been replaced by either new or improved ones, the
aim being to either improve the illustrations or substitute for
borrowed ones.

The most extensive changes have been made in the treatment
of heredity and evolution, a chapter on variation having been
added and some changes having been made in the presentation of
heredity and evolution. In general, the subject matter, arrange-
ment, and presentation remains practically the same as in the
first edition, and copies of both editions may be used in the same
course without any inconvenience.

The title of the book has been changed due to the suggestions
of a number of persons who have used the book or wish to use it.
The title “Botany for Agricultural Students” implies a special
kind of Botany, rather than the general prineiples of botany so
presented as to apply to practical affairs. In non-technical
schools, the suggestion of the technical implied in the title
“Botany for Agricultural Students” must be explained, otherwise
the students are likely to feel that they are being taught a kind
of Botany intended only for agricultural students. The new
title “Botany, with Agricultural Applications” has been chosen
with the idea of getting a title expressing more appropriately the
nature of the book. The title “Botany for Agricultural Students”
was chosen by the author because the botany contained in the
book is what he thinks agricultural students should have. In his
opinion the chief object in the botanical instruction of agricultu-
ral students is to teach the fundamental facts of botany, but
these can be taught better if related to practical affairs and hence
the reason for choosing illustrations and presenting the subject -
matter so as to relate to practical problems. Whatever the aims

of the students may be the fundamental principles of botany are
il
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iv PREFACE

the same, the illustrations and applications serving only to assist
the student in learning and making use of the principles.

I hope the present title will make the book of more use and I
am certainly grateful for the suggestions many persons have
kindly given me.
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authors.
J. N. MARTIN.

Awmes, Iowa.
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PREFACE TO FIRST EDITION

Although students vary widely in their reasons for studying
Botany, the fundamental facts or principles of the subject are
not thereby altered. One has considerable freedom, however, in
the presentation of the subject to adapt the subject matter to
special aims of different classes of students, and especially is
this true in courses for agricultural students, since much of the
work in Agriculture is based upon the principles of Botany. In
the choice of material to illustrate principles and in the presen-
tation of the applications of principles, there is special oppor-
tunity to relate courses in Botany to courses in Agriculture.

In any elementary course in Botany, regardless of the kind of
education the student desires to obtain, the primary aim should
be to give the student a notion of the fundamental principles of
Botany. This aim should be the guiding one in both recitation
and laboratory, determining the trend of discussions in recita-
tion, and the nature of the material and procedure in the lab-
oratory. The primary aim should be accompanied by a secondary
aim to relate the subject to the student’s major line of work.
When the relation of the subject to major lines of work is obvious,
the student is more likely to appreciate the subject and is thereby
put in a favorable mood to study the subject. Even for students
who take Botany merely as a part of a general education, it in no
way detracts from the course or makes botanical training less
efficient to present the practical aspects of the subject.

This book is intended for elementary courses in Botany in
colleges and universities. In its preparation the aim has been to
present the fundamental principles of Botany with emphasis
upon the practical application of these principles. The subject
matter is presented in two parts, part I being devoted to the
study of the structures and functions chiefly of Flowering Plants,
and Part II, to the study of the kinds of plants, relationships,
Evolution, Heredity, and Plant Breeding.

In the preparation of the book, I had the following objects in
view: (1) to present the structures and functions of Flowering

Vi
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Plants and relate them to such agricultural subjects as Farm
Crops, Forestry, and Horticulture, and to the more advanced
courses in Botany; (2) to present the kinds of plants with emphasis
upon their evolutionary relationships and their economic im-
portance; and (3) to present Evolution, Heredity, and Plant
Breeding as related to the improvement of plants.

The topies are arranged in the book in the order in which I
usually present them. The presentation of the reproductive
structures and processes of Flowering Plants, followed by
that of the vegetative organs, has fitted in at Iowa State
College with the time of year at which the agricultural students
begin the study of Botany and also with the courses in
Agriculture. In other schools where conditions are different,
other arrangements of the topics are more suitable. In recogni-
tion of this fact, most of the chapters have been written so as to
be separately understandable, the aim being to make the book
adaptable to any arrangement of topics that the teacher may
prefer.

In the discussion-of a subject the presentation of the general
features precedes that of the particular features, and the latter
are presented in most cases by the study of type plants chosen on
account of their familiarity and economic importance.

The book is intended for an entire year’s work in Botany and
to be accompanied by laboratory work. Where less time is de-
voted to the subject, the organization of the chapters so as to be
separately understandable permits a selection of topics according
to the requirements of the course.

The reproductive structures and processes in Flowering Plants
(Chapters IIT and IV) are dwelt upon more than is necessary
for students who have had a good course in Botany in a high
school. A large percentage of the students in my elementary
classes have had no Botany and have difficulty in understanding
sexual reproduction in Flowering Plants. In an effort to thor-
oughly acquaint the student with this subject, I have dwelt at
considerable length upon those phases of the subject that are in
my experience difficult for the student to understand. .In case
students are familiar with this subject, parts of Chapters IIT and
IV can be omitted or read hastily in review.

Usually there are some students in the class that are especially
interested in certain topics and desire a more camplete discussion
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of the topics than the text affords. In recognition of this fact,
I have added, chiefly as footnotes, many references. Most of the
references are bulletins on the special topics, and in addition to
giving further information on the special topics, these references
introduce the student to that vast source of information contained
in the bulletins published by the U. S. Department and the ex-
periment stations of the different states.

Many of the illustrations have been taken from the publica-
tions of various authors whose names or the names of their pub-
lications appear in connection with the illustrations. To these
authors I am much indebted. Most of the original illustrations
have been made by Mrs. Edith Martin, who has also given me
valuable assistance in other ways in the preparation of the book.
Also much credit is due Mr. H. 8. Doty and Mr. L. E. Yocum,
my assistants, who have given me valuable suggestions. To
Dr. L. H. Pammel, who read some of the topies on Fungi and
offered valuable suggestions, I am also much indebted.

The book no doubt has many faults, but I hope it has some
particular value and that the criticisms which teachers offer will
make me a more efficient teacher.

J. N. MARTIN.
AwMmes, Towa
Oct. 7, 1918
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Botany, with Agricultural Applications

CHAPTER I
THE NATURE OF BOTANY

Centuries ago, even before the Christian Era, Botany was
studied. Originally Botany was the study of plants useful for
food, medicine, pasture, and fodder. In the original Greek, as
the Greek word botane, meaning grass-fodder, suggests, Botany
means the science of plants useful chiefly for food, thus empha-
sizing our dependence upon plants for food. A little more
than a century ago, Lamarck, a noted French scientist, intro-
duced the term Biology (bios=life and logos=discourse) as a
general term to include all subjects dealing with life. Botany
and Zoology are two of the principle branches of Biology. The
study of Botany now includes all kinds of plants. It includes
plants that are harmful, plants that are neither harmful nor
useful, as well as all kinds of useful plants. Botany is now
commonly defined as that biological science which deals with
plants. This definition, however, does not separate Botany
from such agricultural subjects as Horticulture, Forestry, and
Farm Crops, for they too treat of plants.

Between Botany and those agricultural subjects which study
plants, there is no sharp division line. Much of the work in
these agricultural subjects is based upon the principles of Botany.
Such features as plant structures, plant functions, and relation
of functions to sunlight, air, soil, ete., which are studied in Botany,
are features of consideration in Horticulture, Forestry, and Farm
Crops. Although Botany and these agricultural subjects study
many plant features in common, the latter subjects differ from
Botany in studying only special groups of plants, and in limiting
the study to the practical and economic phases of plants.

A plant may be studied in a number of different ways. It may
be considered in reference to structure, functions, and in relation
to other plants. Botany is divided into a number of subjects

which consider different phases of plant life.
1



2 . THE NATURE OF BOTANY

MorpHOLOGY considers the form and structure of plants. It
considers the forms of plant bodies and the organs and tissues
which compose them. Morphology studies the structure of
roots, stem, leaves, buds, and flowers, and establishes the rela-
tionships of organs. Morphology not only considers the more
complex plants but also the simpler ones, and traces the develop-
ment of plant structures through the different plant groups. The
phase of Morphology in which the development of the more
complex plants from the simpler ones is studied, is called Plant
Evolution. When Morphology is concerned with the micro-
scopical study of the finer structures of plants, then it is called
Anatomy, and if the study is mainly concerned with the structure
of the cell, then it is called Cytology. Anatomy and Cytology are
often spoken of as Histology. Another phase of Morphology is
Embryology which, as the term suggests, is the study of the
embryo, or the study of the plant during its formation in the seed.

PranT Praysioroay studies the functions of plant structures and
the relation of these functions to light, temperature, air, soil, etc.
It treats of how the plant lives, respires, feeds, grows, and re-
produces. In the study of Plant Physiology we learn how plant
food is made and transported, and how plants grow. As a basis
for the study of Plant Physiology, one must have a knowledge
of the Morphology of plants and also a knowledge of Chemistry
and Physies. ’

PranT PaTHOLOGY treats of plant diseases. In this subject one
learns the disease producing plants and how they affect the plant
diseased. In the study of Plant Pathology, in order to know how
the diseased plant is injured, one must know the nature and
function of the tissues attacked. This means that one should
know Morphology and Plant Physiology. Furthermore, in order
to know how the disease producing form attacks other plants and
propagates itself, one needs to know its Morphology and Physi-
ology.

Prant EcoLoey considers plants in relation to the conditions
under which they live. Some plants can live on a dry hill top,
while others can live only in moist, shady places. Some can live
in colder regions than others. Some plants, like many of the
weeds, can thrive when crowded among other plants, while some
like the Corn plant can not. Marshes, bogs, forests, sandbars,
ete., all have their characteristic plants. One set of plants often
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prepares the way for others. On exposed rocks only very small
plants are able to grow at first, but due to their presence soil
accumulates and larger plants are able to follow. Such problems
as the above are studied in Ecology. Ecology studies plants in
relation to the effects of soil, climate, and friendly, or hostile
animals and plants. It also studies the effect of the different
conditions upon the form and structure of plants.

PranT GEOGRAPHY is much like Ecology and treats of the dis-
tribution of the different kinds of plants over the earth’s surface.

TaxoNoMY, or SYSTEMATIC BoTANY, treats of the classification
of plants. As a result of this kind of study, plants have been
arranged in groups, such as Alga®, Bacteria, Fungi, Mosses,
Ferns, and Seed Plants. These large groups are further sub-
divided into smaller groups. Keys have been arranged by which
plants unknown to the student may be identified. Through the
study of Systematic Botany one can learn the names and some
of the characteristics of the different kinds of Grasses, weeds,
shrubs, and trees that grow on the farm or in any other region.

Economic BoTany treats of the uses of plants to man.

PALEOBOTANY is concerned with the history of plants as shown
by their preserved forms, known as fossils, which ocecur in the
different layers of rock composing the earth’s crust. Paleobotany
is studied in connection with Geology. In the study of this
subject much has been learned about the plants which lived
millions of years ago, and this knowledge is very useful in under-
standing the evolution of the plants which now exist.

Subjects treated in this Book.— To become a master in any
one of the above subjects would require years of one’s time. A
study of any of the special subjects of Botany requires a general
knowledge of the anatomy and the functions of plant struc-
tures This means that one must have a general course in
Botany before making a special study of Morphology, Plant
Physiology, or any of the special botanical subjects. One
purpose of this book is to give a general knowledge of cultivated
plants, of plants not cultivated but like the Rusts and Smuts
related to Agriculture, and of those plants which one must
know in order to understand the evolution of plants. Another
purpose is to give such a general knowledge of plant anatomy
and the functions of plant structures, that one will have the
necessary knowledge for the study of such agricultural subjects






CHAPTER II
A GENERAL VIEW OF PLANTS

Abundance and Distribution of Plants. — Plants are so abun-
dant and generally distributed that there are very few regions
that do not have plants. Plants oceur in the water and in the
soil as well as on the surface of the earth. Some plants live in
the bodies of animals. fome are able to live where the tem-
perature is intensely cold, while others can live in hot springs
where the temperature is not far from the boiling point. Even
on rocks that look quite bare, a close examination will show that
some plant forms are present. Only in exceptional places, such
as voleanic regions, some hot springs, and regions of salt deposits,
are plants generally absent.

The abundance or scarcity of plants in a given region depends
upon how well the conditions of the region meet the requirements
for plant growth. If the soil is dry, as in desert regions, the
average number of plants per area is usually quite small, while in
regions where there is sufficient moisture and sufficient mineral
substances, more than 100,000 plants may occur on an area no
larger than an average garden. However, the number of plants
which can occur on a given area, is often very different from the
number that can do well on this same area. Many more grain
plants can be grown per acre than are grown, but agriculturists
have learned that only a limited number of plants per acre can
do well. Among plants, as among animals, there is competition.
Plants must compete with each other for moisture, mineral
substances, and sunlight, and when the competition is too great,
as occurs when plants are too much crowded, some or all of the
plants suffer and fail to produce good yields. By controlling
the amount of seed sown and by properly distributing the seed,
the farmer is able to raise the greatest number of plants per acre
with the least loss from competition among the plants.

Diversity of Plant Forms. — Plants are not only the smallest,

but also the largest of living organisms. Many plants are so
5



6 A GENERAL VIEW OF PLANTS

small that they can be seen only with a microscope. Ranging
from these very small plants to the largest trees, plants of all
sizes and complexity occur about us. The different plant forms
differ very much in structure, methods of getting food, and
methods of reproduction. The plants which concern us most
are those which have flowers. They are known as the Flowering
Plants. Most of the cultivated plants and nearly all weeds
belong to this group. They are the plants which furnish nearly
all of our food and fibers and much of our lumber. Part I of
this book is devoted to the study of the Flowering Plants.

Although the Flowering Plants concern us most, it must not be
concluded that the simpler plants are.of no importance. The
simpler plants, even the microscopic forms, not only help and
hinder in the cultivation of the Flowering Plants, but affect us in
~ other ways and must receive consideration. Much of Part I
is devoted to the study of them.

Parts of a Plant.— Plants, in no less degree than animals,
have definite plans of organization. They too are organisms.
The material structure or body of plants, excepting in case of
those very simple in structure, consists of parts, called organs,
each of which is so constructed as to do a special kind of work,
called a function. In the Flowering Plants, the plant body con-
sists of roots, stem, leaves, buds, flowers, seeds, and fruit. All of
these structures are not present at all times, but unless a Flowering
Plant develops all of these organs during its life, its deévelopment
is considered incomplete. Through the special functions of its
organs, the plant is able to exist and reproduce itself. The roots
hold the plant to the soil and furnish water and salts; the stem
supports the leaves, flowers, and fruit in the air and sunlight;
the leaves make food; the buds produce new leaves and flowers;
and the flowers, seed, and fruit have to do with the production
of new plants. But each organ is also composed of parts and to
understand an organ one must understand its special groups of
cells, known as fzssues, of which the organ is composed.

Life Cycle of Flowering Plants. — A characteristic of living
organisms is their ability to use substances as food, grow, and
develop. Living organisms are also much influenced by their
surroundings. Plants are much influenced by the nature of the
soil, air, sunlight, and plants which grow about them.

To understand a plant one needs to study it in its various
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stages of development. The tiny Corn plant, called embryo or
germ, which we find in the Corn kernel, does not look much like
the plant that bears tassel and ears. From the embryo to the
flower and seed stage, many things take place. The series of
events which take place in the development of the embryo to a
mature plant constitutes the life cycle of a plant. Starting from

Fig. 1. — Life cycle as illustrated by the Corn plant. @, mature kernel;
b, germination; ¢, seedling stage; d, mature plant composed of roots, stems,
leaves, and flowers, all of which are composed of tissues having special func-
tions to perform; e, the two kinds of flowers with pollination indicated;
f, fertilization indicated by the two globular bodies, sperm and egg, on the
inside of the ovary or portion that develops into the kernel. After ferti-
lization the ovary develops into another kernel and thus the life cycle is
completed.

the seed, this series of events consists of germination, develop-
ment of seedling with its different organs and tissues, develop-
ment of root, stem bud, and leaf structures of the more mature
plant, development of flowers, pollination and fertilization, and
development of other kernels. The life cycle of any Flowering
Plant is similar to that of the Corn: Thus it is seen that the life












CHAPTER II1
FLOWERS
General Characteristics and Structure of Flowers

On account of their colors and odors, flowers very much excel
other plant organs in attracting attention. Everybody is in-
terested in flowers on account of their w®sthetic charm, if for no
other reason. The attractive colors and pleasant odors common
to flowers not only interest the scientist but also appeal to the
asthetic sense of people in general. In fact many people would
define the flower as the showy part of the plant. However
showiness is not an essential feature, for there are many flowers
which have no attractive colors or odors and yet they are just as
genuine in function as are showy flowers. Most forest and shade
trees, the Grasses, and many weeds do not have showy flowers.
The flowers of such plants as the Oaks, Elms, Maples, and Pines
lack showy parts and are so inconspicuous that most people have
not noticed them, yet these flowers are just as genuine in function
as those of a Lily or Rose.

On account of their showiness and importance in reproduction,
flowers were first to receive careful study; and in the early
history of Botany, flowers were about the only plant structures
that received much attention. At the present time there are
some people who have the erroneous notion that the study of
Botany and flowers are still almost identical despite the fact that
the study of flowers is now of no more importance than many
other phases of plant life, as is well shown by the large amount
of space devoted by our present botanical texts to the study of
roots, stems, leaves, and other phases of plants.

In size, flowers may be almost microscopical as in some of the
small floating water plants, such as the Duckweeds, or they may
be of huge dimensions as some tropical flowers which are two or
more feet across. Even in the ordinary greenhouse, some flowers
are so small that they are not conspicuous except in large clusters,

9
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while those of Carnations and Roses are conspicuous when single.
In Chrysanthemums, Daisies, and Sunflowers the individual
flowers, although small, form a cluster so compact that it is often
erroneously considered a single flower.

As to color, which is the character most closely related to
securing pollination by insects, flowers are exceedingly various.
Some, especially those that depend upon the wind for pollination,
are green like leaves. Some are white, while among others nearly
every color imaginable can be found. It is claimed that by means
of colors flowers solicit the visitation of insects, which are im-
portant agents in pollination.

The odors of flowers, usually pleasant, but sometimes repul-
sive to us, as in case of the
Carrion-flower and Skunk
Cabbage, probably serve in
attracting insects. Further-
more, pleasant odors add
to the value of plants for
ornamental purposes.

Flowers present various
forms. When well open,

Fic. 2. — Basswood flower with portions SOM€  are wheel-shaped,
removed from one side so that the interior some funnel-shaped, some
of the flower may be seen. a, calyx com- tubular, while others de-

posed of leaf-like portions or sepals; o, part from these forms with
corolla composed of leaf-like portions called various irregularities, as in

etals; s, stamens; pistil; 7, receptacle.
Il;luch’eniarged. i S the Sweet Pea, where the

flower resembles a butter-
fly in shape, or in the Orchids where parts of the flower may be
so shaped as to resemble a slipper, as the Orchid known as the
Lady’s-slipper illustrates. The shape of the flower in many cases
favors the visitation of only special insects, and, therefore, is
closely related to the problem of pollination.

To discover the essential features of a flower, it becomes
necessary to determine the function of the flower, and become
acquainted with its parts and the use of each part in relation to
the work of the flower. .

Function of the Flower.— A flower is a plant structure
organized for reproduction, being devoted to the production of
seeds which are the plant’s chief means of producing offspring.
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Functionally, the flower may be defined as the organ which has
to do with seed production. Flowers which have been so modi-
fied through cultivation that they no longer produce seed are not
true flowers. However, the true function of the flower is often
not the important feature to the plant grower. Many flowers
are cultivated entirely for their msthetic charm. In case of
fruit trees, Tomatoes, and many other plants, the structure
developing from the flower and
known as the fruit is more
important to the plant grower
than the seed. However, when
plants are grown for seed or
fruit, the amount of seed or fruit
harvested depends very much
upon the number of flowers pro-
duced. For example, the gar-
dener does not expect to gather
many Beans or Peas if the F1a. 3. — Apetalous flower of Buck—
vines produce only a few flowers. P el et

. : r,receptacle. Much enlarged. After
Likewise, good crops of Clover prarchand.
and Alfalfa seed depend upon a
good crop of flowers; and not much fruit is expected when the
flowers in the orchard are few. It is in connection with the
function of reproduction, that flowers have developed the various
colors, forms, and odors which assist in bringing about fertiliza-
tion. Fertilization is the all important process in sexual produc-
tion and the organization of flowers centers about this process.
Unless fertilization occurs flowers very rarely develop any seeds.

Despite the multitudinous forms and colors which flowers
present, there is much unity and simplicity in structure, all parts
being organized to assist in performing the function of seed
production. '

Parts of the Flower. — The parts of a flower are of two general
kinds; those which are directly concerned in the production of
seed; and those which act as protective and attractive organs.
The former are known as the essential organs, and consist of
stamens and pistils. The latter are known as floral envelopes
or perianth, and usually consist of two sets of organs, one called
calyz and the other, corolla. In Figure 2, the calyx is the lowest
whorl and consists of green leaf-like portions called sepals. The
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second whorl is the corolla and each separate portion is a petal.
The pistil occupies the central position and is surrounded by the
whorl of stamens. The end of the flower stem to which these

Fia. 4. — A flower of Tobacco. c,the F1a. 5. — Flower of Red Clover.
funnel-shaped corolla made up of united ¢, corolla; b, cup-like calyx. Much
petals; b, calyx. The sepals are also enlarged. After Hayden.
united below. Reduced. :

floral parts are attached is called torus or receptacle. The
receptacle may be flat, conical, or cup-shaped, and often forms

Fia. 6. — The two unisexual flowers of the Pumpkin with a portion of
the bell-shaped corollas torn away to show the interior of the flowers.

A, staminate flower; s, stamens fitting together, forming a column. B,
pistillate flower. Less than half natural size.

an important part of the fruit. The corolla is usually bright
colored, and, therefore, the conspicuous part of the flower. It is
also the fleeting part of the flower, usually lasting only a few days.
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Flowers having the four sets of organs, as shown in Figure 2,
are called complete flowers to distinguish them from incomplete

flowers, that is, flowers in which some of the
organs are lacking. The organs are gener-
ally arranged in a circular fashion around
the receptacle, and are characterized as be-
ing in cycles or whorls. In some flowers a
part or all of the perianth is lacking. In
the Buckwheat, as shown in Figure 3, only
one whorl surrounds the stamens and pistil,
and it is evident that this flower does not
have both calyx and corolla. In such cases,
the petals are considered missing and the
flower is said to be apetalous (‘‘ without
petals”). Often instead of being composed
of entirely separate petals (polypetalous),
the corolla is a tube or funnel-shaped struc-
ture, which appears to be composed of united
petals (gamopetalous), separate only at the

through a flower of the
Peach. There is but
one pistil (p), but many
stamens (s). Much en-
larged.

top. (Fig. 4.) The flowers of the Tobacco Plant, Pumpkins,

F1a. 8. — Section through an Apple flower
showing the compound pistil composed of five
carpels. The five carpels.(a) are free above
but joined below. ‘¢, corolla; s, stamens; 7,
calyx. Much enlarged.

Squashes, and Water-
melons are examples of
gamopetalous flowers.
In some cases, as in the
Tobacco, Clover, and
some other plants, the
sepals seem to have
joined into one structure
(gamosepalous), forming
a tube- or cup-like calyx.
(Fig. 4 and 5.) Flowers
also differ in the essential
organs contained.
Unisexual Flowers.—
Flowers having both sta-
mens and pistils are
known as perfect or bisex-
ual flowers. In some

plants, the stamens and pistils occur in different flowers, in which
case the flower having stamens only is called a staminate flower,
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while the other having pistils only is called a pistillate flower. Such
flowers are sald to be unisexual. Pumpkins, Cucumbers, Corn,
Hemp, Willows, and Poplars are some of the familiar plants
which have unisexual flowers. In Figure 6 are shown the uni-
sexual flowers of the Pumpkin. In some cases, as in Corn,
Cucumbers, and Pumpkins, both staminate and pistillate flowers
are borne on the same plant.
Such plants are said to be mone-
clous (meaning “ of one house-
hold ). In other cases, as in
Hemp, Willows, and Poplars,
the staminate and pistillate
flowers are borne on different in-
dividuals, that is, one plant has
F1a.9.—Section through the flower Only staminate while another has
of Cotton. s, stamens joined into a only pistillate flowers. Such
tube which surrounds the pistil; p, plants are said to be diecious
pistil composed of carpels more united (meaning “ of two households”).
than those o(: the Apple. .Smaller DT andl ot oy
than natural size. After Baillon. o
everyone knows, the pistils are
the organs in which fertilization occurs and seed is produced, while
the stamens furnish the pollen, which is essential for fertilization.
Flowers usually have more stamens than pistils, but the number

Fra. 10. — A flower of a Legume with petals ‘removed to show the dia-
delphous stamens. a, free stamen; b, tube formed by the joining of the
other stamens.

of each varies much in the flowers of different plants. Some
flowers, as those of the Strawberry, have numerous stamens and
pistils, while in some flowers, as in the Peach or Plum, there is
only one pistil, but many stamens. (Fig.7.) The Apple flower,
which has many stamens, really has five pistils, but the lower
parts of the pistils are joined, leaving only the upper parts free.
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A pistil like that of the Apple is called a compound pistil,
and the pistil-like structures which compose it, instead of being
called pistils, are called carpels. Thus in Figure 8, each of the
branches in the upper region of the pistil is the upper portion of
a carpel. If the enlarged bases of these were separated, then
each carpel would resemble the pistil of the Cherry or Plum
flower. Pistils like those of the Cherry and Plum consist of only
one carpel and are, therefore, called simple pistils. In flowers
having but one carpel, pistil and carpel mean the same thing. The
flower of the Cotton Plant, shown in Figure 9, has a compound
pistil in which the carpels are more united than in the Apple.
In most flowers the stamens are separate from one another
(polyadelphous), but in some groups of plants they are more or

F1a. 11.— A4, ilypogynous flower of Pink; B, perigynous flower of Cherry;
C, epigynous flower of Wild Carrot. Modified from Warming.

less united (monadelphous). In Cotton and other plants of this
group, the stamens are joined in such a way as to form a tube
around the pistil. (Fig. 9.) In Clover, Alfalfa, and some other
plants of this family, the ten stamens form two groups (diadel-
phous), nine being joined and one remaining free.

The relative positions of the different parts of the flower show
considerable variation. In some flowers, as those of the Dande-
lion or Sunflower illustrate, the calyx, corolla, and stamens arise
from the top of the ovary. (Fig. 24.) Such flowers are epigy-
nous, i.e., the floral structures are on the gynous the word
“ gynous ” referring to the ovary, which in this case is described
as inferior. In the Basswood flower, calyx, corolla, and stamens
are attached to the receptacle at the base of the ovary, which is
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Fig. 12. — Corn plant. ¢, tassel
consisting of staminate flowers; e,
ears on which the pistillate flowers
are found.

FLOWERS

described as superror. Such
flowers are hypogynous. In
some flowers, as in the Peach
shown in Figure 7, the calyx,
corolla, and stamens are at-
tached to the rim of a cup-
like structure surrounding the
ovary. In this case the flower
is perigynous, and the ovary
is described as half inferior. To
which of the above classes does
the Apple flower belong? In
Figure 11 the three positions
of the perianth and stamens in
reference to the ovary are shown
for comparison.

‘ Some Particular Forms of
Flowers

That there are numerous
differences among flowers is
shown by the fact that largely
upon differences pertaining to
flowers, the Flowering Plants
have been divided into many
classes, such as orders, which in
turn are subdivided into fami-
lies, then into genera, and
finally into species of which
there are more than 100,000.
The differences are mainly strue-
tural, and between flowers of
different families they are often
quite prominent. For example,
when such flowers as those of the
Grass, Bean, Sunflower, and

Orchid family are compared, that there are peculiar differences
in the character of flowers is obvious.

Grass Flowers. — One of the characteristic features of the
Grass flowers is, that there are no showy organs. Grass flowers
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are usually green like leaves, and their stamens and pistils are
enclosed and protected by small leaf-like bodies called bracts,
which take the place of a calyx and corolla. Although quite
inconspicuous, yet in being characteristic of such Grasses
as Corn, Wheat, Oats, Barley, Rye, Rice,
and Timothy, Grass flowers are so im-
portant that they deserve some special
attention.

Corn Flowers. — As already stated (page
14) Corn flowers are unisexual. The stami-
nate flowers are produced in the tassel,
while the pistillate flowers occur on the ear.
(Fig. 12.)

The staminate flowers bear three stamens
and occur in groups of twos, called spikelets.
The branches of the tassel upon which the
spikelets are crowded are known as spikes.
In Figure 13 is shown a spike or branch of
the Corn tassel so drawn as to show the
spikelets.

The two flowers of each spikelet are in such F;(;)Iii_;izm:{l};
close contact, that in order to identify each Corn tassel. sp,
flower, the bracts must be spread apart as spikelets. Only three
shown in Figure 14. In the older flower, the of the spikelets are
stamens have elongated and pushed out of pomteddout' Slightly
the bracts. The boat-shaped bracts are so enlarged.
fitted together as to make a good enclosure for the stamens
during their development. The two outer bracts, situated
on opposite sides of the spikelet and facing each other, so as
to close together and enclose the flowers, are known as glumes.
Between each glume and set of stamens is the bract called lemma.
The bract on the opposite side of the stamens, with its concave
side turned toward that of the lemma, is known as the palea.
The palea and lemma, when closed against each other, enclose
the stamens. The small bodies at the base of the stamens are
called lodicules,-and may, by their swelling, spread the bracts
apart, thus helping the stamens to escape from their enclosure.
The structure of the flower will be more easily understood by a
study of Figure 14. The glume is not considered a part of the
flower. The two glumes form a covering for the spikelet.
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Other names are often applied to the glume and lemma. In
courses in Agriculture, the glume is often called outer or empty
glume and the lemma, the flowering glume.

The pistillate flowers are arranged on a cob and enclosed by
husks, so that only the outer ends or silks of the pistils are

¥ AU 5
F1a. 14. — A spikelet from the Corn tassel. Much enlarged to show the
two staminate flowers
The flowers are numbered (1) and (2), No. I being more mature. e, glumes;
[, lemma; p, palea; s, stamens; [, lodicules.

exposed. When the husks are removed, the flowers are seen
arranged on the cob just as the kernels are in the mature ear, for
each kernel develops from a flower. Explain what is shown in
Figure 15. The pistillate flowers occur in groups of two’s or
spikelets, but only one flower of the spikelet completes its
development. The flower which remains rudimentary develops
no silk and remains so inconspicuous that one needs a magnifier
to see it. Since it has no pistil, its presence is known only by its
bracts. In Figure 16, point out the rudimentary flower and the
one that develops.
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Fia.
through the end of a young ear

15. — Lengthwise section

of Corn, showing the spikelets
" containing the pistillate flowers.
h, husk; s, silks of the pistils; b,
enlarged bases of the pistils en-
closed by bracts; ¢, cob. Slightly
enlarged.

19

Fia. 16.— A spikelet from a young
ear of Corn to show the two pistil-
late flowers. [, the bracts of the
flower that develops no pistil. The
other bracts belong to the flower
having the pistil. r, ovary which
becomes the kernel; ¢, style of the
silk; s, the branched stigma; e,
glumes; f, lemmas; pa, paleas.
The lodicules are very small and are
not shown. Very much enlarged.
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A study of Figure 16 shows that the base of the pistil is sur-
rounded by bracts, corresponding to those surrounding the
stamens in the staminate flowers. The bracts of the pistillate
flowers are small, membranous, and form the chaff of the cob.

Oat Flower. — A head of
Oats, as shown in Figure 17, is
much branched and the spike-
lets occur at the ends of the
branches. Each spikelet con-
sists of two or more flowers,
which are well enclosed by the
two glumes. When the glumes
are spread apart as shown in
Figure 18, it is seen that the
flowers are attached, one above
another, to a small slender axis.
This axis is known as the ra-
chilla. Rachilla means small
rachis.”” Rachis is the name
applied to the main axis of
the Oat head from which the
branches arise. The small
branches bearing the spike--
lets at their ends are called
pedicels. Thus branches arise

Fia. 17. — Head or panicle of the from the rachis and end in
Oat plant. spikelets; S; . .

Ot it o ks b D e rachila to which - tho
P flowers of the spikelets are
attached.

The spikelet shown in Figure 18 contains three flowers, but
the upper one is rudimentary and, therefore, produces no grain.
There is one very important difference between the flowers of
Oats and those of Corn. In Corn the pistils and stamens occur in
different flowers, but in Oats the stamens and pistils occur to-
gether in the same flower. The Oat flower is, therefore, a perfect
or bisexual flower. In each Oat flower there is one pistil and
three stamens enclosed by the lemma and palea. The lodicules,
which are two small scale-like bracts at the base of the pistil and
stamens, are not easily seen in the Oat flower. The two glumes
of the Oat spikelet are so large that when closed together they
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almost completely enclose the flowers of the spikelet. In thresh-
ing most varieties of Oats, only the glumes are removed, the
kernel still remaining enclosed by the lemma and palea, which
form the covering known as the hull of the grain. A grain of
Oats, therefore, consists of the kernel and its hull; and the
quality of Oats depends much upon the proportion of hull to
kernel. As indicated in Figure 18, the lower flower grows

Fia. 20. — Spikelet of Wheat much enlarged and shown with the bracts
spread apart, so that parts of the flower may be seen. The flowers are num-
bered and the parts of one flower are labelled. e, outer glumes; f, lemma;
pa, palea; p, pistil; s, stamens; [, lodicule; a, awn or beard; r, rachis.

more rapidly than the others and forms the larger kernel to
which the smaller one sometimes remains attached after
threshing.

Wheat Flowers. — In Wheat the head, usually called spike,
consists of many spikelets arranged in two rows along the zig-zag
axis of the head. (Fig. 19.) This zig-zag axis is the rachis of
the spike. | The spikelets are not borne at the ends of branches
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as in Oats, but are directly attached to the rachis. This feature
distinguishes the spike from the branching head, called panicle,
of the Oats. In the varieties of common Wheat, each spikelet
contains three or more flowers arranged one above another on the
rachilla, and one or more of the upper flowers are rudimentary.
Each fully developed flower, just as in Oats, consists of three
stamens and a pistil enclosed by the lemma
and palea. The lodicules, like those of the
Oat flower, are small inconspicuous scales at
the base of pistil and stamens. In Wheat,
where the spikelets are broad, the spikelet is
only partly enclosed by the glumes. In thresh-
ing Wheat the kernel is separated from the
bracts — the latter being blown away as chaff.
A study of the
spikelet shown in
Figure 20 will aid
the student in un-
derstanding the
structure of
Wheat flowers
and their arrange-
ment in the spike-
let.

Flowers of the
Legumes or Bean F1e. 21.—Flower
Family. —The of Red Clover. ca,

calyx; co, corolla;
flowers of the , {andard; w,

F16. 22. — End view of an un-

tripped and tripped flower of Red Bea_n Family of wings; k, keel.
Cllostm which Beans, Many times en-

b, flower untripped. a, stand- Peas, Clover, Al- larged.  After C.
ard; w, wings; k, keel. d, flower falfa, and Vetch M. King.
tripped, in which case thekeel and 416 familiar representatives have a
wings are bent down, exposing the |\ 1o o peculiar features. The
pistil (p) and stamens (s). Much R
enlarged. After C. M. King. one most prominent among the
cultivated ones of the family is the
irregularity in the shape of the parts of the perianth, as the
flowers of Peas or Red Clover illustrate. The calyx is a shallow
five-toothed cup. The corolla is composed of four pieces; the
large expanded portion at the back, known as the standard or
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banner; the two side pieces, known as wings; and the single
boat-shaped portion beneath the wings, known as the keel. In
the Red Clover flower shown in Figure 21, these parts are pointed
out. The stamens and pistil are entirely enclosed by the keel,
and when pressure is exerted on the keel, the stamens and pistil
spring out of their enclosure with considerable force. (Fig. 22.)

Fra. 24. — A, flower from
the head of Dandelion. a,
strap-shaped corolla; b, calyx
made up of many slender hairs
B known as pappus; p, base of
' pistil; s, stamens forming a
F1:. 23.— Flowers of the Yarrow (Achillea tube around the upper part of
millefolium), a Composite. A, a head of the pistil. B, tubular flower
flowers sectioned, showing the strap-shaped and fruit of Beggar’s Tick
flowers around the margin and the tubular showing tubular corolla (a) and
flowers occupying the central region of the the calyx (b) consisting of two
head. B and C are tubular and strap- spiny teeth which persist and
shaped flowers more enlarged aid in scattering the fruit.

This process of releasing the stamens and pistil, known as
“ tripping the flower,” is mainly the work of insects and is im-
portant, because in some of the Legumes the flowers will produce
no seed unless tripped.

Composite Flowers. — There is a large group of plants to
which Lettuce, Dandelions, Sunflowers, Beggar’s Tick, Thistles,
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and many other plants belong, that have their many small flowers
grouped in a compact head as shown at A in Figure 23. This
group of plants is called Composites, and includes some of our
useful plants as well as some of the most troublesome weeds.

Fia. 25. — A cluster of Orchids. After C. M. King.

Both calyx and corolla are somewhat peculiar. In some cases,
as in the Sunflower, the flowers occupying the center of the head
have tube-like corollas and are called tubular flowers, while those
around the margin have strap-shaped and much more showy
corollas, and are called ligulate flowers. See A, B, and C of
Figure 23. 1In some of the Composites, as in the Dandelion, all
of the flowers of the head are ligulate, while in some, like the
Thistle, all the flowers are tubular. The calyx is often composed
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of hair-like structures called pappus, as shown in Figure 24. In
some, as the Dandelion illustrates, the pappus remains after the
seed 1s mature, forming a parachute-like arrangement which
assists in floating the seed about. In some of the Composites,
the calyx consists of a few teeth, which in the Spanish Needles
and Beggar’s Tick, become spiny, and
thereby assist in seed distribution by
catching onto passing objects.

Orchid Flowers. — It is among
Orchid flowers, many of which are
spectacular, that the most notable
irregu'arities occur. Besides the dis-
tinguishing feature of having the
stamens and pistil joined into one
body, known as the column, Orchid
flowers often have pronounced varia-
tions in the shape and size of petals.
In some, as in the Lady’s-slipper, one
of the petals is developed into a great
sac or ‘“slipper,” while the others
have no extraordinary features. These
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F1a. 26. — The inconspicu- Y .
ous flowers of the Indian Peculiarities in flower structure, which

Turnip (Arisema triphyllum). are apparently adjustments for insect
The flowers shown are pistil- pollination, sometimes so closely con-

late and are clustered at the .
Baskd (ot thle iloahy axallos form to the shape and habit of cer-

spadix which is enclosed in the tain insects that only one or a few
large leaf-like bract or spathe. kinds of insects can pollinate a flower.
Reduced about one-half. Such highly modified flowers contrast
strikingly with the simple, inconspicuous flowers of such plants
as the J. ack-in-the—pulpit' or Indian Turnip and Skunk Cabbage,
in which a perianth is either lacking or inconspicuous and the
flowers are crowded on a fleshy spike, known as a spadiz, which
is enclosed in or attended by a leaf, called spathe. The spathe,
by becoming colored, often aids like a corolla in attracting
insects. (Figs. 25 and 26.)

Arrangement of Flowers or Inflorescence

The arrangement of flowers on the stem is one of the floral
characters much used in the classification of the Flowering Plants.
In the arrangement of flowers, a number of things are considered,
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the principal ones being: (1) the position of the flower on the .
stem, whether terminal or lateral; (2) whether the flowers are
single or in clusters; (3) whether the terminal or lateral flowers
of a cluster open first; and (4)
the character of the cluster in
regard to shape and compact-
ness, which depend upon the
elongation of the stem region
bearing the flowers and the length
of the individual flower stalks.
These features taken singly, to-
gether, and along with some
minor features form the basis
upon which floral arrangements
are classified.

Flowers develop from buds
and buds are either terminal or
lateral on the stem. So as to
position, flowers are either fer-
minal or lateral on the flower axis.
Flowers borne singly are called
solitary flowers, and solitary flowers may be terminal, as in some

of a Tulip.

I16. 28, — A portion of a Squash plant showing the axillary arrangement
of flowers. Much reduced.

Lilies of which the Tulip is an example, or lateral, as Squashes
illustrate. (Figs. 27 and 28.)

The flower cluster may be regarded as a modification of that
lateral arrangement, in which the flowers are scattered on a fully
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elongated stem bearing normally developed leaves in the axils
of which the flowers occur. Thus, if a Pumpkin or Gourd vine
should remain short, the flowers instead of being well separated
as they normally are, would be crowded, and, with the reduction
of leaves to bracts, a typical flower cluster would result. Most
small flowers are produced in clusters. For small flowers polli-
nated by insects, there is considerable advantage in the cluster
habit, since the cluster, being much
more conspicuous than the individual
flowers, serves well as an attractive
device.

Flower clusters are divided into
two main classes according to their
method of development. In the
corymbose or indeterminate cluster,
growth at the tip and the develop-
ment of new flowers just behind
continues throughout a considerable
period, thus producing a cluster in
which the older flowers are left
farther and farther behind. As the
term indeterminate suggests, such a
method of development permits a
rather indefinite expansion of the
cluster. In the cymose or determi-
nate cluster, the oldest flower is
formed at the tip, which is thereby
closed to further growth, and the
new flowers are formed from buds
developing lower down. Such a
cluster is much limited in its power
to expand. The flower clusters of Apples and Pears, known as
cymes, illustrate the determinate type of cluster.

The simplest form of the indeterminate cluster is the raceme,
an unbranched cluster in which the flowers are borne on short
stalks. The racemes of the Shepherd’s-purse, Radish, Cabbage,
and others of the Mustard family, in which the flower cluster
may continue its expansion for a long period, producing new
flowers at the tip while pods are maturing at the base, well
illustrate the nature of the raceme. (Fig. 29.) The racemes of

Fic. 29. — Raceme of Com-
mon Cabbage (Brassica). From
Warming.
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the Snap-dragon, Sweet Clover, and Alfalfa are examples of
racemes with a short growth period. Racemes may be terminal
or lateral, as in case of Sweet Clover.

Fia. 30. — A, spike of Rye. B, panicle of Grass. C, flowers of the Hazel
with staminate flowers in catkins and the pistillate flowers borne singly.

Fi1a. 31. — A, head of Clover. B, close head of Yellow Daisy.

Raceme-like clusters in which the flowers have very short
stalks or none at all are called spikes of which the heads of Wheat
and Timothy are familiar examples. A special form of the spike
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is the catkin in which the flowers, unisexual in typical cases,
usually have scaly bracts instead of a true perianth, and the
whole cluster falls after fruiting. Catkins are typical of Poplars,
Willows, Hickories, and Birches. When the raceme is so short
that the compact mass of flowers form a more or less rounded
cluster as in Red Clover, then a head is formed. In the Composites
there is the special kind of head which is the most highly organ-
ized of all flower clusters. The flowers besides often being differ-
entiated into two kinds are so compactly arranged as to form a
cluster resembling a single flower and the cluster is surrounded by
bracts, which form a structure known as the tnvolucre. (Fig. 31.)

Fig. 32. — A, Corymb of one of the Cherries. 'B, umbel of a species
of Onion.

In contrast to the spike there are those raceme-like clusters
in which the flowers have long stalks, as in the typical panicle,
where the cluster is loosely branched. When the portion of stem
to which the flowers are attached is short and the stalks of all of
the flowers are so elongated as to bring all of the flowers to about
the same level then a corymb results. A further modification in
which the portion of stem to which the flowers are attached is so
short that the flower stalks appear to be of the same length and
attached in a circle around the stem results in the umbel, the form
of cluster characteristic of the Parsley Family, called Umbellif-
ere, on account of the character of the flower cluster. Of this
family the Parsnips, Carrots, and others are common. The um-
bel is also common among the Milkweeds. Umbels may be
simple or compound, that is, so branched as to be composed of
a number of small umbels. (Fig. 32.)
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Fia. 33. — A, cyme of the Apple. = B, thyrse of the Lilac.






CHAPTER IV
PISTILS AND STAMENS

Structure and Function of Pistils and Stamens

The pistils and stamens are the organs upon which the pro-
duction of seed depends and for this reason are called the
essential parts of the flower. The calyx and ecorolla protect the
essential organs and often assist in seed production, but they
are not essential.

In unisexual flowers, seeds appear only in the flowers having
pistils. The staminate flowers in the Corn tassel produce no
kernels, and in dicecious plants,
such as Hemp, Willows, and the
Mulberry, seed and fruit are
limited to those individuals bearing
pistillate flowers. From this it
might appear that the stamens
take no part in the work of pro-
ducing the seed; but observations
show that unless stamens are close
at hand, the pistil will produce
no seed. A well isolated Corn
plant with tassel removed before  Fic.35.—Flower of the Cherry
the stamens are mature will pro- with parts of the.pistil indicated.
duce no kernels. Some varieties & °VAY: s stigma; s, style.

q .. Much enlarged.
of Strawberries are dicecious, and
unless both kinds of plants are grown in the same bed, there will
be no seed or fruit.

To understand just how the essential organs function in seed
production, a careful study of their parts must be made.

Parts of the Pistil. — The pistil usually consists of three parts:
the enlarged base which is the ovary and the portion in which the
seeds develop; the flattened or expanded surface at the upper

.extremity, known as the stigma; and the stalk-like part connect-
33
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ing the ovary and stigma, known as the style. In the pistil of the
Cherry shown in Figure 35 the parts are indicated. The ovary is
at 0. The stigma is the expanded surface at st. The styleis at s
and is a stalk-like structure projecting from
the ovary and supporting the stigma.

In the Corn the style is extremely long and
the stigma branched. (Fig. 36.) In Wheat,
Oats, Barley, and Rice there are two very
short styles and the stigmas are much
branched and plume-like. (Fig. 37.) Styles
and stigmas vary much among plants.

Ovary. — The ovary is the most impor-
tant part of the pistil because within it the
seeds are produced, and often it makes the
_ edible portion of fruits.

Fia. 36. — Pistillate
spikelet of Corn, drawn
to show the parts of
the pistil. A portion
of the bracts have

Fia. 38. — Cross section
of the ovary of a Tomato.
0, ovary wall; b, partition

been cut away to give
a view of the ovary.
0, ovary, the portion
that becomes the ker-
nel; s, style; st, stigma.
Much enlarged.

Fic. 37.— Pistil of
Wheat and the two

lodicules. o, ovary; st,
stigmas; s, styles; I,
lodicules. Much en-
larged.

walls of the ovary; c, locules
or cavities in the ovary; d,
ovules; p, placentas or parts
of the ovary to which the
ovules are attached. Much
enlarged.

When the ovary is sectioned so that its interior may be studied,
it is seen that it is not a solid body, but consists of a wall
enclosing one or more cavities, called locules. (Fig. 38.) In
these cavities or locules are the small bodies called ovules, each
of which is capable of developing into a seed. Point out the
parts of the ovary shown in Figure 38.

The ovary may contain one locule or many and the number of
ovules in a locule also varies in different ovaries. In Beans and
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Fi1c. 39. — Flower and pod of the Garden Pea. A, section through the
flower to show ovules. a, ovary; o, ovules; b, stamens; {, stigma; s, style.
B, the matured ovary, called pod, opened to show.the matured ovules or
seeds (e¢). Flower enlarged but pod less than natural size.

F16. 40. — A, pistil of Red Clover with one side of ovary cut away so that
the ovules (o) may be seen. a, stigma; s, style. B, lengthwise section
through the ovary and ovules of Red Clover and very much enlarged to
show the parts of the young ovules. w, ovary wall; o, ovules; s, base of
style; st, stalk or funiculus of the ovules; =, nucellus; 7, integuments.
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Peas, the ovary has one locule enclosing a number of ovules. In
A of Figure 39, showing a lengthwise section through the flower
of the Pea, one side of the ovary wall is removed to show the
locule with its ovules. In this particular flower of the Pea, there
are six ovules, but other flowers might have more or fewer. In
B of Figure 39 is shown the ovary after it becomes a mature pod.
The pod is opened to show the seeds. Kach
seed is a developed ovule and the pod enclos-
ing the seeds is the ovary wall much enlarged.
Notice how the ovules and seeds compare in
number.

In Red Clover, shown in Figure 40, there is
one locule and two ovules. The ovaries of
Alfalfa have only one locule, but may have as
-1~ many as eighteen ovules.

In the ovary of Corn, Wheat, Oats, and
Grasses in general, there is one locule and a

Fic. 41.—Length-
wisesection through
a young pistil of
Corn to show the
locule and ovule.
a, ovary; s, style;
o, ovule consisting
of nucellus (n) and
integuments (2); I,
locule or cavity in Fi1a. 42. — Lengthwise section through a Tomato
which the ovule is flower to show the interior of the ovary. a, ovary;
located. Much en- [, locules, represented by dark shading; o, ovules;
larged. P, placentas. Much enlarged.

single large ovule. A lengthwise section through the pistil of
Corn is shown in Figure 41. Notice the ovule at o and that it
almost fills the locule. ‘

Tomato ovaries have few or many locules which contain a large
number of ovules. Figure 42 shows a lengthwise section of a
Tomato ovary showing two locules and many ovules. By count-



SIZE OF OVULES 37

ing the ovules shown in Figure 42 and those shown in Figure 38
the number of ovules in a Tomato may be roughly estimated.

An examination of the ovaries of many plants would show
considerable variation in the number of locules and ovules, but
in general, all ovaries consist of an ovary wall enclosing one or
more locules which contain one or more ovules.

Ovule. — Since ovules develop into seeds, they have the most
to do with seed production and are, therefore, the most directly
related to the function of the flower. The process of fertilization,
one of the most important events in plant life, takes place in the
ovule and a good understanding of fertilization requires a knowl-
edge of the ovule.

Size of Ovules and how their Number Compares with the Num-
ber of Seeds. — Although ovules are the chief structures in per-
forming the function of seed-production, in size they are usually
very inconspicuous and not much can be learned
about them without the aid of the microscope.

In many plants the ovules are barely visible to j»

the unaided eye. When ovaries and ovules are

shown in drawings, they are usually much en-

larged, so that II.lllCh more is shown thap could O e Tomato faien
be seen by cutting sections and studying the f.,1 the flower and
ovaries themselves, unless a microscope were drawn natural size.
used. In Figure 43, the pistil of the Tomato is

shown natural size. By comparing it with the pistil shown in
Figure 42, it will be seen that in order to show the structures of
the ovary, the pistil in the latter Figure is much enlarged.

Since ovules are small, it is difficult to count them in ovaries
where they are numerous. It is possible in many cases to make
a rough estimate of the number of ovules by counting the seeds
produced. Since each seed is a developed ovule, there must
oceur in the young ovary as many ovules as there are seeds in the
mature ovary. From this it follows that those Tomatoes con-
taining two hundred or more seeds must have had as many ovules
in their young ovaries.

If all the ovules became seeds then a count of the seeds would
give the exact number of ovules; but in many cases, due to a lack
of fertilization, space, or sufficient food supply, only a part of the
ovules complete their development and become seeds. In Red
Clover, as shown in Figure 40, there are two ovules, but when the

Fig. 43. — Pistil
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mature pod is threshed, only one seed is found. In Alfalfa only
about one third of the ovules produce seed. In the Apple, Pear,
Tomato, and other fruits some of the ovules often fail to develop,
and in case of seedless fruits none of the ovules complete their
development. In most fruits the production of seed is not an
important feature to the plant grower, the seedless fruit in many
cases being more desirable; but in case of Clover, Alfalfa, Flax,
and other plants valuable for seed, the value of the plant as a seed
producer is directly related to the number of ovules which be-

A B
F1a. 44. — Surface view of an ovule
at two stages of development. A, F1c. 45. — Section’ through

stage of development showing the {10 gvule of Red Clover show-
integuments (a, b) growing up over ing the embryo sac. em, em-
the nucellus (n). B, older stage in  bryo sac with the egg () and
which the integuments have closed  the primary endosperm nucleus
over the nucellus, leaving only a  (en) indicated; %, integuments;
small opening, the micropyle (m). s, m, micropyle. Many times
the funiculus. Much enlarged. enlarged.

come seed. How much could the seed yield of Clover and Alfalfa
be increased if they could be made to develop all of their ovules
into seed? If clover seed were selling at $10 per bushel, what
would be the value of the increased yield on ten acres of average
Clover?

Parts of the Ovule. — The ovule consists of a main body and
a stalk known as the funiculus which connects to the ovary wall.
The main body consists of a central (usually rounded) portion
called nucellus, which is enclosed by one or more coverings called
integuments that grow up from the funiculus. In Figure 40,
showing the ovules of Clover, the stalk or funiculus is at st; the
central portion or nucellus of the main body is at n; the coverings
or integuments of the nucellus are at ¢. Turn to this Figure and
point out these parts. In the ovule of the Corn, shown in Figure
41, the funiculus is apparently absent. In Figure 44 is shown a
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surface view of an ovule at two stages of development. Notice
how the nucellus is enclosed by the integuments, leaving only
a small opening at m known as the micropyle.

The pollen tube, a tube-like structure produced by the pollen
grain in connection with fertilization, often uses the micropyle as
an entrance to the ovule. Some ovules are straight but oftener
there is a curving to one side during growth as shown in Figure 4.
By curving the micropyle is brought near the base of the ovule, a
position more favorable for the entrance of the pollen tube.

How the Parts of an Ovule are made up. — The ovule, like all
other parts of the plant, is made up of many living units called
cells. A cell consists of a mass of
living matter called protoplasm,
which is generally enclosed by
walls. A very important part
of the living matter is the nu-
cleus, a globular body commonly
occupying a central position in
the cell. The ovule, although a
very small body, is composed of
many hundreds of cells, all of
which are in some way related to
seed formation.

The cells of the funiculus, in-
teguments, and most of those of
the nucellus furnish food and de-

Fic. 46. — Lengthwise section
through the ovary of Corn showing

) . he i embryo sac. o, ovule; em, embryo
velop a covering for the inner and sac; e, egg; en, the two nuclei which

more vital parts of the seed. In fusetoform the primary endosperm
form and structure they are nucleus; ¢, integuments; w, ovary

wall; s, base of style or silk. Much

similar to cells composing other
enlarged.

parts of the plant.. The cells
peculiar to the ovule are those forming a special group, usually
seven or eight in number and occupying a central position in the
nucellus  One peculiar feature of these cells is that they usually
are not separated by cell walls and their masses of protoplasm lie
in contact or closely join with each other. The region which
these cells occupy is known as the embryo sac, so named because
within it the embryo develops. The embryo sac, being deeply
buried in the nucellus wh ch is in turn enclosed by the integu-
ments, is well protected and to study it the ovule must be sec-
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tioned. In some ovules the embryo sac may be seen without
the microscope, but in most ovules it is microscopic. There is
only onre cell and one nucleus in the embryo sac, which have an
important function in the formation of the seed. The important
cell is the egg. The egg is at the micropylar end and after
fertilization produces the embryo of the seed. The important
nucleus, referred to as nucleus because it has no definite
amount of protoplasm, is the primary endosperm nucleus. Tt
is near the center of the embryo sac and is important because
upon it the development of the stored food or endosperm of
the seed depends. The remaining cells and nuclei of the

Frc. 47. — A vertical section through an Oat ovary to show the parts of
the ovule. Parts of the lemma, palea, and two stamens are shown, and one
style and stigma remains. Label the parts of the ovule. Much enlarged.

embryo sac are absorbed and disappear soon after the egg is
fertilized. In the ovules of Clover and many other plants, the
cells at the inner end (chalazal end) of the embryo sac disappear
even before the egg is fertilized.

A sect’on through an ovule of Red Clover is shown in Figure
45. Point out the embryo sac. Notice the egg at e and the
endosperm nucleus at en. Point out the embryo sac of Corn in
Figure 6. Notice that instead of a single primary endosperm
nucleus, there are two nuclei lying in contact. These nuclei fuse
and form the primary endosperm nucleus. A section through
an ovule of Oats is shown n Figure 47. Point out the embryo
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sac, egg, and primary endosperm nucleus. Redraw this figure
on a sheet of paper and label the parts.

Although pistils vary much in number of carpels, length of
styles, and in number of locules and ovules, there is uniformity
in organization and adaptation of parts to special funections.
The stigma is especially adapted for receiving pollen, the style
supports the stigma in a position suitable for receiving the pollen,
and the ovary protects the delicate ovules in which is the embryo
sac containing the egg and primary
endosperm nucleus, which are the
chief structures of the pistil.

The Stamen. — The stamen usu-
ally consists of two parts; the en-
larged terminal portion, or anther;
and the stalk, or filament. The
filament is often so short as to seem
to be absent. Point out the parts
of the stamen in A of Figure 48.

The anther is usually four lobed FI_G' 48, —4, stamen, 4, an-

R / . ther; f, filament. B, much en-
and within each lobe is a cavity, larged cross section of an anther,
called locule, which contains many showing the locules and pollen
globular bodies known as pollen or grains. The two locules at the
pollen grains. When the pollen is left have opened, allowing the
mature, the walls of the anther pollen to escape.
open and allow the pollen to escape. Notice the cross sec-
tion of an anther shown in B of Figure 48. Point out the
locules and pollen grains. Notice that two of the locules have
opened.

The Pollen Grain and its Work. — The pollen grain is a cell
with its living matter enclosed in a heavy protective wall. It
needs to be well protected, for during its journey to the pistil,
destructive agencies such as cold, heat, and drying are encoun-
tered. The transference of the pollen to the stigma is called
pollination. Pollination is a very important event, for the pollen
cannot perform its function except on the stigma.

On the stigma the pollen grain grows a tube which traverses
the stigma and style, pierces the ovule, and reaches the embryo
sac. Pollen grains, when first formed in the anther, have only
one nucleus, but in preparation for the work of fertilization, there
is nuclear division and as a result there are three nuclei in a well

B
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developed pollen tube.

PISTILS AND STAMENS

This feature is shown in Figure 49. The

nucleus at the end of the tube and known as tube nucleus directs

the growth of the tube and disappears
soon after reaching the embryo sac.
The two nuclei following closely be-
hind the tube nucleus are the sperms
or male nuclei, the structures which
join with the egg and primary endo-
sperm nucleus in fertilization. The
pollen tube is a passage way through
which the sperms pass to the embryo
sac.

Fertilization.—After the two sperms
reach the embryo sac, one approaches
the egg and fuses with its nucleus, while

Fia. 49. — Pollen grains in different stages
preparatory to fertilization. A, surface view
of a pollen grain; B, section through pollen
grain in uni-nucleate stage; C, section through
pollen grain showing the nucleus divided into
the generative (¢) and tube nucleus (¢); D,
pollen tube forming into which the two nuclei
have passed; E, tube more developed and
generative nucleus divided into two sperms
(9). Much enlarged.

y D

TR

B '142{.';"’3’\"‘:: ::2
\ Ry ™

P
M= e

N

F1e. 50. — A diagram of a length-
wise section through the pistil of Red
Clover, showing pollen tubes trav-
ersing the stigma and style. Two
pollen tubes have reached the em-
bryosacs. p, pollen grains develop-
ing tubes; st, stigma; p.f, pollen
tubes; o, ovules; e, egg; en, en-
dosperm nucleus; s, sperms. Much
enlarged.

the other approaches the primary endosperm nucleus and fuses with
it. This process of fusion is called fertilization. Since there are two
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fusions, there are two fertilizations, and the two fertilizations
are called ‘.‘ double fertilization.” Both egg and primary endo-
sperm nucleus are now said to be fertilized, and the pollen grain
has performed its function, which is an important one, for with-
out fertilization the ovule would not develop into a seed.
Pollination, the growth of the pollen tube to the embryo sac,
and the formation of the two sperms are simply preliminary
acts to fertilization, which is the final achievement of the pollen
grain. Study the pollen grains
shown in Figure /9. Notice that
the tube has broken through the

Fi16. 52. — A, diagrammatic section
of an ovule of the Tomato in which
the egg (b) and primary endosperm
nucleus (d) have been fertilized. o,
portion of ovule surrounding and en-
closing the embryo sac. B, diagram-
matic section of the seed of the
Tomato. e, embryo; ¢, endosperm;
t, seed coat. The lines drawn from
the ovule to the seed indicate the

T1g. 51. —Stigma of Corn show-  parts of the ovule from which the
ing how the pollen grains grow different parts of the seed have de-
their tubes into the stigma. p, veloped. Both are enlarged but the
pollen grains; ¢, pollen tube. Much  ovule is enlarged much more than the
enlarged. seed.

pollen wall. How have the two sperms been formed? In Figure
50 trace the pollen tubes to the embryo sac. How do the pollen
tubes make their way through the style? Where do they obtain
their food for growth? Notice how the pollen tubes enter the
branched stigma of Corn in Figure 51.

The Development of the Ovule into a Seed. — After the egg and
primary endosperm nucleus have been fertilized, the ovule begins
its development, which results in the production of a seed. There
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are three main structures involved in this development: (1) the
fertilized egg; (2) the fertilized primary endosperm nucleus;
and (3) the parts of the ovule surrounding the émbryo sac.
The development of each of these parts into their respective seed
parts takes place simultaneously. The fertilized egg becomes
the embryo, the endosperm nucleus has to do with the forming
of the endosperm, and a part of the surrounding portion of the
ovule becomes the seed coat. Figure 52 shows a Tomato ovule

F16. 53. — A young ovary of Corn just after fertilization and a mature
ovary or kernel, both of which are sectioned lengthwise and the relation of
parts indicated. A, lengthwise section of the young ovary showing nucellus
(n), egg (e), endosperm nucleus (en), integuments (z), ovary wall (w), and
base of style (b). B, the lengthwise section through the kernel showing the
embryo (em), endosperm (end), seed coat (c), ovary wall (w), and the base
of the style (b). The dotted lines indicate the parts of the ovule from which
the different parts of the kernel have developed.

in which the egg and endosperm nucleus have just been fertilized
and also shows the seed which develops from the ovule. The lines
indicate the parts of the ovule from which the different parts of
the seed have come. Study Figure 53 showing the development
of the ovule of Corn into a seed. Point out the different parts of
the kernel and the part of the ovule from which they came.
Notice that the heavy outer covering of the kernel is the ovary
wall, and does not come from the ovule. A kernel of Corn is a
seed closely jacketed by the ovary wall. Copy on a sheet of
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F1a. 54. — A, a vertical section through an Oat ovary showing one style
and stigma, the ovary wall, and the parts of the ovule. B, a vertical section
through an Oat kernel showing its parts. After comparing with Figure 53
label the parts of A and B and with lines indicate the parts of 4 from which
the parts of B have developed.

Fia. 55. — A diagram showing the relation of the parts of the ovule to
those of the seed in Red Clover. A, ovule just after fertilization showing
the egg (¢) and the endosperm nucleus (d). B, seed with half of the seed
coat (s) removed to show the large embryo (em). The dotted lines indicate
the relation of the parts of the ovule to those of the seed.



46 PISTILS AND STAMENS

paper the drawings in Figure 54 and with lines indicate the parts
in A from which the different parts shown in B have come.

In many plants the endosperm does not remain outside of the
embryo as it does in Corn and other grains. If one removes the
thin rind-like testa from a soaked Bean, all that remains is the
large embryo. The endosperm is stored in the embryo and as a
result the embryo is much enlarged and fills the space within the
testa. Clover, Alfalfa seed, and many other seeds have the endo-
sperm stored in the embryo. Study the Clover seed in Figure 55.
Notice that there is apparently no endosperm, and that the much
enlarged embryo occupies nearly all the space within the testa.

In some seeds a stored food known as perisperm occurs.
Usually as the ovule develops into the seed, the nucellus is de-
stroyed and replaced by the developing endosperm, leaving only
the integuments from which the seed coat is formed. However,
in the formation of a few seeds, some of the nucellus remains, and
a portion of its outer region becomes filled with stored food, thus
forming the layer of stored food known as perisperm, which sur-
rounds the endosperm and embryo.

Pollination

Nature of Pollination. — Pollination is the transference of
pollen to the stigma. After the pollen is on the stigma, it may
produce a tube reaching to an ovule and effect fertilization, or
it may lie dormant; but in either case the stigma is considered
pollinated. Much pollination occurs in nature that does not
result in fertilization. Corn pollen, for example, as it is blown
about may fall on the stigmas of various other species of plants,
but since no fertilization results, the pollination is not effective.
Pollen is usually effective only on stigmas of plants similar to
the plant which produced the pollen. Thus Apple pollen is
effective only on Apple stigmas, Corn pollen only on Corn
stigmas, ete.

Pollinating Agents. — The most important polhnatmg agents
are gravity, wind, insects, and man. In some cases, as in Rice,
Wheat, and Oats, where the pollen falls from the anthers to the
stigma, pollination depends upon gravity. Even in orchards
some pollination may be accomplished by pollen falling from the
higher branches. In early spring, before there are many insects,
many of our trees, such as Willows, Poplars, Oaks, and Pines,
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depend upon the wind for pollination. The wind is also an
important agent in the pollination of Corn and aids some in
orchard pollination. Plants having showy flowers depend upon
insects for pollination and it is among these plants that attractive
colors, secretions of nectar, and various structural arrangements,
which are interpreted as adaptations to secure pollination, occur.
The pollination of Fruit trees, Clovers, and Alfalfa is done chiefly
by insects. (Fig. 56.) In experimental work, such as crossing

F1a. 56. — Bumble bee pollinating Red Clover.

Tomatoes, Corn, and Fruit trees, man himself often does the
pollinating so as to have it under control.

Kinds of Pollination.—On the basis of the relation of the
stamen furnishing the pollen to the pistil pollinated, there can
be different kinds of pollination. The transfer of pollen from
the stamen to the pistil of the same flower is self-pollination,
while the transfer to the pistil of another flower is cross-pollina-
tion. Various relationships may occur in pollination. Thus the
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pistil of a Ben Davis Apple blossom may be pollinated: (1) with
pollen from the same flower; (2) with pollen from another flower
in the same cluster; (3) with pollen from a flower on another
branch; (4) with pollen from another Ben Davis tree located in
the same or a neighboring orchard; or (5) with pollen from a
Jonathan or some other different variety. In case of fruit trees
horticulturists sometimes consider the pistil of a blossom self-
pollinated if the pollen comes from the same flower, from another
flower on the same tree, or from another tree of the same kind,
and consider the pistil cross-pollinated only when the pollen
comes from another variety of fruit tree. Corn breeders speak
of self-, close-, and cross-pollination. Pollination resulting from
the pollen falling from the tassel to the silks of the same plant is
called self-pollination. Pollination in which the pollen from one
plant falls on the silks of another plant is called close-pollination
if both of these plants came from kernels taken from the same
ear, but cross-pollination if these plants came from kernels taken
from different ears. In case of cross-pollination, the plants may
be of the same variety or of different varieties.

The Amount of Pollen Required for Good Pollination. — One
pollen grain is required to fertilize each ovule, and, therefore, a
pistil with many ovules requires many pollen grains for good
pollination. In Corn, Wheat, and Oats where there is only one
ovule, one good pollen grain on the stigma is sufficient, although a
large number is usually present. Due to the great waste of pol-
len during transportation, much more is produced than is really
needed. A medium-sized plant of Indian Corn produces about
50,000,000 pollen grains or about 7000 for each silk. Many of
these never reach a silk, and of the many that do all, except the
one that reaches the ovule first with its tube, accomplish nothing.
On the stigma of the Red Clover, although each pistil has only
two ovules, there are often as many as 25 pollen grains, 23 of
which are wasted.

On the other hand, in flowers where the ovaries contain numer-
ous ovules, as in Tomatoes and Melons, it often happens that
not enough pollen reaches the stigma to effect fertilization in all
the ovules. In the Tomato, for example, an ovary may contain
as many as 200 ovules, in some of which fertilization may not
occur because of insufficient pollination. Even in Beans, Apples,
and Pears, where the ovules are not numerous, one often finds in
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the mature fruit some undeveloped ovules, which due to the lack
of fertilization did not become seeds. Although much of the vari-
ation that occurs in the number of seeds in many of the fruits is
due to the failure of the pollen to function properly on the stigma
or to the insufficient nourishment of the ovules, much of the vari-
ation can be attributed to insufficient pollination.

There is good evidence that the imperfect development of
fruit is due in some cases to insufficient pollination. By polli-
nating the stigmas of Tomatoes in such a way that portions of
the stigmas received no pollen, one!® investigator found that no
fertilization occurred in some locules, and that the portion of the
ovary surrounding these locules developed much less than those
portions of the ovary surrounding those locules in which fertili-
zation occurred, thus causing one-sided fruits.

How Pollen is Affected by External Factors. — Pollen is not
so specially prepared as seeds are to endure extreme conditions
during transportation. During transportation and while on the
stigma, pollen may be either killed or rendered functionless
by extremes of temperature and moisture. -The pollen of most
plants is so sensitive to dryness that an exposure to the ordinary
dryness of the air cannot be endured more than a few days and
in many cases only a few hours.

In the storage of pollen, which is sometimes necessary in experi-
mental work, the main caution is to store the pollen where it
will not be dried out too much by evaporation, although the pol-
len must be kept dry enough that it will not mold. It has been
found that Plum and Apple pollen can be kept alive much longer
when stored in closed chambers where there is less drying than
in laboratory air. One investigator has reported that Corn pol-
len will die in two or three hours when exposed to the air of the
laboratory or living room, but will live two days when stored
in a moist chamber. Some investigators think that hot dry
weather during the pollination of fruit trees may affect the setting
of fruit by destroying some of the pollen.

The pollen of some plants, as in case of Red Clover and Alfalfa,
absorbs water so rapidly that it is destroyed by bursting when
immersed in water or stored in a saturated air. Consequently
these plants are not successfully pollinated when they are wet

1 Pollination and Reproduction of Lycopersicum esculentum (Tomato).
Minnesota Botanical Studies, p. 636, Nov. 30, 1896.
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with dew or rain. Apple pollen and the pollen of many other
fruit trees, although not destroyed when immersed in water, will
not function nearly so well and for this reason rain or dew on
a stigma may hinder the pollen in its work.

The pollen of many plants is quite sensitive to a low tempera-
ture, showing a decrease in vitality when exposed for a few hours
to a temperature only a little below freezing. Pollen, if not in-
jured by cold, will not germinate while the temperature is low.
In the Apple, Pear, Plum, Peach, and Cherry! a temperature of
—1°C. has been found to interfere with the proper functioning
of the pollen by injuring the stigmas and preventing the ger-
mination of the pollen. Cold during the blooming period may
be responsible for much failure in fruit-setting,.

The Results of Pollination. — The most immediate as well as
the most important result of pollination is the fertilization of the
egg cell and primary endosperm nucleus. Through the process
of fertilization the pollen stimulates the ovule and other struc-
tures to develop, and transmits factors by means of which the
embryo and the endosperm of the seed inherit the characters of
the pollen parent.

The importance of the stimulative effect of fertilization in
the development of a seed is obvious, for unless fertilization
occurs, the egg, endosperm nucleus, and other parts of the ovule
rarely develop into their respective seed structures, and con-
sequently the ovule either disappears or remains as a small
withered body as often seen in fruits. Furthermore, the devel-
opment of fruit depends upon the stimulative effect of fertiliza-
tion, as shown in case of fruit trees, Melons, Alfalfa, etc., in which
the flowers wither and fall from the plant unless fertilization
occurs in some of the ovules. There are, however, a few instances
in which the stimulative effect of fertilization is not necessary,
as in seedless Oranges, seedless Persimmons, Bananas, and a
few other fruits known as parthenocarpic fruits, which develop,
although no fertilization occurs. There are a few plants, the
Dandelion being a common one, in which ovules develop into
seeds parthenogenetically, that is, without fertilization, but such
plants as well as those that develop seedless fruits are exceptional.
In most cases our harvest of seed and fruit depends upon the
stimulative effect of fertilization.

! Research Bulletin 4, Wisconsin Agr. Exp. Sta., 1909.
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The effect of fertilization in reference to the influence which
the sperms have upon the character of the endosperm of the seed

and upon the character of the plant which
the embryo of the seed will produce is a sub-
ject receiving much attention in plant-breed-
ing. The endosperm nucleus consists of a
sperm and a primary endosperm nucleus,
each of which is capable of determining the
character of the endosperm. Likewise, in
the fertilized egg, the contents of both sperm
and egg are capable of determining the
characteristics of the plant developing from
the fertilized egg. But the influence of
the sperm is toward the production of both
endosperm and plants having the features
which are characteristic of the pollen parent,
“while the egg and primary endosperm
nucleus tend to reproduce in the offspring

those features characteristic of the mother-

plant. Thus it follows that if the pollen
parent is very different from the mother
plant, as is the case when the parents be-
long to different varieties or species, there
will be opposing tendencies in the fertilized
egg and endosperm nucleus. Such a fertil-
ized egg develops into a plant known as a
hybrid. The hybrid character of the endo-
sperm in most seeds is either lost through
the absorption of the endosperm by the
embryo or obscured by coverings. It is in
the Grass type of seeds, as in Corn where
the endosperm remains outside of the em-
bryo and can be seen through the pericarp,
that the influence of the sperm on the
endosperm and known as zenia is often
noticeable. Notice the ear of Corn shown
in Figure 57. This was an ear of Sweet
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F1a, 57.— An ear of
Sweet Corn showing
the effect of the pollen
of Yellow Dent Corn.
The plump kernels
have endosperm like
the Yellow Dent Corn,
due to the influence of
the sperm which fused
with the primary endo-
sperm nucleus.  After

H. J. Webber.

Corn which was partly pollinated with pollen from hard Field

Corn.

sperm and resemble the kernels of Field Corn.

Notice the kernels which have the hard plump endo-

In the de-
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velopment of these kernels, the sperm portion of the endo-
sperm nucleus dominated, and thus the endosperm is like the
endosperm of the pollen parent. The sperm may even deter-
mine the color and fat content of the endosperm. On the other
hand, if Field Corn is pollinated with pollen from Sweet Corn,
. then usually the primary endosperm nucleus dominates and one
sees no effect of the sperm. Thus it is seen that the character
of the endosperm of a seed may be determined by either of the
members which fused in forming the endosperm nucleus.

The kernels in Figure 57 which have the endosperm features
of Field Corn also have embryos with opposing tendencies.

Fia. 58. — Pears showing a difference between the results of self- and cross-
pollination. @, fruit resulting from self-pollination; b, fruit resulting from
cross-pollination. After Waite.

These embryos received from the egg tendencies to develop into
plants having all of the features of Sweet Corn. They also re-
ceived from the sperm tendencies to develop plants having all
of the features of Field Corn. In the hybrid offspring it is likely
that some of the characters of both parents will be present.

The Kind of Pollination Giving the Best Results. — Plants in
general seem to favor cross-pollination and often have their
flowers so constructed as to prevent self-pollination. In some
plants, however, as in the small grains, Beans, Peas, and some
other plants, self-pollination is the usual method and gives good
results. Red clover, many fruit trees, and many other -plants
require cross-pollination and will develop very little seed or fruit
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when self-pollinated. Many of our Pears, such as the Anjou
Bartlett, Pound, Lawrence, Jones, Howell, Sheldon, Wilder, an(i
some others will not produce much fruit unless pollinated with
pollen from other varieties, while the Kiefer, Buffum, Seckel, and
some others known as self-fertile varieties set fruit well when
self-pollinated. Moreover, some trees which are self-fertile
develop larger and better fruit when cross-pollinated. (Fig. 58.)
Many of our Apple trees and Cherry trees are known to require
cross-pollination.

Furthermore, some varieties of fruit trees! which require cross-

Fic. 59. — Results of cross-pollination with different varieties in the
Sweet Cherry. A, fruit obtained by pollinating a. cluster of flowers of the
Bing with pollen from the Black Republican. B, fruit obtained by polli-
nating a cluster of flowers of the Bing with pollen from the Knight. After
V. R. Gardner.

pollination will not do equally well when crossed with all varieties.
In Apples, Pears, and Cherries better results have been obtained

1 The pollination of pear flowers. Bulletin §, Div. of Veg. Path., U. S.
Dept. of Agr., 1894.

Pollination of the apple. Bulletin 104, Oregon Agr. College Exp. Sta., 1909.

Pollination of the Sweet Cherry. Bulletin 116, Oregon Agr. College Exp.
Sta., 1913.

Read Pollination in Orchards. Bulletin 187, Cornell University Exp. Sta.,
1909. Also Pollination of Bartlett and Kiefer Pear. Ann. Report, Virginia

Agr. Exp. Sta., 1911.






CHAPTER V
SEEDS AND FRUITS
Nature and Structure of Seeds

The seed is the principal structure by which plants increase
in number. The chief function of a seed is to produce a plant
like the one that bore it. For plants to increase in number and
at the same time thrive well, they must spread to new areas.
Seeds are thus so constructed that they can separate from the
parent plant and be carried to regions where there is opportunity
for new plants to develop. Seceds, being able in a dormant state
to live long and endure adverse conditions, are the means by
which those plants living only one season are able to perpetuate
themselves. As to origin the seed is sometimes defined as a
matured ovule, that is, it is an ovule in which three things have
taken place: (1) the fertilized egg has developed into an embryo,
the miniature plant of the seed; (2) the fertilized primary endo-
sperm nucleus with some adjacent protoplasm has produced a
mass of stored food or endosperm; and (3) the outer portions of
the ovule have been modified into a testa or seed coat. Despite
a wide variation in size, shape, color, and other external features,
sceds possess in common an embryo, stored food, and seed coat.
In many cases these three parts are not separate, for the endo-
sperm may be absorbed by the embryo during the development
of the seed. This is true in the Bean, Pumpkin, and a number
of other families, where the seeds consequently have only two
distinet parts, embryo and testa.

Each part of the seed has a distinet function to perform. The
embryo develops into a new plant, the reserve food nourishes the
young plant until roots and leaves are established, and the seed
coat protects the embryo and endosperm during the resting stage
of the seed. It is due to the embryo that seeds are valuable
in the production of new plants, while the stored food makes
many seeds valuable food for animals.

The embryo, which is the chief structure of the seed, is the
55
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young plant, which after reaching a certain stage of development,
varying in different plants, passes into a dormant stage from which
it may awake if conditions are favorable and continue its devel-
opment until it becomes a mature plant. In the development of
the embryo from the fertilization of the egg to the dormant stage,
certain structures which function in the further development of
the young plant are usually more or less developed. In a well
formed embryo like that of the Bean, there are four parts, hypocotyl,
plumule, cotyledons, and radicle. In Figure 60 of the Bean, h is
hypocotyl, p, plumule, and ¢, cotyledons. The radicle (r) is at
the lower end of the hypocotyl and is so closely joined with the
hypocotyl that it does not appear as
a separate structure. The cotyledons
of the Bean have absorbed the endo-
sperm and consequently are so much
enlarged that they form the bulk of
the embryo. The special functions
performed by the different parts of the
embryo are quite noticeable in the
germination of the seed. The cotyle-
dons supply food; the plumule develops

Fra. 60. —Bean with testa  gtem and leaves; the radicle develops
sonoe catleeeiyletont ) o ; and the hypocotyl in many
spread apart. ¢, cotyledons;

h, hypocotyl; p, plumule; 7, CAS€s pulls the cotyledons and plumule
radicle. out of the seed coat and raises them
above ground.

The stored food and seed coat are temporary structures. They
nourish and proteet the young plant in its early stage of develop-
ment and then disappear. The stored food, consisting chiefly of
starch, proteins, and oils, the proportion varying in different
seeds, develops in close contact with the embryo and when not
absorbed as rapidly as it develops, it forms the storage tissue or
endosperm in which the embryo becomes imbedded. The testa,
the protective structure of the seed and usually formed from
the integuments of the ovule, generally consists of a single
covering so much thickened and hardened that it protects the
embryo against injuries. Often there is a thin inner covering
and in exceptional seeds, like those of the Water Lily, an extra
outer covering called the aril develops later than the integuments
and forms a loose covering about the seed. (Fig. 62.)
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On the surface of seeds are present a number of structures,
which are in part vestigial ovular structures and in part develop-
ments accompanying the transformation of the ovule into a seed.
The micropyle, the small opening through which the pollen tube
commonly enters the ovule, persists on the seed coat as a small
pit resembling a pin hole. Usually near the micropyle is a
conspicuous scar, called the hilum, left where the seed broke
away from the funiculus, the stalk-like structure by which
ovules and seeds are attached to the ovary and through which
they receive food and water
during development. (Fig.
61). In some plants the
ovules curve so much during

F16. 62. — A, seed of Pansy showing
raphe (r). B, seed of Castor Bean show-

Fic. 61. — Beans showing the ing caruncle (¢). C, seed of White
hylum at h and the micropyle Water Lily showing the aril or loose
at m. jacket around the seed.

development that they are bent back against their stalks which
sometimes become attached to the seed coat, forming a ridge,
called raphe. (Fig. 62.) In some seeds, like those of the Castor
Bean, an enlargement, called caruncle, develops near the micro-
pyle. In preparation for 'dissemination, often hairs, spines, or
other appendages grow out from the seed coat as the seed develops.

Many of the small one-seeded fruits are commonly called seeds.
In addition to a seed, they contain the ovary wall which persists
as an outer covering over the seed. Many of the one-seeded
fruits resemble seeds so much that it is only by dissecting and
finding the seed within that they can be told from seeds. The
so-called seeds of Lettuce, Buckwheat, Ragweed, and the grains,
such as Corn, Wheat, Barley, Rye, and Oats are familiar examples
of one-seeded fruits which are commonly called seeds. While
they are not identical with true seeds in structure, they are in
function and therefore may be appropriately discussed with seeds.
In these one-seeded fruits, the seed is protected by the hardened
ovary wall, and consequently, the seed coat is poorly developed,
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forming only a thin covering, which is usually tightly pressed
against the inner side of the ovary wall.

In general structure seeds are similar, all having an embryo,
stored food, and seed coat, but in size, shape, and in features
which pertain to the structure of the embryo, composition of the
stored food, and character of the seed coat, seeds vary widely
and can be used in many ways by man. The number of coty-
ledons developed by the embryo is used as a basis upon which to
classify the Flowering Plants into two classes, Monocotyledons
and Dicotyledons. From the stored food, whether stored as
endosperm or in the embryo, various valuable products, such as
starch, protein, fats and oils, are obtained; and from the hair-
like outgrowth of the seed coat, as in case of Cotton, various fiber
products are made. Although seeds may be divided into many
types on the basis of their structure and external features, only
those types which include the most common seeds will be studied
in this presentation.

Bean Type of Seeds.— Of this type of seeds, those of the
Bean, Pea, Peanut, Clover, Vetch, Alfalfa, Cotton, Pumpkin,
Squash, Melon, Apple, Peach, Oak, Hickory, and Walnut are ex-
amples. The type is so named because it is characteristic of the
Bean family (Leguminosae), a family notable for its many valu-
able cultivated forms among which are Clover, Alfalfa, Beans,
Peas, Vetch, and Peanuts. The type is also characteristic of the
Rose family (Rosaceae), the family to which most fruits, such as
the Apple, Peach, Pear, Cherry, etc. belong. In this family,
however, it is the fruit (rarely the seed) that is important.
The seeds of the Bean type are common to a number of
plant families and to species and varieties of plants so numer-
ous that a list naming them all would require a page or more.
Although many are valuable commercial seeds, some are borne
by weeds and hence of interest because of their undesirable
features.

These seeds differ from other types in having little or no endo-
sperm. As the seed develops, all or almost all of the food tis-
sue formed by the endosperm nucleus and adjacent cytoplasm
is absorbed by the embryo where it is stored in the cotyledons,
which, consequently, are so much enlarged that they are much
the largest part of the embryo. (Fig. 63.) For this reason
these seeds are called exalbuminous seeds, that is, seeds without
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endosperm. Another feature to be noted is that the embryo

has two cotyledons.

In external characters they vary so much that their type in
most cases can be determined only by an examination of their

structure. In size, those most commonly
grown in our region vary from the smallest
of the Clover Seeds up to the largest of
the Beans. They are kidney-shaped, glob-
ular, oval, or flattened. Among them vari-
ous colors such as red, purple, brown,
vellow, green, mottled, and black occur.
In identifying the different seeds of this
type, especially those of the Bean family,
size, shape, and color are important aids.
In importance, the seeds of this type
rank next to those of the Grass family. In
Beans, Peas, and Peanuts, which are used
directly as food, the value depends upon
the protein, fats, and starches stored in the
embryo. In the
Cotton seed
both embryo
and seed coat

Fia. 63. — A, Squash
seed sectioned longitudi-
nally. B, Apple seed
sectioned longitudinally.
e, embryo. B much more
enlarged than A.

are valuable structures. The embryo

Fi1a. 64. — Section through
a Cotton seed showing the
embryo with its much folded
cotyledons, and the seed coat
with the seed hairs. Enlarged
about twice.

is rich in oil from which many useful
products are made, while the hairs of
the seed coat are the Cotton fibers
of commerce. (Fig. 64.) The seeds
of Clover and Alfalfa are important
because the plants which bear them
increase the soil fertility and are valu-
able for hay and forage.

Seeds of the Buckwheat and Tomato
Type. — Some common seeds of this
type are those of the Buckwheat, Beet,
Tomato, Potato, Tobacco, Red Pep-

per, Coffee, Flax, and Castor-oil plant. The type is common to
a number of families, which contain some useful plants and many
weeds, such as Nightshades, Spurges, Morning Glories, Bind-
weeds, Dodders, Milkweeds, Docks, Smartweeds, and Corn Cockle.
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In structure these seeds differ from those of the Bean type in
that they have three distinct parts, an embryo, endosperm, and
seed coat, but in number of cotyledons, which is two, the two
types are identical. Since endosperm is present, the seeds of
this type are known as albuminous seeds. (Fig. 65.) Although
some endosperm is always present, sometimes, however, much
of it is absorbed by the embryo during the development of the
seed, and in this case the cotyledons, which are comparatively
free from stored food in
many of these seeds, as-
sume some importance as
storage organs, though not
so much as in the Bean
type. In the Buckwheat
family, represented by
Buckwheat, Rhubarb,

A B Docks, and Smartweeds,
Fie. 65.— A, section through a Potato and also in some plants

seed. ¢, embryo; e, endosperm; ¢, testa. of the Goosefoot family,
B, section through an achene of Buckwheat. {he hardened ovary wall,

em, embryo; e, endosperm; o, ovary wall .
; Yo gt O i which, when mature re-

and testa. Enlarged.
sembles a seed coat, per-
sists as an outer covering over the seed, thus forming with the
seed a fruit-like structure known as an achene, a term which is
applied to many hard, usually one-seeded fruits, that do not dehisce
or, in other words, that do not open to allow the seed to escape.
In external characters, seeds of this type present various differ-
ences by means of which one can usually identify the family and
often the species to which the seed belongs. Those most com-
mon in our region range in size from the smallest of the Dodder
seeds, which are almost dust fine, to the size of the Castor
Bean. The shape, which in many cases is the chief character by
which the family and often the species to which the seed belongs
is identified, may be globular, oval, flat, or angled. Such colors
as red, yellow, brown, and black are common and serve along
with shape and size as a means of identifying different seeds.
Sometimes the seed coat is much roughened, as in the Cockle,
and in some cases, as in the Milkweeds, the seed coat develops
hair-like appendages.
In case of Flax, Buckwheat, Coffee, and the Castor-oil plant,
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the seeds themselves are valuable on account of the oil, protein,
starch, or alkaloid-like substances which they contain. From the
endosperm and embryo of the Flax seed, linseed oil, the chief sol-
vent for paints, is obtained. After the oil is pressed out of the
flax seed, there remains the cake, which has considerable value as
a feed for stock. The Castor Bean yields castor-oil which is
much used as a medicine and sometimes as a lubricant and illu-
minant. Buckwheat, which contains much starch and some fat
and protein, is much used for food when ground into flour. Often,
as in case of the Tomato, Potato, Beet, and Tobacco, the value
of the plants depends upon the fruit, tubers, roots, or leaves, and
not upon the seed, which in these cases has no value except for
growing new plants. Of the weed seeds of this type, some com-
monly occur as impurities among the seeds of Clover, Alfalfa,
Flax, and the small grains and, when present in considerable quan-
tities, they either lower the price or prevent the sale of these agri-
cultural seeds, thus bringing loss to the farmer. In case of Cow
Cockle and Corn Cockle, the seeds, which are frequently found
among the small grains, are poisonous and when ground with
Wheat make the flour unwholesome and when fed with grain to
stock often cause injury. Other weed seeds of this type, as those
of Dodder, Morning Glories, Black Bindweed, Sheep Sorrel, and
others are objectionable because the plants themselves hinder
the cultivation and growth of useful plants. Sometimes, as in
case of the Black Nightshade and Jimson Weed, the plants are
poisonous. ‘

Grass Type of Seeds. — As the name suggests, these are the
seeds of the Grass family, the family to which Corn, Wheat, Oats,
Rye, Barley, and Rice belong and hence the family most depended
upon for food. Many of the Grass seeds, as in case of Timothy,
Red Top, Blue Grass, ete., though not used for food, are valuable
because the plants themselves are useful for pasture and hay.
Some of the Grasses, however, are regarded as weeds and their
seeds are often troublesome impurities among agricultural seeds.

As previously noted, in structure the seeds of the Grass type
are not true seeds. Besides a seed, they contain the ovary wall,
called the pericarp, which remains about the seed as a closely
fitting jacket. They are one-seeded ovaries and hence struc-
turally they are fruits rather than seeds. Although popularly
known as a seed, this fruit-like structure of the Grasses is scien-
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tifically called a cariopsts, a term which refers to its nut-like char-
acter,

The seed itself contains three distinct parts, embryo, endo-
sperm, and seed coat. The seed coat, however, since it is covered
by the ovary wall which performs the protective function of an
ordinary seed coat, is poorly developed and so closely joined
with the ovary wall that it appears to be a part of its structure.
In containing three distinet parts, embryo, endosperm, and seed
coat, it is seen that the seeds of the Grass type are identical with
those of the Flax and Buckwheat type: but in possessing only
one cotyledon instead of two, they are clearly distinguished
from both of the other types.

In external features, the seeds of the Grasses present many
variations, though probably not so many as occur among some
other types of seeds. Most of them are small, but various sizes,
ranging from that of a Timothy seed and even smaller up to
that of a Corn kernel occur. In most cases they are elongated,
and have a groove on one side. In most varieties of Oats and
Barley, and in many of the Grasses having very small seeds, the
cariopsis remains enveloped by the palea and flowering glume, in
which case the entire structure may have the appearance of a
seed, especially when the barbed awns and other structures devel-
oped by the flowering glume function in dissemination. The
seeds of most Grasses are white, gray, yellow or brown, but in
Corn such colors as red, blue, purple, and black often occur.

The seeds of those Grasses known as the grains are our chief
source of food. Although all of the grains contain practically
the same food elements, they differ in the proportion of the differ-
ent elements and consequently are fitted for different uses. Even
within a seed, various structures differ so much in composition
that they are adapted to special uses as is well shown in the
milling of Wheat. Likewise in case of Corn, the oil and protein
contents are so closely related to structure that one can judge the
relative proportion of these substances by observing the relative
sizes of certain structures of the kernel.

Corn Kernel. — A study of a section through a kernel of corn,
as shown in Figure 66, will give a notion of the general structure
of the Grass type of seeds. Notice that within the covering (o)
there are two distinct regions, that to the right and below being
the embryo, and that to the left and above being the endosperm.
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The location of the embryo at one side of the endosperm, instead
of being centrally located and surrounded by the endosperm, is a
peculiar feature of the Grass type of seeds.

The embryo consists of two main parts: the large scutellum or
cotyledon (cot) which lies in con-
tact with the endosperm, and the
embryonic axis which upon germi-
nation produces the stem at its
upper and roots at its lower end.
The axis is attached along its
central region to the cotyledon,
which supplies it food during
growth. At the upper end of the
axis is the plumule, a small bud-
like structure consisting of a grow-
ing point (gr) and some small
leaves (). The plumule is en-
closed in a sheath (cf) called col-
wopis,  DBefueen (e plumile T1c. 66. — Section through a ker-
and the attachment of the coty- el o O, o), el 3

. - N tl H pl epl
ledon is a short stem (st), which thelial layer of cotyledon; ct, coleop-
with the plumule is often called tile; gr, growing point of plumule;
epicotyl (the portion above the ! youngleaves; st epicotyl; r, radi-
cotyledon). The portion of the cle; rc, root cap; cr, coleorhiza; n,

2 8 soft endosperm; k, hard endosperm;
axis below the cQtyle_don consists ollcoerma el Arlimericarmt K ek
chiefly of the radicle (r), the struc- enlarged.
ture which develops the first root.

The radicle bears at its tip the root cap (r¢) and is enclosed by
the coleorhiza (cr).

The hypocotyl, which is all or only a part of the axis between the
plumule and radicle (a point in dispute among botanists), is the
portion of the axis developing least when the embryo resumes
growth. Inthe Grasses there is very little elongation of the hypo-
cotyl and, consequently, the establishment of the young plant in
the soil and light depends mainly upon the growth of the radicle
and plumule. The fact that the hypocotyl remains small while
the radicle, since it forms the first root, becomes a prominent
structure, accounts for the general application of the term rad-
icle to all of the lower portion of the axis, and the rare use of the
term hypocotyl in connection with grass embryos.
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Concerning the cotyledon of the Grass embryo, there is some
dispute. Some morphologists regard the scutellum as the coty-
ledon, while others think that the cotyledon includes both the scu-
tellum and coleoptile. Although the cotyledon may include
other structures, the scutellum, in absorbing and supplying food
to the growing parts of the embryo, performs the function of a
cotyledon. The scutellum is a boat-shaped structure with its
keel-like portion imbedded in the endosperm. Its broad side
bearing the axis of the embryo is visible through the testa and
ovary wall. The keel-like portion is covered with specialized
cells formed into a layer called the epithelium. The epithelium
secretes soluble substances called enzymes, which after diffusing
to the endosperm change the foods stored there into soluble
forms, which are then absorbed by the cotyledon and carried to
the plumule and radicle where they are used for growth.

The principal food substances,
stored in the endosperm are starch,
fat, and protein. Although occur-
ring together in most parts of the
endosperm, each substance is

F1c. 67.—Kernels of Corn with present in a greater proportion
high and with low percentages of i some regions than in others.

protein. A, kernel with high per-
centage of protein. B, kernel with The cells around the border of

low percentage of protein. a, horny the endosperm and forming the
endosperm; b, white starchy endo- aleuron layer are especially rich in
sperm; ¢, embryo. After Bulletin 87, protein, which is present in the
gmvel_'smy Osf Lllinois Agricultural . of granules and so abundant

EpCORNCASI IR, that the cells appear as dense
granular masses. The remaining endosperm, which is especially
rich in starch, consists of two regions. The outer region (more
deeply shaded) is the horny endosperm (h) and contains much
protein in addition to starch. The inner region (n) (with lighter
shading) is the starchy endosperm, which is not only much softer
and more granular than the horny endosperm but also contains
less protein. The richness! of the kernel in protein depends so
much upon the amount of horny endosperm that by cutting across
a kernel as shown in Figure 67, one may judge the richness of the
kernel in protein by observing the relative amounts of the two
kinds of the endosperm. Likewise, since the embryo of the ker-

1 See Bulletins 44, 82, and 87, University of Tllinois Agricultural Experiment
Station.
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nel contains most of the oil, the oil content depends largely upon
the size of the embryo. (Fig. 68.) Sometimes, however, much
of the starch of the endosperm is replaced by sugar, as in case
of Sweet Corn, which is much used as a vegetable on account of
its soft sweet endosperm.

Grain of Wheat. — In structure, a grain of Wheat is similar to
a kernel of Corn. In the section through a Wheat grain, shown
in Figure 69, though the parts are not labelled, they can be deter-
mined by referring to the section of the Corn kernel shown in

Fia. 68. — Kernels of Corn
with high and with low per-
centage of oil. A, kernel with
large embryo and hence rich
in oil. B, kernel with small
embryo and low percentage of
oil. C and D, face views of
two kernels differing in size of

embryos and therefore in oil F1c. 69. — Lengthwise section
content. e, embryo. After through a Wheat kernel. The
Bulletin 87, University of Illi- embryo is to be compared with
nois Agricultural Experiment the embryo of the Corn kernel
Station. (Fig. 66) and parts labelled.

Figure 66. In milling! a grain of Wheat, a number of special
products are obtained. The woody pericarp and seed coat
with the aleuron layer and some of the outermost starch cells
constitute the bran. When bran is finely ground, it is known as
shorts. Middlings differ from shorts only in containing a larger
percentage of starchy endosperm. In making the best grades of
flour, only the starchy endosperm is used and the quality of the

1 On Bread. Bulletin 4, Ohio Agricultural College. Bread and Bread
Making. Farmers’ Bulletin 389, U. S. Dept. of Agriculture.
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flour depends much upon the amount and quality of protein
(gluten) which the endosperm contains. When there is a good
quality of gluten present, the flour is characterized as being strong
and is the kind which bakers prefer. Graham flour is the entire
grain finely ground. In making entire wheat flour, after the
grain is finely ground, some of the bran is removed. The em-
bryo, which constitutes about eight per cent of the grain, contains
much fat and oil, and, if the embryo is ground up with the flour,
the oil is apt to become rancid and impair the flavor of the flour.
For this reason, the embryo is removed in making high grade
' flour and sold with the middlings

orused in makingbreakfastfoods.
~ (Ig. 70.)

Oat Kernel. — In general form
and structure the Oat kernel is
similar to the grain of Wheat, ex-
cepting that it is more elongated
and the ovary wall is hairy.
The kernel usually remains en-
closed in the lemma and palea,
and the quality of Oats depends

Fia.

70. — Section through the
outer portion of a Wheat grain. w,
ovary wall, often called pericarp; ¢,
testa or seed coat; a, aleuron layer
with cells filled with grains of protein;
g, starchy endosperm with cells large
and filled mainly with starch grains.
Some protein grains are present in the
starch cells. 7, nucleus.

upon the proportion of hull to
kernel. The endosperm contains
protein, starch, and fat and is a
valuable food for both man and
live stock.

Comparison of Seed Types.—
The three types of seeds differ
fundamentally in the number of

cotyledons and in the location
of the stored food. The difference in the number of cotyledons
is probably the more important one because all Flowering Plants
have been divided into two classes on the basis of whether or not
one or two cotyledons are present. Plants with seeds having
but.one cotyledon are called Monocotyledons (one cotyledon).
Not only the grains and all other Grasses, but also Palms, Lilies,
Asparagus, Onions, and many other plants are Monocotyledons.
Plants with seeds having two cotyledons, as in case of the Bean,
and Buckwheat type, are called Dicotyledons (two cotyledons).
Besides Beans and Buckwheat, many other common plants,
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such as Peas, Clover, Alfalfa, Tomatoes, Melons, Cotton, Fruit
trees, and many forest trees are Dicotyledons. Each of these
classes includes a large number of important cultivated plants as
well as many that are regarded as weeds.

Since the classification into Monocotyledons and Dicotyledons
applies only to the Flowering Plants, such plants as the Larch,
Pine, Spruce, Fir, Hemlock, which belong to the
Gymnosperms where there are no true flowers,
are omitted in this classification. The seeds of
a number of the Gymnosperms commonly have
more than two and those of the Pine and Cypress
commonly have many cotyledons. (Fig. 71.)
They are polycotyledonous seeds and the plants
may be deseribed as Polycotyledons.

The difference in the location of the stored
food in seeds serves in distinguishing them but
does not affect their function or commercial
value. In all types of seeds, the endosperm
must be absorbed by the cotyledons before it is
available for the growth of the embryo. This
absorption occurs before germination in the ex- ‘
albuminous seeds but during germination in albu-  Fre. 71. —a,
minous seeds. Among Monocotyledons albumi- Pine seed sec-
nous seeds prevail, while both types are about tioned lengthwise

. to show polycot-
equally common among Dicotyledons. yledony. b, Pine

. q - q seed germinating,
Resting Period, Vitality, and Longevity of Seeds the many cotyle.

Most seeds, after they complete their develop- gons 1 B e
ment, dry out and pass into a state of dormancy. free from the seed
The dormant period, known as the resting coat. Both are
period, varies greatly with different seeds, rang- enlarged.
ing from a few days to months or years. When seeds are to be
used for growing new crops, one must consider their resting
period, vitality, and longevity.

Resting Period. — While seeds are being scattered from the
mother plant and are awaiting favorable conditions for germina-
tion, they are commonly exposed to adverse conditions, such as
cold, heat, dryness, intense light, etc. In the resting condition,
with life processes reduced to a minimum of activity, seeds have
remarkable endurance and are thus able to endure without injury
conditions that would quickly kill them if they were active.
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In most cases the resting stage is brought about by the drying
out that follows almost immediately after seeds attain their
full size. In drying out many seeds lose from one-half to two-
thirds of their green weight. For example, after Clover seeds
attain full size both pods and seeds begin to dry and within three
or four days the seeds lose sixty per cent or more of their green
weight. With the loss of so much water, naturally the life
processes are much checked; for the life processes are so de-
pendant upon water, that they are checked unless there is plenty
of water present. Some investigators have held that the life
processes actually stop but they never stop as long as seeds can
germinate. They are going on but very slowly.

The dried out condition of resting seeds apparently does not
impair their vitality unless too much prolonged, but enables
them to endure extreme conditions. In the active condition the
embryos of most seeds are killed by a temperature a little below
freezing, but seeds of Alfalfa, Mustard, and Wheat in the resting
state have been kept for three daysin a temperature of —250° C.
and afterwards successfully germinated. A temperature of 60> C.
kills most seeds when active, but, if in the resting stage and kept
dry, many seeds can endure a temperature of 100° C., that of
boiling water, without injury.

The length of the resting period varies much for different kinds
of seeds and for seeds of the same kind. In a sample of Clover
seed, for example, many of the seeds may germinate in two or
three days, and some may not germinate for a month or a year.
Although the seeds of some wild plants will germinate as soon as
mature, if given favorable conditions of moisture and warmth,
most of them, however, have a rest period which extends over
days, weeks, months, or even years, and often saves the young
plants from getting started at a time when they would soon be
caught by unfavorable conditions. Excepting some seeds like
those of the Clovers and Alfalfa, the seeds of cultivated plants will
usually germinate about as soon as mature. Although a desirable
feature, it sometimes results in loss, in that Corn, Wheat, Oats,
and other crops germinate in the field if the weather following
harvest is warm and wet. The resting period, which is retained
by Wild Oats and some other wild plants kindred to cultivated
ones, has been lost from our cultivated plants through many
years of selection.
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In preventing the absorption of water and oxygen, which are
the elements upon which germination in most cases depends, the
seed coat and other protective structures are important factors.

Seed coats that prevent the escape of water and thus protect
the embryo against excessive drying also prevent the entrance of
water, and, if the seed coat is too impervious to water and air,
the germination of the seed is delayed. Seeds which have very
hard coats, unless they are treated artificially, must be exposed
to the weather until the seed coat is decayed sufficiently to allow
the entrance of water and air to the embryo before germination
can take place. In a sample of Red Clover, Sweet Clover, and
Alfalfa seed, often there are many seeds, known as hard seeds, with
coats so hard that germination is delayed or prevented. When
sown, they either lie in the ground too long before germination or
do not germinate at all. By scratching or pricking their seed coats,
so that water and air can enter more readily, they germinate more
promptly. Experiments! have shown that Clover seed which
has been thrashed through a huller where it is scratched by the
spikes germinates much better than seed hulled by hand. This
principle is so well recognized that machines especially devised
for scratching or pricking the coats of Clover seed have been in-
vented. The opening of the seed coats of the Sweet Pea and
Canna with a file and Peach pits with a hammer are other in-
stances in which the rest period is broken by artificial means.

In some cases, as in the Hawthorne, delayed germination de-
pends upon the embryo, which must undergo a process known as
‘““ after-ripening ’’ in which acids, enzymes, or other essential sub-
stances are formed. In some weed seeds, delayed germination
has been found to depend upon the toughness of the seed coat,
which allows water and air to enter, but is so resistant to pressure
that it will not allow the embryo to expand until its resistance is
weakened by decay.

Vitality and Vigor of Seeds. — Seeds are worthless for planting
unless they have life, or vitality. Not only the vitality, but also
the amount of life or vigor the seed has is an important feature.
If the embryo of a seed is dead, the seed will not germinate. If
the embryo is lacking in energy, though it may germinate, the
plant which it produces will be weak. Only seeds with vigorous
embryos are fit for planting.

t See, Bulletin 177, Vermont Agricultural Experiment Station,
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The vitality and vigor of seeds depend upon the following
factors: (1) the vigor of the plant which produced the seeds; (2)
external conditions which affect seeds during their development;
(3) maturity of seeds; (4) weight and size of seeds; (5) methods
of storing; and (6) age of seeds.

The seeds of vigorous plants are preferable to those of weak
plants, for the sperms and eggs of vigorous plants are likely to be
more vigorous than those of weak plants, and, therefore, more
capable of producing vigorous embryos. Furthermore, seeds
of vigorous plants may have more stored food for the embryo to
feed upon during germination and the seedling stage. Plants
having a stunted growth, due to drought, lack of food, or attacks
of enemies, are likely to produce small and often shriveled seeds
which are lacking in stored food and usually have weak embryos.

Seeds are often injured by frosts occurring while the seeds are
immature and full of water. The embryos of Corn and other
seeds are sometimes killed by early frosts. KEven seeds which
have reached maturity cannot endure hard freezing unless they
are dry. For this réason most seeds should be collected from
the field before they have been exposed to a hard freeze.

Abnormal seeds have a low vitality or will not germinate at all.
Kernels of Corn produced on the tassel usually give a low per-
centage of germination. Sometimes, as in case of Sweet Clover
and Alfalfa, when the conditions are unfavorable, seeds are pro-
duced with imperfect embryos which are not capable of developing
plants. There are some plants in which seeds sometimes develop
without embryos and of course will not germinate at all. This
sometimes occurs in the Apple and Pear. When seeds are muti-
lated their vitality is usually impaired. Larbaletrier asserts that
15 per cent of the Wheat crop in France is injured by the thresh-
ing machine. He cut the kernels with a knife so as to represent
the injury from the machine and compared their germinative
power with that of sound kernels, obtaining a much lower per-
centage of germination as the results given in the table below

Sound kerrels, per Cut kernels, per cent
cent of germination. of germination.
68, 34
74 3
99 38
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show. Sturtevant mutilated the kernels of a Flint Corn and the
seeds of Beans and found the percentage of germination much
reduced in each case.

Seeds collected while.immature usually show a low percentage
of germination and their embryos grow slowly. In the case of
Rye, seeds have been harvested at different stages of their devel-
opment and, after similar treatment in respect to drying and
storage, the percentage of germination and vigor of embryos de-
termined. In the milk stage five per cent germinated, while in
the dry ripe stage eighty-four per cent germinated. The embryos
of the dry ripe seeds were much more vigorous in growth than
those of the immature seeds. Tomato seeds, while still green and
not more than two-thirds the weight of mature seeds, may be
germinated, if properly cured, but the plants produced are likely
to be weak. The germination of unripe seeds has been given
considerable attention by Sturtevant, Arthur, and Golf.!

Experiments 2 with seeds of the Radish, Sweet Pea, Cane, Rye,
Oats, and Cotton have shown that better stands in the field and
more vigorous and better yielding plants are secured by using
only the heavier seeds.

The vitality and vigor of seeds depend very much upon the
methods of storing. Seeds are more easily killed by extremes of
temperature when wet. Seeds stored where there is considerable
moisture may start to germinate, and then die. Seeds, massed
together before they are well dried, become moist and often so
warm that the embryos are injured. On the other hand, when
stored in rooms where the air is warm and extremely dry, seeds
may lose moisture so rapidly that the embryos are killed. A
storage room should be cool but above freezing, and dry, although
not excessively dry. TUntil the seeds are well dried, they should
not be massed together, but so arranged that the air can circulate
about them. Thus methods of storing seed Corn and other seeds
must reckon with a number of factors which affect the vitality
and vigor of seeds under storage conditions.

Longevity. — The vitality and vigor of seeds depend much
upon their age. Seeds in excellent condition and stored by the best
methods finally lose their vitality, due to the coagulation of their
protoplasms, too much drying, or some other factor not under-

t American Naturalist, pp. 806 and 904. 1895.
2 Farmers’ Bulletin 676, U, S. Dept. of Agriculture,
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stood. Some seeds may retain their vitality for centuries, but
most seeds lose it in a few years. The length of time during which
seeds retain their vitality is called their longevity. Most agri-
cultural seeds can be stored two or three years without much loss
of vitality, and some, when stored a much longer period, may
contain a large number of live seeds. One investigator found
that 50 per cent of samples of Red Clover seeds germinated after
being stored in bottles for 12 years; and in samples of the seeds
of Pigweed, Sheep Sorrel, Black Mustard, and Pepper Grass,
stored in the same way, a large percentage germinated after a
storage of 25 years. In samples of White Sweet Clover seeds,
which have well modified seed coats, 18 per cent have germinated
after a storage of 50 years. There is good evidence that some
of the leguminous seeds may retain their vitality for more than
a century. Many of the weed seeds when buried in the soil can
retain their vitality for many years and then germinate when
conditions become favorable.

The longevity of seeds depends so much upon the conditions
under which the seeds were grown, maturity when collected, and
methods of storing, that statements as to how old any kind of
seeds may be and still be safe for planting are not reliable. Old
seeds are often preferable to new ones grown under unfavorable
conditions. Seeds from poorly developed plants, although sim-
ilar in appearance to those produced under favorable conditions
and giving a high percentage of germination soon after harvest,
decline rapidly in vitality, often being worthless at the next plant-
ing season. For example, Cabbage seeds eight years old may
germinate 70 or 80 per cent, while some only three years of age
but grown in an unfavorable year may germinate less than 40
per cent. Seeds collected green may germinate well after proper
curing but they have a short longevity.

The longevity of seeds depends probably more upon dryness
than any other factor. For this reason the place of storage
should be dry and the seeds should be cured before they are
stored by placing them in a dry airy place. Experiments show
that Corn collected soon after maturity and properly cured and
stored gives a much higher percentage of germination the next
season than Corn allowed to stand in the shock, or taken from the
crib. Comparative! germinative tests of seeds stored in different

L Bulletin 58, Bureau of Plant Industry, U. S. Dept. of Agriculture.



LONGEVITY 73

parts of the United States have shown that seeds do not live as
long in the warm moist air of the Southern states as they do in
the cool dry air of the Northern states.

In the following table compiled from various sources is given
the time beyond which it is not advisable to use the seeds men-
tioned unless the contrary is shown by germinative tests.

Years. Years.
Com............... 2 Mustard. . ......... 3to4
Wheat.............. 2 Cabbage. .......... 3to4
Oats......c.ovvvennn 2 Turnips............ 3to 4
Barley. . ............ 2 Swede............. 3to4
Rye......cooovvvnnn 2 Pumpkin........... 5
Buckwheat. ......... 2 Melon (musk). . .... 5
Beans (common). . ... 4t0b Melon (water)...... 5
Peas................ 4t05 Squash............ 3
Clovers. ............ 2t03 Tomato............ 6
Alfalfa. ............. 3to4 Timothy........... 1to2
Onion............... 1 Celery........... 1

In some cases perfect seeds well stored may have more than
double the longevity given in the above table. Thus Sturtevant
obtained 100 per cent germination of various varieties of Corn
after being stored 5 years. Tomato seeds
14 years old have been known to give a
high percentage of germination. On the
other hand, using the same seeds as an
example, both Corn and Tomato seeds
are sometimes unfit for use when only
1 year of age. These varying results em-
phasize the importance of testing the
germinative power of seeds before use.

The variation in the longevity of the
seeds of a given lot is obvious when the
percentages of germination for different
periods of storage are compared. The
decrease in the percentage of germination
as the length of the storage period in-

F16. 72.— A cheap mag-
nifier well adapted for use
in analyzing seeds. The
magnifier is set over the
seeds, leaving the hands
free to separate the seeds
as one looks through the

creases shows that some seeds die early magnifier from above.

and others later until finally all are dead.

In the following table are given the results of an experiment
to determine the rate at which vitality is lost as indicated by the
percentage of germination obtained in each of the 6 years of
storage.
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PER CENT OF GERMINATION FOR EACH OF 6 YEARS
OF STORAGE

Seed. 1yr. 2yr.. | 3yr. 4 yr. 5 yr. 6 yr.
W 018500 00600 00000660060003060000C 80 82.3|77.3| 37 |15 6
(OB{#860000000000000000000000006004 90.2 | 93 78.2 | 67 | 54 29.5
Barley.....ooveeiviiiiiiiiiian.. 97 91 78.5 | 36 19.5| 7.5
1 R28000000000600000000000000636000 94 95 88 64 | 64 6
Flax......... . PP T s It 81 82 75 49 | 26 24

Purity and the Analysis of ‘Seeds

The impurities of seeds consist of seeds of other species and of
dirt, such as soil particles, chaff, hulls, and other plant fragments.
In sowing impure seeds one can not estimate the amount of
desirable seeds sown unless the percentage of impurities is pre-
viously determined so that allowance can be made. Besides one
is likely to sow the seeds of undesirable plants, which choke the
crop and cause much trouble and expense in eradicating them.
A small per cent of weed seeds is often a serious matter. For
example, in sowing Grass seéds which contain only 1 per cent of
weed seeds there is the possibility of 20 or more weeds to the
square yard. Nobbe found enough weed seeds in a certain
sample of Timothy seeds, if sown at the ordinary rate, to supply
24 weeds to every square foot of land. Furthermore, in purchas-
ing impure seeds, unless a deduction from the price is made for
the impurities, one pays more than he should for the desirable
seeds obtained.

More impurities occur among the smaller agricultural seeds,
as Grass, Clover, and Alfalfa seeds, than among the grains, al-
though a few very bad weed seeds, such as those of Quack Grass
(Agropyron repens), Cow Cockle (Saponaria Vaccaria), Corn
Cockle (Lychnis Githago), and English Charlock (Brassica
Sinapistrum), are common among the small grains.

Seed Analysis. — A bag of seeds may be analyzed for two
reasons: (1) to determine the percentage of the desirable seeds
contained or to determine the percentage of impurities regardless
of their kinds; and (2) to determine the kinds of impurities and
the percentage of each present. In either case the determination
is based upon the analysis of only a small sample, which is usually
prepared by mixing well a handful or more of seeds taken from
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different parts of the bag or container, usually from the top,
middle, and bottom. From the sample from 2 to 5 grams are
weighed out, and the impurities and desirable seeds are then sepa-
rated, usually by means of a lens like the one in Figure 72. By
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F1a. 73. — Some weed seeds and fruits commonly found among Red Clover
seeds. Enlarged and about natural size. ¥rom Farmers’ Bulletin 455,
U. S. Dept. of Agriculture.

dividing the weight of the desirable seeds and the weight of the
impurities by the number of grams analyzed, the percentage of
each is obtained. Thus, if 5 grams are analyzed and the weight

. ' 4.
of the desirable seeds found is 4.8 grams, then —;j = 96 per cent,

which is the percentage of purity. In determining the kinds of
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impurities and their percentages it is.not enough to separate the
impurities and desirable seeds, but the kinds of impurities must
be identified, separated, and the weight necessary for finding the
percentage of each must be separately determined. In this kind
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Fi1c. 74. — Some weed seeds commonly found among Alfalfa seeds. En-

larged and natural size. Adapted from Farmers’ Bulletin 495, U. S. Dept.
of Agriculture.

of analysis, the operator, unless he is well acquainted with the
various kinds of seeds, should have at hand for comparison
samples or figures of the seeds of weeds and other plants likely
to occur among the seeds which are being analyzed. Samples
are better, but figures as shown in Figures 73 and 74 may serve
quite well,



TOMATO OR BERRY TYPE 77

Nature and Types of Fruits of Flowering Plants

A fruit is difficult to define because not all fruits involve the
same structures in their formation. Some fruits are only much
enlarged ovaries; but there are others which involve other struc-

Fig. 75.— A, cross section of a Tomato. B, cross section of an Orange.
w, ovary wall; p, placentas; s, seeds; a, partition walls; I, locules.

tures closely related to the ovary. Sinece fruits involve a number
of structures in their formation, it will be best to study some
types and then formulate a definition.

Tomato or Berry Type. — The fruit of
the Tomato consists of the ovary which
has enlarged and become fleshy and juicy.
The most edible portion consists of the
fleshy enlargements which develop from
the inner angle of the locules and almost
fill them. These enlargements bear the
seeds and hence are the placentas much
enlarged. Also the citrus fruits, such as
Oranges, Lemons, etc., are of the berry
type. However, they have no fleshy
placentas. The seeds are attached to the
small central core, and the juicy tissues Fia. 76.— Lengthwise
developing from other parts of the ovary section through a Plum.
and filling the locules constitute the flesh s, seed; p, wall of pit;
of these fruits. The fleshy and juicy /:fleshyportionofovary.
features are characteristics of the berry; and a berry is often
defined as a fleshened juicy ovary. (Fig. 75.)
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Plum or Stone Type. — The Plum, Peach, Cherry, and Apri-
cot, commonly called drupes, are fleshy ovaries, but differ from

Fic. 77. —Section through flower and fruit of the Apple. A, section
through the flower. a, receptacle; b, ovaries; d, ovules; f, floral organs,
calyx, corolla, stamens, styles and stigmas. B, section through the fruit.
a, receptacle; ¢, core; s, seeds; r, remains of floral parts; I, the flesh around
the core, bounded on the outside by the conductive vessels, indicated by the
lines. The inner portion of this band of flesh is the outer portion of the ovaries,
the remainder of it being the inner portion of the receptacle.

the berry type in that the portion of the ovary immediately sur-
rounding the locule hardens into the stone or pit. In Figure 76,
point out the seed, the pit, and the fleshy
portion of the ovary.

Apple or Pome Type. — The Apple,
Pear, and Quince are examples of pome
fruits, and their structure can best be un-
derstood by studying Figure 77. The
receptacle of the flower is not flat as it
is in many flowers, but is hollow or urn-
shaped; and the five ovaries are located

Fra. 78.— Cross section 1t the hollow of the receptacle and are
of a Cucumber. r, rind grown fast to its sides. The calyx, petals,
consisting of receptacle and stamens are located on the rim of
and ovary wall closely the receptacle and thus above the ova-
joined; I, locules; p, pla- yjog  Ag the fruit develops, the receptacle
centas; s, seeds. . . .

O’ surrounding the ovaries thickens and
forms the greater part of the fruit, while the ovaries form the
portion known as the core.
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Melon or Pepo Type. —In the Melons, Cucumbers, Pump-
kins, and Squashes, which illustrate well the pepo type, the
ovaries are inclosed in the receptacle, and with the receptacle to

Fic. 79.— Flower and fruit of Strawberry. A, section through flower,
showing the fleshy receptacle (r) and the many pistils (p) on its surface.
B, fruit consisting of enlarged receptacle (r), bearing the small hard ovaries (o).

which they are closely joined form the rind. (Fig. 78.) The
placentas are more or less fleshy and in case of the Watermelon,
where they form large juicy lobes, they constitute the bulk of
the edible portion. In most cases, however, as Muskmelons and
Pumpkins illustrate, the placentas break
loose from the ovary wall and are removed
with the seeds. In what way does the
Melon resemble the Apple in structure?
How does it differ from the Apple?

Strawberry Type.— In the Strawberry
the ovaries develop into hard one-seeded
fruits (akenes) which appear as small hard
bodies over the surface of the much flesh-
ened receptacle. (Fig. 79.) In the Straw-
berry, although the ovaries are included
when the fruit is used, the edible portion
is the receptacle.

Blgckberry Type. — In this t‘ype the A I
ovaries develop as sma',ll stone fruits, often T b o e
called drupelets (miniature drupes), and cle; f fleshened ovaries.
with the fleshened receptacle form the
fruit. (F7g. 80.) Very similar to the Blackberry is the Rasp-
berry, in which the drupelets collectively separate from the re-
ceptacle and thus alone form the fruit.
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In developing from a single flower but involving a number of
pistils, the fruits of the Strawberry and Blackberry are similar
and are classed as aggregate fruits.

Pineapple Type. — In the formation of the Pineapple a num-
ber of flowers are involved, each of which consists of a small
pistil surrounded by large scales and is borne in the axil of a modi-
fied leaf. Each ovary with
its scales and modified leaf
becomes fleshy to form a
single fruit. The entire fruit
of the Pineapple consists of a
number of these single fruits
closely packed together on
an axis which forms the core
of the Pineapple. Since a
number of flowers are in-
volved, fruits of this type
are known as multiple fruits.
(Frg. 81.)

Nut Type. —In the nut
type of fruit, the ovary is
hard and is generally partly
or entirely covered by a
husk formed by the perianth
or by bracts which grow up
from the receptacle. (Fig.
82.) Notice the develop-
ment of the Acorn shown in
Figure 83.

Some Other Familiar Types of Fruits. — In many small fruits
the -ovaries become dry and often hard as the fruit matures.
They are the kind which when small and one-seeded are often
called seeds. It hasbeen mentioned that the akenes of the Buck-
wheat and the cariopsis of the Grasses are fruits with hard ovary
walls. In the Clovers, Alfalfa, and Beans the ovary wall becomes
dry and hard when mature, forming the structure known as the
pod or legume. (Fig. 84.) Many of the so-called weed seeds are
dry ovaries. In many cases, however, other structures are joined
with the hardened ovary in the formation of the fruit. In the
Dandelion and many other plants of the Composite type, the

Fig. 81.— Pineapple. After Koch.
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pappus, consisting of hair-like structures which correspond to
the calyx of the ordinary type of flower, remains as a part of the
fruit, forming a parachute-like arrangement which enables the

F1c. 82. — Pistillate flower and fruit of a Hickory (Carya). A and B, ex-
terior and interior views of the flower. C, the nut. b, bracts surrounding the
pistil (p); o, ovary. Flower much enlarged but fruit reduced.

fruit to float in the air. Sometimes, as in the Spanish Needles,
the calyx remains on the fruit as spiny appendages. In the case
of the Birch, Elm, Ash, and Maple, the fruit known as a samara
or key-fruit has wing-like structures which are outgrowths from
the ovary wall.

Fi1c. 83. — Flower and fruit of an Oak (Quercus). A, pistillate flower,
showing the bracts () which surround the ovary. B, section of the flower,
showing the ovary (o) and the bracts (b). C, acorn, showing the ovary and
cup. s, stigmas. Flower much enlarged but fruit nearly natural size.

Definition of a Fruit. — From an examination of the above
types of fruits, it follows that a fruit may consist of: (1) simply
the ovary either dry or fleshy; (2) ovary or ovaries and recep-
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tacle; (3) ovary with perianth or bracts forming a husk; (4) ovary
with calyx forming hairs or spines; and (5) a number of single
fruits with the modified leaves and floral
axis of the flower group. A fruit may
be defined as one or more ripened ovaries
either with or without closely related
parts.

Dissemination of Seeds and Fruits

Dissemination has to do with the
scattering of seeds from the parent plant.
Sometimes the seed is transported naked,
but often it is transported enclosed in
the fruit or with some larger part of the
plant.

The necessity for dissemination is ob-
vious, for if the seeds of a plant were to

Frc. 84. — The dry coiled germinate where formed or on the ground
fruits (pods) of Alfalfa directly beneath, the resultant conges-
(Medieago  sativa). From tion would prevent the normal develop-
Farmers’ Bulletin 895, U.S. ment of any of the plants. Green
(EEl € el NG plants must have sunlight and air, and
this means that they must have room.

Of course seeds and fruits are not the only means by which
plants spread. Many Seed Plants have an additional means in
either spreading stems or roots which give rise to new plants as
they spread farther and farther from the parent. The Straw-
berry depends mainly upon its runners, and the Quack Grass
much upon its underground stem as a means of spreading. Pop-
lars, some fruit trees, and Canada Thistle are well known to
spread by means of sprouts arising from their roots. Most plants
which do not have seeds spread by means of spores which in some
cases seem to be a more efficient means than seeds are. For
example, Wheat Rust, a disease which spreads very rapidly, is
spread by spores.

In the dissemination of seeds and fruits, wind, water, and ani-
mals are the chief agents. In a few plants there are explosive or
spring-like mechanisms which throw the seeds.

Seeds and Fruits Carried by Wind. — The wind is one of the
most important agents in the distribution of fruits and seeds. In
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the Thistle, Dandelion, Wild Lettuce, Fireweed, Ironweed, White
Weed, Fleabane, and others, the tufts of downy hairs on the small
dry fruits in which the seeds are enclosed enable the fruits with the
seeds to be lifted and carried many miles by the wind. In the
Milkweeds, the seeds bear long hairs which make them easily
carried by the wind. In some plants, as in the Curled and Smooth
Dock, Ash, Elm, and Maple, the fruits are winged and easily
borne away by a passing breeze. The fruits of some of the

F1a. 85. — Some fruits and seeds disseminated by the wind. a, fruits of the
Basswood (T'ilia Americana) and the leaf-like bract which floats in the air and
thereby scatters the fruits. b, samara or winged fruit of a Maple. ¢, fruit of
a Wild Lettuce (Lactuca Floridana). d, winged fruit of an Elm. e, pods of a
Milkweed (Asclepias syriaca) allowing the seeds to escape to be scattered by
the wind. aq, ¢, and e from Hayden.

Grasses are enclosed in chaff bearing long hairs and are easily
blown about. The fruits and seeds of Ragweeds, Velvet-leaf,
Docks, Pigweeds, Chickweeds, and some plants of the Grass fam-
ily are blown long distances over the surface of snow, ice, or
frozen ground. (Fig. 85.)

Some plants break off near the ground after ripening their seeds
and are rolled over and over by the wind, dropping their seeds as
they go. These are known as the “tumble-weeds” and include
the Russian Thistle, Tumbling Mustard, Tumbling Pigweed,
Buffalo Bur, Old Witch Grass, and a number of others. (Fig. 86.)
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Seeds and Fruits Carried by Water. — Plants, such as the
Great Ragweed, Smartweeds, Bindweeds, Willows, Poplars, and
Walnuts, which grow along streams, have their sceds and fruits
floated away during overflows. Sometimes, when the banks of

F1a. 86. — Plants of the tumble weed (Amaranthus albus) tumbling over
the ground and scattering seeds as they go. After Bergen.

streams cave off, plants with ripened seeds fall into the current
bodily and are carried for miles down the stream, finally lodging
in fields where their seeds grow. The seeds of plants growing on
the upland are washed to the lowlands during rains and seed the
bottom fields. Some fruits, as in case of the Coconut, are so
resistant to salt water that they can be carried long distances by
ocean currents.

Seeds and Fruits Carried by Animals. — Birds eat the fruits
of some plants for the outer pulp, and the hard seeds pass undi-
gested. In this way the seeds of the Nightshades, Poison Ivy,
Pokeweed, Blackberry, Pepper Grass, and others are distributed.
Even the seeds and fruits of Thistles, Dandelion, Ragweeds, and
Knotgrass may be eaten in such large quantities that many pass
undigested and start new plants wherever they fall. Birds often
carry sprigs of plants to places where the seeds may be eaten
without molestation and in this way distribute seeds. (Fig. 87.)
Birds that wade in the edge of ponds, lakes, and streams
often carry away on their feet and legs mud containing seeds.
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Darwin took 3 tablespoonfuls of mud from beneath the water at
the edge of a pond and kept it in his study until the seeds con-
tained developed into plants. From this small amount of mud,
he obtained 537 plants which represented a number of species.
From this it is evident that the
mud, carried on the feet and legs
of water birds, may be the means
of distributing many seeds.

The fruits and seeds of many
plants have spines or small hooks
by which they become attached
to passing animals and are carried
far and wide. Some familiar ex-
amples are the burs of Burdock,
Cockle Bur, and Sand Bur, and
the hooked and spiny fruits of the
Buttercups, Wild Carrot, Beggar’s
Lice, Tick-trefoils, Beggar-ticks,
?.nd Spanish Needles. They (.jatCh F1a. 87. —- A Chickadee carrying
in the wool, manes, and tails of fruit. From Bulletin 4, Iowa Geo-
stock and in the clothing of man, logical Survey.
and are carried from one pasture
to another or from one farm to another. Live stock are impor-
tant agents in distributing plants on the farm. The seeds of
the Mustards are mucilaginous when wet and, by sticking to the
feet of animals or the shoes of man, are carried to new situations.
(Fig. 88.)

Many plants owe their distribution to man more than to any
other agent. The railways, connecting all of the states and
reaching from ocean to ocean where they connect with steamship
lines from across the seas, are responsible for the wide distribution
of many plants. For example, the seeds of a number of weeds
are shipped across the country with grain and other farm seeds,
and also in hay, bedding, packing, in shipments of fruit, and
in the coats of live stock. They fall from the cars as the.train
travels, and seed the right-of-way where the plants first appear
and then later spread to the surrounding fields. The railways
are responsible for the wide distribution of Russian Thistle,
Prickly Lettuce, Canada Thistle, and Texas Nettle, which first
appear along the railway and later spread to the surrounding
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farms. Buckhorn, Ox-eye Daisy, and many other weeds are
often first found along the railway. Seeds of various kinds are
often carried in the packing around nursery stock. Quack Grass
Canada Thistle, Ox-eye Daisy, and other weeds are often spread

F1e. 88. — Some spiny weed fruits which catch to the coats of animals.
a, cow with tail loaded with weed fruits. b, fruits of Beggar-ticks (Bidens).
¢, spiny fruit of Burdock (Arctium Lappa). d, fruit of Comfrey (Symphytum).
¢, fruit of another Beggar-tick. Adapted from Bailey and from Hayden.

in this way. Quack Grass is often carried in straw, and may
be introduced on a farm by using straw for covering Grapes and
Strawberries. Manure hauled from livery stables is a very im-
portant means of introducing plants on the farms where the
manure is used. In hauling hay along the highways, seeds of
various kinds are dropped and from the highways the plants
spread to the fields. Those weeds, such as Quack Grass, White
Top, Field Sorrel, and others which are common in meadows,
are often spread in this way. When the fields are wet, seeds
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collect on the wagon wheels and are carried to the highways or
to other fields. Threshing machines are important agents in
scattering seeds, for in their traveling through the country seeds
of various kinds are jostled
from them and seed the
fields and highways.
Man scatters many
weeds by sowing unclean
seed. Clover seed, Alfalfa
seed, Grass seed, Wheat,
Oats, etc., are often ob-
tained from distant states
or even from foreign coun-
tries for seeding. Weed

seeds are usually present Fic. 89. — The threc-valved pod of the
in agricultural seeds, and Violet throwing its seeds. Much enlarged.
’ After Beal.

sometimes they are pres- ,
ent in large quantities. In tracing weeds, it has been found
that many of the most troublesome ones have come from Europe,
Asia, or some other foreign country. Man has carried the seeds
and fruits of these weeds across the seas, and most of them have
been imported and sown with agri-
cultural seeds.

Seeds Scattered by Explosive
or Spring-like Mechanisms. —In
this kind of dissemination the
plant itself is the agent which,
either by sudden ruptures due to
strains or by explosions due to
the swelling of certain tissues, is
able to throw the seeds often a
considerable distance. In the
pods of some plants, as in the
Vetches, Witch-hazel, Castor

Fra. 90. —The Squirting Cu- Bean, and Field Sorrel, bands of
cumber (Ecbalium Elaterium) tissue, which ripen under tension,
SRR U EEEAL i (G 1ol exert such a strain that the pods
suddenly rupture with so much violence that the seeds are thrown
in every direction. In the Violets the carpels, as they ripen and
dry, press harder and harder upon the seeds, which suddenly







CHAPTER VI
GERMINATION OF SEEDS: SEEDLINGS
Nature of Germination and Factors upon which it Depends

Although the resting condition is very essential to the preser-
vation of the life of the seed during transportation and while
awaiting favorable conditions for germination, it must be aban-
doned at some time in order that the embryo may develop into
the plant, the production of which is the seed’s chief function.
By germination of a seed is meant that awakening from the rest-
ing condition in which the young plant shows practically no
signs of life to a state of active growth. The term germination
is used in different ways, being used to designate the beginning
growth of such structures as a pollen tube, fertilized egg, and
spore, but in each case, however, it refers to the initial growth.
Seeds arc considered germinated when the radicle and plumule
have broken through and project beyond the seed coverings,
although germination is not complete until the little plant is able
to live independently of the stored food of the seed.

Conditions Necessary for Germination. — The awakening of
the seed into active growth depends upon the presence of
warmth, moisture, and oxygen. Germination is so dependent
upon these three external factors that, if either is lacking though
the other two are properly supplied, there will be very little or no
germination. Among different seeds, the degree of temperature
and the amount of moisture and oxygen required for the best
germination vary.

Temperature Requirement. — Seeds vary more in the temper-
ature required for germination than in any other factor. Through
experience we have learned that among farm and garden seeds
there are different temperature requirements for germination,
and that the time of season at which different seeds should be
planted must be chosen accordingly. Thus Oats, Wheat, and Red
Clover seeds, which have a low temperature requirement, can be
planted in the early spring or late fall when the weather and soil are

89
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cool, but if Corn or Melons, which have a high temperature re-
quirement, are planted before the weather and ground are warm
they will decay and have to bereplanted. In considering tempera-
ture in relation to germination, three temperatures are usually
noted; the minimum, the lowest temperature at which germina-
tion will occur; the optimum, the temperature most favorable
for germination; and the maxtmum, or highest temperature per-
mitting germination. As the following table shows, these tem-
peratures are very different for different seeds, sometimes differ-
ing as much as 25° or 30° (Fahrenheit).

GERMINATION TEMPERATURES (FAHRENHEIT)

Kind of seeds. Minimum. Optimum. Maximum,
Deg. Deg. Deg.

OatS. oot et 32-41 77— 88 88— 99
Wheat, Rye..............oooooit. 32-41 77— 88 88-108
IndianCorn ...................... 41-51 99-111 111-122
Red Clover...... S P 32-41 77— 88 99-112
Peas.........co i 32-41 77— 88 88~ 98
Sunflower. . ...t 41-51 93-111 111-122
Pumpkin............ e 51-61 93-111 111-122
Musk Melon...................... 60-65 88— 99 111-122
Cucumber. ....................... 60-65 88— 89 111-122

Germination, which proceeds most rapidly at the optimum
temperature, decreases in rate as the temperature approaches
the minimum or maximum as the following table shows in
case of Corn, in which the time required for the radicle to break
through, though only 2 days at the optimum temperature, was
10 days in a temperature near the minimum. In the majority of
cases, the temperature of the soil in which seeds are planted is
somewhat below the optimum and, consequently, if the soil tem-

EFFECT OF TEMPERATURE ON RATE OF GERMINATION

Germinating Period in Hours.
Temperature, ° F.

Indian Corn. Red Clover.
42 240 180
55 144 32
75 56 24
87 48 24
102.6 48 24
111.2 80
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perature is lowered as it often is by heavy rains which fill the soil
with water or by days of cool cloudy weather, germination is
either very slow or prevented as is well known to every farmer
and gardener.

Moisture Requirement. — The amount of moisture required
for germination is, in general, that which will completely saturate
and soften the seeds. The water absorbed saturates the cell
walls and starch grains, and fills the living cells of the embryo
and all empty spaces that exist in the seed. Although the amount
of water required to saturate different seeds varies, it is always a
large per cent, sometimes more than 100 per cent of the dry
weight of the seed, as shown in the table below. Reckoning in
pounds from the percentages given in the table, 100 1bs. of Corn
after being soaked for germination may weigh 144 1bs. and 100
lbs. of White Clover seeds after soaking may weigh 226.7 1bs.

WATER ABSORBED BY GERMINATING SEEDS

Per cent of water
Seeds. i absorbed in
germination.

Indian Corn........ ... ... .. . .. 44

Wheat........................ 45.5
Buckwheat............... Co 46.9
Rye......... ..., R 57.7
Oats.......... S 59.8
White Beans.. 92.1
Peas.......... 106.8
Red Clover....... ... i 117.5
Sugar Beet. ... ... ... 120.5
White Clover..... 00008006 000000585005a088680008000: 126.7

Most seeds, though not all, swell as water is absorbed, some-
times more than doubling their dry size. In fact, the per cent
of increase in volume is often greater than the per cent of water
absorbed, as in case of the Pea which may inerease in volume
167 per cent while absorbing only enough water to increase its
weight about 100 per cent.

If seeds are confined in a space which they fill when dry, their
swelling may exert a force of several hundred pounds and often
sufficient to break strong containers. This force is sometimes
used in opening skulls in anatomical laboratories, in which case
the skulls are filled with dry Peas, which after being moistened
swell and force the bones apart.
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Oxygen Requirement. — Although seeds are in the optimum
temperature and properly supplied with moisture, they will usu-
ally not germinate unless oxygen is supplied, as is often demon-
strated in the laboratory by the use of some substance to absorb
the oxygen in the germinator or by replacing the air in the ger-
minator with hydrogen, nitrogen, or some other substance, so that
oxygen is excluded. (Fig. 91.) However, since the air is about
one-fifth oxygen, seeds receive enough oxygen to germinate well
if only air is supplied, although germination is often hastened

F1a. 91. — The two U-shaped tubes, which contain soaked seeds (s) on
moist blotting paper at their stoppered ends, are alike except that in B the
open end of the tube is in pyrogallate of potash, which absorbs the oxygen
from the air in the tube, while in A the open end of the tube is in pure water,
in which case the oxygen still remains in the air of the tube. The seeds ger-
minate well in A but not in B.

when the amount of oxygen is increased artificially. For exam-
ple, in an experiment Wheat, requiring 4 to 5 days to germinate
in the air, germinated in 3 days in pure oxygen. There are a
few seeds, however, which begin to germinate without oxygen, but
they soon die unless oxygen is supplied.

For lack of oxygen seeds germinate poorly when planted in the
soil so deeply that not enough air is accessible, or when planted
in soils with their pores so full of water that the circulation of the
air is prevented.
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Germinative Processes

Seeds need water, oxygen, and warmth in germination because
upon these external factors the internal germinative processes
depend. For dissolving and transporting foods water is indis-
pensable; the occurrence of certain chemical processes depends
upon oxygen; and in order for both chemical and physical proc-
esses to be suitably active, as previously shown (page 90),
warmth is required.

Changes in the Stored Food.— The first of the germinative
processes has to do with the digestion and translocation of the
stored foods. Whether stored outside of the embryo or in the
cotyledons, the stored foods, until brought nearer, are beyond
the absorptive reach of the cells of the plumule and radicle where
they are most needed. But unless foods are in solution, which is
the only form in which they can pass through the walls and proto-
plasm of cells, they can not move from one region of a plant to
another. Therefore, since starch, fat, and protein, which are the
chief storage foods of seeds, are not readily soluble in water, they
must be changed to sugar, fatty acids, peptones, or other soluble
forms before being transported. However, this digestive process
occurs not only in seeds but also in all plant regions where foods
are transported, and also in animals it has its likeness in the diges-
tive process by which foods are made soluble, so that they can
pass through the walls of the alimentary canal to the blood, which
carries them in solution throughout the body. Both the digestion
and transportation of the stored foods are quite noticeable during
the germination of some large seeds, as in case of Corn in which
the endosperm becomes watery and disappears as germination
proceeds, or in case of Beans where the cotyledons in which the
food is stored gradually shrink as the young plant develops.

The digestive process in plants as well as in animals is per-
formed by special substances known as enzymes, which in case of
the seed are secretions of the embryo. Enzymes occur in solu-
tion, either dissolved in water or in protoplasm, in all parts of the
plant where they either initiate or hasten chemical changes.
They are exceedingly important substances because upon them
the majority of chemical changes in plants depend. They are
specific in their action, that is, as a rule, each enzyme acts on only
one kind of a substance, and is concerned with only one or two
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chemical changes. Consequently, the kinds of enzymes are
almost as numerous in the plant as the kinds of substances to be
acted upon. Thus for changing starch into sugar there is the
enzyme known as diastase which is especially active in seeds, but
common in other plant organs and in animal saliva. An enzyme
secreted by the Yeast Plant and called zymase acts on sugar,
forming besides alcohol, carbon dioxide which puffs up the dough
when Yeast is used in bread-making. This enzyme also occurs
in seeds, fruits, and other plant organs. Lipase converts fats into
soluble fatty acids, and pepsin changes insoluble proteins into
peptones and other soluble forms. Then there are oxidases, en-
zymes which oxidize substances as the name suggests, and perox-
idases which take oxygen away from ecompounds, and many other
enzymes which play an important réle in the chemiecal activities
of the plant. The exact chemical nature of enzymes has never
been determined because of the difficulty in separating them from
other protoplasmic substances which enter into and thus compli-
cate the analysis. Nevertheless, there is much evidence that
enzymes are protein-like substances. One striking feature of an
enzyme is that it does not enter into the chemical action which it
causes, and, therefore, a small quantity of an enzyme can keep
a chemical action going until a large quantity of a substance is
changed. :

Although all living cells, whether in the embryo or elsewhere,
produce enzymes, sometimes, however, certain cells have the
secretion of enzymes as their special function, as in Corn, Wheat,
and other seeds of the Grass type, where the epithelial layer of the
scutellum has for its special function the secretion of the diastase
and other enzymes which are necessary for converting the endo-
sperm into soluble forms.

Transportation of Soluble Foods. — After the foods are made
into soluble forms and dissolved in the water present, they pass
from one region of the plant to another by the physical processes
known as diffusion and osmosis. Diffusion is probably better
known among gases where the spread of odors through a house,
the fragrance of flowers through gardens, and smoke through the
air are everyday illustrations of it. The spread of indigo, ink,
or any substance like salt and sugar through the water in
which they are dissolving illustrates it. By diffusion substances,
whether dissolved in a gas or a liquid, spread farther and farther
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from the place where they entered the dissolving medium, and
thus toward those regions where they are less concentrated. In
case a number of substances are in solution at the same time, each
. diffuses independently of the others. When, for example, sugar,
salt, and ink are dissolved in a vessel of water at the same time,
each diffuses to all parts of the vessel independently of the others
and, consequently, the substances become thoroughly mixed just
as the oxygen, nitrogen, carbon dioxide, and other gases of the
air by diffusion tend to thoroughly mix. It is apparent then in
case of the seed that foods in a concentrated solution in the endo-
sperm or cotyledons will diffuse to the radicle and plumule, where
the food, by being constantly removed from the solution to be
built into plant structures, is kept less concentrated.

Osmosis mentioned as another process involved in the trans-
portation of foods is also a diffusion, but differs from the ordinary
diffusion just described in that it takes place through a membrane
which alters the rate of the diffusion of different substances by
allowing some to pass through it more readily than others. It is
by this kind of diffusion that substances pass‘into and out of liv-
ing cells, in which case the membrane through which the sub-
stances must diffuse is the modified border of the protoplasm.
Thus, although foods depend much upon ordinary diffusion for
transportation when not passing through membranes, in entering
or leaving living cells they must also depend upon osmosis, the
nature and principles of which are more thoroughly discussed in
connection with the cell (Chapter VII).

The Elaboration of Foods into Plant Structures. — In the early
stages of germination the radicle and plumule elongate by the elon-
gation of the cells already present, but soon, however, in certain
regions, mainly at or near the tip of the radicle and plumule, there
begins cell division followed by elongation, growth, and forma-
tion of tissues — the processes upon which the continued develop-
ment, of the young plant depends. Throughout these processes
foods are elaborated: (1) into materials to thicken the cell walls
as they become thinner in stretching; (2) into protoplasm which
must increase as cells grow and divide; (3) into woody and other
elements for strength and conduction; (4) into fatty and waxy
substances and cell thickenings for protection; and (5) into the
various materials which are peculiar to food-making, reproduc-
tive, absorbing, secreting, and other structures which plants form
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during their development. But the transformation of foods into
the various structural elements of the plant involves chemical
reactions which take place only when there is energy supplied.
This brings us to another process called respiration by which the
energy required for the chemical changes involved in changing
foods into cell walls, protoplasm, and other structures is secured.

Respiration in plants, just as in animals, is an oxidation process
in which some food or other elements are burned, as we commonly
say, with the result that oxygen is required and energy, carbon
dioxide, and water vapor are produced. Respiration occurs only
within the cell in connection with which it will be more fully dis-
cussed. But since there is no place where respiration is more in
evidence than in germination where the cells are extremely ac-
tive, some of its features should be noted in connection with that
process. Furthermore, much about germination can not be un-
derstood until something is known about respiration.

Cells, like an electric motor, steam engine, ete., can not do work
unless they have energy. Some cells, like the green cells of leaves,
are able to utilize the sun’s energy for some kinds of work; but
when cells are not specially provided with pigments for utilizing
the sunlight, they have to depend entirely upon the energy
which they produce within themselves. In the sugar and other
foods of the seed there is much latent energy which can be
released as active energy by oxidizing these substances, which
are thereby broken into simpler compounds of which earbon diox-
ide and water are the simplest and most noticeable ones. It is
this oxidizing of substances, so that their stored energy is re-
leased, that constitutes respiration, which necessarily must be
accompanied by a consumption of oxygen and the production
of simpler compounds. It is now clear why seeds do not ger-
minate well when oxygen is excluded as the experiment in Figure
91 demonstrates. Although most of the energy released is used
in carrying on the work of the cell, some, however, escapes as
heat, which, like the liberation of carbon dioxide and water vapor,
indicates that respiration is going on.

Respiration in seeds is easily demonstrated by germinating
seeds in a closed jar, in which the production of heat and carbon
dioxide with the accompanying loss of oxygen, and the accumu-
lation of moisture can be demonstrated. By germinating seeds,
such as Peas or Beans, in a closed vessel in which a thermometer
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isinserted, the temperature of the enclosed air may be raised 10° C.

and sometimes 20° C. by the heat of res-
piration; and the oxygen of the enclosed
air will usually be so nearly used up that
the flame of a burning match or splinter
is extinguished when inserted into the
jar. (Fig. 92.) To demonstrate the ac-
cumulation of carbon dioxide, one may
pour lime water into the jar where the
seeds are germinating, in which case the
calcium hydroxide of the lime water
unites with the carbon dioxide of the
enclosed air, forming calcium carbonate
which is insoluble and when abundant
gives the solution a milky appearance.
Since the amount of carbon dioxide in
ordinary air is not sufficient to give a
perceptible precipitate, the milky ap-
pearance, therefore, indicates that much
carbon dioxide has been added to the
enclosed air. Again, the earbon dioxide
liberated in germination can be quite
accurately measured by drawing the air
from over germinat ng seeds through a
solution of potassium hydroxide, where
the carbon dioxide is caught and its
weight calculated from the increased
weight of the solution. However, this
involves careful weighing as well as see-
ing to it that the carbon dioxide already
present in the air is removed before the
air enters the germinator, and that the
increased weight of the potassium hy-
droxide is not partly due to added mois-
ture. This method discloses that many
cubic centimeters of carbon dioxide may
be liberated by a small quantity of ger-
minating seeds, as shown by the experi-
ment in which 3 Beans with a dry weight

F1G. 92. — A simple ex-
periment to demonstrate
that heat is produced by
germinating seeds. The
bottle A contains germi-
nating seeds, while the
bottle B contains only
moist cotton. The higher
temperature, commonly
shown by the thermometer
in bottle A, demonstrates
that germination is ac-
companied by the pro-
duction of heat. If the
bottles are protected
against the loss of heat, or
if bottles like “Thermos”
bottles, which have double
walls with air-space be-
tween, are used, the re-
sults are much better.

of only 1 gram produced 9% cubic centimeters of carbon dioxide
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during a germinative period of only 48 hours. That moisture
is liberated during germination is obvious, for the air in a closed
germinator often becomes so saturated that moisture precipitates
on the walls of the germinator.

When green seeds, green hay, or any plant portions in which
the cells are quite active are massed together, so that the heat and
moisture are retained, they often become very warm and moist
due partly to their own respiration and partly to that of the micro-
organisms present. The so-called ‘‘sweating’ of grains in the
stack or bin and the heating in the bin when the grain becomes
damp due to leaks are phenomena connected with respiration.

Summary. — In germination of seeds the following things take
place: (1) the absorption of water which softens the seed cover-
ings and acts as a dissolving and transporting medium of foods;
(2) the secretion of enzymes which digest the foods and assist in
other processes; (3) the transference of foods by diffusion and
osmosis; (4) respiration which supplies energy for the elabora-
tion of foods into plant structures and is accompanied by the ab-
sorption of oxygen and the production of carbon dioxide, water
vapor, and some heat; and (5) the growth of the radicle and
plumule, resulting in the breaking of the seed coverings and the
establishment of the young plant in the soil and sunlight.

Testing the Germinative Capacity of Seeds

The loss in crop and labor when poor seed is used may be so
serious that no one can afford to plant seeds with a doubtful ger-
minative capacity. It is not enough for seeds to germinate, but
they should have vigorous embryos, so that they will germinate
quickly and thus rapidly pass through the delicate stage in which
the young plant is likely to be destroyed by insects, Fungi, bad
weather, and unfavorable soil conditions.

In testing the germinative capacity, as in determining the im-
purities of a quantity of seeds, decision is based upon the results
obtained with a comparatively small number of the seeds as a
sample. In case of small seeds, such as Oats, Wheat, Barley, and
Clover, Alfalfa, and Grass seeds, tests are ordinarily made with
two lots consisting of 200 seeds each and free from impurities.
In Corn it is customary to use 6 kernels, 2 from near the tip,
2 from the butt, and 2 from the middle of the ear, with the
kernels of each pair selected from rows as far apart as possible.
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There are a number of germinators on the market, but, if one
is not available, a box of moist soil or sand, or moist rags which
are rolled up with the seeds within are good germinators when
properly handled. (Fig. 93.) A very good germinator is made
with two dinner plates and blotting paper as shown in Figure 94.

During the test a temperature suitable for the germination of
the kind of seeds involved must be maintained. Some prefer to
keep the temperature near that of the soil, so as to more nearly

T16. 93. — Rag doll testers, consisting of moist rags properly labeled and
rolled up with the seeds within. After H. D. Hughes.

imitate the soil conditions under which most seeds do not germi-
nate so well as they do in germinators. The germinator should
be opened each day to note the germinated seeds and to allow the
entrance of fresh air, if ventilation is not otherwise provided. At
the end of the germinative period, the results are usually ex-
pressed in percentages found by dividing the number of germinated
seeds by the number in the lot and multiplying by 100. Thus if
. 100
190 of a lot of 200 germinated, ———190;50 LU 95 per cent. The
percentage of germination will vary for different lots and the
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greater the number of lots tested, the more the results will be
checked and, accordingly, the safer will be the conclusions.

In estimating the germinative capacity of seeds, the time
allowed for germination must be considered; for seeds having
weak embryos and, therefore, unfit for planting may give a high
percentage of germination if allowed enough time. It is, there-
fore, necessary to fix a time
limit, and in doing so the ger-
minative speed characteristic
of the type of seeds involved
and the temperature of the
germinator must be consid-
ered; for some seeds naturally
germinate more slowly than
others, and the effects of low
and high temperatures on ger-
mination are already known
to the student (page 90).
Furthermore, kinds of seeds
differ so much in germinative
capacity that a percentage of
germination considered good for one kind of seeds would be con-
sidered poor for another. Thus 70 per cent germination is good
for Parsnip seeds but very poor for Wheat or Corn. In the
following table! the number of days in which the seeds should
germinate enough to show their germinative capacity, and the
percentages of germination considered good for first-class fresh
seeds, one year with another, are given.

Fic. 94. — Simple germinator. A,
closed. B,open. After ¥. H. Hillman.

rminati Good.
Seed. eriod, days, | Rermination,
RedClover ........... ... i 6 90
Alsike Clover ................................. 6 90
White Clover.............. .. ... . ......... 6 90
Alfalfa. ... . ... 6 90
Timothy................. . i 6 96
Bluegrass (Kentucky)......................... 28 80
Millet.n . .o e ileee s e e o 5 95
Wheat...........i i 3 95
OatS. oot e 3 93
Barley ...... ..o i 3 95
ISR 1000 0008000808500 050000888 88%5000000008000E 3 95
Corn...........o o ) 5 92

! Testing Farm Seeds in the Home and in the Rural Schools. Farmers’
Bulletin 428, U. S. Dept. of Agriculture.
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of a plant’s life-cycle into successive stages is somewhat artificial,
for the stages so overlap that they can not be separated. In this
presentation we are chiefly concerned with the seedling stage —

Fi1a. 96.— A later stage of the Corn seed-
ling. ¢, ground line; p, plumule; a, first
node with permanent root system; b, portion
of stem between the first node and kernel;
k, kernel; r, radicle or primary root; s, sec-
ondary roots of the primary root system;
d, permanent root system; ¢, coleoptile.
About half natural size.

the stage in which plants
present differences that
sometimes must be reck-
oned with in choosing
proper methods of plant-
ing and cultivating, and
that often explain the
peculiar features of the
plant in the adult stage.
Among our cultivated
plants there are four rather
distinet types of seedlings
as those of the Grasses,
Onion, Beans, and Peas
illustrate.

Seedlings of the Grass
Type. — The seedlings of
all Grasses are so similar
in type that their essential
features may be learned
by studying the seedling
stage of Corn. From Fig-
ure 95, showing the de-
velopment of the Corn
seedling, it is seen that the
radicle develops directly
downward, forming the
first root called primary
root from which secondary
roots arise as branches.
However, not all second-
ary roots arise at this time
from the radicle, for some

often grow out from the stem just above or below the cotyledon.
The plumule, although developing more slowly at first than the
radicle, soon breaks through its sheath-like covering (coleoptile)
and rapidly elevates its leaves to the light. As the plumule is
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unfolding its first leaves to the light, a zone, called a node, is
formed at its base about 2 inches under the surface of the soil,
and from this node and others soon forming above it, there arise
roots of a much larger and stronger type than those formed from
the radicle and from the stem in the region of the cotyledon.
These secondary roots, which are outgrowths of the plumule since
they arise from its nodes, constitute the permanent root system,
which as the name suggests remains active as an anchoring and

Fig. 97. — Diagram showing the effect of planting Corn at different depths.
g, ground line; p, permanent root system, which always develops at about the
same distance under the surface; a, temporary region of the stem, which is
much longer in deep planting; k, kernel; ¢, temporary root system. Modified
from ‘Elementary Principles of Agriculture’’ by Ferguson and Lewis.

absorptive system as long as the plant lives. After the permanent
roots are established (about 10 days after planting) the first
roots, which are known as the temporary roots since they serve
the plant only till the permanent roots are established, develop
no further and remain as vestigial structures until they finally
disappear.

Also included among the temporary structures is the portion
of stem between the first node and kernel. (Fig. 96.) During
the early stage of germination, this stem portion performs two
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important functions: (1) by its elongation the plumule is assisted
in reaching above the soil; and (2) through it the endosperm
and substances absorbed by the temporary roots reach the plu-

Fra. 98. — Seedling of Wheat after the permanent root system is estab-
lished. g, ground line; p, permanent root system; a, temporary stem por-
tion; k, grain; ¢, temporary root system. About half natural size.

mule. But after the permanent roots are well established, there
is no longer any need for this stem region, which now being with-
out a function makes no further development. Nevertheless
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in connection with it, there is a principle which is reckoned
with in growing certain plants of the Grass type. According
to the depth of planting this temporary stem region is long or
short. (Fig. 97.) This is due to the fact that the first node and,
consequently, the first of the permanent roots are always estab-
lished about the same distance under the surface of the soil, re-
gardless of the depth at which the seed was planted. Therefore,

¥ ’
\ ~ 2 m}
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Fic 99.— Stages in the development of the Onion seedling. A, section
through an Omnion seed showing endosperm (en) and embryo (e) with the
hypocotyl (k) and cotyledon (c¢) indicated. B, seed germinating; ¢, ground
line; s, seed; ¢, cotyledon; h, hypocotyl; r, radicle. C, seedling more de-
veloped, ¢, cotyledon which is being pulled out of the seed; &, hypocotyl;
r, radicie; f, first leaf. D, a later stage of the seedling with cotyledon free
from the seed and permanent root system (p) developing.

a deep permanent root system, which is often desirable in order
that the plant may withstand drought, is not secured by deep
planting — a fact which has been well demonstrated in case of
Corn and the small grains. Moreover, if the seed is planted too
deeply, its food and energy may be exhausted before the plumule
reaches the light, in which case the seedling is unable to continue
its development.

However. after the permanent roots are established they may
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be put deeper in the soil by adding dirt around the plant. In
semi-arid regions where a deep permanent root system is desired,
the ground is often listed, that is, plowed into deep furrows, and
the Corn planted in the bottom of the furrows. Then as the
furrows are gradually
filled in cultivation, the
permanent roots are
buried deeper in the
soil, where there is a
chance for moisture
during drought. In this
same connection, one
can see some advan-
tage in drilling small
grains in that the roots
of the plants will be
buried deeper as the
dirt from the ridges is
carried into the drill
+ furrows during rains
and thaws.

In the small grains,
such as Wheat, Oats,
Barley, ete., although
the temporary system

Fi1c. 100. — Stages in the development of a Is just as prominent as
Common Bean seedling. A, the cotyledons in Corn, there is, how-
(c) being pulled out of the ground by the hy- ever, a difference of

pocotyl (). ¢, testa; r, radicle; a, root hairs; in6p importance to be
g, ground line. B, the hypocotyl has straight- .

noted in the number
ened, and the cotyledons have shed the testa . .
and spread apart, thus giving freedom to the f)f prm}ary roots, which
plumule (p). C, stage with plumule develop- is one in Corn but two
ing stem and leaves (I), root system much en- or more in the small
larged 'by.secondary roots (s), and cotyledons grains. (Fig. 98.)
(¢) shrinking through loss of stored food.

o 52 rr..
LAY,

The presence of the
temporary system, although occurring in other plants, is a not-
able feature of the Grass seedlings. Another feature to be noted
is that the cotyledon remains where the seed was placed in
planting, that is, it is not pushed up out of the soil by an elong-
ating hypocotyl.
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Onion Seedling. — The seedling of the Onion represents
another type of monocotyledonous seedlings. In this type the
hypocotyl elongates and pushes the cotyledon above ground.
(Fig. 99.) As in the Grass seédlings, the primary root system
is temporary —a feature quite common in Monocotyledons, al-
though in some it lives much longer than in others.

Seedlings of the Common Bean Type. — The seedling of the
Common Bean is representative of those dicotyledonous seedlings
in which the cotyledons through the elongation of the hypocotyl
are carried above ground, sometimes several inches or even a
foot in some Beans. Squashes,
Cucumbers, Pumpkins, Melons,
Radishes, Turnips, Castor Bean,
Maples, Ashes, Clover, Alfalfa,
ete., besides many of the Beans
have this type of seedling. In
seedlings of this type the first root
system is usually the permanent
one and soon firmly anchors the
hypocotyl which then by an arch-
ing movement pulls the cotyle-
dons out of the ground in such a
way that they offer the least re-
sistance in passing through the  Fra. 101. — Squash seed germi-
soil and afford the most protec- nating, showing the peg by which
tion for the delicate plumule. the seed coat is held while the
(Fig. 100.) In some cases; as in cotyledons are pulled out of the

M seed coat by the arch of the hy-
the Melons and Pumpkins, the pocotyl, Somewhat reduced.
hypocotyl also assists in casting
off the seed coat, in which case the arch of the hypocotyl pulls
the cotyledons out of the seed coat while the latter structure is
held in place by a peg-like structure of the hypocotyl. (Fig. 101.)
In most cases, however, the seed coat is torn and gradually
pushed off by the growth of the seedling. Since the first root
system is usually the permanent one, its depth is closely related
to the depth of planting.

The plumule remains small and enclosed between the coty-
ledons until pulled out of the soil. Then by a straightening of
the hypocotyl arch and the spreading of the cotyledons, it is fully
exposed to the light, where it develops all of the plant above the
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cotyledons. Thus most of the stem and all of the leaves, flowers,
and fruit of the adult stage are produced by the plumule.

The cotyledons, which are commonly fleshy in these seedlings,
enlarge after reaching the light and their color changes to
- green, which with the presence of stomata indicates that they
function to some extent like ordinary leaves in the manufacture
of foods. However, it
is only a short time till
most of them, espe-
cially the fleshy ones,
begin to show shrink-
age which continues as
the food is used for
growth, until much
shriveled and dried
they fall from the
plant. In some cases,
as in the Buckwheat
and Castor Bean where
the seeds are albumin-
ous, the thin cotyledons
are more leaf-like and
function like ordinary
leaves for a consider-
Y able time, although in

77 /\E\ arrangement, shape, or

size they are never just
like ordinary leaves and
never so long-lived.

i Fig. 102.) Where the

F16. 102. — Seedling of Castor Bean,in which ( tgl d ) 1
the cotyledons persist and function like leaves cotyledons .a,re a-rge,
D A e much force is required

to pull them through
the soil, and, consequently, when the ground is hard or covered
with a crust, seedlings of this type often fail to develop.

As to how the development of both radicle and plumule pro-
ceeds until the adult stage is reached, that depends much upon
the kind of plant. In most cases the radicle forms a central root
which, although prominent at first, may be much obscured in the
adult stage by large secondary roots developing from the base of
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the stem. In some plants, as in Red Clover and Alfalfa, the
radicle forms a prominent tap-root which enables the plant to
penetrate deeply into the soil in its adult stage.

In the Morning Glory, where the stem called the vine may be
many feet in length, there is extreme elongation of the plumule.
On the other hand, as in some Clovers and Alfalfa, the plumule and
hypocotyl form a short thick stem, called the crown, which is barely

F1c. 103. — Development of a Red Clover seedling. A, cotyledons heing
pulled out of the ground by the hypocotyl (k); r, radicle; a, root hairs; ¢,
testa; ¢, cotyledons; g, ground line. B, a more advanced stage, showing some
development of the plumule (p); b, first real leaf; d, second real leaf. C, a
later stage, showing that the plumule has formed more leaves (e) but has
elongated very little.

above the surface of the ground, and from which the branches
arise that bear the leaves, flowers, and fruit. (Fig. 103.)
Seedlings of the Pea Type. — The seedlings of the Pea and
Scarlet Runner Bean represent those dicotyledonous seedlings in
which the hypocotyl remains short. Thus the cotyledons remain
underground and the plumule is pushed to the surface by the
elongation of the stem of the epicotyl just as occurs in the Grass
seedlings. But in these seedlings, in contrast to those of the
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Grass type, both the stem of the epicotyl and the primary root
system are usually permanent. In many seedlings of this type,
the cotyledons are probably so much distorted in connection with
food storage, that they could not function as leaves if raised to the
light. Again, it is claimed that these seedlings can come up
through harder ground by not having to raise their cotyledons.
(Fig. 104.)

Fig. 104. — Seedlings of the Pea, showing how the seedling develops and
the effect of different depths of planting. p, plumule; a, stem portion of
epicotyl; g, ground line; r, radicle. The seedling at the right is so deep in
the soil that it is unable to push the plumule out of the ground.

Size of Seedlings. — There is no feature in which seedlings
vary more than in size. This might be illustrated by placing the
seedling of Timothy or Clover by the side of a Coconut seedling.
In general, the size of the seedling corresponds to the size of the
seed. The size of seedlings is reckoned with in our methods of
planting different seeds. Thus seeds, like Corn and Beans, are
planted several inches deep in the soil, while seeds, like those of
Lettuce, Clover, and Timothy, are sown on the surface, and cov-
ered only lightly if at all. In small seedlings there is not enough
food to enable the plant to reach through thick layers of soil.
Tests have shown that not many Clover seedlings get through
the soil when the seeds are planted even 2 inches in depth.






CHAPTER VII
CELLS AND TISSUES
Structure and Function of Cells

Position of the Cell in Plant Life. — Before proceeding to the
study of the adult stage of the plant more must be known about
the cell. If with a sharp razor a very thin section from any part
of a plant is made and observed with a microscope, it will appear
to be divided into many small divisions. A section through the
growing portion of a root looks like Figure 105. These little

¢ divisions with what they
contain are the cells. Cells
vary much in shape and are

e, so small that usually four or
J o) ; five hundred of them could

4o} be laid side by side on a line
not more than an inch in
length. They are rarely more
than ¢y of an inch, and
sometimes less than 155y of
an inch in diameter. Al-

TR Y though cells are so exceed-

Fic. 105.— A small portion of a length- ingly small, nevertheless, it
wise section through the growing region is within them that all life
of a root showing the cells. Very much processes take place. For
enlarged. this reason cells are often
defined as the units of all plant and animal life. Plants need
phosphate, nitrates, etc., because the cells must have them. All
the problems of the plant relating to the soil, light, temperature,
etc., are problems of the cell. The plant is made up of a countless
number of cells and the activities of the plant are simply the sum
of the activities of the many cells of which the plant is composed.

Discovery of the Cell and Its Structures.— That plants and
animals are composed of cells was not revealed until the inven-

tion of the microscope, the chief of biological instruments.
112
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Although the microscope was invented many centuries ago,
it had to undergo much improvement before the cellular structure
of organisms could be recognized. Robert Hooke (1635-1703),
an English inventor, so improved the microscope that he could
recognize the cellular structure of plant tissues. In applying
his improved microscope to the study of thin sections of charcoal
and cork, he saw the cell cavities and the cell walls. He de-
seribed cork as being composed of numerous cavities separated
by thin walls. He thought the structure of cork was comparable
to the compartment-like structure of honeycomb, and therefore
applied the term cells to the compartments of cork. Since the
protoplasm in the cells of cork is dead and dried up, Hooke did
not see the important substance of cells, the term cell, as he used
it, meaning nothing more than a cavity with its enclosing walls.
In 1835 Dujardin, a French naturalist, recognized the living
substance in the cells of animals. He called it sarcode. About
eleven years later Von Mohl, a German biologist, recognized the
living substance in plant cells. He called it protoplasm. Among
the many contributors to our knowledge of cells during the middle
part of last century Schleiden, Schwann, Nigeli, and Max Schulze
should be mentioned. By 1870 the sarcode of animals and
vegetable protoplasm were found to be identical and the term
protoplasm was applied to both. It was also recognized that
protoplasm and not the cell wall is the important substance of
cells. During this period the nucleus was discovered and cell-
division ‘observed. Also that protoplasm is the only living sub-
stance of plants and animals and that it constructs the other
plant and animal structures were now beginning to be recognized.

Protoplasm. — The protoplasm, as already noted, is the living
substance of plants and animals. The protoplasm of an indi-
vidual cell is often called a protoplast. Protoplasm is a fluid
substance which varies much in its consistency, sometimes being
a thin viscous fluid like the white of an egg, and sometimes being
more dense and compactly organized. Chemical analyses show
that protoplasm has the composition of protein, although such
analyses necessarily kill the protoplasm and consequently do not
give us a true knowledge of the protoplasm as it is while living.
Although the protoplasm of higher plants usually exhibits no
motion except when dividing, there are cases, however, as in the
hairs of the Pumpkin and Wandering Jew, where the protoplasm,
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when under the microscope, can be seen streaming around the cell
wall or across the cell from side to side or end to end.

The protoplasm consists of a number of structures which differ in
organization, and each of which has one or more special functions.
(Fig.106.) Oneof the most conspicuous of these structures is the
nucleus, which is a comparatively compact protoplasmic body,
usually spherical in shape. Although usually centrally located
in actively growing cells, the nucleus commonly has a lateral posi-
tion in old cells. The nucleus is enclosed by a membrane, called
the nuclear membrane, and is
filled with a liquid known as
nuclear sap, which consists of
water and dissolved substances.
However, nuclear sap is usually
colorless and, therefore, not vis-
ible. Within the nucleus also
occur one or more small globu-
lar bodies known as nucleoli
(singular nucleolus) and much
chunky or granular material
known as chromatin, which is
regarded as the most impor-
tant part of the nucleus and is

Fia. 106.— A growing cell. w, cell S0 ngmed becau?e it Stains,so
wall; ¢, cytoplasm; o, vacuoles filled readily when stains are applied
with cell sap; n, nucleus; a, nucleoli; to the cell. Around the nu-
m, nuclear membrane; g, chromatin cleus and filling up the general
granul‘es. Enlarged about five hun- cavity within the cell wall is
feediigies: that portion of the protoplasm,
known as cytoplasm, which is a loose spongy structure full of many
cavities called vacuoles. The vacuoles are filled with a liquid called
cell sap, which like the nuclear sap consists of water containing
dissolved sugars, salts, and other substances. The border of
the cytoplasm is in contact with the cell wall and is modified
into a membrane known as the cell membrane, which, since it 1s
closely applied to the cell wall, can not ordinarily be seen until
the cell is bathed in salt water or some other solution strong
enough to shrink the protoplasm, so that the cell membrane is
drawn away from the wall where it can be seen. (Fig. 107.)

Within the cytoplasm commonly occur a number of small bodies
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known as plastids, which are masses of eytoplasm but denser than
ordinary cytoplasm. (Fig. 108.) They often develop pigments
as in case of leaves, stems, and other green organs where they
develop chlorophyll, the pigment upon which the green color of
these organs depends. Plastids
containing chlorophyil are called
chloroplasts and are very impor-
tant structures because they have
so much to do with making plant
food. Plastids which occur in
the petals of some flowers have
yellow or red pigments. Plastids  pre, 107.— Cells with protoplasm
which are colorless, having no (p) shrunken to show the cell mem-
pigments at all, are called leuco- brane, which is represented by the
plasts. Starch grains and other dotted line surrounding the proto-
small bodies (chondriosomes) not plasm.
shown in our figure are also commonly present in the cytoplasm.
Cell Wall. — The cell wall is formed by the protoplasm and
may be variously modified by it. In actively growing cells the
Wall is thin and composed of cellulose— a substance which allows
the wall to stretch as the protoplasm ex-
pands in growth. As the cell develops, the
protoplasm in many cases thickens the cell
wall by depositing new layers of material,
which may be of cellulose or of some other
substance better adapted to the function
which the cell is to perform. In nearly all
plants but in trees more especially some
cells deposit lignin in their walls, thus be-
coming the wood cells which give rigidity
to the plant and which we use in the form

Fic. 108.— Cell from
a leaf. w, cell wall; of lumber. In the bark of trees, Potato

n, nucleus; v, a large skins, and other structures for protection,
vacuole in the cyto- fat-like substances are deposited in the

plasm; ch, chloroplasts. o oj15 of the cells which then are known as

cork. Sometimes, as in the so-called bast fibers, which are the
strengthening fibers especially prominent in Flax and Hemp, the
walls are extremely thickened with cellulose. The same is true
in Date seeds and Ivory Nuts where the walls are extremely
thickened with cellulose to be used as a food during germination.
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There are many ways in which cell walls are modified as will be
seen in the study of tissues.

Processes Involved in Cell Activity. — The chief of cell activi-
ties is growth which will be discussed in connection with the differ-
ent plant organs. But growth, besides being much under the
influence of external conditions, such as temperature and light,
depends upon metabolism — the proc-
ess by which materials are changed
into forms which have to do with
growth. In connection with growth,
metabolism, and other physiological
processes of the cell, osmosis and res-
piration are involved, both of which
were shown to be important proc-
esses in seed germination. In germi-
nation and other physiological proc-
esses they are important because of
their connection with the other proc-
esses of cells. Osmosis is a physical
process which occurs wherever two
liquids differing in concentration are
separated by a membrane which they
wet, and hence is not a cell activity
except in so far as the protoplasm
controls it when occurring in connec-
tion with the cell. Respiration, on
Fra.109.— Experiment dem-  the gther hand, is a physiological

E?:;gitr"fagsg;& S(;S;Vit:};esﬁlggai process and only occurs in connec-
. tion with protoplasm.

solution and then the tube was . .
attached. The water from the Osmosis. — Osmosis may be de-

jar was drawn into the bladder fined as that kind of diffusion by
and the solution in the bladder }ich liquids pass through mem-
foroed upithe bl branes and its principles can be best
understood by the study of an illustration as shown in Figure
109. Thus if a pig’s bladder, filled with a sugar solution and
having a long glass tube fastened in its neck, is submerged in
a jar of water, water will pass in and force the solution up the
glass tube. If, on the other hand, a sugar or salt solution stronger
than the one in the bladder be placed in the jar, the water slowly
passes out of the bladder. Thus the water passes from the weaker




OSMOSIS 117

solution through the membrane to the stronger. Sometimes
some of the dissolved substances may pass through the membrane,
but often the membrane permits only the water to pass, in which
case it is known as a semi-permeable membrane. In case of the
pig’s bladder not much sugar is allowed to pass through its wall,
which is, therefore, semi-permeable in reference to this particular
solution. When a membrane will allow a dissolved substance
to pass, it is said to be permeable to that substance. Most
membranes are permeable to some substances and impermeable
to others.

The causes of the movement of the water or other solvents from
the less dense to the denser solution are not thoroughly under-
stood. Some think that it is due to the affinity of the dissolved
substances for the solvent, which is pulled to the substances with
a force increasing with the amount of the substances in solution.
Others think that it is due to the checking of the diffusive power
of the dissolved substances by the membrane, which permits the
two liquids to approach an equilibrium only through the passing
of more of the solvent to the denser solution.

In comparing osmosis in the cell with the illustration, the cell
membrane corresponds to the wall of the pig’s bladder, the cell
sap to the solution within the bladder, and the solutions around
the cell correspond to the water or solutions in the jar. If the
cell sap in denser than the solution on the outside of the cell mem-
brane, then water with those dissolved substances to which the
membrane is permeable will pass in; but, on the other hand, if the
cell sap is less dense than the solution without, water and prob-
ably some dissolved substances will pass out. Thus the passing
of liquids through the cell membrane from a less dense to a denser
liquid is also the chief feature of osmosis in cells. It should also
be noted in connection with osmosis in cells: (1) that the more
the two solutions separated by the cell membrane differ in con-
centration, the more rapid is the process of osmosis; and (2) that
the solvent, which is water in case of cells, passes through the
membrane independently of its dissolved substances, which are
either carried along or left behind according to whether or not
the membrane is permeable to them.

However, it is only in principle and not in practice that osmosis
as demonstrated with the pig’s bladder is identical with that in
the cell. In the first place, instead of a solution containing only
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one dissolved substance, both the cell sap and the solution
around the cell usually carry in solution a number of substances,
each of which in its osmotic influence is independent of the others,
although the osmotic influences of all are combined in determin-
ing the osmotic force of the solution. In the second place, the cell
membrane is a living membrane and, therefore, able to alter its
permeability, so that it may be permeable to certain substances
at one time but not at another. Another peculiar feature of pro-
toplasm is that substances are often allowed to pass in more
readily than out. Thus root hairs, which take in many sub-
stances from the soil, do not allow the sugars and many other
substances in their cell sap to pass out. If the cells of ared Beet
are laid in a strong salt or sugar solution, the water will pass out
but the coloring matter will be retained. Furthermore, when
some cells are placed in very dilute solutions of dyes as methylene
blue, the dye accumulates in the cell sap, which, therefore, be-
comes much more colored than the surrounding solution. In
this way various kinds of substances which are allowed to pass in

more readily than out may become more concentrated in the
cell sap than in the solution without.

It is now seen that by osmosis cells obtain their water supply
which they pull from the soil, surrounding cells, conductive tracts,
or whatever surroundings they may have that puts them in con-
tact with water. Furthermore, the more concentrated their cell
sap, the more forcibly and rapidly they can draw water from their
surroundings. Osmosis, although chiefly concerned with supply-
ing cells with water, assists some in supplying cells with dissolved
minerals, sugars, and other substances, which the cell membrane
permits to be carried in with the water. But in connection with
osmosis substances may pass into and out of cells by the same
principles which are active in ordinary diffusion. Thus if sub-
stances are less concentrated in the cell sap than without and the
membrane is permeable to them, they will diffuse to the cell sap,
more or less independently of the movement of water, although if
the water is moving in the same direction the substances will
move more rapidly. Likewise substances diffuse out of cells
when more concentrated within than without, provided the cell
membrane is permeable to them.

Pressure Within the Cell. — In the case of the pig’s bladder,
it is seen that the flow of water into the interior increases the
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amount of solution within until some of the solution is forced
up the tube. The solution rises in the tube because the increase
in the amount of solution within the bladder requires more space,
and is, therefore, accompanied by an increase in pressure against
the wall of the bladder. This pressure, which in this case de-
pends upon the concentration of the sugar solution in the bladder,
might become so great as to burst the bladder, if no tube for an
outlet were provided. This pressure, known as osmotic pressure,
has been found to follow quite well the laws governing gas pres-
sure. Consequently, if the number of molecules of the dissolved
substance contained in a certain volume of the solution is known,
the osmotic pressure can be calculated. Thus 342 grams of Cane
sugar in 1 liter of solution (called a gram-molecular solution) will
exert a pressure of about 22.3 atmospheres or 336 Ibs. and in
whatever proportion the number of grams is increased or de-
creased, the pressure is altered in a similar proportion. Osmotic
pressure in cells, called turgor pressure, is usually not less than 50
Ibs. and often more than 100 lbs. per sq. inch. The rigidity of
organs such as leaves, soft stems, and roots is largely due to turgor
pressure, as can be easily shown by immersing strips of a fresh
Beet or Radish in a strong solution where they lose water and
become flaccid. The wilting in leaves when exposed to excessive
evaporation is due to the loss of turgor pressure, which occurs
whenever cells lose water more rapidly than they absorb it. The
preservative value of such substances as salts and sugars when
applied to meats and fruits depends largely upon the withdrawal
of water from the micro-organism, so that they can not beéome
active. Wilted cells, if not dead, will also draw in water and again
become turgid when put in contact with moisture. In this way
flowers are revived by placing their stems in water, and Cucum-
bers, Lettuce, and Celery are made crisp by putting them in cold
water. Sometimes, as the pollen of some plants illustrates when
immersed in water, the pressure becomes so great that the cells
burst. Even fruits, such as Plums, sometimes burst on the trees
from this cause when the weather is warm and moist.

The Character of the Cell Membrane After Death. — With the
death of the cell, the cell membrane ceases to be an osmotic mem-
brane and thus becomes permeable to all substances in solution.
After the cell membrane is dead substances pass through it,
either into or out of the cell, almost as easily as through a piece of
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cloth. Consequently, osmotic pressure is lost when cells die and
the substances ordinarily retained are allowed to diffuse out.
This is easily demonstrated by soaking plant tissues in water be-
fore and after death. Thus, if from a fresh red Beet a strip is cut,
washed thoroughly so as to remove the contents of the injured
cells, and then soaked in water at a temperature not destructive
to the life of the cell, it will be found that the pigment, sugar, and
other substances of the cell are retained; but if the strips are put
in water hot enough to kill the cells, then the pigment, sugar, and
other cell substances diffuse out into the water. That pools in
which dead leaves fall soon become colored is a common observa-
tion. The fact has significance for the farmer who has learned
by experience that, when hay that is down is caught in a rain,
more of the elements are washed from the cured hay than from
that more recently mowed and hence still partly green.

Nature of Plant Food. — Besides oxygen, which is chiefly used
in respiration, various substances, such as water, sugar, acids,
salts, and carbon dioxide, enter the protoplasm where most of
them have some use related to the growth of the plant. But as to
whether or not all should be considered as plant foods, not all
students of plants agree; for, although all of these substances
have to undergo transformations in becoming cell structures,
some are more nearly ready for use than others. This may be
illustrated by comparing sugar with carbon dioxide and water.
In the leaves or wherever chlorophyll is present, carbon dioxide
and water have their elements dissociated and combined in such
a way as to form sugar which can be used directly for respiration
or by minor chemical changes be transformed into cell walls.
Thus sugar, since it is more nearly ready for use, may be called a
food and the carbon dioxide and water may be called elements from
which food is made. Tikewise protein, which is closely related to
protoplasm, may be regarded as a food, while the mineral salts,
such as nitrates, phosphates, sulfates, ete., which are necessary in
the formation of proteins, may be regarded as the elements from
which food is made. Some investigators restrict the term plant
food to the more complex substances, such as sugars, starch, pro-
teins, fats, and amino acids, while others include some of the sim-
pler elements, especially the mineral salts. In this presentation
water, carbon dioxide, and the mineral salts are regarded as ele-
ments used in the formation of foods.



RESPIRATION 121

Respiration

The general features of respiration were discussed in connec-
tion with seed germination where respiration is not only promi-
nent but also must be reckoned with in understanding the ger-
minative process. There it was stated that respiration takes
place only within the cell and that it is comparable to ordinary
combustion in that it is an oxidation process resulting in the
breaking down of substances into simpler elements with the re-
lease of potential energy.

It is a well known fact that whenever carbon and oxygen are
united energy is released. This is the principle employed in heat-
ing plants, steam engines, etc. where energy in the form of heat is
obtained through the union of oxygen with the carbon in the coal,
wood, or some other combustible substance. If sugars, starches
or other substances containing carbon were used for fuel, the same
results would be obtained. In the cell, however, since most of
the energy released is used in protoplasmic movements, and in
chemical changes involved in enlarging cell walls, making more
protoplasm, ete., not much is exhibited as heat, although enough
that all living plant parts are generally a little warmer than their
surroundings, sometimes 2 or 3 degrees in case of large flowers
and often much more in germinating seeds. Again, although
the rate of respiration increases with the temperature up to a
certain point, respiration proceeds in a lower temperature than
does ordinary combustion. In fact, a temperature high enough
to start the combustion of most substancesis entirely too high
for respiration, which in most plants ceases before 60° C. is
reached. Also In respiration the process of oxidation is initiated
and kept going by enzymes or directly by the protoplasm, while
there are no such agents involved in combustion. Thus, although
similar in results, in operation respiration is very different from
combustion.

In combustion there is a constant ratio between the oxygen
used and the carbon dioxide produced. Thus in the combustion
of Grape sugar, as illustrated by the formula C¢H1:0¢ + 6 O, =
6 CO, + 6 H,O, the ratio 6600022
although the ratio is often unity, it varies much, sometimes being
greater and sometimes much less than unity. In germinating

is 1. In respiration, however,
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seeds, tubers, and bulbs containing starch and sugars, and in
many other plant structures, the volume of oxygen consumed
during active respiration is equal to that of the carbon dioxide
given off; but in the germination of seeds containing fats and
fatty oils, the volume of oxygen consumed is greater than that of
the carbon dioxide given off, in which case some of the oxygen
is apparently used in changing the fats and fatty oils to other
forms of food having a larger proportion of oxygen.

In higher plants the substances oxidized are organic compounds
including the sugars, fats, proteins, organic acids, and probably
the protoplasm itself. Some lower forms of organisms oxidize
inorganic compounds. Some Bacteria obtain energy by oxidizing
the ammonia of ammonia salts to nitrites, while others obtain
energy by oxidizing the nitrites to nitrates. Various other sub-
stances, such as hydrogen sulphide and iron, are oxidized by
certain Bacteria to secure energy.

There are some forms of respiration which can continue when
oxygen is excluded and the one of them best known is fermen-
tation, which .is prominent in the Yeast Plant and other fer-
menting organisms. When proceeding in the absence of oxygen,
such forms of respiration are known as anaérobic respiration, that
is, respiration in the absence of air. In fact, some micro-organ-
isms can not carry on their processes well except in the absence of
air. One kind of anagrobic respiration, which is very similar to
if not identical with fermentation, can be detected in seeds, fruits. -
and all living plant parts when oxygen is excluded, so that the
process is not obscured by ordinary respiration. This kind of
respiration is considered by some to be the initial stage of ordinary
respiration, thus being closely related to it.

The peculiar feature about fermentation in the absence of air
is that oxidation of carbon continues with the release of energy
and the production of carbon dioxide, although no oxygen is ob-
tainable from without. Furthermore, fermentation, whether in
the presence or absence of air, differs from combustion and ordi-
nary respiration in the completeness with which the substances
involved are broken down. This may be illustrated in the case
of the fermentation of sugar by Yeast, in which case, as shown by
the equation C¢H;05 = 2 CO, + 2 CoHO, the molecule of sugar
is broken into 2 molecules of carbon dioxide and 2 of alcohol,
while in case of combustion and often in respiration the molecule
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of sugar is broken into carbon dioxide and water, as shown in the
equation CegHi206 + 6 O2 = 6 CO, + 6 HO. In respiration the
breaking of the sugar into carbon dioxide and alcohol is probably
the first step which is then followed by the breaking of the alcohol
into carbon dioxide and water. From the equation in case of the
fermentation of sugar it is seen that the energy is obtained by
uniting the oxygen and carbon, both of which are present in the
molecule of sugar. Thus by the use of the oxygen within the
compound broken down, some oxidation ean occur when there is
no oxygen available from without.

Instead of aleohol other substances may be produced by fer-
mentation according to the nature of the fermenting organism
and the kind of compound fermented. Thus in the fermentation
of cider by certain kinds of Bacteria alcohol is first produced and
later acetic acid. In the souring of milk the Bacteria break the
milk sugar into lactic acid. Although sugars are the substances
involved most in fermentation, other compounds are known to be
involved. Even decay, caused principally by Molds and Bac-
teria, is regarded as a kind of fermentation, in which case many
kinds of substances are involved.

The injury caused by Fungi and Bacteria is often due largely to
the by-products of their respiration and growth. Partly in this
way Fungi damage or destroy plants upon which they live. Many
of the Bacteria associated with diseases produce poisons known
as toxins which cause injury or death in animals and sometimes
in plants. To combat some of these toxins antitoxins are used.

Thus respiration whether agrobic or anagrobie is that oxidation
process by which cells secure energy to carry on their work. Any
condition, such as a low or high temperature, absence of food, or
lack of oxygen, which hinders respiration, holds cell activity in
check and thus impedes plant growth. Furthermore, due to the
liberation of heat and moisture which may become destructive
when allowed to accumulate, respiration must be reckoned with
in the storing of plant products.

Cell Multiplication

As previously stated (page 112), cells are exceedingly small
structures and a small size seems preferable in both plants and
animals where numerous small cells rather than a few large ones
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is the rule. Consequently, as a cell grows, a size is soon attained
at which division must occur. By division the cell becomes two
cells of half the parent size, and each of the new cells has all of the
structures of the parent cell and the ability to repeat the proc-
esses of growth and division.

It is by the growth, division, and differentiation of cells that
both plants and animals become adult individuals. In the ferti-
lized egg, the first stage of an individual’s existence, cell division
begins usually in a few hours after fertilization and continues
throughout the life of the plant, although interrupted at various
times. Although the cell divisions are countless in number in the
higher plants, they all proceed in the same way throughout the
plant, except in the anther and ovary where a peculiar type of
division to be discussed later occurs.

In some simple plants, as Bacteria and the Yeast Plant where
cell division is of a simple type, the processes of division may oc-
cupy only a few minutes, but in the higher plants where cell divi-
sion is more complex, the processes of division often require two
or more hours, and so far as we know the processes are continuous
throughout the entire period. Most of this time is occupied by
the division of the chromatin about which cell division centers.

Although cell division consists of a continuous series of events,
a few stages in the process, as shown in Figure 110, will suffice to
give an understanding of cell division as 1t occurs in the higher
plants. Thus starting with the chromatin in a granular condi-
tion and scattered through the nucleus, the first step in division
is the organization of this chromatin into a thread which then is
segmented into segments known as chromosomes. The number
of chromosomes into which the thread segments is definite for
each plant or animal, although varying much in different species,
ranging from two in some worms to more than one hundred in
some Ferns. However, in many of our common plants and ani-
mals the number ranges from sixteen to forty-eight. In man
there are forty-six or forty-eight, in Tomatoes twenty-four, and
in Wheat sixteen. The chromosomes, which have no definite
arrangement when first formed, soon arrange themselves in a
plane across the cell. As they assume this arrangement, the
nuclear membrane disappears, thus allowing the chromosomes to
come 1n contact with the fibers, known as spindle fibers, which
seem to be special provisions of the eytoplasm for bringing about
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the distribution of the chromosomes. At this stage it becomes
apparent that each chromosome consists of two pieces or halves,
each apparently having split longitudinally. The halves of each
chromosome now separate, pass to opposite ends of the cell where
the new nuclei are formed. Thus each new nucleus gets as many
halves, which soon grow to full size chromosomes, as there were
chromosomes in the parent cell. As the new nuclei are forming

Fr1a. 110. — Cell division. a, cell in resting stage. b, chromatin formed
into a thread. ¢, the thread of chromatin broken into segments called chromo-
somes. d, chromosomes arranged across the cell for division. Notice the
threads called spindle fibers running through the cell and that the nuclear
membrane has disappeared. e, chromosomes have split and the halves are
passing to opposite ends of the cell. f, chromosomes have reached the points
where they are to form new nuclei. ¢ and h, new nuclei and cross wall be-
tween them forming.

a cross wall is formed, which divides the cytoplasm, and cell divi-
sion is now complete. Instead of one cell there are now two,
each of which after growing to full size will divide in the same
manner as the parent cell.

Except in certain regions where cell multiplication is the spe-
cial function, most cells of the plant sooner or later lose their
ability to grow and divide as a result of their modifications
which adapt them to their special functions. Thus after cells are



126 CELLS AND TISSUES

thoroughly modified for protection, absorption, strength, conduc-
tion, food-making, etc., in most cases growth and division ceases.
This brings us to the tissues which are groups of cells so modified
as to be adapted to special funetions and upon which the various
activities of the plant depend.

General View of Tissues

The most important tissues of Seed Plants are those which have
to do with growth, protection, support, conduction, secretions,
absorption, food manufacture, food storage, and reproduction.

Fra. 111. — A, lengthwise section through a tip of a stem, showing the
apical meristem (m) from which branches (b) and leaves (I) arise and from
which cambium (c) and other tissues are formed below. B, cross section of a
stem, showing the cambium and its position in reference to other tissues.

Tissues Connected with Growth. — Since the cells of most tis-
sues are no longer capable of growth and division after completing
their modifications, there must be provided at eertain places in
the plant groups or bands of cells which retain their ability to
grow and divide throughout the life of the plant, for otherwise
the growth of the plant would soon cease. Such cells, forming
the meristematic tissues or meristems (from the Greek word mean-
ing “to divide ”’), are present at the stem and root tips and in the
cambium, where their chief function is the multiplication of cells,
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so that the different tissues may be enlarged as the growth of the
plant demands. By means of a meristem at their tips, roots
and stems elongate, and by means of the cambium they in-
crease in circumference. However, the meristems at the growing
apices are the first sources of all other tissues, even of the cam-
bium, and for this reason are known as the primary meristems.
(Fig. 111.)

Meristematic cells are characterized by having thin cellulose
walls, large nuclei, and dense cytoplasm — features which enable
the cell to grow and divide rapidly. Closely related to the meri-
stematic cells are the parenchyma cells, which also in most cases
have thin cellulose walls but are less active in dividing. Paren-
chyma cells occur scattered throughout the various plant tissues
and constitute the food-making tissues of leaves and stems, and
most of the pith of plants.

Protective Tissues. — For protection against destructive agen-
cies plants have their outer cells modified into protective tissues,

Trc. 112. — A, epidermis of a leaf showing epidermal cells (e) with their
outer cutinized walls (c). B, the flesh (j) and rind of a Jonathan Apple show-
ing the thick, cutinized, outer walls (c) of the epidermal cells (¢). Much
enlarged.

such as epidermis, corky rind, and bark, which lessen evaporation
and prevent the entrance of destructive organisms. The most
common protective tissue is the epidermis which consists of one
or more layers of cells forming a jacket about the plant. The
outer walls of the exterior layer of epidermal cells are usually
thickened and contain a waxy substance called cufin which makes
them waterproof. (Fig.112.) Most plant organs are at first pro-
tected by an epidermis, but in the older portions of stems and roots
the epidermis is often replaced by cork tissue, which is usually



128 CELLS AND TISSUES

much thicker and more protective than an epidermis. (Fig. 113.)
The cork covering may be more or less flexible, as the rind-of an

Fic. 113. — A small portion
of a section through an Irish
Potato. r, rind composed of a
number of layers of cork cells.
s, tissue filled with food. Highly
magnified.

Irish Potato or Sweet Potato, or
harder and more brittle, as in the
bark of trees, where it reaches its
extreme thickness. Cork tissue con-
sists of dead cells in the walls of
which there is deposited a waxy
substance much like cutin but called
suberin to which much of the pro-
tective character of cork is due.
Cork coverings afford more protec-
tion than an epidermis, but on ac-
count of their opaqueness, they are
not suitable except where it is not
necessary for light to penetrate to
the inner tissues. )

The protection afforded by an
epidermis and cork is often brought
to our notice in case of fruits, tubers,
and fleshy roots. Thus Apples,

Oranges, and most fruits which may be kept a long time, if

uninjured, soon decay when their rinds
are broken. The efficiency of a corky
rind to protect against the loss of water
is shown by the experiment in which a
peeled Irish Potato lost sixty times as
much water in 48 hours as an unpeeled
one of equal weight.

Furthermore, cork tissue has an ad-
ditional function in the healing of
wounds where, by the development of
a callus-like mass of cork, the open-
ing of the wound is closed and the
break in the protective covering of
the plant thereby repaired. It is im-
portant to recognize this fact in prun-
ing where the promptness as well as the

F1a. 114. — Some collen-
chyma cells from the stem
of a Dock (Rumex) showing
the cells thickened mainly
at the angles. After Cham-
berlain.

thoroughness of the healing depends much upon how the wound

1s made.
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Strengthening Tissues. — In order to endure the strains to
which they are exposed, both stems and roots must have strength-
ening tissues so as to be tough and rigid. Strengthening cells,
although of different types, have much thickened walls and in
most cases are much elongated.

In one kind of strengthening tissue, known as collenchyma,
which often occurs in the younger regions of stems, the cell
walls are thickened chiefly at the angles, thus leaving thin
portions in the side walls through which the protoplasm receives
enough materials to maintain life in spite of the modifications.

(Fig. 114.)

Fia. 115. — Bast fibers of Flax. A, a portion of a cross section of a Flax
stem, showing the bast fibers. e, epidermis; b, bast fibers; w, woody part of
the stem; p, pith. B, longitudinal view of a number of bast fibers. Much
enlarged.

A kind of strengthening tissue, in which the cell walls are quite
evenly thickened with cellulose, occurs in the older regions of
stems between the epidermis and woody cylinder, and. consists
of bast fibers, the fibers upon which the value of Flax, Hemp, ete.
as fiber plants depends.  Fig. 115.) Bast fibers are much elon-
gated cells and so spliced that they form thread-like fibers which
are easily combined into larger fibers for making linen cloth,
twine, ropes, and other textiles. Bast fibers may occur also in
leaves and roots where they are usually not so prominent, how-
ever, as in stems.

In the woody portions of plants, especially in all trees except
the evergreens, there occur along with the conductive tissues
wood fibers, in which the walls of the much elongated cells are not
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only much thickened but also made woody — a feature in which
they differ from collenchyma and bast fibers, where the thicken-
ings are mainly of cellulose. (Fig. 116.) Where
the wood fibers are abundant, as in Oaks, the wood
is compact. Likewise, due to a greater number of
wood fibers, fall wood is more compact than spring
wood.

Fic. 117. — Very much enlarged lengthwise section
through an Alfalfa stem, showing the conductive and food-
making tissues of the stem. ¢ tracheae (commonly called

Fie. 116.— A  xylem), which constitute the water-conducting tissue;
wood fiber, con- P, the conductive tissue (commonly called phloem), which
sisting of amuch  conducts the food made by the leaves; ¢, the food-making
elongated cell and storage tissue (cortex) just under the epidermis (e).
with thick The cells of the cortex contain chlorop_lasts (ch). a,
woody walls. cambium.

Conductive Tissues. — The conductive tissues of plants are of
‘two kinds, zylem and phloem, which occurring together form the
vascular bundles through which water, mineral salts, and foods
are distributed to all parts of the plant. (Fig. 117.) The xylem
is devoted chiefly to carrying water with what it may have in
solution and the phloem to carrying foods. Furthermore, the
xylem and phloem differ in that the conductive cells of the former
are empty while the conductive cells of the latter retain their pro-
toplasm. In Conifers, such as Pines, Firs, etc., the water-conduct-
ing cells have tapering ends and do not form a continuous series.
They have peculiar pits in their walls, known as bordered pits,
through which the liquids pass from cell to cell. They are com-
monly known as tracheids, meaning ‘“trachea-like.” Other plants
have tracheids, but tracheids with bordered pits are characteristic
of Conifers. The tracheids are also important strengthening as
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well as conductive tissue. (Fig. 118.) In Flowering Plants,
although tracheids are present, the water-conducting tissue is

composed mainly of cells which fit
together end to end and thus form a
continuous series. The end walls of
the cells of the series are resorbed and
thus are formed continuous tubes,
called ducts, vessels, or tracheae, the
last name referring to their resem-
blance to the human trachea. In the
phloem, the main conductive tissue is
composed of the sieve tubes, which are
so named because of the perforations
in their walls. Unlike tracheae, which
have thickened woody areas in their
walls, sieve tubes have thin cellulose
walls and retain their protoplasm.
With the sieve tubes usually occur
thin-walled elongated cells, known as
companion cells, and parenchyma cells,
both of which aid in conduction.
Absorbing Tissues.— In the higher
plants, where the plant body is dif-

F1a. 118. — Tracheids from
wood of Pine, showing the
tapering ends and the bor-
dered pits (p). After Cham-
berlain,

ferentiated into roots, stem, and leaves, the roots are especially
devoted to absorption. In case of soil roots, the root hairs,

Fic. 119. — A, root hairs, the absorptive structures of roots, as they appear
in a surface view of the tip of a root. B, cross section of a root, showing that
the root hairs (k) are projections of the epidermal cells (e).
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which spread into the soil where they take up water by means
of osmosis, are the chief absorptive structures. (Fig. 119.) There
are some plants, however, which live on other plants, in which
case the root tissues absorb directly from the tissues with which
they are in contact. In some cases the leaves absorb, as in
the Sundew (Drosera), Venus’s Flytrap (Dionea muscipula),
and Pitcher Plants (Sarracenia), where the leaves are especially
constructed for catching and absorbing insects.

Food-making Tissues. — The principal food-making organs are
the leaves where the cells are provided with chloroplasts and so
arranged that they can obtain the raw materials from which foods
i r??‘\ "We
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F1g. 120. — Cross section of the leaf. f, food-making tissue; e, epidermis;
v, cross section of veins.

are made. (Fig. 120.) However, food-manufacture is not lim-
ited to leaves, for all green stems have just under their epidermis
a band of green cells, known as the cortex, in which food is manu-
factured as long as light and air are not excluded. (Feg. 117.)
Storage Tissues.— Any living cell usually contains some
stored food, but there are cells which have food storage as their
chief function. This is true in the endosperm and fleshy cotyle-
dons of seeds, and in Irish Potatoes, Sweet Potatoes, and in other
tubers and roots where the cells enlarge and become packed with
food. In the pith some water is usually stored and often much
food, as is well known in the case of Sugar Cane and Sorghum in
which the pith contains much sugar. Throughout the wood of
trees there are thin-walled living cells, forming the medullary rays,
which function as a storage tissue. In Maple trees the sugar
occurring in the spring sap comes from the starch which was
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stored chiefly in the medullary rays during the previous season.
For water storage some plants have special tissues, while others
like the Cacti store it throughout the plant body.

Secretory Tissues. — Secretory tissues, although not so essential
and no so common among plants as the other tissues discussed,
perform an important function in some cases. Most showy
flowers have secreting tissues, known as nectar glands, located at
the base of the corolla or calyx. (Fig.121.) These glands secrete
the mectar, which, by attracting insects, aids in securing cross-
pollination. Furthermore, honey is made from nectar, and the
value of a plant as a bee-plant depends upon the amount and qual-
ity of nectar secreted by its nectar glands. On the leaves, stems,
or fruits of many plants, such
as Mints, Oranges, Lemons, ete.,
there are glands whose secre-
tions give the plant a peculiar
fragrance. In the stems and
leaves of Conifers occur long
tubes or ducts, known as resin
ducts, which are lined with secre-
tory cells that secrete resin from
which pine tar, rosin, turpen-
tine, and other valuable prod-
ucts are made. Much like the  Fie. 121.— A Buckwheat flower
resin ducts are the milk or lac- with sepals removed from one side
tiferous vessels of the Milkweeds to show the nectar glands (n). After
(Asclepradaceae), Spurges (Hu- H.A Maller,
phorbiaceae), Dogbanes (Apocynaceae), and other plant families
where milk-like secretions occur. There are numerous secretions
many of which, however, are secreted by cells in which secreting
is not the special function.

Reproductive Tissues. — Reproductive structures are of two
kinds, sexual and asexual. Any portion of a plant, as a bud,
tuber, stem, or root which may function in producing new plants,
is regarded as an asexual reproductive structure. Some plants,
as Irish Potatoes, Sweet Potatoes, and Strawberries illustrate,
are quite generally propagated asexually.

In the higher plants the sexual reproductive tissues are those
of the flower, and more especially those of the stamens and pistils
with which the student is familiar. Although the eggs and sperms
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are the chief reproductive cells, all the tissues of the stamens and
pistils are related to fertilization, which is the chief feature in
sexual reproduction.

In plants like Ferns, Mosses, and Algae, where there are no
flowers, the sex cells are commonly borne in special organs, called
sex organs, which are so constructed as to favor fertilization.

Summary of the Cell and Tissues. — The cell is the unit of
plant and animal life. It contains the living substance, known
as protoplasm, which is usually enclosed in a cell wall. The pro-
toplasm is composed of a nucleus and cytoplasm. Cells receive
water, food, and mineral clements through osmosis and ordi-
nary diffusion, and obtain energy through respiration. Cells
multiply by division. Cell multiplication is accompanied by
cell modifications which result in the differentiation of the cells
into tissues. Some tissues consist of only the modified cell
walls, the protoplasm having died and disappeared after the
modifications of the walls are complete. The higher plants have
many tissues, each of which has one or more functions. The
meristematic tissues enable the plant to continue growing; epi-
dermal and cork tissues protect the plant from drying and from
attacks of destructive organisms; collenchyma tissue, bast fibers,
and wood fibers enable the plant to support itself in a favor-
able position in spite of the force of gravity and winds; vas-
cular bundles, like the circulatory system of animals, supply the
other tissues with materials; the absorbing tissues take from the
soil, or other substrata, the water and dissolved substances which
the plant must have; the storage tissues hold the water or food
in reserve for future use. The stored water is used during dry
seasons, and the stored food is used for the growth of new plants,
as in case of seeds, tubers, etc., or for the new growth of leaves
and flowers at the end of a dormant period, as in case of trees.
The food-making tissues furnish the food which all parts of the
plant must have. Secretory tissues assist in cross-pollination
by providing secretions which attract insects, furnish nectar from
which honey is made, and give us many other products, such as
resin, turpentine, ete.



CHAPTER VIII
ROOTS
General Features of Roots

The higher plants consist of roots and shoots. The roots are
generally underground structures, while the shoot is the aérial
portion consisting of the stem with its leaves, buds, flowers, and
fruit. Plants like the Algae, which live in the water where all parts
of the plant can absorb directly from the surroundings, do not
need roots, although they often have structures known as hold-
fasts which anchor them; but holdfasts are too simple in struc-
ture to be called roots. Even in the Mosses, which are mainly
land plants, instead of roots there are hair-like structures, called
rhizoids, which anchor the plant to the substratum. True roots
are complex structures and are characteristic of Ferns and Seed
Plants.

Although we think of roots as underground structures, there
are, however, a few plants having roots adapted to living in other
situations, as in the water, air, or the tissues of other plants.
But with few exceptions our cultivated plants depend upon soil
roots, which, therefore, deserve most attention.

Being underground structures, soil roots normally arise from
the stem’s base, from which they radiate by elongating and grow-
ing new branches, which in turn branch and rebranch until the
soil about the plant is quite thoroughly invaded by its root sys-
tem. Usually a plant’s root system, tapering into numerous
branches almost hair-like in size, is more branched and spreads
farther horizontally than its stem system. The profuseness
with which roots branch is well shown by the estimated root
length of some plants. Thus the length of all the roots of a single
Wheat or Oat plant, laid end to end, is estimated at 1600 feet, or
more than a quarter of a mile. For a vigorous Corn plant the
estimated root length is more than a mile. Certainly in some
trees the root length would much exceed that of Corn.

The size of a plant’s root system, in general, varies with that of
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the shoot, for the larger the shoot, the larger the root system nec-
essary to supply the adequate amount of water and mineral mat-
ter, and to furnish sufficient anchorage. As to the size of the
roots of a plant, that depends upon the size of the shoot, the num-
ber of roots, and the distances of roots from the stem. The re-
lation of the size of roots to that of the shoot is well shown in case
of trees, where the roots directly connected with the stem and
known as main roots increase in diameter from a few millimeters
often to a foot or more as the shoot passes from the seedling to the
mature stage. Where there is only one main root, as in Alfalfa
and the Dandelion, its size is directly in proportion to the size of
the shoot, usually being as large or even larger in diameter than
the short stem of the crown. On the other hand, when the roots
leading from the stem are numerous, as in the Grasses and
numerous other plants, all are relatively small. As to the size
of a branch root, that depends much upon its distance from the
stem or main root, for all roots branch and rebranch until the
branches are fibrous-like, usually being a millimeter or less in
diameter at their tips. It is in connection with these fiber-like
branches, which are the absorptive regions, that roots show most
uniformity; for the roots of all plants taper down to these fiber-
like branches, which are practically uniform in size for all plants.
This uniformity in size is probably due to the fact that only
roots with a very small diameter are efficient absorbers.

The texture of roots is always soft at the tips where the cells
active in division, elongation, and absorption have thin cellulose
walls, which readily yield to pressure or strains. But not far back
of the absorptive region there are formed strengthening fibers,
which afford a toughness that enables the root to endure the
strains in connection with its anchorage function. Furthermore,
roots, in their older regions, are covered with cork which adds
firmness to the texture. In shrubs and trees the roots, in their
older regions, become as woody and just as hard as the stems.

As to duration, roots may be short-lived, serving the plant only
in the seedling stage, as in case of temporary roots, or they may
last as long as the plant, as in case of permanent roots. The life
of permanent roots is one, two, or many years according to
whether or not the plant is annual, biennial, or perennial.

Interdependence of Shoot and Root. — Upon the roots the
shoot depends for water, mineral matter, and anchorage, while
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upon the shoot the root system depends for food. Neither
could survive without the other. Moreover, if either is hindered
in its development, the other likewise will be stunted. For this
reason when pots in case of potted plants prevent the further
development of the root system, the growth of the shoot is checked
and the plant has to be repotted. = Again, the cutting away of the
roots of a shade tree in excavating for a sewer or sidewalk often
kills the tree due to diminished water supply. A number of in-
stances can be cited to show the dependence of the roots upon the
shoot. For example, it is well known that the roots of Asparagus
will not make a good growth unless the shoots are allowed to
grow during a part of the summer, in order that food may be pro-
vided for the growth of the roots. Furthermore, it is a common
practice in eradicating such weeds as Canada Thistle and Quack
Grass, to starve the underground structures by keeping down the
shoots. To enable plants to establish a good root system, in
order that there may be a well developed shoot, is one of the
chief aims in cultivation.

The most necessary material absorbed by plants is water, which
is supplied almost entirely by the roots in higher plants, and
serves at least a half dozen different purposes. First, water is
necessary, and in large quantities too, to prevent the shoot from
becoming dried out through loss of water to the surrounding air.
Leaves and also stems, unless the latter are well covered with
bark, are constantly having water evaporated from them and,
unless this loss is compensated, the shoot will soon die. Second,
water enables the cells to maintain their turgidity, which main-
tains the leaves and other soft tissues of the shoot in a rigid posi-
tion, and thus in a position suitable for work. Third, water is an
essential constituent of sugar, starch, and other foods made by the
shoot. Fourth, water as the plant’s solvent is the medium through
which substances in solution are distributed through the plant.
Thus through water as a medium, the mineral elements of the soil
and the foods made in the leaves are carried to all parts of the
plant. Fifth, it is in the form of a solution in water that sub-
stances in the plant react chemically with each other. Sizth,
water is an important constituent of protoplasm, cell walls, and
other plant structures, usually being more than 90 per cent of
their fresh weight. Thus it is no wonder that plants must have
water or they soon perish.
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In anchoring the shoot most soil roots perform an important
function, except in those plants with stems prostrate on the ground
or climbing supports. In plants with upright stems, as in trees,
the strains due to winds and gravity when the plant is bearing
foliage and fruit is often enormous. However, the root system
is usually able to hold the plant in place, although the strains
may break off branches or even the main stem. It is by spread-
ing laterally and profusely branching, that roots become so firmly
attached to large masses of soil that they can endure enormous
strains. .

In addition to anchoring the plant and furnishing it water and
mineral matter, in many plants the roots function as storage or-
gans, in which some of the food made by the shoot each year is
stored for use in the development
of new shoots each succeeding year.
This function is especially obvious
in many plants which die down in
the fall and grow up again in the
spring.

Thus the root depends upon the
shoot for food while the shoot de-
pends upon the root: (1) for water
and mineral matter; (2) for an-
chorage; and (3) often as a storage
organ. -

Types of Root Systems. — Ther
are various irregularities among
root systems, due to the altera-
tions which a root system must
make in adjusting itself to obstruc-
tions and the uneven distribution
of water and mineral matter in the
soil. For this reason root systems

Tia. 122. — The fibrous roots are less symmetrical than shoots.

of Corn. However, despite these irregulari-
ties there are some inherent differ-
ences that are so regular as to be typical of certain plants.

In the Corn, Wheat, Oats, and Grasses in general, there is the
type of root system, known as the fibrous root system, in which
there are no dominant main roots, but all roots are small and with
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their numerous fine branches form a system resembling a fine
brush when the dirt is washed away. (Fig. 122.) This type of
root system is common among weeds, trees, and
many cultivated plants. In addition to the un-
derground roots, some of the Grasses, as Corn
illustrates, develop prop or brace roots, which
grow out from nodes above the ground into
which they finally reach to afford additional an-
chorage. However, brace roots are not neces-
sarily an accompaniment
of fibrous root systems,
for they may occur in
connection with other
kinds of root systems.

The tap-root system, in
which there is one large
main root from which
small lateral branches
arise, is typical of the
Alfalfa, Red Clover,
Beets, Dandelion, and
numerous other plants.
Tap-roots usually grow
directly downward, pen- /
etrating into the deeper /
layers of the soil where Frc. 123. —
more moisture is avail-  Alfalfa, a plant
able. (Fig. 123) For With a promi-
this reason, the tap-root nent tap-root.
system is best adapted for dry regions
and is, therefore, characteristic of drought
resistant plants. Although the tap-root.
is more common among herbaceous

Fia. 124.—Young Shell-  plants, it occurs, nevertheless, among
bark Hickory, showing the trees, where it often interferes with trans-
tap-root. After Farmers’ planting, as in case of Hickories, Oaks,
f}@%ﬁﬂif S. Dept-  and Maples. (Fig. 124.) ‘

Tap-roots are also convenient storage

organs in which food is stored for the growth of the new shoot
the next year. This fact is well illustrated in Alfalfa, Clover,
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and the Dandelion, where the shoots die down in the fall to be
followed by new ones in the spring. Thus the tap-root system
is well adapted to the perennial habit. In some plants, as
Radishes, Beets, Carrots, Turnips,
etc., where the storage function is
quite prominent, the tap-root is
tender and of much importance as
a vegetable. (Fig.125.) From some
fleshy roots valuable products are
extracted, notably the Sugar Beet
from which most of our sugar is ob-
tained.

Plants having prominent tap-roots
with short lateral roots can be grown
close together without injury. Due
to this fact and to the size of the
shoot, such plants as Clover, Alfalfa,
Beets, and others with the tap-root
system grow well when crowded.

The fascicled root-system, consisting of a cluster of roots all of
which are much enlarged in connection with the storage of food,
is characteristic of a few plants of which the Sweet Potato and
Dahlia are two that are well known. (Fig. 126.)

Adventitious roots, so named because of their occurrence in un-
accustomed places, may be
mentioned here, although
the classification pertains
to the place of occurrence
and not to any peculiar fea-
ture of the root itself; for
any root, whether fleshy or
fibrous, developing from
leaves or from stem regions
where roots are not nor-
mally present is called ad- Fic. 126. — A portion of a Sweet Potato
ventitious. All roots may plant, showing the fascicled roots.
be regarded as adventitious
except those, known as the primary ones, which develop directly
from the radicle of the embryo.

The ability of many shoots to develop roots from various re-

F1ac. 125. — Sugar Beet, a
plant with a fleshy tap-root.
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gions of the stem is of much service in plant propagation. When
canes of some varieties of Raspberries bend over and touch the
ground, they become rooted at their tips. If the canes are cut, the
rooted tip then becomes a new plant. This is a common method
of propagating Raspberries. If the branches of the Grape Vine,
or, if many of our shrubs are bent to the ground and a portion
covered with soil, roots will develop on the buried portion, which
thereby becomes a means of obtaining new plants. Geraniums,
Coleus, Roses, and many other plants are propagated by cutting
off branches and setting them in moist sand where they develop
adventitious roots and become new plants.

Depth and Spread of Root Systems.!— Roots must go deep
enough and spread far enough laterally to meet the demands of
the plant for absorption and anchorage, both of which in general
must conform to the size of the shoot. On this account, trees
need a deeper and wider root system than a Corn plant. But
aside from these differences which relate to the size of the shoot,
root systems of different plants differ in the depth and spread
according to: (1) the conditions of the soil in relation to moisture,
mineral matter, and air; (2) the type of root system; and (3) the
difference in the disposition of the roots of different plants, al-
though similar in type.

Roots, like all other plant portions containing living cells,
must have oxygen for respiration. For this reason the region of
the soil just under the surface where air is accessible is more fav-
orable for root activity than the deeper soil regions. Besides,
more of the necessary mineral matter is available in the surface
layers of the soil. Consequently, root systems increase by ex-
tending proportionately much more laterally than downward,
except in cases where there is extensive development of a tap-
root, as in such plants as Alfalfa and the Mesquite.

Studies made of the roots of Corn show that under ordinary
conditions the roots extend laterally, most of them being only
from 3 to 6 inches under the surface, until they reach a distance
of about 11 feet from the plant, and then they extend downward
as well as laterally, often having a depth of 3 or 4 feet when the

1 The Roots of Plants. Bulletin 127, Kansas Agr. Exp. Sta. Root Sys-
tems of Field Crops. Bulletin 64, N. Dakota Agr. Exp. Sta. Corn, its Habit
of Root Growth, Methods of Planting and Cultivating, Notes on Ears and
Stools or Suckers. Bulletin 5, Minnesota Agr. Exp. Sta.
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plant is mature. In the Irish Potato the roots may reach a depth
of 3 feet after extending laterally 2 or 3 feet, but for most of their
length they are within a few inches of the surface. It may now
be seen that deep cultivation may injure Corn, Potatoes, and
other plants with a similar root habit by tearing away the roots.
In Wheat, Oats, and Barley, the root systems do not extend so
far laterally as in Corn but deeper into the soil, reaching a depth of
4 to 5 feet. Flax and Kafir Corn have fibrous root systems which
feed mainly from the surface soil. Plants with shallow roots are
called surface feeders, and are considered ““ hard on the land,” be-
cause they exhaust the moisture and mineral matter in the sur-
face soil.

In trees, although the lateral roots may reach a length of nearly
100 feet, they still remain near the surface. In the Soft Maple,
lateral roots 80 feet in length have been found to range in depth
from 8 inches to 2 feet. In old Apple trees the lateral roots,
which may be 60 feet or more in length, usually have a depth
ranging from 2 to 5 feet. Since trees by the surface habit of their
roots take the moisture and mineral matter from near the surface,
it is clear why crops do not grow well around them even when
not affected by their shade.

Some fruit trees, such as the Cherry and Pear, send their roots
several feet into the soil and, therefore, require a deeper soil than
some other kinds of fruit trees. The Quince, commonly used as
a stock on which to graft Pears, has a shallow root system, and so
has the ‘“ Paradise’’ Apple on which Apples are often grafted. The
fact that Pears grafted on Quinces or Common Apples grafted on
the “Paradise/’ Apple bear younger than they do when grown on
their own roots, shows that the shoot and root system are very
closely related in their activities. The deep root systems occur
generally in connection with tap-roots, which sometimes reach
extraordinary depths. Also the lateral roots in a tap-root system
are usually well under the surface. For example, in Sugar Beets
the.lateral roots are 6 inches or more under the surface, and,
therefore, not usually disturbed by deep cultivation. On account
of having a deep root system, Beets require a deep and well
loosened soil.

As to the depth reached by tap-roots, 5 or 6 feet is common in
Alfalfa, and a depth of 31 feet has been recorded. The tap-root
of the Mesquite, which is a native of desert regions, has been
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known to reach a depth of 60 feet. Plants with the Alfalfa type
of root system are not only drought resistant, but also loosen the
subsoil, which is thereby put in better condition for those plants
with roots less able to penetrate a hard subsoil.

Root Structure

As the student already knows, plant organs consist of tissues,
each of which on account of the peculiar structure of its cells is
especially adapted to do a certain kind of work.
In roots there are tissues to perform the following
functions: (1) protection; (2) growth; (3) absorp-
tion; (4) conduction; and (5) strengthening. Root
tips show on their surface rather distinct regions,
which differ in color, texture, or some other feature
that can be seen without a microscope. Often, but
not always, the small protective cap, which is the
actual end of the root, can be identified by its
brownish color. The smooth whitish zone, which is
usually a conspicuous region of the tip, is where
cell multiplication and growth are most prominent.
Just back of this is the absorptive zone, bearing
numerous root hairs which are more conspicuous F

2 . . 1G6. 127,
when grown in moist air or moss where there are no __j, region
soil particles to influence their shape. (Fig. 127.) of a root of
Back of the absorptive region, where protective and Red Clover,
strengthening tissues are becoming prominent, the showing root
root is firmer in texture and darker in color; and UL,
these features become more prominent with age, as is well dem-
onstrated in shrubs and trees where the older parts of roots are
woody and covered with thick bark.

Cellular Anatomy of the Root Tip. — If with the aid of a micro-
scope a lengthwise section through a root tip is studied, more may
be learned about the character of the different tissues. (Fig.128.)
The root cap now appears as a well defined structure, consisting
of many cells loosely joined into a covering, which is thickest
directly over the end of the root. Next to the root cap is the
zone of cells active in division and constituting meristematic tissue.
Back of this is the growth zone, in which the chief activityis cell
enlargement to which the elongation of the root is due. Other
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Longitudinal sections through root of Onion at the following
through the tip showing the root cap and meristematic zone.

Fra. 128. —

through absorptive region or hair zone.

b

’

A
B, through the zone of elongation. C

Highly magnified.

regions.
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regions of the root increase in diameter, but almost all elongation
takes place in the growth zone, as shown in Figure 129. The
meristematic zone is thus so situated that the new cells formed
by it may be added both to the root cap, the thickness of which
is thereby maintained in spite of its being rapidly worn away on
its outer surface, and to the growth zone, the older portions of
which are constantly taking on the fea-
tures of the absorptive zone just be-
hind. The growth zone passes gradually
into the absorptive zone where the fol-
lowing tissues become quite well defined:
(1) a surface layer of cells constituting
the epidermis which has most to do with
absorption, the special absorptive agents
being the root hairs, which, as the section
shows, are merely projections of the epi-
dermal cells; (2) a broad band of cells
just beneath the epidermis and constitut-
ing the cortex; and (3) a group of con-
“ductive tissues forming a central cylinder,
known as the vascular cylinder.

It is to be noted that the epidermis of
roots, unlike that of leaves and stems,
has no cutinized walls and contains no
stomata or other openings for the entrance
of air, although so many active cells re-
quire much oxygen for respiration. How-

The radi-

Fig. 129.
cle of a Pea secedling
marked to show the re-
gions of elongation. At
the left, radicle just after
being divided into spaces
of about gk of an inch in
width. At the right,
radicle several hours
after marking, showing

ever, openings are not necessary, for the
uncutinized walls offer practically no re-
sistance to the passage of water, which

the region where elonga-
tion is taking place.
Only the marks near the
tips have spread apart.

usually carries in solution oxygen enough After Hayden.

to support quite active respiration.

Through the development of the root hairs the absorptive
surface of the root system is much increased, and may be thereby
increased from five to six times in Corn, about twelve times in
Barley and as much as eighteen times in some other plants. All
root hairs are able to absorb regardless of their size, which ranges
from a slight bulge near the growth zone of the root to often
more than an inch farther back. They live only a few days,
but, as they die off behind, new ones form ahead, and in this
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way the absorptive zone moves along just behind the advancing
tip. The root hairs grow out more or less at right angles to the
surface of the root, and are able on account of their flexible
slimy walls to push through small openings and around the soil
particles against which they flatten and to which they become
glued fast, thereby coming in close contact with the water films
around the soil particles. Why the region of elongation is near
the tip is now clear, for, if behind the absorptive zone, the hair
region would be pushed ahead and the root hairs thereby torn
away. :

Fia. 130. — Cross section of a root through the absorbing region. =,
xylem; p, phloem; a, pericycle; e, endodermis; ¢, cortex; h, root hairs.
Highly magnified.

The cortex, consisting of many layers of parenchyma cells,
transports the substances absorbed by the root hairs to the con-
ductive tissues, and in fleshy roots also serves as a storage region.

The vascular cylinder contains the conductive tissues, notably
the xzylem and phloem. The xylem and phloem and their posi-
tions in reference to each other are best seen in a cross section of
a root, as shown in Figure 130. The xylem occupies the cen-
ter and has strands radiating from the center like the spokes of
a wheel. Between the spokes of the xylem and near their outer
ends are the phloem strands. TInasmuch as the absorbed sub-
stances are carried to the.shoot by the xylem, this alternate ar-
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rangement of xylem and phloem shows adaptation, in that it per-
mits the absorbed substances to reach the xylem without passing
through the phloem. The vascular cylinder is bordered by a
chain of cells, known as the pericycle. The pericycle joins the
endodermis or starch sheath which is the chain of cells forming
the innermost layer of the cortex. Aside from the fact that
branches or lateral roots develop from the pericyele, the functions
of the endodermis and pericycle in roots are not well understood.

Anatomy of the Older Portions of the Root. — Not far back of
the hair zone, as indicated by the brownish color and the slough-
ing off of the epidermis with its dead root hairs, there appear
some anatomical changes, such as the formation of a corky cover-
ing, enlargement of conductive and strengthening tissues, and
the development of branches. As this region of the root becomes
older, these anatomical changes become more prominent.

Since the epidermis behind the hair zone dies and falls away,
absorption is limited to the tip region of the root. Accompany-
ing the death of the epidermis, a

" protective tissue is developed by the
layers of cells beneath. TUsually the
cells just beneath become cutinized
and take the place of the epidermis
as a covering. In Grass roots the
layers of cells just beneath the epi-
dermis thicken their walls, thereby
forming over the root a hard woody : i
rind similar to that of Grass stems.  p;5 131, —Diagram of a
Commonly in roots there is also lengthwise section through the
formed in the region of the pericycle region of the root back of the
a meristematic band of eells, known ,hair ZOIE) showing the changes
as the cork cambium, which by divid- ™ .t‘lhe epidernis:and! oqig] Yo
. epidermis dead and sloughing

ing parallel to the surface of the root . %, cork cambium on the in-
adds layers of cork on its outer side ner side with cork and dead cor-
and cortex cells on its inner side, thus tex between it and the epidermis;
forming a protective covering and © Secondary cortex; v, vascular
a secondary cortex which it also en- oyltnder, el maznified:
larges as the root grows older. Since cork is impervious to water
and the foods contained, by the formation of cork in the region
of the pericycle, the first or primary cortex has its conductive
connections with the vascular bundles cut off and its death
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must follow. (Fig. 131.) The dead epidermis and cortex form
the outer portion of the bark, which thickens as cork is added by
the cork cambium, and in roots living a number of years, like
those of shrubs and trees, may become quite thick, and broken
and furrowed, as in the large roots of trees. As a provision for
strength, fiber-like strands of strengthening tissue are commonly
formed in the secondary cortex.

In order that the vascular cylinder may have adequate con-
" duetive capacity in the older portions of the root, it, too, must
enlarge, for as the absorptive surface of the root increases ahead
by the multiplication of branches, not only is there an increase
in the amount of absorbed substances which the xylem must
carry to the shoot, but also an increase in the amount of food
which the phloem must carry to feed the greater number of
branches of the root. In the formation of xylem in roots, the
portions first formed are the radiating strands or spokes which
enlarge by developing toward the center where they usually come
together, thus forming the solid central core of xylem as shown
in Figure 132. However, in some plants, as in Corn and many
other Monocotyledons, the xylem strands never come together,
and consequently a central pith is left, around which the strands
of xylem are arranged. In all roots the xylem strands are at first
enlarged by this centripetal development. In some short-lived
roots of Dicotyledons and in the roots of most Monocotyledons,
the enlargement of the xylem is due to this centripetal develop-
ment and the development of new vascular bundles between the
old ones as the root becomes older. In Dicotyledons and also
in the Gymnosperms, the group to which Pines, Firs, Spruces, etc.,
belong, the vascular cylinders of most roots are increased also
as shown in Figure 132. It is seen in A of Figure 132 that the
phloem ‘and xylem are not in contact. Lying between them
are cells which have not been modified into definite tissues.
Some of these cells become meristematic and so arranged as to
form a continuous band of cambium, known as the cambium
ring, which by curving outward passes on the outside of the
xylem, and by curving inward passes on the inside of the phloem,
thus separating the xylem and phloem regions of the vascular
cylinder as shown at B. The cambium cells, in the main, divide
parallel to the surface of the root, and divide in such a way that
the layers of new cells on the inside of the cambium are about
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equal in number to those on the outside. The new cells next to
the xylem become modified into xylem, at first filling in between
the strands of the primary xylem, and the cells formed next to
the phloem are changed into phloem. In this way the vascular

Fia. 132. — Diagrams showing how the xylem and phloem of roots are
increased. A4, cross section of a root showing xylem (z) and phloem (p)
before the cambium is formed. B, cross section of root showing xylem (x)
and phloem (p) after the cambium ring (c) is formed. C, cross section show-
ing the xylem (z) and phloem (p) shown in 4 and B and the new xylem (a)
and new phloem (b) which have been formed by the cambium (¢). Adapted
from J. M. Coulter.

cylinder is increased in diameter as shown at C. In roots which
live many years, like those of trees, the layers of xylem formed
each year form annual rings like those occurring in woody stems;
and the outer layers of the phloem, with the cortex and other
tissues outside of the phloem, constitute a bark like that of
woody stems. In fact, it is only by the presence of their early
root anatomy that sections of such roots can be told from sec-
tions of stems. In some fleshy roots, as Beets illustrate, a num-
ber of cambium rings form outside of the first one, and the
growth resulting from each appears as a ring when a cross-section
of the root is made.
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Another anatomical feature connected with the older portions
of roots is the development of branches, which begin to develop
some distance back of the hair zone and
in the way shown in Figure 133. In Seed
Plants the branch roots, which are called
secondary, tertzary, and so on according to
their distance from the main root, develop
from the pericycle and usually in the re-
gion closest to the xylem. In forming a
new branch, a few cells of the pericycle in
the region where the branch is to appear
begin to divide parallel to the surface of
the root. The new cells at first appear as
a slight elevation on the pericycle, but by
rapid growth this elevation of cells soon
pushes through the cortex and other over-
lying tissues, and becomes a branch with
vascular cylinder and other tissues con-
tinuous with those of the root of which it
is a branch. Of course the farther from
the root tip, the older and more fully de-
veloped are the branches.

F1c. 133. — Length-
wise section through

a root, showing how

branches arise. The
branches (b) originate
in the region of the
vascular cylinder and
push through the cor-

One important feature in connection with
the branching habit is that, when the end
of a root is cut away, the remaining por-
tion is stimulated to develop branches. It
is due to the ability of roots to branch,

tex, finally reaching

: that trees and other plants with their roots
the exterior.

heavily pruned in transplanting are usually
able to provide a new root system and become established in
their new location.

Factors Influencing the Direction of Growth in Roots

Roots and stems respond very differently in respect to gravity.
Primary roots grow toward the center of gravity, while most
stems grow in the opposite direction. This earth influence is
known as geotropism. Geo comes from a word meaning earth
and fropism means turning. So the word, geotropism, means
earth-turning, and refers to the turning of the root and stem in
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response to the influence of gravity. Primary roots are positively
geotropic (growing toward the earth’s center), while most stems
are negatively geotropic (growing directly away from the earth).
Lateral roots, as well as most branches of stems, grow more or less

!/‘ N

Fia. 134;— The radicle of Corn growing downward in response to-gravity.
After Hayden.
horizontally and, when strictly horizontal, are neither positively
nor negatively geotropic. What is shown in Figure 134?

Roots, especially primary roots, are sensitive to moisture and
grow towards it when more moisture is needed. The tropism
induced by water is called hydrotropism. Most roots are to a
greater or less extent positively hydrotropic. Notice what is
shown in Figure 135. In response to the water influence, the
roots of most cultivated plants grow deeper in the soil during

F1g. 135. — An experiment to show the effect of moisture upon the direc-
tion of the growth of roots. The box containing moist sawdust in which the
Corn is planted has a bottom of wire netting. After the roots grew through
the meshes, thus coming in contact with dry air, they changed their direction
and grew along the bottom of the box, thus keeping in contact with moisture.
Adapted from Osterhout.

a dry season than during a wet season. When there is abun-
dance of moisture in the soil, Corn roots may grow within 2
inches or less of the surface, but are 3 inches or more under the
surface when there is a lack of moisture, and usually penetrate
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the soil to a greater depth. The roots of Willows and Poplars
will extend long distances in response to moisture. When these
trees grow near a well, their roots often grow down the sides of
the well until the water is reached. In seeking water and air the
roots of trees and weeds grow into drain tiles and sewers, often
clogging them.

Stems, in general, grow toward the light, while most roots
shun the light. Roots are said to be negatively heliotropic, while
stems are posttively heliotropic. A érotropism, growth toward those
regions of the soil where air is more plentiful, Chemotropism,
growth toward certain substances, and Traumatropism, growth
away from injurious bodies, are other movements of roots.

The Soil as the Home of Roots

In the most general meaning of the term, the soil is that upper-
most layer of the earth’s crust in which, by means of their root
systems, plants are able to obtain the substances necessary for
growth. However, in agriculture, the term soil is often applied
to the layer which is tilled, and the term subsoil to that which
lics beneath. Although the term soil is used in different ways,
we usually think of the soil as extending down to where the
dark color changes to a light, due to the absence of humus. The
depth of the soil varies greatly in different localities, ranging
from a few inches to several feet.

As to origin, the soil is fundamentally pulverized rock of which
there are a number of kinds, such as granite, limestone, sandstone,
shales, etc., each of which gives some special property to the soil.
Various agencies, such as wind, water, ice, chemicals, tempera-
ture variations, and plants are active in breaking all rocks into a
pulverized form. They may be very finely pulverized into clay,
as the silicates are, or left in the form of fine sand, coarse sand,
or gravel.

The rock constituents of any bit of soil, even of the finest clays,
are exceedingly various in size and shape as a microscopical
examination shows. The irregularity in size and shape makes
it impossible for the particles to pack closely, and thus insures
the open spaces which are estimated to be from 25 to 50 per cent
of the volume of cultivated soils. (Fig. 186.) The spaces are
exceedingly important, for they permit the circulation of water
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and air which the roots and micro-organisms of the soil must have.
Although not tightly packed, the particles adhere to each other
when moist, and this feature and the weight of the soil enable
roots to obtain a firm anchorage.

F1c. 136. — Diagram of two root hairs and the soil around them. The
soil particles are shaded and the light area around each soil particle repre-
sents a film of water. The large light areas among the soil particles are air
spaces. Modified from J. G. Coulter.

Water, Air, and Humus of the Soil. — To the plant the water
of the soil has two important functions. First, it is the reservoir
upon which the plant depends for water. Second, water is the
solvent in which the soil substances become dissolved before
entering the plant.

The amount of soil water varies for different kinds of soils, and
for the same soil at different times. Thus garden soil rich in
humus or a very heavy clay soil will hold two or three times as
much water as a sandy soil. Just after a heavy rain soils are
saturated with water, that is, all of the spaces are filled. But
much of this water, known as free water, gradually sinks away
toward the center of the earth in response to its own weight, leav-
ing the pores partially empty. The water then remaining in the
pores consists chiefly of capillary water, which is held in the pores
by the force of capillarity. In addition to the capillary water,
which does not respond to the influence of gravity, there is also
the hygroscopic water, which remains, after the capillary water is
removed, as a thin film around each particle and so firmly held
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that it can not be driven off except by the application of heat.
The driest of “air dry”’ soils still contain considerable hygroscopic
water, as shown by their loss in weight when they are further
dried in an oven.

Plants depend mainly upon capillary water, although in some
cases, especially in soils with high hygroscopic power, some hygro-
scopic water may be available to the plant. When soils are satu-
rated, as after heavy rains or in bogs and swamps, there is more
water present than the plant needs, and, besides, the air which
roots must have is driven from the soil pores. Experiments have
shown that, in general, a soil is best adapted to plant growth
when the water present is not more than 60 per cent of the amount
required for saturation, or, in other words, when about two-fifths
of the pores are open for the circulation of air.

The forces which resist the pulling away of hygroscopic and
capillary water from the soil particles tend to keep the water
equally distributed. Thus as water is lost from the pores in the
surface soil, either by evaporation or root absorption, it is replaced
by water moving up from below through the force of capillarity.
Consequently, as a root absorbs, the movement of water toward
it from all around enables it to obtain water from regions several
feet away. In fact, capillarity has been known to raise water to
a height of 10 feet in one kind of soil. Again, in hygroscopic
water the thin films, which are like stretched rubber around the
soil particles, are connected where the soil particles touch, and to
compensate the greater water loss one film may have over others,
there is such a movement of water between the films that all for
a considerable distance around share in the loss. Thus, due to
the forces of capillarity and the surface tension of hygroscopic
films, soil water tends to move to the point where it is being
absorbed. It is now clear why the soil becomes so evenly dry
around a plant.

The air in soils is necessary to supply oxygen to roots and
soil organisms and to oxidize the poisonous substances excreted
by roots or formed through the decay of organic matter. Through
oxidation the harmful effects of the poisonous substaneces are
destroyed. Soils are tilled largely to keep them porous so that
air can circulate through them.

Humus is organic matter partially decomposed, and consists
of leaves, stems, roots, bodies of animals, etc., decaying in the
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soil. To increase the humus of soils, manure is added and green
crops, such as Clover, Rye, and others, are plowed under.

Humus gives soils a dark color and adds much to their fertility.
The rich loams of the prairie states have much humus mixed
through the sand and clay. Soils properly supplied with humus
are loose, thus being well aérated, and they hold moisture well.
Such soils afford the conditions for roots and soil organism to thrive.
Humus adds a number of substances to soils, some of which are
harmful such as organic acids if allowed to accumulate, but usu-
ally, due to the activity of soil organisms or other influences in
soils, they are either destroyed or changed into useful forms.

Plants and animals in soils. — Plants and animals, mostly
minute and innumerable, make their home in soils and soil fertil-
ity depends much upon them. In soils many kinds of Fungi,
Algae, Bacteria, Protozoa, worms and insects live.

The soil Fungi, chiefly Molds, are of many kinds and often
several thousand per gram of soil are present. The molds con-
sist of thread-like filaments, as Bread Mold illustrates, and these
thread-like filamemts spread through the soil, attacking and
decomposing the organic matter which is thereby converted into
simpler and more soluble substances. Some kinds so act upon
the organic matter as to cause an accumulation of ammonia in
soils. Ammonia contains nitrogen, which when combined in
salts, is the source of nitrogen for higher plants. The larger
Fungi, such as Toadstools and Mushrooms, have underground
thread-like filaments which also work on the organic matter of
the soil. A number of disease-producing Fungi live in the soil.

A special group of Fungi, called the Mycorrhizal Fungi, live
in soils. They grow their thread-like filaments around the young
portions of the roots of certain plants, forming mat-like coverings,
and in some cases branches of the filaments grow into the cells of
the roots. There is evidence that the Fungus performs in part
the function of root hairs, absorbing water and mineral substances
from the soil and transmitting them to the root, Such a strue-
ture, consisting of Fungus and root so united, is called a mycor-
rhiza. (Fig. 137.) Pine trees, Beeches, Oaks, Blueberries, and
Orchids are some of the familiar plants having mycorrhizas.
Some plants, as the Blueberries, are so dependent upon mycor-
rhizas that they cannot grow unless the proper mycorrhizal Fungus
is present in the soil.



156 ROOTS

Algae are not uncommon in soils and they seem to influence
soil fertility. Since Algae have chlorophyll and thus differ frem
Fungi and Bacteria in being able to manufacture carbohydrates,
the Algae of the soil may furnish some of the carbohydrates which
the Fungi and Bacteria need. There is considerable evidence
that some of the soil Bacteria are directly benefited by the pres-
ence of Algae. Certain Bacteria and Algae are known to live
intimately associated, the Algae furnishing the Bacteria with
carbohydrates, and the Bacteria furnishing the Algae with ni-
trates. It is possible that some of the Algae and Bacteria of the
soil are so related. In some labora-
tory experiments with soils, nitrates
have been formed more rapidly by the
nitrate-forming soil Bacteria when Al-
gae were present thanwhen Algae were
excluded, thus showing that in these
instances the nitrogen-fixing Bacteria
of the soil worked more efficiently when
Algace were present.

The most numerous of the soil or-
ganisms are the Bacteria, the smallest
of organisms, and best known in con-
nection with diseases where they are
a rootlet, of the Beech. The commonly cal!ed germs. The soil con-
felt-like mass of mycelial UAINS many kinds, and commonly the
threads closely enwraps the number of individuals per gram of soil
root tip,-extending back to ranges from two to fifteen million.
beyond the hair zone and T jke the Fungi and Algae, the Bacteria
:gzzalf;lilrg& lnfﬁ't:?;‘r:ﬁ; like 1ive in the surface layer of soils where

: humus and air are present. The Bac-
teria, like the FFungi, decompose organic matter, making it avail-
able for higher plants, and some add atmospheric nitrogen to
the soil. The ammonifying, nitrogen-fixing, and dentrifying Bac-
teria are very important groups of soil Bacteria. .

The ammonifying Bacteria, of which there are a number of
kinds, act upon the nitrogenous substances in organic matter,
forming ammonia as one of the decomposition products. The
nitrifying Bacteria oxidize the ammonia, thereby producing
nitrates in which form the nitrogen is absorbed by the roots of
higher plants.

F1a.137.—A Myecorrhizaon
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The nitrogen-fixing Bacteria take nitrogen from the air and
oxidize it to nitrates. They add nitrogen to the soil while other
kinds of Bacteria simply make available to higher plants the
nitrogen already present in the organic matter of soils. Some
kinds of the nitrogen-fixing Bacteria live lndependentlv of higher
plants, getting their food and energy
from the humus of the soil, while other
kinds live on the roots of higher plants,
suchas Clover, Alfalfa, Beans, and other
Legumes. Those living on higher plants
enter the roots through the root hairs
and become established in the cortex.
As a result of their presence, the roots
develop nodules in which the Bacteria
live and multiply. (Fig. 138.) They
use some of the carbohydrates in the
roots, but the nitrates they form by fix-
ing the nitrogen of the air more than
“compensates for the damage they do.

The denitrifying Bacteria decompose
nitrates, thus freeing the nitrogen which Fia. 138.— Nodules on
then escapes from the soil as a gas. the roots of a Pea. After
Thus they are actually harmful, tending C. M. King.
to reduce the amount of nitrogen in soils. - They are most active
in soils containing an excess of organic matter and poorly aérated.
In soils well cared for the effects of these Bacteria are not great.

The animals of the soil are also of many kinds. The smallest
are the Protozoa, the one celled animals of which the Amoeba is
a representative. The Protozoa are abundant in moist, rich
soils. They do no doubt exert an influence on soil fertility, but
their influence is not definitely known. They feed upon the
Bacteria of the soil and some think that they prevent the Bacteria
of the soil from becoming too numerous. There is also evidence
that at times they destroy too many of the useful kinds of soil
Bacteria and in this way are detrimental to soil fertility. In
some laboratory experiments with soils, nitrates accumulated
more rapidly in soils in which the Protozoa had been killed.

The numerous worms of the soil have some influence on soil
fertility. The holes they make in the soil permit better aération
and drainage. They also digest the organic matter of the soil
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and thus aid in decomposing it. Earthworms are important in
bringing soils from below to the surface. Their activities tend
to keep the lower and upper layers of soil mixed. Experiments
show that earthworms play an important rdle in maintaining
soil fertility. Some worms, as the Nematodes, often injure
plants by destroying their roots. In addition to worms, there
are numerous insects which no doubt have some influence on seil
fertility. It is obvious that soils are exceedingly complex and
that there are many things to consider in maintainingsoil fertility.

Soil Solution. — The soil water and the various mineral mat-
ters and organic substances dissolved in it constitute the soil
solution. The dissolved organic substances are of use to the soil
micro-organisms, but it is mainly water and mineral matter that
higher plants need to obtain from the soil solution. The most
important of the m neral elements for crops are nitrogen, phos-
phorus, potassium, sulphur, calcium, iron and magnesium. These
occur in compounds known as mineral salts, which, although very
essential to plant growth, are present in very small quantities,
usually constituting less than one percent of the best of soil solu-
tions. Of these, nitrogen, phosphorus, and potassium are in
most demand by crops, and the ones most likely to be lacking.
Consequently, in maintaining soil fertility, the chief problem is
to conserve and restore these elements. The value of artificial
fertilizers and manures depends chiefly upon the amount of these
elements contained. In most soils, iron, sulphur, and magnesium
are present in sufficient quantities. Calcium must always be
present to neutralize the acids, for both roots and soil Bacteria
are very sensitive to acids. Calcium is added to the soil in the
form of lime or limestone. The recent soil surveys conducted in
the various states have revealed the fact that even the richest of
soils, as those of the prairie states, commonly contain too much
acid and are often much improved by the addition of lime or
limestone. The amount of lime and limestone added to soils to
reduce the acidity’is rapidly increasing. On the other hand,
when soils contain too much of an alkali, such as sodium carbo-
nate, plants will not do well until the condition is changed by
the addition of gypsum or some other substance capable of break-
ing up the alkali. In the Western States there are many tracts
of land that, in addition to being too dry, contain too much
alkali for ordinary plants to grow.
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Each of the mineral salts which plants require, apparently,
is so specially related to the nutrition of the plant, that not one
of them can be omitted, although all others are present in

F16. 139.—Water cultures
of Buckwheat, showing ef-
fect of the lack of the dif-
ferent mineral elements:
1, with all the elements;
2, without potassium; 3,
with soda instead of potash;
4, without calcium; 5, with-
out nitrates or ammonia
salts.

suitable quantities. This fact is dem-
onstrated by growing plants with their
roots in distilled water to which the dif-
ferent mineral salts can be added in such
proportions as the experiment demands.
When the salts are added in such pro-
portions that the solution imitates a soil
solution, such as ordinary spring or well
water, many herbaceous plants are able
to grow in it till they have flowered and
produced seed. In fact, aside from the
lack of anchorage and having to supply
their roots with oxygen from the shoot,
plants may do almost as well as when
rooted in the soil. For some plants the
water culture gives good results, when
the salts are in such a proportion that
2 liters of the solu-
tion contain 1 gram
of potassium nitrate,
% gram of iron phos-
phate, } gram of cal-
cium sulfate, and %

gram of magnesium sulfate. The results of
omitting some of these salts are shown in
Figure 139.

Root Absorption. — For the process of os-
mosis upon which the entrance of water into
the root depends, the epidermal cells of the
root tip are especially fitted. By means of
the root hairs they have a large surface in
contact with the soil solution. Having thin
cellulose walls against which their protoplasm

Fiac. 140. —Root
hair showing the thin
layer of protoplasm
and large vacuole.
After Frank.

is spread out into a thin lining, root hairs afford an easy entrance
of water into their large vacuoles. (Fig. 140.) As the student
already knows from his acquaintance with osmosis, the entrance
of water into the epidermal cell depends upon the concentration
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of the substances in solution in the cell sap. Water is drawn
into the root hairs only when the density of the cell sap is
sufficient to exert an osmotic force that overcomes the osmotic
force of the solution without and the forces by which the soil
holds on to the water. On the other hand, when the forces
without are stronger than the osmotic force of the cell sap,
then water will be drawn out of the root. This latter condition,
which is likely to be disastrous to the plant, occurs when there
is an excessive amount of mineral salts in the soil solution, or
when the soil becomes so dry that the forces with which the
soil holds on to the water become so great as to overcome the
osmotic force of the cell sap. By watering plants with nutrient
solutions which are too strong, the soil solution may become so
concentrated as to injure the plants.

The entrance of the dissolved mineral salts into the root hairs
depends chiefly upon two things: First, the cell membrane must
be permeable to them. Second, the membrane being permeable
to them, they pass into the root hairs by the laws of diffu-
sion. Thus, if a salt is more concentrated without than within
the root hairs, it passes into them until it is as plentiful within
as without. Also substances may diffuse out of the root hairs
when more concentrated within than without. Although the
movement of the salts may be influenced in rate by the move-
ment of the water, experiments show that the amount of min-
eral salts which enter the plant is quite independent of the
amount of water absorbed. However, in being alive, the cell
membrane presents some features not found in connection with
dead membranes. One peculiar feature is that it can alter
its permeability from time to time, and another is that, al-
though it allows many substances to pass in, it allows very
few to pass out. In being permeable to some substances and
not to others, roots are thereby able to exercise selective ab-
sorption, which in general favors the entrance of the more useful
substances, although roots by no means keep out all harmful
substances.

From the epidermal cells, the water and mineral salts pass
through the cortex to the xylem vessels through which they reach
the shoot. (Fig. 141.)

Factors that Hinder Absorption. — The forces concerned in
capillarity and surface films increase as the water of the soil de-
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creases. They retard absorption and may become so great as to
actually prevent it. The wilting of plants when the soil becomes
dry is not due to the fact that there is no water in the soil, but to
the tact that the roots can not pull the water, known as the un-
available water, away from the soil particles. It has been found
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Fic. 141.— Lengthwise section through a root, showing the way the water
and mineral substances of the soil reach the vascular bundles. e, epidermis
with root hairs; ¢, cortex; a, endodermis; p, pericycle; z, xylem of vascular
bundle. The arrows indicate the way the water and dissolved substances
pass to the vascular bundles. After MacDougal.

that most plants wilt when the soil moisture is reduced to 4.6 per
cent in medium fertile garden soil, 7.8 per cent in sandy loam, and
49.7 per cent in peaty soil. From these figures it is seen that the
amount of unavailable water depends much upon the kind of soil.
As shown in the table below, it also depends much upon the kind
of plant, for plants differ widely in their ability to pull water
away from the soil particles. '

UNAVAILABLE WATER FOR DIFFERENT PLANTS IN LOAM SOIL

Plant. Unavailable water.
Per cent.

Cabbage. ...t e e

(10703 o T 5.9
L0 7 O 6.2
ASDATAZUS . ot vttt ittt e 7.0
Lettuce.................. P 8.5
Cucumber. ........ L L L L i I e 10.8
Pondweed (a waterplant).......... ....... ......... 24 8
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On the other hand, when the soil water is so plentiful that air is
excluded from the soil, root growth is retarded and absorption
thereby hindered. For this reason wet lands have to be drained.

In retarding growth as well as slowing down osmosis, a low
temperature of the soil retards absorption. This fact is related
to winter killing, which is sometimes due to the fact that the roots
can not absorb water from the cold or frozen soil about them as
rapidly as it is lost from the shoot.

There are other factors, such as the presence of alkalies and
certain acids in the soil which hinder absorption by their injurious
effects on roots.

Root Pressure. — The absorptive action of roots sometimes
manifests itself in forcing water through the stem, acting much
like the pump which forces the water through the city’s water
mains. This pressure exerted by roots is known as root or sap
pressure, and is one cause of the so-called bleeding of plants when
they are injured. In most plants of the temperate regions, root
pressure is only evident in the spring when the plants are not
losing much water by evaporation and are gorged with sap.
When Grapes are pruned in the spring, they usually bleed pro-
fusely. A vigorous European Grape will sometimes bleed a liter
per day. A Maple tree may exude from 5-8 liters in a day.

Measurements show that sap pressure is often several pounds
to the square inch. 1In the following table the pressure is recorded
in millimeters of mercury (760 millimeters of mercury = 1 at-
mosphere or about 15 lbs. of pressure to the square inch).

RedCurrant. .. ..oviiieeieen e iniiaiaiaianaaannns 358
Sugar Maple. ... vieiieiiieeeeeieeeerrenneeeecneeennnns 1033
Black Birch. ..o e vtee it ie i eneeeennnnianaaaannnns 2040
European Grape.....coveeeenereiieeeiiaeneaneeannns 860

Substances Given off by Roots. — Roots give off carbon diox-
ide. The milky appearance of lime water in which roots are
grown is evidence of this fact (page 97). In the soil the carbon
dioxide unites with the water, forming carbonic acid, which has
an important dissolving action upon the soil minerals. This fact
is demonstrated by the etching effect roots have when grown in
contact with the surface of polished marble.

There is much evidence that roots also give off oxidizing en-
zymes whereby the poisonous substances of the soil are oxidized
to harmless forms.



WATER ROOTS 163

It has been demonstrated in case of some plants that roots ex-
crete poisonous substances which tend to impede further root
activity. These deleterious substances, with those formed
through the decomposition of roots and other organic matter, may
be responsible for much of the soil sterility that is so commonly
attributed to the lack of the necessary mineral salts. In fact,
some think that the value of fertilizers depends mainly upon their
neutralizing effect of these deleterious substances. The improve-
ment of the soil, when fields are allowed to lie fallow, is, at least,
partly due to the disappearance of these deleterious substances
through oxidation. It scems that in many cases the deleterious
substances are more poisonous to the roots of plants of the same
kind, and this may help explain the value of erop rotation.

Water, Air, and Parasitic Roots

Water Roots. — When branches of some herbaceous plants are
cut off and set in water, roots develop from the submerged por-
tion. Branches of the Geranium and
Wandering Jew root readily in water and
will grow for a long time in ordinary
river or well water. The twigs of Willows

Fie. 142. — Lemna, a Will develop water roots when set in
floating water plant,w};ich water. Willows, growing on the edge of
has only water roots. ponds and streams, develop roots which
Slightly magnified. After penetrate the soil and also roots which
Rle dangle in the water. There are a number
of small Seed Plants, like the Duckweeds, which float on the
surface of the water and have no roots other than water roots.
(Fig. 142.)

Air Roots. — Some plants depending upon soil roots also de-
velop air roots. The brace roots of Corn are at first air roots and
later enter the soil. Some climbing plants, like the Poison Ivy,
develop air roots which attach the plant to the support. Many
Orchids and some plants of the Pineapple family grow supported
on other plants and have only air roots. The T4llandsia, called
Spanish Moss, although not a Moss at all, is very common in
southern regions, growing on the branches of trees with its roots
dangling in the air. '

Air roots differ in structure from soil roots. Air roots, unless
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they are growing in wet shady places, are not in a good position
for absorption. Air roots of climbers, as in the Poison Ivy, do no
absorbing, and serve only to attach the plant to the support.
Those air roots that absorb usually have no root hairs, and the
absorbing is done by a sponge-like mantle of cells, called velamen,
covering the root. In some cases, as in many tropical climbers,
the air roots reach to the ground or to cup-shaped leaves where
water is obtained. The air roots of the Orchids which live on
damp tree trunks or rocks of tropical countries take up moisture
when there is rain or dew. Such plants, called epiphytes, flourish
without the assistance of soil roots.

Parasitic Roots. — There are a large number of plants, called

parasites, that depend upon other plants for food. The Dodder is
dependent upon other plants 4
for its food and obtains it ({7
by sending roots into the
plant upon which it is grow-
ing. Dodder has no food-
making pigment and the
young seedling soon perishes
unless it can obtain food A
from EoLe other 'plant. The Fic. 143. — A4, Dodder (Cuscuta Euro-
thread-like seedlings are sen- pea) living on a Hop Vine; B, diagram-
sitive to touch and coil about matic drawing of a cross section of the
weeds, Clover, Alfalfa , or Hop Vine showing the roots of the Dodder
other plants which they may ha}.ving penetrated the tissues of the Hop
chance to hit in their growth, Yie- After Kerner.
If the plant has suitable food, then the Dodder grows roots into
its tissues and absorbs food from it. Clover, Flax, and Alfalfa
are attacked in this way and much injured by Dodder. Dodder is
considered a destructive weed, and seed containing only a little
Dodder seed is undesirable for seeding. (Fig. 143.)

The Mistletoe lives upon trees, the roots penetrating the
branches and withdrawing the necessary foods. Many plants,
such as the Beech Drop, Broom Rape, ete., live on the roots of
other plants.

Propagation by Roots

The production of new plants from seeds, stems, leaves, or roots
is called plant propagation. Since roots readily produce adven-
titious buds which can develop into new plants, they are much
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used in the propagation of some kinds of plants. For example,
Sweet Potatoes, which rarely produce seed, are propagated by
means of the shoots which develop from the fleshy roots. The roots
are planted early in the spring in specially prepared beds, usually
hot beds, where they develop buds which grow into stems bear-
ing leaves and roots, as shown in Figure 144. These young plants
(slips) are broken loose from the potato and planted in the field
after all danger of frost is passed. The abundance of stored food
enables each potato to produce many slips.

F1e. 144. — Sprouting of the Sweet Potato. A, potato with sprouts in
different stages of development. B, sprout, or slip, broken loose from the
potato and ready to be set out.

From the roots of the Red Raspberry! and some Blackberries,
new stems called suckers grow up. These suckers with a small
portion of the parent root are used in starting new plantations.
The larger roots of the Raspberry and Blackberry are often dug
up in the fall, cut into pieces, and stored until spring when they
are planted in the field. From these root segments new plants
are produced. Roses are often propagated by root cuttings.
When plants can be propagated either by root cuttings or by
seed, it is generally better to use cuttings, because plants obtained
from cuttings usually grow faster and are more likely to be like the
parent plant than they are when grown from seed.

! Raspberries. Farmers’ Bulletin 213, U. S. Dept. Agr. Culture of Small
Fruits. Bulletin 105, Oregon Agr. Exp. Sta. Dewberry growing. Bulletin
136, Colorado Agr. Exp. Sta,



.CHAPTER IX
STEMS
Characteristic Features and Types of Stems

The stem, usually consisting of trunk and branches, is the fun-
damental part of the shoot. Upon the stem the other structures
of the shoot, such as leaves, flowers, and fruit, depend for their
support in the air and sunlight — the position most favorable for
leaf-activity, pollination, and scattering of seed and fruit.

Roots, stems, and leaves are intimately related in their activi-
ties, and the efficiency of one affects the efficiency of the others.
The productivity of most of the cultivated plants depends not
only upon a good root system, but also upon a good stem system.
In some plants, such as Beets, Turnips, Radishes, Lettuce, and a
few others which have very short stems during much of their life,
not so much importance is attached to the stem, but even these
plants, in order to complete their life cycle, must eventually
develop stems upon which to bear flowers and seeds. Among
such plants as the trees and grains, the stem is very important.
The value of a tree for shade, lumber, or fruit depends largely
upon the character of the stem. Likewise, a Corn or Wheat plant
with a well developed stem is able to produce larger ears or a
better head than a plant with a stem poorly developed.

In comparing stems with roots the following things may be
stated. First, stems bear leaves and flowers, while roots do not.
Second, stems are divided into nodes and internodes but roots are
not. Third, stems branch at the nodes, while in roots branches
arise anywhere. Fourth, in stems pith is nearly always present,
while in roots it is usually absent.

The nodes are the narrow zones, often more or less swollen, at
which the leaves and buds as well as the branches arise. The
internodes are the zones between the nodes. The division of the
stem into nodes and internodes is quite noticeable in the stems of
Corn and other Grasses, where the nodes divide the stem into
distinct segments. By the elongation of the internodes, the

166
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leaves are separated and better exposed to the light. If the in-
ternodes are short, as in the stem of the Dandelion, the leaves are
much crowded. Also in such plants as Beets, Radishes, Turnips,
and Lettuce the stem at first has short internodes and the leaves
are much crowded.

On the ends of branches as well as in the axils of leaves, occur
the buds which have much to do with the growth of stems. The
stem elongates by the development :
of new nodes and internodes from
the terminal buds, while branches
develop from the buds occurring in
the axils of the leaves.

Branching of Stems.— Since
branches develop from the buds
located in the axils of the leaves,
the arrangement of branches tends
to follow the leaf arrangement.
Plants having two leaves at a node
and on opposite sides of the stem,
as in the Maple, tend to have
branches with the opposite arrange-
ment. Likewise, plants with leaves
occurring one at a node and on
alternate sides of the stem tend to
have the alternate arrangement of
branches, as Elms illustrate.

The amount of branching varies
much among plants. Among herba-
ceous plants the stems of many of
the Grasses branch very little and
are called simple stems, while in
some plants, as Clover and Alfalfa
illustrate, there is very much branching. Branching reaches its
maximum among the trees, where often there is branching and
rebranching until the youngest branches are so numerous and
small, as in the Elms and Birches, that the tree may be some-
what brush-like in appearance.

Branching is directly related to leaf display, for it not only
enables the plant to bear more leaves, but makes a better exposure
to sunlight possible. Branching is also related to flower and fruit

Fic. 145. — Pines, showing
the excurrent type of stem.
After Fink.
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production, for a well branched tree can produce more flowers and
fruit than one that is less branched, provided the food supply is
sufficient. In plants used for forage, such as Clover and Alfalfa,
the amount of hay produced by a plant depends largely upon the
extent of branching.

In some plants, as in the Pine shown in Figure 145, the stem
system consists of a main axis and many lateral branches, forming
what is known as the excur-
rent type of stem. In others,
as in the Elm shown in
Figure 146, the main stem is
divided into two or more
branches, which are soon lost
in numerous branches, form-
ing the deliquescent type of
stem. Among fruit trees and
forest trees, there is so much
difference in habits of branch-
ing that many kinds of trees
can be identified by their
branching habit.

Work Done by Stems. —
There are four important
functions of stems. They
support the agrial structures,
conduct materials, make
food, and serve as regions of
storage.

The supporting function
consists in carrying the
weight of the leaves, flowers,
and fruit, and in elevating
them to a position most favorable for performing their func-
tions. There is strong competition among plants for light, and
it is through the elongation of the stem that plants lift their
leaves higher in the air and often escape the shade of neigh-
boring plants. Some plants, such as the Grape, Poison Ivy,
Morning Glory, Beans, and Peas, which have weak stems, secure
better light by climbing a support, such as a wall, fence, or the
stems of other plants.

=

Frc. 146. — Eln tree, showing deli-
quescent type of stem. The trunk is
soon lost in branches.
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As a Conductive structure the stem occupies an important posi-
tion, for through it the leaves and roots exchange materials.
Consequently, the vascular bundles, forming a continuous con-
ductive system from roots to leaves, are prominent structures in
stems. Through the conductive system the leaves receive water
and mineral salts from the soil and the roots receive the food made
in the leaves. For this reason any. injury to the stem, such as
girdling, which severs the conductive system is likely to seriously
injure the plant. In fact, girdling is a common method employed
in killing trees.

In the manufacture of plant foods stems may assume consider-
able importance, although seldom so much as leaves, which have
food-making as their primary function. Being well exposed to
light and well provided with chlorophyll, leaves are especially
adapted to carry on photosynthesis — the proeess by which food is
manufactured. However, any portion of a plant containing chlo-
rophyll to which sunlight and air are accessible can make food,
and the stems of practically all plants that make their own food
have some portions that are green and, therefore, able in some de-
gree to carry on photosynthesis. For example, the young twigs
of trees are almost as green as the leaves and no doubt make con-
siderable food. As the twigs grew older, the green layer is cov-
ered by bark, which excludes the light that is necessary for
photosynthesis. In the Box-clder, Sassafras, and some other
trees, not only the young twigs but portions of the older branches
are green, and probably able to make food. In most of our
short-lived plants, such as Corn, Sorghum, Kafir Corn, Tomatoes,
Melons, Clover, Alfalfa, Beans, cte., the entire stem is green and
able to carry on photosynthesis. In some plants, such as the
Cacti, which have no leaves, all of the food must be made by the
stem. In the garden Asparagus the leaves are scale-like and food
is made chiefly by the stem and its many, small, lateral branches.
Some plants which have scale-like leaves, have green lateral
branches so expanded as to resemble leaves, as.the Smilax
(Myrsiphyllum), common in greenhouses, illustrates. Such
branches are called Cladophylls. (Ftig. 147.)

As to the siorage function of stems, there is much difference
among plants, but in nearly all stems there is some accumulation
of substances, such as water, sugars, and starch. During the wet
season the stems of some Cacti take up large amounts of water,



170 STEMS

which supply the plant during the dry season. In the stems of
Sorghum and Sugar Cane, so much sugar is accumulated and re-
tained that these plants are grown for the sugar which they afford.
In the stems of trees much food is stored in the form of starch,
and when transferred to grow-
ing regions during early spring,
it is changed to sugar, in which
form it ocecurs in solution in
the sap of the tree. The so-
called maple sap obtained from
the Sugar Maple is a good illus-
tration of sap which contains
much stored food in the form
of sugar. In early spring be-
fore the leaves appear, the trees
are so gorged with sap that it
can be drawn off by boring into
the wood and inserting spiles.
This sugar comes from reserve
food accumulated when the
leaves are active, and serves as

Fic. 147'. — A branch of Myrsiphyl- o supply for the growth of new
i‘}‘:;l’s :ﬁzf‘l’iileglz};iezligi phylls (a), and foliage at the beginning of the

growing season.

Some stems, notably those of the Irish Potato, contain large
amounts of starch on account of which they are valuable for food.
Another tuber-like stem similar to that of the Irish Potato is pro-
duced by the Jerusalem Artichoke — a plant of the Sunflower
type and often grown on account of the food value of its under-
ground tubers.

Many of the early spring plants, such as Spring Beauty, Dutch-
man’s Breeches, Wind F¥lower, some Violets, and many other
plants having a supply of food at hand can spring up quickly,
flower, and accumulate another supply of food before the sunlight
is excluded by the forest foliage. Such plants, being seen only
in April or early May, have what is called the vernal habit, i.e
they live their life cycle in the spring of the year. The food
reserve of stems has much to do with the vernal habit.

Classes of Stems. — There are many ways in which stems may
be classified. Stems are classified as monocotyledonous or dicoty-
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ledonous, according to whether or not they belong to Monocoty-
ledons or Dicotyledons. However, it is more in structure than
in external characters that these two types of stems present
important differences.

As to hardness stems are often classified as either herbaceous or
woody. Stems that are typically herbaceous, like those of Clover,
Alfalfa, Tomatoes, and others which develop very little woody
tissue, are soft and short-lived, usually living but one year. It is
among trees, where the amount of woody tissue reaches its maxi-
mum, that the best examples of woody stems occur. However,
between herbaceous and woody stems there is no distinet line of
division, for most herbaceous stems are woody in their older
regions and all woody stems are herbaceous in their younger
regions. The terms, herbaceous and woody, refer, therefore, to
the amount of woody tissue present, and not to the presence or
absence of it.

As to length of life stems may be classified into annuals, bien-
ntals, and perenntals. Annual stems live but one growing season.
The stems of most herbaceous plants are annuals, dying down to
the ground either before or after frost comes, as in case of most
vegetables, weeds, and Grasses. But annual stems and annual
plants must not be confused, for many plants, like Alfalfa, Quack
Grass, and Canada Thistle, which live many years, thus being
perennial in habit, have annual stems which grow up in the spring
and die down in the fall. When the plant is annual, roots, stem,
and all other parts die at the end of the growing season, and
the plant must be started anew from seed.

In plants, such as Turnips, Carrots, and Beets, which require
two years to complete their life cycle, and are, therefore, known
as biennials, the stem remains short during the first growing season,
forming a mere crown at the top of the root. During the second
growing season, stems develop which bear flowers and seeds,
and then the entire plant dies. In some biennials, as Cabbage
and Rape illustrate, the stem is prominent during the first season,
although it elongates much more during the second season in
preparation for bearing flowers and seeds, as shown in Figure 148.
In Red Clover, Sweet Clover, and many weeds with the biennial
habit, the portion of the stem known as the crown is biennial,
while the branches arising from the crown are annuals.

Perennial stems, so described because they live year after
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year, are typical of shrubs and trees, although they occur among
herbaceous plants, notably in the Ferns, Sedges, and Grasses
where the underground stem, which is well protected by a
covering of earth, is able to persist for many years.

As to position stems are clas-
sified into aérial, submerged,
and underground. Submerged
stems are of least importance,
being characteristic of plants
which grow in lakes or slug-
gish streams, where the plant
is often supported by the
buoyant power of the water
rather than by its stem sys-
tem. Aérial stems are of
most Importance to us, al-
though there are some valu-
able underground stems.

F1a. 148. — Two stages in the development of a Cabbage plant. A4,
plant at the beginning of the second season’s growth with flowering stem
pushing out of the head. B, Cabbage plant in flower near the end of the
second growing season.. @, scars left by the falling of the leaves of the head.

Aérial Stems. — Most of our cultivated plants as well as most
weeds have aérial stems. Since aérial stems keep above ground,
they are best adapted to expose leaves to the air and sunlight.
Aérial stems may be erect, prostrate, or clvmbing.
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The erect stem is the common type of aérial stem, and is best
adapted for leaf display. Having the erect position, it can
branch and display leaves on all sides, and by elongation can lift
its leaves above the shade of other plants.

Erect stems show a striking contrast to primary roots in the
way they respond to gravity and light. While the main axis of
primary roots is positively geotropic and negatively heliotropic,
the trunk of erect stems behaves in the opposite way, thus grow-
ing away from the center of the earth and toward the light. But,
like lateral roots, the branches of the shoot tend to take a hori-
zontal or plagiotropic position, in which they appear indifferent to
both light and gravity. However, this indifference to gravity
and light on the part of the branches of the shoot seems to depend
upon influences exerted by other parts of the stem; for, if the
upper part of the shoot is removed, then the horizontal branches
remaining show a strong tendency to become erect.

Erect stems, being wholly self-supporting and much exposed
to winds, surpass other stems in amount of strengthening tissue
developed. From this type of stems where woody tissue reaches
its maximum development, as in trees, we obtain timber. How-
ever, erect stems are not always sufficiently strong to endure the
strains to which they are exposed, as is well known in case of
grains where the so-called ““ lodging ”’ often occurs.

In size erect stems surpass all others. The most remarkable
erect stems are those of the giant Sequoias, one of which is
shown in Figure 149. These giant trees, which are natives of
the western mountains, may attain a height of 400 feet, a cir-
cumference of more than 100 feet, and live to be more than 4000
years old.

The prostrate stems of Pumpkins, Melons, Squashes, Cucumbers,
Strawberries, and Sweet Potatoes are well known to the student.
They are not strong enough to maintain an erect position, and
lie stretched upon the ground. Prostrate stems are common
among such weeds as the Five-fingers and Spurges. Some plants,
as Crab Grass and Buffalo Grass illustrate, have both erect and
prostrate stems. In this case the erect stems arise as branches
from the prostrate ones.

The prostrate position is not a good one for leaf display; for
leaves can be displayed only on the upper side and not all around
as in erect stems. Prostrate stems are also not able to escape
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the shade of surrounding plants and, therefore, thrive best where

erect plants are few, as on sandy beaches or river banks:
However, prostrate stems have some distinet advantages over

erect ones. Since they do not have to support much weight, they
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Fig. 149. — One of the giant trees of the West, called
“Grizzly Giant.” From Forestry Bulletin.

can grow very long and slender without developing much strength-
ening tissue. Furthermore, they are not so much exposed to loss
of water by evaporation as erect stems are. The prostrate posi-
tion is also more favorable for vegetative propagation, for as the
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stems grow over the ground, the nodes may produce roots from
their lower and stems from their upper surface, and thus new
plants are started which become independent by the death of
the parent stem. This method of propagation is common in the
Strawberry where the prostrate stems, known as runners, pro-
duce roots at their tips and start new plants which soon become
independent by the death of the runner. (Fig. 150.) Some of
the Grasses and weeds are able to spread very rapidly by this
method of propagation.

This disposition of nodes to grow roots and start new plants is
an important feature in the propagation of plants. Not only the
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Fia. 150. — Prostrate stem (runner) of the Strawberry producing
new plants at the nodes.

nodes of prostrate stems will do this, but the nodes of most stems
are able to produce roots as well as branches and leaves, if placed
in proper conditions. Much use is made of this feature in prop-
agating many of our useful plants as we shall see later.

Climbing Stems. — Some familiar examples of climbing stems
are those of the Pea, Grape, Hop, Woodbine, Poison Ivy, and
Morning Glory. Climbing stems, like prostrate stems, grow long
and slender, and are not strong enough to support themselves in
an erect position. They raise themselves into the light by climb-
ing a support, such as a fence, wall, or some erect plant. Some
kinds of Beans having climbing stems are often planted with the
Corn, so that they may have the Corn stems for support, or when
planted alone, each plant is provided with a stake for a support.
Sweet Peas, Hops, and most Grapes are other familiar plants re-
quiring supports. The Woodbine and some wild Grapes are
quite notable climbers, often climbing to the tops of tall trees.
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(Fig. 151.) Many of the most notable climbers are in the trop-
ical regions.

Climbing stems have no more space for the display of leaves
than prostrate stems have, because one-half of the space for leaf
display is cut off by the support; but the climbing position is
much better than the prostrate position for escaping the shade
of other plants.

One interesting feature
of climbing plants is their
different ways of climb-
ing a support. The Bean,
Morning Glory, and Hop
climb by twining around
the support. They are
called twiners. These
plants can not climb a
wall, for they must have
a support which they can
wrap about. (Fig. 152.)
The Sweet Pea and Grape
Vine illustrate climbing
by means of tendrils
which hook about the sup-
port. Tendrils are usually
modified leaves or stems,
although sometimes of
doubtful origin. (Fig.
153.) In some tendril
climbers, as in the Japan-
Ivy, the tendrils have

swollen ends which flatten
F1a. 151.—A Grape Vine Climbing over against a Wall or Other
a dead Elm tree.

r LR

supports, where they se-
-crete a mucilaginous substance by which they are able to hold
on tenaciously. In case of the English Ivy, the plant is held
to the wall by roots which are as efficient as tendrils. The
Virginia Creeper climbs by means of both roots and tendrils. In
being able to climb vertical walls of stone or brick, the Ivies
are well adapted for wall vines for which they are much used.
(Fig. 154.)
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Underground Stems. — The Potato, Onion, and Artichoke are
familiar examples of underground stems. Many of the plants

grown in the greenhouse and
on the lawn for decoration,
such as the Lilies, Hyacinth,
Tulip, Crocus, etc., have un-
derground stems. This type
of stem 1is common among
plants with the vernal habit.
Many of our useful Grasses,
as Red Top, Kentucky and
Canada Blue Grass, Orchard
Grass, and others have peren-
nial subterranean stems from
which aérial stems are sent up
each year. Grasses of this
type live many years and are
the Grasses which produce
our permanent pastures.
Grasses of this type are also
chosen for lawns, because their
spreading underground stems
produce a compact sod and
send up a thick aérial growth.
Quack Grass, Johnson Grass,
some Morning Glories, Poi-
son Ivy, and many other
weeds have underground
stems, and it is due to this
feature that such weeds are
hard to eradicate. Cutting
off the aérial stems of these
‘weeds does not kill the plant;
for the underground portion
still lives and is able to send
up more aérial stems.

around a Corn stalk.

Underground stems are least adapted for displaying leaves and
bearing flowers, and they must either produce leaves and flower
stalks long enough to reach above ground or grow branches which
become aérial stems upon which the leaves, flowers, and fruit are
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borne. In most cases aérial stems are produced, and the leaves
of the underground stem are mere scales.

Although the underground stems are the least adapted for leaf
display, they have some advantages that aérial stems do not have.

Fre. 153. Smilax climbing over bushes by means of tendrils.
After Kerner.

They are much less exposed to drying and freezing, and escape
being pastured off by stock. They are safe places for the storage
‘of food, and most underground stems do have much reserve food,
which is used in the growth of new aérial shoots at the opening of
each growing season. Herbaceous plants are able to persist for
many years, if they have an underground stem from which new
shoots may arise each year. In other words, an underground
stem is one of the features that makes it possible for herbaceous
plants to be perennials. The underground position is an advan-
tageous one for vegetative propagation, because not only are the
nodes favorably located for establishing roots, but the supply of
reserve food and protection from drying and freezing makes it
possible for even small segments of underground stems to live
and develop separate plants. When an underground stem like
that of Quack Grass is hoed to pieces, each segment, if it has a
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node, will develop a new plant. Weeds of this type are multi-
plied rather than destroyed by plowing and discing,.
Underground stems may be much elongated or they may be
short and thick. In their subterranean habit, they resemble
" roots, and one may easily
mistake some types of them
for roots, unless the stem
characters are well in mind.
However, the presence of
nodes, internodes, and
leaves, although the latter
are usually scale-like, serve
to identify the underground
structure bearing them as
a stem. For example, the
so-called eyes of the Irish
Potato are buds and are lo-
‘ cated in the axils of small
y scales which mark the nodes
: of the tuber. (Fig. 155.)
A, On some the scale-like
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Fia. 154. — A Woodbine (Ampelopsis Fia. 155. — Irish Potato.
climbing a stone wall. @, tendrils. e, eyes; s, scale leaves.

leaves are large and fleshy, while on others they are very incon-
spicuous. Underground stems differ so much that they have
been classified into rhizomes or rootstocks, tubers, bulbs, and corms.

Rhizomes are very much elongated underground stems. They
are so named because of their resemblance to roots (the word
rhizome meaning root-like). They are commonly called root-
stocks. The rhizome is one of the most common forms of under-
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ground stems, being the kind of underground stem most common
among Grasses and weeds. Many wild plants, such as the Ferns,
May Apple or Mandrake, Solomon’s Seal, Iris, Water Lily, and
others, have rhizomes. (Fig. 156.)

F1c. 156. — Rhizome of the Mandrake (Podophyllum), showing agrial
shoot and two scars (a) left by previous shoots.

One striking feature is the difference in the way that rhizomes
and their aérial shoots respond to gravity and light. While their
aérial shoots grow toward the light and away from the earth, the
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rhizome elongates horizontally under the surface of the ground,
neither seeking the light nor growing away from the earth.

Rhizomes grow best at certain depths in the soil, and, if the
depth is changed by adding or removing soil from over them, they
will grow up or down until the required depth is reached. By a
covering of manure or straw, the rhizomes of Quack Grass and
some other weeds may be induced to grow to the surface or even
out of the ground. Such weeds are sometimes eradicated by
removing the covering and exposing the rhizomes to drying and
freezing after they have been induced to grow
to the surface.

Rhizomes elongate and push forward
through the soil by growth at one end. It
is near this growing end that the agérial por-
tions are produced from season to season.
As the rhizomes push forward, the older por-
tions behind die away, and if the rhizome is
branched, as many of them are, the branches
become separated and form independent
rhizomes. The creeping and branching habits
of rhizomes are important features for vege-
tative propagation. Rhizomes are able to

. B o F1a. 157. — Cross
creep ‘through a soil which is already well section of an Onion
occupied by other plants, and consequently, ghove and lengthwise
plants having rhizomes are able to spread section below. ¢, main
where there is no chance for seed to develop. bud; b, small buds; s,
. The tuber oceurs among plants where cer- Stem; 7, roots; f, fleshy
tain regions of the undergound stem or its TR o B
branches become much enlarged in connection with food storage.
The most familiar tuber is the Irish Potato. The nodes are
marked by the scale-like leaves in the axils of which occur the
small buds or eyes. The presence of nodes identifies the Potato
tuber as a stem structure. It is the stem portion of tubers that
is prominent, the leaves and buds being small. Another tuber
with nodes more prominent than in the Irish Potato and also of
some value for food is the Jerusalem Artichoke.

In bulbs the leaves or leaf bases are more prominent than the
stem, which is short, erect, and enclosed by the leaf structures.
Most of the food is stored in the leaf structures rather than in the
stem. Some common bulbs are those of the Onion, Lily, Hya-
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cinth, and Tulip. The edible portion of the Onion bulb consists:
mainly of the fleshy scale-like leaves, in which the food has been
stored. (Fig. 157.) :

Not all bulbs, however, are produced underground, for small
Onion bulbs, called bulb-
lets, often replace flower
buds in the common
Onion. These small bulbs
are sometimes known as
“Onion sets.” Some Lilies
also produce small bulbs
in the leaf axils. Such
bulbs, although they re-
semble underground bulbs
in structure, are not
formed in connection with
underground stems.

Corms are very short,
solid, wvertical, under-
ground stems, usually
bearing roots on their
lower and leaves and buds
on their upper surface.
However, buds may arise
] A anywhere and roots are
sometimes present at the
upper end of the corm, as
in the Jack-in-the-pulpit.
Corms are usually marked

Fra. 158. — A corm of Gladiolus, showing by scar-like rings left by
young corms developing at the base of the ¢} decay of former leaves.
oidlone. ' From the buds of the old
corm new corms develop. (Fig.158.) The most familiar corms
are those of the Indian Turnip, Crocus, Timothy, Cyclamen, and
Gladiolus. '

General Structure of Stems

Stems have a cylindrical shape, which is associated with the
circular arrangement of their strengthening tissue. "By being
arranged in a circle and near the periphery of the stem, the
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strengthening tissues assume a tube-like arrangement, which is well
known to engineers as the arrangement in which the most strength
with a given amount of material can be secured. The truth of
this principle is demonstrated in the construction of bicycle
frames, where much strength with little weight is secured by using
large tubes instead of solid rods. Again, having the cylindrical
form, stems can be equally resistant to strains from all directions.
Stems taper and also decrease in age from the base of the trunk
to the end of the twigs where
the stem tissues are in process
of formation from the apical
meristems. The apical meri-
stems are also known as pri-
mary meristems because they
form other meristems, notably
the cambiums. It is on the
new clongation at the tips of
the stem, that the leaves appear
anew each year. The nodes,
the regions where leaves and
buds occur, are separated by
the elongation of the inter-
nodes, and in this way the
leaves, which are youriger and
more crowded the nearer the
tip, are separated and exposed
to the light. In most annual  Fre. 159. —Lengthwise section
stems the nodes are all formed through the stem of a Corn seedling,
. showing the apical meristems (m), the

very early, and elongation

e e ) @i nodes (n), and the short internodes (2).
the lengthening of the internodes, which thereby separate the
leaves so that they can unfold and expand to their mature size.
Thus, as shown in Figure 159, the nodes and internodes of a Corn
stem are all present in a Corn seedling two or three weeks old.

In most herbaceous stems, where there is no need of corky bark
and almost the entire stem is leaf bearing, the stem is active
throughout in the manufacture of food. But in perennials, such as
shrubs and trees, photosynthesis is limited to the young branches
where the leaves are borne and the light is not excluded from the
green cortex of the branches by a corky covering. In passing
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from the leaf bearing portion of a branch to the regions behind

where food manu

Fic. 160. Twig of the branches of the

the White Walnut
showing leaf scars (a).

facture is being abandoned, the following struc-
tural features are plainly seen.

First, there are the leaf scars, left where
the leaves fell away, and interesting because
of the way they are formed. (Fig. 160.) As
the time approaches for leaves to fall, a cork-
like layer, known as the absciss layer, forms
across the base of the leaf, severing the direct
connections of the leaf with the twig and re-
maining as a covering over the scar after the
leaf falls. The absciss layer closes the open-
ings which would otherwise be left by the
falling of the leaf, and thereby prevents the
entrance of destructive organisms into the
twig. It is in connection with leaves which
still remain on the tree after the absciss layer
is formed that the various autumn colors oc-
cur due to changes in the dying leaf tissues.

Second, there are the lens-shaped dots,
known as lenticels, which, although common
on the branches of all woody plants, are espe-
cially conspicuous on

* Cherry and Birch.
(Fig. 161.) The for-

mation of lenticels accompanies the forma-
tion of bark. In the young twig, where
the protective covering is an epidermis,
air is supplied to the tissues beneath
through the slit-like openings of the sto-
mata; but, as the twig becomes older and
bark is formed, the stomata are replaced
by lenticels. Lenticels are stomata dis-
torted and transformed in structure by the
development of bark. Just beneath each
stoma, instead of cork, there is formed a
loose mass of cells, and this loose mass of

cells is pushed up into the opening of the stoma, as shown in
Figure 162, rupturing the stoma and surrounding cells and thus

Fi1g. 161.— Branch
of Cherry, showing
lenticels.
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forming a lenticel. Through this loose mass of cells air easily
circulates and reaches the tissues beneath. As the twig increases
in diameter and the bark is stretched, the lenticels are enlarged
and, when they remain visible on the older bark, form the char-
acteristic bands as on the older bark of Cherries and Birches.

Fia. 162.— Section through a lenticel of the Elder (Sambucus nigra). e,
epidermis; ph, cork cambium or phellogen; [, loosely joined or packing cells
of the lenticel; pl, cambium of the lenticel. Much magnified.

Third, as the twig becomes older, the bark increases in thick-
ness, cutting off the light from the green tissue beneath, which,
consequently, loses its green color and no longer functions in the
manufacture of food.

On each leaf scar there are dots, which are the severed ends of
the vascular bundles, known as leaf fraces, that branched off from
the vascular cylinder of the stem to enter the leaf, where by pro-
fusely branching they form the veins and numerous veinlets of
the leaf. In turning aside to enter the leaf, the leaf traces leave
a gap in the vascular cylinder of the stem, and around this gap the
vascular bundles of the bud in the axil of the leaf connect with
the vascular cylinder of the stem. (Fig. 163.) Thus through
the branching and rejoining of bundles at the nodes, a plant’s
vascular system becomes quite complex, looking like Figure 164.

Stem tips are not covered by caps, as root tips are. The
actual tips of stems are the meristematic tissues. During the
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dormant period, primary meristems are usually protected by bud
scales, while, during their active period, they receive considerable
protection from the young leaves, which, although developing

laterally and behind the tips,
project forward and are usually
so crowded and folded together
that they hide the stem tips.
Behind the stem tips the cells
formed from the primary meri-
stems begin to elongate and
modify into tissues and con-
tinue to do so until transformed
into the mature tissues of the
older parts of the stem. Stem
tissues differ: (1) in some im-

Fia. 163. — Lengthwise section
through the apical region of a stem
with two leaf stalks and the buds in
their axils included, showing the con-
nections of the vascular bundles of
leaves and of axillary buds or branches
with the vascular cylinder of the stem.
The vascular cylinder is represented
by shaded strands on each side of the
pith, the light area in the center of
the stem. Redrawn from Sargent.

Fig. 164. — Diagram of the vascu-
lar cylinder of the young stem of
Clematis viticella, showing by means
of dark lines the branching of the
vascular bundles at the nodes to sup-
ply the leaves and branches with bun-
dles. Modified from Nageli.

portant ways according to whether the stem is monocotyledonous
or dicotyledonous; and (2) in minor ways according to whether
the stem is herbaceous or woody. Thus in trees the tissues of
the herbaceous tips differ some from those in the older regions
where corky bark and other woody features are developed.
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Structure of Monocotyledonous Stems

The most useful of the Monocotyledons are the Grasses of
which the Bamboos are the largest representatives. The Lilies,
Asparagus, and Palms are some other Monocotyledons that are
familiar. Nearly all Monocotyledons are herbaceous, although
there are a few, notably the Palms and Bamboos, that are woody.

The characteristic arrangement of the tissues of monocotyle-
donous stems, as they appear to the naked eye, can be seen in the
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F1c. 165. — Cross section of a Corn stem. aq, rind; », vascular
bundles; p, pith. -

cross section of a Corn stem, as shown in Figure 165. In this sec-
tion three features are prominent First, there is the rind-like
portion, forming the outer region of the stem and affording pro-
tection and strength. The cells of this outer region contain
chlorophyll and also function to some =xtent, like leaves in the
manufacture of food. Second, there is the pith, left white in our
drawing and filling the entire cavity within the rind. Third, there
are the vaseular bundles (shown by dots) which, although scattered
throughout the pith, are more numerous uear the rind, thus tend-
ing to form a hollow column, which, as previously pointed out, is
the best arrangement for strength. In monocotyledonous stems
the tissues are run together and consequently are not so grouped
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as to form distinet regions, such as pith, vascular cylinder, and
cortex, which are more or less distinct regions in Dicotyledons.
When cross sections of the Corn stem are studied with the
microscope, such anatomical features as shown in Figure 166
may be seen. The cells of the rind are rectangular in shape, con-
sist of a number of rows, and their walls are thickened and made
woody for strength. The woody feature of the rind is character-
istic of Grasses and Sedges, being much less prominent in other
monocotyledonous stems, as, for example, in Lilies and Aspara-
- gus. The outer row of cells of
the rind constitutes the epider-
mis, although in the Grasses the
epidermal cells differ very little
from other rind cells, except that
they have silica and cutin de-
posited in their outer walls.
The vascular bundles, contain-
ing numerous cells, show three
or four large openings which are
the large vessels of the xylem.
Besides the large size of the pith
cells as shown in the drawing,
other features not shown, such

Fr1c. 166. — A portion of a cross
section of a Corn stem much en-
larged. q, epidermis; b, thebandof as their storage function and
strengthening cells under the epider-  their being so loosely joined as

mis and often called cortex; v, vascu-  tq form a spongy filling for the

lar bundles; e, pith. After Stevens. stem, should be mentioned.

To study the complex structure of a vascular bundle, we must
turn to a more highly magnified cross section of the bundle as
shown in Figure 167. The vascular bundle consists of strength-
ening and conductive tissues, the latter of which are composed
of the zylem and phloem,— the chief structures of all vascular
bundles. In respect to the character of the vessels composing
them, xylem and phloem show much uniformity throughout Flow-
ering Plants.

In the zylem the conductive tissues consist mainly of large ves-
sels, known as spiral, annular, or pitted vessels according to the
character of the thickenings in their walls, as partly shown in Fig-
ure 168 and more fully shown in Figure 169. The woody thicken-
ings, which strengthen the cellulose walls of the vessels so that
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they do not collapse under the pressure of surrounding tissues,
may form rings as in annular vessels, spirals as in spiral vessels,
or be more generally distributed over the wall, leaving only
small unthickened areas which constitute the pits characteristic
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F1a. 167. — Cross section of a vascular bundle of Corn highly magnified.
s, strengthening tissue; p, phloem consisting of sieve vessels (¢) and companion
cells (¢); z, xylem consisting of annular vessel (@), spiral vessel (h) and pitted
vessels (£); b, parenchyma cells.

of pitted vessels. The xylem vessels are free from protoplasm
and are composed of cells joined in series with end walls resorbed.
They are known as tracheae, and are quite tube-like in struc-
ture and function. Through them the water and mineral salts
from the roots are carried, some reaching the leaves and buds
- while much leaks out through the cellulose portions of the walls
to supply the tissues of the stem. Around the vessels are the
thin-walled parenchyma cells which may function some in con-
duction.

In the phloem there are sieve vessels and companion cells. The
sieve vessels are composed of cells joined in series and so named
because of the perforated areas occurring in their end and side
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Fia. 168, — Lengthwise section through a vascular bundle of Corn, the
knife splitting the bundle as shown by the line (o) in Figure 167, thus missing
the pitted vessels. =z, xylem showing spiral vessel () and annular vessels
(a) which have been so torn by the growth of the stem that only the rings
are left; p, phloem consisting of sieve vessels (¢) and companion cells {c);

s, strengthening tissue. Highly magnified.
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Fra. 169. — Vascular clements common among Ferns and Seed Plants.
spiral vessel; b, annular vessel; ¢, pitted vessel; d, reticulated vessel; e, sca-
lariform vessel; f, elements of the phloem showing sieve vessel with sieve

a,

plate (&), and companion cell (¢). Highly magnified. @ and b, after Bonnier
and Leclerc Du Sablon; ¢, after De Bary; d, modified from Barnes; e, modi-

fied from Cowles; and f, from Strasburger.



STRUCTURE OF MONOCOTYLEDONOUS STEMS 191

walls. The sieve vessels, assisted by the companion cells, which
are also thin-walled, elongated, living cells, conduct the foods
manufactured in the leaves, such as proteins and the carbohy-
drates of which sugar is the chief one. The strengthening cells,
which are more numerous at the outer margin of the xylem and
phloem, form a sheath around the vascular bundle. One peculiar
feature of the vascular bundles of Monocotyledons is that there
is no provision whereby the bundle can increase its tissues, and
for this reason it is known as a closed vascular bundle. In mono-
cotyledonous stems, where there is no special provision for growth

F1a. 170. — Cross sections of a Barley stem. A, section across the en-
tire stem showing the hollow (%) and the outer region (o) in which the vascular
bundles occur. B, a section of the outer region much enlarged. 7, rind com-
posed of strengthening cells; », vascular bundles.

in diameter, growth is mainly in length, and often results in the
development of extremely slender trunks, like those of Palms and
Bamboos.

In many Grasses the stems are hollow throughout the inter-
nodes, as shown in Figure 170, in which case the vascular
bundles are limited to a zone just within the rind. In most
Monocotyledons not belonging to the Grass or Sedge family,
the outer region of the stem is less firm in texture and in a few
- Monocotyledons, as in the Yuccas and Dragon Tree, some of
the cells in the outer region of the stem divide like a cambium,
adding cells which form new vascular bundles and other tissues.
In this way the Dragon Tree may continue to grow in diameter
for thousands of years and attain a diameter of many feet.
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Closed vascular bundles and their scattered arrangement are
the chief distinguishing features of the anatomy of monocotyle-
donous stems.

Structure of Herbaceous Dicotyledonous Stems

Herbaceous Dicotyledons constitute an important group, for
they include many forage plants, notably the Clovers and Alfalfa,
some important fiber plants as Flax and Hemp, most vegetables,
and many greenhouse plants. In the tropical countries there
are a few Gymnosperms that are herbaceous, but in general
features their anatomy is
quite similar to that of
herbaceous Dicotyledons.

All stems of the herba-
ceous dicotyledonous type,
whether they are stems
strietly herbaceous through-
out or only the young
branches of woody stems,
have pith, vascular cylinder,
and cortex which oceupy well
separated regions when well

Fic. 171. — Diagram of a cross section developed.  Cross sections
of awell developed herbaceous stem, show- appear to the naked eye
ing the epidermis (a); band of tissue (b) about as shown in Figure
cor{lposed of cort(?x-and phloem; xylem 777  The epidermis, cortex,
eyiinderi(c)jlandipthi). and phloem form the soft
outer zone, while the xylem forms the woody cylinder just within
the soft zone, and encloses the pith, which occupies the center of
the stem. In order to trace the development and study the
anatomy of the different tissues, we must turn to highly mag-
nified sections as shown in Figure 172.

The Cortex, which is the larger part of the outer zone of tissues,
is covered by the epidermis, and includes the starch sheath as its
innermost layer. Just under the epidermis some of the cells of
the cortex are transformed into collenchyma cells, which are par-
ticularly abundant in the angles of the stem shown in the Figure
but more generally distributed around the stem in many other
plants. The collenchyma cells, often noticeable in sections on
account of their whitish glistening appearance, have much thick-
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F16. 172. — Diagrams of highly magnified sections of an Alfalfa stem.
4, both cross sectional and lengthwise views of the tissues near the tip of
the stem. @, epidermis; !, collenchyma; e, chlorenchyma of the cortex; s,
starch sheath; ¢, pericycle; b, bast fibers; ¢, conductive portion of the phloem
containing the sieve tubes and companion cells; ¢, cambium; z, xylem; and
p, pith; v, vascular bundle. B, section farther from the tip, showing cambium
ring and the closing together of the bundles. Lettering as above.
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ened but elastic walls. Being formed early, they are of much
importance in affording strength to the young regions of the stem
where bast fibers and woody tissues are not yet well formed.
Most of the cortex is made up of thin-walled parenchyma cells,
known as chlorenchyma, since they contain chloroplasts and func-
tion like the cells of leaves in the manufacture of food, being sup-
plied with air through the stomata of the epidermis. The starch
sheath, comparable to the endodermis in roots, is not distinct
from the other cells of the cortex in most stems. Its function is
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F1G. 173. — A portion of a cross section of an Alfalfa stem, the section hav-
ing been made in a region of the stem where considerable growth in diameter
had taken place. a, epidermis; b, collenchyma; ¢, cortex; d, bast fibers; e, con-
ductive part of >hloem; f, cambium; g, xylem; h, pith. Highly magnified.

in dispute. Some think that its function is to conduct carbohy-
drates, while others think that it is the tissue which perceives
geotropic stimuli, and is thus responsible for the direction that
stems take in response to gravity.

The vascular cylinder, consisting of vascular bundles so joined
as to form a compact cylinder in the older regions of the stem, as
shown in Figure 173, at first consists of separate vascular bundles
having a circular arrangement about the stem and widely sepa-
rated by bands of pith. At the outer border of each mass of
phloem are bast fibers, often called sclerenchyma fibers, —an im-
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portant strengthening tissue common to all dicotyledonous stems.
Centerward and matching each mass of phloem, is a mass of xylem,
wedge-shaped in outline with point towards the center of the
stem. This opposite arrangement of phloem and xylem contrasts
with the arrangement in roots, where phloem and xylem alternate.
Between the phloem and xylem is the cambium, the meristematic
tissue whereby the vascular tissues can be increased indefinitely.
Vascular bundles provided with cambium are called open bundles,
and are characteristic of Dicotyledons and Gymnosperms,
whether herbaceous or woody. During further development,
the cambiums of the different vascular bundles extend through

Fre. 174. — Lengthwise section through a vascular bundle of a herba-
ceous dicotyledonous stem. =z, xylem showing pitted, annular, spiral and
scalariform vessels; p, phloem showing sieve vessels and companion cells;
¢, cambium. Highly magnified. Modified from Hanson.

the intervening pith and connect to form the continuous cam-
bium ring. Then due to the activity of the cambium ring in the
formation of other vascular bundles between those first formed
and in the enlargement of all, the intervening pith, excepting
narrow strands of it called pith rays, is crowded out, and finally
a compact vascular cylinder as shown in Figure 173 is formed.
In many herbaceous Dicotyledons, such as the Giant Ragweed
and others that grow rapidly, the cambium is so active in adding
new xylem on its inner side and new phloem on its outer side
that both phloem and xylem constitute zones of considerable
thickness at the end of one summer’s growth. The zone of
xylem is often so prominent that the basal portions of such stems
are considered woody.
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The vascular bundles of all Dicotyledons are very sim-
ilar to those of Monocotyledons in structure and funection
of conductive vessels, but differ essentially in having cambium.
(Fig. 174.) The conductive tissue of the xylém consists
chiefly of annular, spiral, pitted, and scalariform vessels — the
latter being so named because the thickened areas, separated
by slit-like thin areas, are so-arranged, one above another, as
to resemble the rounds of a ladder. As in Monocotyledons, the
xylem vessels, probably assisted by the neighboring parenchyma
cells, are the passage ways through which the water and
dissolved substances absorbed by the roots are distributed
throughout the shoot. In addition to sieve tubes and companion
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Frd. 175. — Cross section of a Flax stem. a, epidermis; d, bast fibers;
¢, cambium; p, phloem; z, xylem, h, pith. Enlarged.

cells, the phloem of Dicotyledons generally contains many thin-
walled parenchyma cells, which serve in conducting the carbohy-
drates and also as storage places for proteins. The sieve tubes
and companion cells conduct the proteins and a part of the carbo-
hydrates. The bast fibers, which commonly oceur in connection
with the phloem of all Dicotyledons, are tough flexible strands
adapted to afford strength. In fiber plants, such as Flax and
Hemp, the bast fibers are well developed and their importance
in the manufacture of fabrics, as the manufacture of linen from
Flax, is well known. (Fig. 175.) '

In contrast to the stems of Monocotyledons, the stems of Di-
cotyledons and Gymnosperms have as their distinctive features
the circular arrangement of vascular bundles and the presence
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of cambium. The stems of Dicotyledons and Gymnosperms,
since they increase in diameter by the addition of new layers
of xylem or wood on the outside of that previously formed,
are called exogenous stems. The stems of Monocotyledons are
called endogenous — a term adopted when botanists had the erro-
neous notion that monocotyledonous stems grow by the addition
of new tissues on the inside of the older ones.

Structure of Woody Stems

Woody stems, characteristic of the shrubs and trees of
Dicotyledons and Gymnosperms, are fundamentally the same
in structure as herbaceous dicotyledonous stems, for the

Fi1c. 176.— A drawing, partially diagrammatie, of the half of a cross section
of an Apple twig before developing the features typical of woody stems.
a, epidermis and outer part of cortex; b, collenchyma; ¢, inner part of cortex;
d, bast fibers; e, conductive part of phloem; f, cambium; 7, xylem; ¢, pith.

circular arrangement of vascular bundles and presence of
cambium are likewise their distinctive structural features.
They, too, are exogenous. Their herbaceous tips, being similar
in structure to the herbaceous dicotyledonous stems just
described, need no special attention. (Fig. 176.) Aside from
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the lenticels already mentioned, the features most peculiar to
woody stems are the annual rings of the woody cylinder and the
corky bark which replaces the epidermis and some or all of the
cortex. Also the medullary rays are commonly better developed
in woody stems than in herbaceous stems. These features are
directly associated with the perennial habit and the capacity to
add new layers of xylem and phloem each year and thus increase
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Fr1a. 177. — Cross section of an Oak branch from a region nine years old.
o, outer corky bark; ¢, inner bark; ¢, cambium; @, annual rings; m, medul-

lary rays; p, pith.

in diameter. In well developed woody stems, as shown in Figure
177, there are three regions, bark, woody cylinder, and pith, al-
though the latter is often so small in amount as to appear absent.
The bark, consisting of outer and inner bark, the latter of which
contains the active phloem, extends centerward to the cambium,
which, although distinetly separating the bark and wood, is so
inconspicuous, except under the microscope, that bark and wood
appear directly joined. The annual rings are the circles in the
wood, and the medullary rays s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>