


)










PRACTICAL BOTANY

BY

JOSEPH Y. BERGEN, A M.

AUTHOR OF "ELEMENTS OF BOTANY,” ** FOUNDATIONS OF BOTANY”
* PRIMER OF DARWINISM,” ETC.

AND

vedu
svvo

OTIS W. CALDWELL; PED: o5 ,0, oo,
A " ORI, D 20

AUTHOR OF “PLANT MORPHOLOGY” AND “LABORATFGDY MAMGAL 0 BOTAX

ASSOCIATE PROFESSOR OF BOTANY IN THE SCHOOL OF EDUCATION

UNIVERSITY OF CHICAGO

GINN AND COMPANY

- BOSTON + NEW YORK . CHICAGO - LONDON

ATLANTA + DALLAS - COLUMBUS - SAN FRANCISCO



asan

e
€
e

an

NTERED AT STATIONERS’ HALL

&

ie ST
4 ‘« COPYRIGHT, 1911, BY

€

JOSEPH' Y BERGEN AxD OTIS W. CALDWELL

ALL RIGHTS RESERVED

621.10

The Athenzum Presg

GINN AND COMPANY : PRO-
PRIETORS * BOSTON * U.S.A.




PREFACE

There are already so many books embodying elementary
courses in botany that whoever offers another should give
reasons for so doing. As here set forth, the study of plants
is related to everyday life more closely than is usually done.
Those aspects of plant life are presented which have the
largest significance to the public in general, and which are
of interest and educative value to beginning students. The
book includes the principles of plant nutrition, the relation of
plant nutrition to soils and climate and to the food of animals
and men ; it discusses some of those diseases of plants, ani-
mals, and men, which are produced by parasitic plants; the
propagation of plants, plant breeding, forestry, and the main
uses of plants and plant products are given in an elementary
way. The elements of plant life and structure are presented
synthetically rather than by use of the special divisions of
botanical study, which are more helpful to advanced students
than to beginners. It is believed that this mode of treatment
stimulates and develops a scientific method of thinking by
directing attention to the plant as a living unit and a citizen
of the plant world. No attempt is made to include references
to such recent discoveries in the field of botany as are botani-
cally significant but not important for elementary instruction.

Chapters I and II are so arranged that a student may secure
a general introductory appreciation of the significance of plant
structure and work. It is intended that Chapter I should be
used as a means of raising questions concerning the place of
plants in nature. Chapter II presents an outline of the five
dominant structures of seed plants, and the kind of work that
isdone by each. Itisintended that this chapter shall enable the
student to see the plant as a working unit, while the chapters
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v PRACTICAL BOTANY

following it give a more detailed treatment of each of the
dominant structures, and the outline sketch of the whole plant
now serves as the basis of interpretation of this more special
study. Then follow rather brief though adequate chapters
dealing with the great groups in the order of their increasing
complexity, and these are followed by chapters which treat of
broad aspects of plants and their relation to plant industries.

The material in the book, which is sufficient for a year’s
course, is so arranged that it can be adjusted to a half-year
course when local needs make this desirable. When seasons are
favorable it is thought best to follow the order of chapters
as given, but seasonal conditions are so diverse in different
parts of the country that the teacher is urged to rearrange
chapters whenever necessary for adequate illustration of such
topics as flowers, seeds, and weeds. If this is done, Chapters 1
and IT may be studied briefly, and then followed by chapters
dealing with special topics.

When the book is used in a half-year course, Chapters I
and II should constitute an introduction, and it will usually
be found advisable to follow these with Chapters I1I-XI and
XXI-XXYV. In some cases, however, it will be found advis-
able to follow Chapters I and II with Chapters X-XX. In
any event, in a half-year course, Chapters XXI-XXV, be-
cause of their practical significance, should be assigned for
collateral reading if they are not used as the basis of regular
class work.

Not infrequently facts are restated in connection with topies
other than those with which they first appear. This seems un-
avoidable unless other important considerations are sacrificed,
such as securing plasticity in the order of use of the various
chapters and avoiding excessive cross reference.

The number of botanical terms used is as small as is con-
sistent with a clear presentation of the facts. The order ot
the great groups of plants agréees with the most recent usage
of the best botanists. In accordance with this usage the bac-
teria and the blue-green alge are presented first in the studies
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of the great groups. The relatively large importance to general
students of a knowledge of bacteria justifies the considerable
amount of space that is given to this group.

The course outlined in this book will meet the needs of
students who wish to present botany for college entrance.
While the point of view is somewhat different from that which
is usual in elementary textbooks of botany, the topics treated
are those outlined for secondary schools by the Botanical Soci-
ety of America and the North Central Association of Colleges
and Secondary Schools. These units are the ones generally
recognized throughout the United States.

The authors wish heartily to recognize the valuable assist-
ance that has been rendered them by the following authori-
ties: Professor Henry C. Cowles, Mr. George D. Fuller, and
Professor Edwin O. Jordan, of The University of Chicago;
Professor Benjamin M. Davis, of Miami University ; Professor
William F. Ganong, of Smith College; Director Charles E.
Thorne, Botanist Augustine D. Selby, and Agronomist C. G.
Williams, of the Ohio Agricultural Experiment Station ; Act-
ing Director Herbert J. Webber and Professor C. G. Warren,
of the New York State College of Agriculture ; and Professor
Edgar N.Transeau, of the Eastern Illinois State Normal School.

A large number of high-school teachers of botany have
given suggestions and criticisms, and we desire to express
our appreciation of this assistance from those who are in
direct contact with the problems of teaching botany in sec-
ondary schools. Mr. William L. Eikenberry, of the University
High School, Chicago, has given abundantly of his experience
and his time in making suggestions and reading manuscript
and proof. Mr. Paul T. Sargent, Mr. E. N. Fischer, and
Mr. F. Schuyler Mathews, the illustrators, have added to
their artistic ability a genuine interest in the presentation of
plant life to beginning students, for which we wish to express

our appreciation.
JOSEPH Y. BERGEN
3 OTIS W. CALDWELL
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PRACTICAL BOTANY

CHAPTER 1

INTRODUCTORY —PLANTS IN NATURE

1. Abundance and distribution of plants. We are so accus-
tomed to the presence of plant life almost everywhere on the
earth that an extreme scarcity of plants over any considerable
area seems more remarkable than does their abundance. The
complete absence of living plants from any large part of the
land surface or the shallower waters is a condition which prob-
ably seldom occurs. It may occur in regions where there are
poisonous salt deposits, or in times of extreme dryness, or
when the temperature is too high or too low for plants to live.
Some of the simplest plants can for long periods withstand the
most intense cold ever encountered upon the earth, and a few
of these plants can withstand high temperatures for a brief
time. Ordinarily volcanoes or bodies of hot lava, and some
hot springs and alkali deposits are therefore the chief visible
portions of the earth which are quite lifeless.

It is a matter of familiar knowledge that the lands and the
waters differ greatly in the density of their plant population.
Some areas of the barest Nebraska sand hills do not on the
average contain more than one flowering plant to every three
thousand square feet, while a weedy garden has been found
to contain as many as 75,000 plants in a similar area. If the
barest portions of the Sahara were compared with a good lawn
or meadow, the disproportion would be far greater. The purest
natural waters contain no organisms visible to the eye, while
stagnant pools are often so filled with pond scums and other
simple and minute plants that each cubic inch contains many

1



2 PRACTICAL BOTAXNY

thousands ‘of ‘individuals. We cannot enumerate all the kinds
& of, p}aCPs it ‘which plants find lodgment and grow. They
“"“occur inall the seas, as well as in the fresh waters, on every
kind of soil from the wettest swamps to arid deserts, on
rocky cliffs and the bark and leaves of trees. Microscopic
forms sometimes occur in myriads in the blood of animals,
and most soils teem with them to the depth of several inches
below the surface.

It is a notable fact that some plants are the smallest and
others the largest of living beings, and it is evident that
plants are on the whole by far the most conspicuous of living
things.

2. Plants and animals. A little thought about the things
upon which common animals feed will show that plants
directly or indirectly supply food for animals. Many animals
get their food directly from living plants, in the form of roots,
leaves, seeds, fruits, etec., and these are called herbivores
(plant eaters). Those animals called carnivores, which eat
the flesh of other animals, are dependent upon plants, since
their prey are plant feeders or may live upon those that are
plant feeders. In one way or another all animals are dependent
upon plants for food.

3. Plants and the industries. Man is also directly or in-
directly dependent upon plants for his food. His animal food
is indirectly derived from plants, his bread is made from the
seeds of plants, and there is a constantly growing list of foods,
spices, and flavors that are prepared from roots, stems, leaves,
seeds, and fruits. ;

Much of the work in which men are engaged is performed
by domesticated animals as beasts of burden, or is concerned
with rearing dom-sticated animals or growing plants for the
market. These animals could not be cared for were it not pos-
sible to feed them with the products of domesticated plants,
and many of the kinds of work for which beasts of burden
are used would not exist were it not for the need of growing
plants for the world’s uses.
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The domestication and improvement of plants has been an
essential part of the development of many industries, and has
advanced until at the present time the greater part of the
food of the world is secured from certain kinds of plants
which once grew wild and produced little that was of value
to men. The plant producing the biggest crop in the world
is the potato, which in 1906 produced 284,000,000,000 pounds
of potatoes. But the most important crop in the world from
the point of view of the market value of its product is wheat.
In each of three great agricultural regions of the United States
one plant is dominant in its value. In the central corn belt
there are seven states that produce nearly one half the corn
used in the whole world, an amount which in 1909 was worth
nearly $3,000,000,000. The Southern States produce over
three fifths of the cotton of the world, an amount worth
nearly $1,000,000,000. The Northwestern States produce
wheat, which, while not so large a proportion of the world’s
crop, is of tremendous importance to the welfare of the
nation.

Plant fibers are extensively used in the manufacture of
clothing. Timber is used in the construction of buildings,
furniture, vehicles, and implements for use in the industries.
Plant extracts compose the most of our medicines. The paper
upon which our ideas are recorded is made chiefly from wood
pulp, though it is now proposed to make it from cornstalks.
The processes by means of which green plants live, as will be
shown later, contribute to the purification of the atmosphere
that we breathe.

The farmers’ barns, the city feed stores, warehouses, cold-
storage establishments, almost every manufactory and sales-
room, and many of the railway and steamship transportation
lines in some way are illustrations of the important relations
which plant life bears to the fundamental industries.

4. How plants live: the most important phase of botany.
In connection with the preceding discussion regarding the
place of plants in nature, it must be clearly understood that
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plant structures and processes are of importance primarily for
their function in maintaining the life of plants themselves, and
that their use in the industries is a by-product of plant life.
The body of a tree is produced in the tree’s ordinary processes
of growth, and thereafter it chances to be useful to men for
timber. Though corn and wheat have been improved artifi-
cially until now they supply much of the food of mankind, in
nature as wild plants they produced seeds which were small
but sufficed to give rise to new plants. The possibilities of
utility result from the ordinary activities and structures of
plants, and the study of these possibilities must be made
accessory to the consideration of the general prineiples of
plant life. 'What plants are and how and where they live are
the most fundamental questions, and are the ones which we
shall first consider in the following chapters.



CHAPTER II

GENERAL STRUCTURE AND WORK OF PLANTS?

5. Introductory. Any one of our most familiar plants con-
sists of roots, stem, leaves, flowers, and fruits containing
seeds. Each of these parts is usually distinct (I‘ ig. 1). Each
does one or more particular kinds
of work, and together they do
the work of the whole plant.
The plant, therefore, is a complex
structure, whose life is depend-
ent upon the work of its different
parts. .

6. Roots and their work: anchor-
age. The most obvious work of
roots is done in holding plants
in place, or in giving them an-
chorage. On steep hillsides, on
banks of streams, and in shal-
low soil which lies upon stone,
the amount of anchorage which . i Duitbahy s
roots afford is often so small culus acris)

&

The plant consists of roots, stem,
leaves, flowers, and seeds. 4, the

1 This chapter presents an outline of a
Cia B plant, shown about one eighth natu-

plant 5 W?rking m-a.chine. dtocs ,nOt‘ ral size ; B, cluster of ripened seeds,
include details but gives a general vieWw gh,wn almost natural size; C, a
of the plant and the kind of work that it gection through one seed, shown
does. If this outline chapter is studied almost three times natural size
briefly, later discussions will be more
easily understood and more profitable than if numerous details are pre-
sented first. The chapter should be read carefully by each member of
the class and discussed in one or two recitations, or it may be read and
discussed by pupils and teacher together.

5
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that trees are uprooted (Fig. 4) in times of heavy wind. In
other cases the anchorage may be so great that during a heavy
wind the plant will be broken off instead of having its roots
upturned. A study of such situations as those just mentioned
will give some idea of the distance to which the larger roots
spread and of the amount of soil that lies as weight upon them.

Fi1e. 2. Tips of two cornstalks

. A is in normal growing condition, while B, through excessive loss of water, has
wilted and its leaves are contracted into tube-like rolls

7. Roots and their work: water supply. Water is essential
to the growth of plants. Plants of the farm, garden, lawn,
and those commonly grown in our homes have their roots in the
soil and their stems and leaves in the air, and therefore, if they
secure water at all, must get it from the soil or air, or both.
When roots are deprived of water the plants socn wilt (Fig. 2)
and eventually die. If one should pour water upon the stems
and leaves, but deprive the roots of it, the plants would not
thrive. Ordinarily roots secure water for the entire plant.

8. Roots and their work : root hairs. Most root systems branch
near the base of the stem and continue to subdivide (Fig. 3)



Fic. 3. The root system of the corn plant

The soil has been washed away so as to show the quantity and spread of the roots,
and, to some extent, the positions that they assume in the soil. Photograph by the
United States Department of Agriculture

Fic. 4. Two upturned spruce trees which grew upon a stony surface

The entire root system spread over the rock did not provide sufficient anchorage
to hold the tree in place in time of a very heavy wind
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until the roots are extremely small. During periods of active
growth root hairs appear upon the smaller rootlets (Fig. 5).

These rootlets, like the other parts of
the plant, are made up of many cells
(Fig. 6). Each cell has a wall, the cell
wall, which incloses the living mate-
rial, called the protoplasm. In the
root hairs, as in Fig. 6, two parts of
the protoplasm are shown, the nucleus
and the granular cytoplasm. Cells con-
tain other protoplasmic bodies, which
need not be discussed at this time.
The root hairs are extensions of
the surface or epidermal cells of the
rootlet and are parts of those cells.
They grow a little way back from
the tip of the rootlet and new ones
appear as the root tip pushes for
ward in the soil, so that with the
dying of older root hairs and the de-
velopment of newer
ones on new growth

Fic. 5. A mustard seedling

grown in a band of filter paper

inside a drinking glass so as to
show the root hairs

Note the difference inlength and
condition of the root hairs onthe
different parts of the root

of the rootlet, the actual number of root hairs

on a rootlet during
the growing season
may remain practi-
cally constant. It is
evident that the area
of root hairs on a
rootlet advances, al-

Fi6. 6. Cells from the surface of a young rootlet  though the single root

Showing epidermal cells (¢), and one young and two  hairs do not move for-
older root hairs (2). In the root hairs the nucleus o vk h th il
(n) and granular cytoplasm of the cells are shown. ward throug € So1l.

Greatly magnified

The root hairs extend

laterally from the rootlet, growing through the soft particles
of the soil and around the harder ones, thus constituting a
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network in the region about the tip of the rootlet. If the
seedlings are grown in sawdust, on damp blotting paper, or
within earthen pots that are kept moist by covering or by
being inverted upon a damp surface, they will afford interest-
ing demonstrations of how rootlets and root hairs grow under
different conditions.

9. Roots and their work : water-lifting power. If the top
of a vigorously growing potted plant is cut off and an upright
glass tube is attached to the plant stump by means of a rubber
tube, water may be forced upward in the latter, thus showing
that roots can lift water from the soil. Actively growing trees
and shrubs, when cut, often show this same phenomenon by
forcing out through the cut surface some of the water that
is brought up from the soil. This is sometimes incorrectly
spoken of as “bleeding” of the stump. The roots, however,
are not the only parts of the plant that may lift water. That
the leaves and stem may also do this work may be shown by
cutting off the top of a plant under water, and, while still under
water, attaching the stem to a water-filled U-shaped tube. The
top of a plant that has been so treated may continue to lift
water for several days.

In plants that are growing normally, the roots, by means of
the root hairs, take up water from the soil. It passes into the
interior of the rootlet, then into the larger roots, into the stem,
and finally into the leaves. Some of this water is carried from
the leaves into the air, and that process will be discussed under
the topic transpiration.

10. Roots and their work : turgidity. Root hairs and other
cells of plants usually take up water until the cell walls are
distended with water and protoplasm. The outward pressure
which distends and stretches the walls is called turgor, and the
resulting condition is called turgidity. Turgor doubtless helps
to force water upward through the stem. The distention of
cells due to turgor also accounts for the rigid or erect position
of most leaves, growing shoots, and succulent stems. Each
distended cell, like an inflated balloon, assumes a semi-rigid
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position, and a mass of distended cells pressing against one
another makes the whole structure rigid. But as when the air

it U AR e £ 45 5 07 S L

F16. 7. A photograph of a cottonwood leaf from which the green tissue has
been removed so as to show the network of veins through which the food
material is carried throughout the leaf and to the stem

Natural size. Leaf prepared by Ellsworth Bethel

escapes from a balloon its wall collapses of its own weight,
so do the cells of the leaves and shoots when, through loss
of water, they lose their turgidity. When soil water is not
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available to the plant, the outgo from the leaves is often
greater than the income from the roots, and in such cases
wilting follows. If water does not again become available,
the plant will die, but with a renewed supply turgidity and
the resulting rigidity soon return. -

11. Stems and their work: water passes through the stem.
The stem is a means of connection between the roots and the
leaves. It also serves to support the leaves in the air. Ascend-
ing water passes mainly through special regions of the stem
and the leaf. When a fresh leaf of celery or leafy stem of
hydrangea is placed for a few minutes in one of the ani-
line dyes, and then removed and examined by sectioning, defi-
nitely stained regions appear, which show not only that the
staining liquid passed upward into the stalk, but that it passed
through only certain tissues of the stalk. These special tissues
through which the liquids pass are composed of bundles of
very small tubular cells which are many times as long as they
are thick. The bundles are known as fibrovascular bundles,
— which term simply means “ collections of thread-like tubes.”
The different cells of these bundles overlap one another in
such a way that they are continuous from roots, through stem
and branches, into the leaves. In the leaves the bundles are
the so-called veins
(Fig. D).

12. Stems and
their work: kinds
of stems. Thereis
astriking and im-
portant difference
in the arrange-

ment of fibrovas- Fic.8. A cornstalk broken so as to show the number
and distribution of the vascular bundles

cular bundles in
the stems of different kinds of plants. If a stem of corn or a
plantain leafstalk is broken, whitish strings are pulled from
the pith (Fig. 8). These are vascular bundles. They are
somewhat irregularly distributed throughout the stem, and
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are intermingled with the soft pith tissue. There is a large
group of plants, the monocotyledons, which have the irregular
distribution of bundles just described. In such stems there is
usually, around the outside, a
much harder tissue, which is
extremely strong, and which
serves to strengthen the stem.
In other kinds of plants a
cylinder of bundles is defi-
nitely arranged about the pith
(Fig. 9), and this arrangement
is also characteristic of a great
group, the dicotyledons. Other
features of these groups are
discussed in later chapters,
The regions are the outer bark (b), the and in this connection it is
cortex (c), the woody tissue (), and the important only to note some
pith () general characters of the stem.

13. Stems and their work: annual growth. In many of our
common annual plants (those that live for but one year) the
arrangement of the bundles or woody tissue in the form of a
cylinder about the pith is readily seen. In such plants the pith
usually occupies more of the stem than does the wood. The
proportion of pith to wood is much less in the perennial plants
(those that live for two or more years). In a cross section of
one of the common trees, unless the specimen be quite young,
it will be difficult or impossible to discover any pith region.
The greater part of the section is made up of wood. Each
year there is formed a layer of this woody tissue from the
inner, heavy-walled cells of the bundles, which persist and
give strength and support to the whole tree. The great size
of our forest trees is made possible by this arrangement of
bundle tissues. The record of growth may be.read by study-
ing the rings of wood. The amount of a year’s growth and
the total time that a tree has lived can be reckoned. You will
also find it interesting to study the top of your desk or the

Fic. 9. Diagram of a cross section of
a geranium stem
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furniture in the room to see if you can recognize the partial
rings of wood or can tell the way in which the timber was
sawed. In later chapters there will be a more extensive study
of stems and the ways in which they grow.

14. Leaves, general form : the epidermis. Most leaves con-
sist of two parts, — the leafstalk or the petiole, and the blade,
which is the expanded portion. In some leaves the petiole
is absent, and in others the blade is subdivided into several
parts, in which case the leaf is said to be compound. To most
observers leaves appear to be a uniformly green mass of mate-
rial. More careful observation discloses the fact that many
leaves are not equally green on both surfaces, and that
running throughout the leaf there are more or less regularly
arranged veins or fibrovas-
cular bundles which are not
green.

From the upper and lower
surfaces of leaves such as
those of live-forever, Wan-
dering Jew, Easter lily, and
epiderwort one may peel a
thin, almost colorless layer,
which is known asthe epider-
mis (Fig.10). Theepidermis
is composed of cells more or
less compactly arranged. In
the epidermis from one and :
sometimes from both sur- Fie.10. A surface view of leaf epider-
B Lholt e special it mis from the geranium (Pelargonium)

Among the ordinary epidermal cells (c) are
tures known as stomata four stomata, each with two guard cells (gc)
(Flg ]_O) From a surface 2nd the mouth of an air cavity (p). Con-
view a stoma (plural, stomata) T A
presents two more or less crescentic or kidney-shaped cells,
the guard cells, between which is an elliptical opening, the
stomatal opening. Unlike other epidermal cells, the guard cells
are greenish. The opening serves as a place of entrance for
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most of the carbon dioxide used by the plant. The guard
cells press closely together, or they may separate until a cir-
cular opening is formed, and in thus closing and opening they
influence the interchange of air between the interior and the
exterior of the leaf. This obviously affects the interchange of
such gases as carbon dioxide and oxygen, as well as the outgo
of moisture from the leaf.

15. Leaves: internal structure. The interior cells of the
leaf, except those of the veins, are colored green by chlorophyll,

v
800

=
09, oeasd
(50

o0}
o,
o0

Fic. 11. Cross section of a geranium leaf

a, air space; a.c, air chamber; e, upper epidermis; e’, lower epidermis; p, pali-

sade cells; s, stoma; sp, spongy parenchyma (usually spongy parenchyma has

fewer chloroplasts than the palisade tissue); v, vein. Magnified 150 times. After
drawing by Mrs. F. E. Clements

which means “ leaf green.” The cells are not uniformly green,
but the chlorophyll is contained in special small bodies,
known as ehloroplasts or chlorophyll bodies (Fig. 11), which
are within the cells. It must be clearly understood that the
chloroplast and the chlorophyll are not the same. Plastids
(plasts) may or may not contain chlorophyll, just as a sponge
may or may not contain water. It is evident, therefore, that
a plastid can properly be called a chloroplast only when it
contains chlorophyll
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In summing up the structures of the leaf we may say that
it usually consists of a petiole and a blade. The outer portions
of the blade both above and below are the epidermis; in ad-
dition to the ordinary epidermal cells the epidermis contains
special structures, 5 within the epidermis are the
veins and masses of green tissue; the green tissues are made
up of more or less compact cells in which, in addition to other
cell contents, are plastids, which contain the green coloring
matter, chlorophyll.

16. Leaves: material for leaf Work In connection with the
discussion of roots and stems it was found that water is carried
wito the leaves. In the soil are many substances which are
dissolved by the water, just as common salt or sugar would
be. When water is taken up into the plant some of these sub-
stances that are in solution also enter. In this way there may
be carried into the plant compounds containing such things as
nitrogen, potassium, phosphorus, sulphur, and iron. Through
the surface of the leaf, chiefly through the stomata, the plant
secures carbon dioxide. This is a gaseous substance which
exists in the atmosphere in the ratio of about 3 parts in 10,000
of air. Inside the leaf, therefore, there is a supply of the so-
called raw materials for food, — as water, carbon dioxide, and
substances that were in solution in soil water.

17. Leaves: food manufacture. Carbon dioxide and water
must undergo change before they can be used in nourishing and
building up the plant. The sun shines upon the leaf and the
chlorophyll absorbs some of the energy from the sun’s rays.
This energy serves in some way as yet unknown to break
up the compounds water and carbon dioxide into the carbon,
hydrogen, and oxygen of which they are made. The carbon,
hydrogen, and some of the oxygen immediately unite again ;
not, however, into the compounds carbon dioxide and water,
but into new compounds. These rapidly pass through several
changes and may finally become sugar and starch. At present
the changes before starch and sugar are formed are not all
known. Some of the oxygen resulting from the breaking up
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of carbon dioxide and water is used in making starch and
sugar, but much of it is set free and may pass out into the air.
The oxygen thus set free by plants may be collected as shown
in Fig. 12 and then tested. This process that is carried on by
green plants is a principal factor in maintaining the oxygen
supply that is so necessary to the life of animals. Plants also
use some free oxygen in some of their later food-making proc-
esses. This series of occurrences by means of which green
plants under the influence of sunlight make foods, such as
starch and sugar, from carbon dioxide and water, is known
as photosynthesis. The word photosynthesis means * putting
together by means of light.”

1 The chemistry of photosynthesis is not completely known, but some of
the simpler aspects of it may prove valuable at this point. Water is usually
expressed by the chemist by the formula H,0, in which H stands for hydro-
gen and O for oxygen, and the figure 2 indicates that two parts of hydrogen
are united with one part of oxygen. Similarly CO, indicates that one part
of carbon is united with two parts of oxygen to form carbon dioxide. When
these compounds are broken up, there is, for a very brief time at least,
free C, H, and O. If one unit of each compound (H,0 and CO,) is thus
broken up, there will be two H, one O, one C, and two O (orin all three O).
After photosynthesis has been going on for some time, starch is usually
formed. Starch consists of (CgH,,0;) “n’*. This means that six parts of
carbon, ten parts of hydrogen, and five parts of oxygen unite to form starc’
and the **n’ means that the unit C¢H,, 0, does not appear singly, but thay
an unknown number of them are united. Disregarding the fact that sev-
eral of the starch units are held together, and considering the single unit
C¢H,,0;, Wwe may be able to see what happens in the work of photosynthesis.
To secure the amount of carbon necessary to form starch, six times the unit
CO, must be taken, since there are to be used six units of carbon. To secure
the needed amount of hydrogen, five times the unit H,0 must be used,
since there must be ten units of hydrogen and two are secured with each
unit of water. We have, therefore, 6 CO, and 5 H,0. When the energy
of the sun has broken these things into their constituent parts there are
6C, 120, 10H, and 50, or 170 in all. But starch consists of CgH,,0;,
and in making this unit of starch there has been used all of the carbon,
all of the hydrogen, and five units of the oxygen, thus leaving twelve
units of oxygen to be set free or to be used by the plant in some other
way. Some of this free oxygen passes into the air, though some of it is used
by the plant in a later process.

The compounds thus constructed, as starch and sugar, are called carbo-
hydrates, the name indicating that they are compounds of carbon and
water. i
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Sugar and starch may be used as food by the plant, being
transported to and made into the living parts of the plant.

Or these things may be made o

o

into more complex foods,

ol

known as the proteins, by
the addition of some of the
compounds of nitrogen, potassium,
phosphorus, or other substances,
and then digested and used by the
plant. Replenishment and growth
of new parts can take place only
by means of foods, and since the
plant makes its own supply, the
importance of the process is very
great.

Manufactured foods are carried
to all the living parts of the plant.
They may also be stored in almost
any plant structure. When in proc-
ess of moving through the plant,
these foods are believed to pass
through the soft portions of the
fibrovascular bundles.

Furthermore, often more food is
made by green plants than they
need at the time, or even, in case
of some plants, than they ever use,
and this is stored most commonly
in the form of starch, though some-
times in other forms. This stored
food may be used later by the
plant, or as food for men and other
animals. It may also be moved by
the plant and stored in a different
structure from that in which it was
first located.

]m[mlgnﬁn{m|m|m}m]ﬂ Jlub

F1c.12. Apparatus for collect-
ing oxygen from working plants

‘Waterplants are submerged with
one end in the mouth of the grad-
uate. Bubbles of oxygen pass
upward from the cut ends of the
stems and erowd out some water
from the previously filled grad-
uate. The ordinary test for oxy-
gen with a burning stick will
determine whether it is present.
In such an experiment care must
be taken to see that there is
plenty of space about the collect-
ing tube to permit free passage
of the gases that are in the water.
After Ganong
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18. The work of the leaf: transpiration. When a potted
plant, so covered that no moisture can escape from the pot
or earth, is placed under a dry bell jar, within a few hours
moisture is seen to collect upon the inner surface of the jar.
After a longer time the amount of moisture may cause
streams or large drops of water to run down the inner Wall
of the jar.

If a plant that will thrive with its roots in water is planted
in a jar of water and carefully sealed around the stem, and
the whole apparatus weighed from day to day, a constant loss
of water may be demonstrated. Water is ordinarily taken up
by the plant in much larger quantities than are used for the
work of photo synthesis. Large amounts of water are carried
into the air through the leaves. By making careful demon-
strations of the weight and volume of this water loss and the
area of the leaf surface that is exposed, it is possible to deter-
mine the ‘amount of water which, on an average, passes through
each square inch of leaf surface in a given time. This evapo-
ration or loss of water from the plant is known as transpira-
tion, and the current of water thus passing through the plant
is called the transpiration current. Water evaporates from the
stomatal openings or from other parts of the leaf surface. As
superficial evaporation occurs, water from the moister portions
of the plant must take the place of that evaporated, or there
is danger of injury to the plant. Such danger and resulting
death often occur, due to great or sudden loss of water.

The quantity of water loss in transpiration is often surpris-
ingly great. It has been estimated in one case that a beech tree
110 years old, in one summer transpired approximately 2250
gallons of water; that an oak tree with 700,000 leaves tran-
spired about 180 gallons of water daily; and that an acre of
cabbages in their growing season (about four months) tran-
spired 500,000 gallons of water. One can scarcely picture in
his mind the immense quantity of water that is constantly
transpiring from all the vast stretches of forests, grasslands,
farm crops, roadside weeds, and swamp plants.
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19. The work of the leaf: temporary responses. On exces-
sively dry days plants such as wheat and corn sometimes
wilt, since they are transpiring more water than they are
securing. If the soil becomes very hard, the water passes
into the air quite readily ; but if the soil is kept well pulver-
ized upon the surface, more soil water is held and a larger
supply is available. Observations made upon a garden that
is constantly cultivated during hot, dry weather, and upon
one that is not so cultivated, show a great difference in ability
of the plants to withstand drought. In a cornfield on a dry,
hot day the leaves of the corn often roll into rather tight
tubes. This form of leaf exposes less surface to evaporation
and consequently loses less water than would the fully ex-
panded leaves. This habit is doubtless of advantage in main-
taining a balance in water supply.

In setting out young orchard or shade trees, nurserymen
recommend that the branches be well pruned ; otherwise the
leaves may soon grow in such numbers that they will tran-
spire more water than comes into the newly transplanted
trees, which do not have their ordinary amount of absorbing
root surface. Obviously newly transplanted trees and garden
plants should be kept especially well watered until their root
systems are well formed.

20. Respiration. The work of respiration in both plants
and animals is commonly associated with the interchange of
gases between the exterior and interior of the living body. In
plants the interchange of gases may take place through the
leaf or through other parts of the plant. This interchange,
however, is no longer regarded as the fundamental thing in
respiration, since respiration takes place in active, living pro-
toplasm in all parts of the plant. It consists in decomposition
of protoplasm or of some of its parts, or, as is supposed by
some physiologists, it may consist in decomposition of food
materials that have not yet become protoplasm. Through
respiration complex plant substances are broken down, and
the energy released by this decomposition is the energy by
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means of which plants carry on their work. Energy in the
form of heat is also one of the results of respiration. Respira-
tion may occur in the absence of free oxygen, but is more
complete, and thus releases more energy, when oxygen is
present. When respiration is complete, it results in the forma-
tion of various compounds, chief of which are carbon dioxide
and water. Carbon dioxide and water may be carried from the
plant through the leaf, or other parts of the plant, and the
oxygen supply may enter in the same way. It is evident, how-
ever, that the transfer of these gases is an incident associ-
ated with the real respiration, which consists in decomposition
of complex substances and the release of energy therefrom.
Also it is evident that, so far as respiration is concerned, plants
and animals behave in the same way. It should be noted that
in photosynthesis green plants utilize carbon dioxide, though
they, like other plants and animals, may produce carbon dioxide
as one of the products of respiration.

21. Flowers and seeds: the parts of the flower. The flower
is the part of the plant by means of which seeds are produced.
Flowers differ
widely, but an
examination of
any such sim-
ple flower as
thatof thegera-
nium or the ox-
alis shows that
there are four
kinds of floral

parts in it (Fig.
Fra. 13. Drawings of two flowers 13) Otenost

A, entire flower ; 1‘3, part of the floral structures removed and lowest is a

set of greenish leaves known collectively as the calyz, the sep-
arate leaves being known as the sepals. Just above the calyx,
and usually larger and more conspicuous, is the corolla, each
léaf of which is a petal. Above the corolla is the group of
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stamens, easily recognized by their slender stalks and the en-
larged tips which are known as the anthers. Within the anther
is the pollen or pollen grains. At the tip of the ﬂower, within

n'"l“illl

the group of stamens, is the pis-
til, consisting of one or more
units or carpels. Often the tip of
the pistil is expanded, and some-
times divided into two or more
short branches, this portion being
called the stigma; the elongated
part of the pistil is the style, and
the swollen base is the ovary,
so called because it contains the
ovule or ovules. The ovules are
the developing seeds.

22. Flowers and seeds: seed
formation. The ovules begin their
development within the ovary,
but caunot alone form mature
seeds which will grow into new
plants. Some of the pollen from
the anther of the same or an-
other flower falls upon the stigma
(Figs. 13,14, and 15). From one
or more of these pollen grains
there grows down through the
style into the ovule an extremely
small tube. Inside this tube are
carried some of the cellular con-
tents of the pollen grain, which
meantime hiave divided into three
cells. One of these cells thus

‘!! lw\;
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Fic. 14. A diagram of a pistil
(carpel)

‘Within the cavity of the ovary is an
ovule (n), and within the ovule is
an embryo sac. At the free end of
the ovule is the micropyle (m). In
the end of the embryo sac near the
micropyle is the egg (egg) with two
other nuclei lying close to it; in the
center of the sac is the endosperm
nucleus (en) ; and at the other end
are the antipodal nuclei (a). Pollen
grains (p) are on the stigma, and
from one is shown a pollen tube
which has grown down to the egg

carried into the ovule by the pollen tube unites with a special
egg cell that is formed within the ovule (Fig. 14). The cell
that is made by the union of the one from the ovule and the
one from the pollen tube grows into the new plant within



F1e. 15.-Stages in the development
of the bean pod

A, pistil of a bean flower, showing the
ovary (0), style (sty), and stigma (sti) ;
also the calyx at the base of the pistil.
B, a pistil a few days older, in which
the ovary has grown, and from which
the style and stigma have disappeared.
C, a pistil which has grown into the
ripe bean pod. D, a ripe pod opened
80 as to show the arrangement of the
seeds (beans) in the pod ; each seed ()
is attached to a region along the wall
of the ovary, known as the placenta
(pl), by means of the base of the old
ovule. All two thirds natural size

F1c. 16. Seedling of the peanut

Below the seed leaves or cotyledons {(c) is

the Aypocoty! (&), from the lower end of

which the roots () have grown ; from the

main stem (s) branches (br) and leaves (7)

have grown; at the base of the leaves are

stipules (st), and at the tip is the bud (b)
22
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the ovule. While still within the ovule wall, the root, stem,
and leaves of the new plant are formed. The ovule wall be-
comes hard, and, with the new plant within it and with more
or less stored food, constitutes the seed. During the time when
the seeds are developmg the ovary also may grow (Flg 15).

——

eeereg e e

Fie. 17. Growth of new plants from seeds of the beech tree
At the left are very young seedlings, one of which shows only the seed leaves
(cotyledons), the other showing between the seed leaves a slender stalk which is
the beginning of the stem. In the plants-at the right the seed leaves still are
present, but other leaves and the stems have grown considerably

23. Flowers and seeds: the fruit, and seed germination.
When the seeds are ripe they may fall from the ovary, or
with one or more of the structures about them they may com-
pose the se-called fruit.

Under favorable conditions the young plant within the
seed bursts the seed coat and begins its growth. It pushes
out its roots, stem, and leaves, and soon assumes the ap-
pearance of the kind of plant that formed it (Figs. 16 and 17)..

Details regardmg the parts of the plant and the work they
do will be treated in later chapters.



CHAPTER III

ROOTS

24. Structure of roots. A very young root is often translu-
cent enough to be examined directly with a low power of the
compound microscope. It is then seen to be composed of an

\
w

Fic. 18. Diagrammatic cross section of
a very young dicotyledonous root

e, epidermis; ¢, cellular layer of cortex;
cyl, central cylinder; w, woody strands of
fibrovascular bundles of central cylinder.
Alternating with these are much smaller
strands of bast fibers, not shown in the dia-
gram. Modified after Bonnier and Sablon

exterior hollow cortex, nearly
cylindrical in form, and a
central cylinder within the
cortex. The outermost por-
tion of the cortex is a layer
of somewhat brick-shaped
cells constituting the epider-
mis, and from some of the
cells of the epidermis root
hairs often spring (Fig. 6).
The growing tip of the root
is covered withseveral layers
of cells, most of them dead
or dying, constituting the
root cap.

A moderately magnified
cross section of a very young
dicotyledonous root shows
the epidermis as a narrow
ring, surrounding a much
broader ring of the under
lying cortex, and within this
the central cylinder, contain-

ing a fixed number of radially arranged fibrovascular bundles.
The relative proportions of the several regions can be under-

stood from Fig. 18.
24
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25. Uses of roots. It was explained in Sects. 9 and 10 that
water is absorbed by roots and forced up into the stem of a
plant under considerable pressure.

All plants must have water, at any rate during the part of
their lives when they are actively manufacturing plant food, and
it is by means of their roots that most familiar plants absorb
water and the substances that are dissolved in it. Yet absorp-
tion of water is not the only function of roots. They often ab-
sorb oxygen ; they commonly serve to anchor the plant; they
may aid it to climb; they frequently store food, water, or both ;
and in or on them there are sometimes carried on important
chemical operations which result in gaining material for the
production of plant food (Sect.17). Many kinds of roots repro-
duce the plant; that is, a root or part of one may grow into a
new individual plant like the one to which the root belonged.

The great importance of roots to life and growth is well
shown by the results which follow from any severe injury to
the root system. Cut off most of the roots of a tree and it
will die for lack of water.

On the other hand, many (though not all) kinds of trees
may be cut down nearly level with the ground and still sur-
vive, the stump throwing up a vigorous crop of sprouts which
grow into saplings that eventually replace the fallen trunk.

The necessity of roots for anchorage is well shown by Fig. 4.
In many cases the power of the roots to hold trees upright
is greatly increased by the formation of buttresses of wood,
which extend some distance up the trunk from the origins of
the larger roots (Figs. 2569 and 260). In some great tropical
trees these buttresses attain enormous dimensions.

26. Earth roots. The roots of most of the higher plants with
which we have practical dealings, such as forest trees and the
plants of the orchard, farm, and garden, are earth roots; that
is, they are formed, grow, and live at a moderate distance
under ground. Plants with roots suited to life in the earth
usually cannot grow as well in water as in soil, and they cannot
grow at all upon a bare rock, though sometimes they grow
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with their roots in the crevices of rocks. It makes a great
difference to the plant in what sort of soil it grows. Every
good farmer knows that beans will thrive well in a light
sandy soil in which corn or broom corn would starve. All
who are familiar with the distribution of our forest trees
and shrubs have noticed that some kinds, such as the spruces,
most pines, the chestnut, and the jack oak, do well in sandy or
other poor soils. On the other hand, the black walnut, the
tulip tree, the mulberry, the Osage orange, and the papaw
usually flourish only in a deep rich soil.

27. Direction and extent of the root system. In sand or
porous loam the root system of the plant is usually much more
extensively developed than in clay. If there is a shallow
layer of loam overlying a shaly or clayey subsoil, the roots
spread out horizontally but do not go far down in the earth.
In sand, roots are usually long and branch but little, while in
rich soil they branch so freely as to form a close network. If
nutrient materials are irregularly distributed in the earth in
which a plant is growing, rootlets are so much more exten-
sively developed in the richer portions of the soil that, as the
great agricultural chemist Liebig foreibly said, * Roots search
for food as if they had eyes.” The various kinds of plants
differ greatly in the general direction taken by their roots, —
those of asparagus, for example, forming a sort of shallow
mat, and those of many hardwood trees, the radish, and the
sugar beet beginning with a single taproot which descends
for a considerable distance nearly or quite vertically.

It is impossible to get an accurate idea of the root system
of a very large plant, since its length usually consists mainly
of slender fibers which are inextricably interwoven with each
other and penetrate the soil in every direction. The root system
even of an oat plant, all contained in a cubic yard or two of
soil, has in one instance been found to measure altogether over
450 feet in length. Many plants which ordinarily have their
roots near the surface, when grown in dry soils send their
roots to great depths to secure the needed water supply. In



2 ROOTS 27

some of the drier parts of California wheat roots have been
known to grow to a depth of 15 feet and the roots of the
California poppy to a depth of 13 feet. Roots may penetrate
to much greater depths, those of the mesquite of the South-
western States and Mexico sometimes descending to reach
water as much as 60 feet. It is not difficult to get an idea of
the extent of the root system of such a plant as Indian corn.
Carefully dig away the earth from one side of the plant at a
distance of about two feet, keeping a constant lookout for
smaller rootlets. If none are found, extend a trench com-
pletely about the plant at the distance already used as a
radius. Make the trench about two feet deep and stand a
piece of poultry netting in it, so as to make a circular fence
about the roots of the plant. Run some wire stakes crosswise
through the mass of roots, so as to reach across its entire
diameter. With a stream of water from a garden hose or with
numerous pails of water wash away the earth as completely
as possible from the mass of roots and remove the root system
entire. It may then be used for illustration in the schoolroom.

28. Pull exerted by roots. After root fibers or the taproots
of herbaceous plants have attained their full length, in many
kinds of plants a decided shortening of the root takes place.
This shortening originates in the cellular portion of the cor-
tex, between its outer layers and the central cylinder of the
root, and it may amount to from 10 to 25 per cent of the
length of the root before contraction. Because the epidermis
does not contract, its outer surface often becomes much wrin-
kled, especially in the roots of bulbous plants. The shorten-
ing of the fibrous roots which spring from a taproot holds it
firmly in place, as a derrick is held upright by guy ropes.
Sometimes, as in the dandelion, the taproot shortens about
as fast as the short stems which crown the root grow upward.
In this way the rosette of leaves is kept firmly pressed against
the ground, or it may even be drawn slightly into the earth.
Grass plants on a lawn are injured or destroyed by being de-
prived of light by the rosette of dandelion or fall dandelion.
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29. Effects of roots on the soil. If we dig up a spadeful of
earth from a well-grassed meadow, or from a little inside the
circumference of the circle formed by the roots of a tree, we
shall find the soil bound together by the living roots or full of
little, crooked, tubular channels left by the decay of dead ones.
Thus the soil is in the one case, held together so as to pre-
vent its becoming gullied and washed away by rains, and in
the other case made more porous and easily penetrated by air
and water. The latter effect is a very important one in the
case of stiff clay soils, which when closely packed are almost
waterproof.

The extensive washing away of soils when unprotected by
a covering of plants, such as grass, shrubs, or forest growth, is
one of the most serious calamities that can befall a country.
It is especially formidable in hilly regions, which may become
wholly uninhabitable if the forests are cut off and the turf on
the hillsides is destroyed by too constant grazing and tram-
pling of sheep or goats. Immense areas of land once valuable
for timber and for grazing have thus been ruined throughout
southern Europe, and the same process is under way in our
own country all the way from New England to the Pacific
coast region. One of the clearest ways in which the loss by
washing away of the soil can be presented is by considering
how the land is carried into the sea by great rivers. The delta
of the Mississippi covers an area of more than 12,000 square
miles. It consists of material brought down by the river in
the form of mud, now forming a deposit of unknown thick-
ness, probably averaging more than 500 feet. It is caleulated
that the river every year carries enough solid matter to form
a layer one foot thick over an area of about 268 square miles.
Remembering that this'mud consists mainly of the choicest
part of the rich soil of the Mississippi basin, it is easy to see
that the land is robbed every year of the material to support
enormous harvests! (see Chapter XXIV).

1 See ** Forest Influences,” Bulletin 7, Division of Forestry, U. S. Dept.
‘Agr., 1893.
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30. Relation of earth roots to air and water. The soil at
moderate depths contains much air in its pores, the amount
being largest in light loams and sand, and least in stiff clays.
This air is essential to the health and growth of ordinary
roots. Many kinds of plants growing in earth are quickly
killed when transferred to a glass battery jar with a lead cover
sealed on, if water enough is poured in through a thistle tube

Fic. 19. Cypress trees (Taxodium) growing in a swamp

The conical * knees” growing from the roots and nearly always above water are
thought to serve as channels to supply air to the roots

to fill the jar almost to the exclusion of air. In the same way, *
if water is backed up a stream when a dam is built across it,
most of the trees that are surrounded by the pond formed by
the retained water are killed. They have been drowned, and
die for lack of air. Even the lower forms of green plants
(Figs. 156-168) will soon die for lack of it, if kept in a
tightly stoppered jar or bottle full of water. Most aquatic
plants which have leaves or green stems exposed to the air—
like pond lilies, some rushes, cat-tails, and so on — convey air
down into the submerged parts by means of numerous
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air passages, which lead from the leaf, through the stem,
down into the roots (Fig. 860). It is supposed that “ cypress
knees,” curious outgrowths from the roots of the American
cypress (Fig. 19), absorb air, which passes down into the roots.

A supply of water is, as already suggested, even more
evidently necessary for earth roots than is a supply of air.
The appearance during a drought of fields planted with ordi-
nary crops is familiar to most people. The dwarfed condi-
tion to which plants can be brought by a scanty supply of
water is less well known. Many annuals, if given barely
enough water to keep them alive, will flower and bear seed
after reaching a height of hardly a greater number of inches
than they would measure in feet under favorable conditions.
When the water supply is wholly withheld from ordinary
potted plants they soon wilt and die, as every one knows.

31. Water roots. Most aquatic perennials, like the cat-tails,
arrowheads, pickerel weeds, pond lilies, and many grasses
and sedges, form mainly earth roots. On the other hand, some
plants not aquatics, as many willows, can develop roots indif-
ferently either in earth or in water. A row of willows along a
brook usually sends great numbers of roots into the earth, and
also produces a multitude of fibrous roots which dangle in the
water of the brook. Cuttings of Wandering Jew (Zebrina),
geranium (Pelargonium), and many other common plants, root
readily in water, and grow for a long time if supplied only with
ordinary river or well water. The number of kinds of seed plants
which float, and therefore produce only water roots (if they have
roots at all), is rather small. Some of the commonest are the
so-called ““ water hyacinth” and the little duckweeds (Fig. 357)
so often seen on the surface of stagnant pools and streams.

32. Air roots. Roots may be produced by portions of the
stem above ground, in the case of plants which root in the
earth. Well-known examples of these are the brace roots
of corn, often originating a foot or more above the earth and
usually at length extending into the soil, and the tough,
fibrous roots by means of which English ivy and poison ivy



F16. 20. Aérial roots of an orchid (Cattleya)

(Fig. 46) climb. Air roots are also borne by many kinds of air
plants which do not root in the earth at all. Such plants are
usually natives of moist, warm climates. Good examples of
air plants are many orchids (Fig. 20), and some plants of the




21 Aérial roots of a wild fig tree and lianas in a tropical forest

Fia.
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Pineapple family. Ag#rial orchids frequently possess roots of
peculiar structure, covered with a papery, absorbent layer
" which takes up water freely when exposed to rain or dew.
One air plant, the Spanish moss (Z%llandsia) (Figs. 367, 368),
common in the Gulf States, has no roots,
but it imbibes water freely by means of
special absorbing hairs scattered over the
surface of the plant. The Z%llandsia is a
characteristic feature of many Southern
regions, often appearing as tangled, rope-
like masses hanging from the trees.

33. Reproduction by means of roots.
Roots are often capable of producing buds
which may develop into new individuals
and thus serve to propagate the plant.
The sweet potato is a good instance of
this, each root if buried in moist sand
being capable of giving rise to several
new plants (Fig. 22). Roses are propa-
gated by root cuttings, and some trees,
such as the silver-leaved poplar (Populus)  Fie.22. Vegetative
and the black locust (Robinia), are very  reproduction of the
troublesome because of the readiness with Eoet it
which young sprouts (sometimes called Eﬁfﬂ:ﬁggﬁ;gﬁggﬁ 3
suckers) spring up from the roots. Many sprout, that is, to send
bad weeds, such as the field sorrel (Rumez) ;’i‘gof:;ogffd:";? ‘;dr‘l’g:s'
and the Canada thistle ((Cirsium), are points. Each shoot may
reproduced by roots. In case of desirable i%’xtiifuan’;f:rﬁlz;’zz
plants that can be propagated either by
pieces of root or by seeds, it is generally better to use root
cuttings, as they will grow much faster.

34. Duration of life and storage of food and water in roots.
It is usual to divide plants according to their duration of life
into three classes: annuals, living one year or less; biennials,
living two years; perennials, living more than two years.
The boundarjes between these classes are not always definite ;
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for example, winter wheat is an annual, though it does not
seed until the next summer after it is planted. And the cot-
ton plant, the lima bean, the tomato, and the castor bean are
instances of plants which with us are cultivated as annuals,
but in warm climates live several years; the castor bean, in-
deed, grows there into a large, almost tree-like shrub. Very
commonly plants which live for more than one year have food
stored in their roots.

Fie. 23. Clustered, fleshy roots of the dahlia, with much stored plant
food, in early spring
st, remains of last year’s stem; sh, young shoots beginning to sprout from
the upper ends of the roots. One fourth natural size

Such biennials as beets, carrots, and parsnips store up much
food in the root! during the first summer’s growth, and form
a large tuft or rosette of leaves, but do not develop much stem
above ground. During the second summer the stored food is
consumed in the production of leafy stems, bearing flowers
and fruit, and in the autumn the root appears quite withered
and nearly dry.

1 The underground part of the carrot and the parsnip is part stem and
part root.
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Herbaceous perennials, like the dahlia (Fig. 23) and the
common rhubarb, store food in the root during the summer,
and consume part or all of it in the growth of the following
spring. Trees and shrubs in temperate or cold climates store
starch and other foods in the roots, as well as the stem, dur-
ing the winter. It is the stored food in the root that enables
such plants as rhubarb, the peony, some buttercups, sweet
cicely, the dandelion, and many others to make a quick growth
in the spring before the weather is warm enough for the man-
ufacture of much plant food. The starch, sugar, and proteins
which abound in many roots or root-like portions of plants
make them valuable for food, as in the case of beets, turnips,
carrots, parsnips, sweet potatoes, salsify, and in the cassava
plant, from which tapioca is made.

It is frequently the case that desert plants store large
quantities of water in their roots or in combinations of roots
and underground stems, and are thus able to survive long
periods without rain.

35. Roots in relation to other organisms. The roots of the
higher plants often enter into complicated relations with plants
of other species or with animals. Before discussing these re-
lations it is necessary to state briefly what some of them are.
A plant or animal which feeds in whole or in part on the sub-
stance of another living organism is called a parasite. Familiar
examples of animals parasitic on other animals are fleas and
ticks. The organism which supports a parasite is called the
host. Organisms which live together in a mutually helpful
way are said to be mutualists or sometimes are called mess-
mates. Roots may be:

(1) Parasitic on other roots or stems.

(2) Hosts for parasitic roots.

(3) Hosts for parasitic animals.

(4) Messmates or mutualists with other organisms.

36. Parasitic roots. A good many of the higher plants feed
altogether or partially on the sap which they draw from other
living plants. Those which live entirely at the expense of the
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host are total parasites, while the others are partial parasites.
The dodders (Fig. 851) are practically leafless, of a yellow-
greenish or whitish color, and incapable of photosynthesis.
The mistletoes and many other half parasites have green
leaves and can do photosynthetic work, so that they may
depend on the host only for water and mineral subtances, but
make for themselves starch or other carbohydrates from the
raw materials. Root parasites (Fig. 309) are often attached
to the roots of the host at some distance from the stem of
the latter, so that few but botanists recognize the real state
of the relations between the two plants. The sucking roots
of parasites, known-as haustoria, are of peculiar structure and
have the power of penetrating rapidly into the substance of
the host. In the dodder, at any rate, this power is partly due
to the presence of ferments, liquid or semi-liquid substances
manufactured by the haustorium and capable of dissolving
cellulose.

37. Partnership of roots and bacteria. Bacteria are exceed-
ingly minute plants of very low organization (Fig. 150).
Their forms and structure are shown in a general way by the
figure. They differ greatly in their habits of life, as is shown
in Chapter XI. Those which inhabit little tubercles on the
roots of most leguminous plants (as those of the Pea family
are called) are of the highest value to the farmer. The tu-
bercles occur in the greatest abundance, 4572 having been
counted on the roots of a single pea plant. Fig. 805 shows
their mode of occurrence on the roots of red clover. Each
tubercle contains multitudes of root tubercle bacteria, which
are able to change the free nitrogen of the air, contained
in the pores of the soil, into a combined form in which it can
be absorbed by the plant. Without the action of these or
other bacteria or other agents to transform atmospheric nitro-
gen into a soluble form it is perfectly useless to the higher
plants.!

1Tt is certain that other.bacteria besides those of root tubercles render
nitrogen available, but the extent of their action is not fully known.
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In order to ascertain how much nitrogen is produced by any
given crop it is necessary to make chemical analyses of care-
fully selected and weighed samples of the clover, alfalfa, or
other crop studied. In this way it was found in one series of
experiments that a single crop of alfalfa yielded 95 pounds,
red clover 102 pounds, and crimson clover 134 pounds to the
acre. As about two thirds of this nitrogen is taken from the
air by the plant, turning under by plowing any of these legu-
minous crops adds greatly to the available nitrogen of the soil.
A ton of barnyard manure contains only about 10 pounds of
nitrogen. Therefore an acre of alfalfa plowed under might
add to the soil as much nitrogen as could be gained from 16
tons of manure, though the manure would add other desired
substances to the soil. A crop of corn of 50 bushels per acre
would remove from the soil (in both grain and fodder) about
74 pounds of nitrogen per acre. A wheat crop of 25 bushels
per acre would remove from the soil about 48 pounds of
nitrogen per acre. Experiments continued for a series of years
upon worn-out land, treated year after year with lime and
leguminous crops plowed under, show great gains in fertility.
In one set of experiments lasting from 1902 to 1907 the soil
which had been thus treated produced a little more than six
times as large a crop of oats as a similar untreated area. On
common prairie land in Illinois the value of the nitrogen
gained by the root tubercles of a single crop of alfalfa was
found to amount to $25.80 per acre, reckoning the nitrogen
as worth the usual fertilizer price for it, 15 cents per pound.
What part of this improvement is due to better cultivation is
a matter still under discussion. The poorer the land is in
nitrogen the more effective is this process of “green manur-
ing ” with leguminous crops. Provided the tubercle bacteria
are present, clover can make a vigorous growth w1thout any
soluble nitrogen in the soil at the beginning.!

10n the general subject of maintenance of fertility by plowing under
leguminous crops, see Hopkins, Soil Fertility and Permanent Agriculture
chap. xvi, and Part III. Ginn and Company, Boston.
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'38. Partnership of roots and filaments of fungi. Many of the
flowerless plants known by the general name of fungi form
a dense network of very minute threads. Such a network is
found in intimate association with the roots of many kinds of
flowering plants. It is especially com-
mon on the roots of those which cannot
manufacture plant food by photosyn-
thesis, but it also occurs on other plants
with green leaves, such as pines and
beeches. On the roots of the beech
the fungus filaments are found united
into a sort of membrane, covering the
tips of the young roots and extend-
ing back for a considerable distance
(Fig.24). Insuch plants as the heaths,
blueberries, and their relatives, the
Fre.24. Tip of a root of fungus threads form little tangled
European beech, covered masses inside the cells near the sur-

it mypezhich face of the root and send out free ends
gé’eggftzlglmzb:::;tiplzi‘: into the surrounding soil. In any case
top to show the thicknessof the whole filamentous mass living in
%ed;‘zfe‘;‘;gfzﬁﬁgag’figi‘: connection with the root is called a
mycorrhiza. Roots provided with my-
corrhiza usually form few or no root hairs, and it is supposed
that the fungus threads to some extent perform the work of
root hairs in absorbing soil water. The subject is not yet
well understood, but it would seem that certain trees, such as
pines and oaks, do not flourish as well when grown in a soil
which does not develop a mycorrhiza upon their roots.?

1 See ** Experiments in Blueberry Culture,’’ Bulletin 193, Bureau of Plant
Industry, U.S. Dept. Agr.



CHAPTER IV
THE STEM AND THE LEAF

39. Stem and leaf as coworkers. In a general way it may
be said that the stem and the leaf together do the work of
making plant food from the raw materials (Sect. 17). In
most of our commonest seed plants the stem is mainly impor-
tant as the part of the plant body which bears leaves, maintains
them in the most advantageous position to receive sunlight,
carries to them water and dissolved salts from the earth, and
carries away from the leaves the newly made plant food which
is to serve for the immediate needs of the plant body or to be
stored for use later on. The stem and the leaf are so intimately
associated that it is often convenient to have a single name
for the two together. The stem and its leaves collectively
are known as the shoot.

40. Photosynthesis done by stems. In some practically leaf-
less plants, such as the cacti, the photosynthetic work of the
plant is all done by the stem, which is covered with layers of
chlorophyll-containing cells. Stems flattened so as to expose
a good deal of surface for photosynthesis are shown in Fig. 25
and still more expanded ones in Fig. 26, In the shrubs known
as switch plants (Fig. 365), common in some regions where
the summers are hot and almost rainless, the leaves (if there
are any) are borne for only a few months of the year, usually
in the spring. During the rest of the year photosynthesis is
slowly carried on by the green layer of the bark, which is
abundantly supplied with chlorophyll. Even among the trees
and shrubs of temperate North America there are many
species, such as the wahoo, box elder, sassafras, and some
roses, which have much green bark on the younger twigs and
probably accomplish a good deal of photosynthesis through

39
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these. As the twigs grow older the green layer is shut away
from the light by the corky layer outside of it and soon dies.
Most of our useful annuals of the farm and garden,

@  such as corn, potatoes, tomatoes, squashes, and so on,
’ have green stems which do photosynthetic work.

- 41. The stem raises leaves into the light. Many

i plants which cover the ground rather closely do not

oy need to raise them-
3 selves much from
the earth in secur-
ing their share of
the light. Good
examples of these
are such familiar
creeping plants as
white clover, black
medic (Medicago),
moneywort (Lysi-
machia), and some
species of wild ev-
erlasting (Anten-
naria). But very
commonly plants
compete for light
against each other,
as may readily be
seen in almost any
cornfield. When
the corn is only a
little way above
ground it is neces-
sary tokeep it free

e 2 g from rank, quickly

Fie. 25. Branches of Muehlenbeckia, a plant wit .

flattened stems which do most of the photosynthetlc growing Weed‘? by
work of the plant frequent cultiva-

7, flowers; I, leaves; s, stems. One half natural size tion. If this work
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is neglected, the young corn plants will be overshadowed and
dwarfed and the crop greatly injured. But as soon as the
cornstalks have lengthened enough to carry the spreading
leaves above the tops of ordinary weeds and leave them in
the shade, the corn plants are safe from further competition
with these plants, though other species that can thrive in weak
light may develop later. In the same way wild plants kill off
other species by overshadowing them. Under

a close thicket of dogwoods ( Cornus), hazels,

Fic. 26. Stem of **smilax’ (Myrsiphyllum)

{, scale-like leaves; e, clado;)hyll, or leaf-like branch, growing in the axil of a
leaf; ped, flower stalk, growing in the axil of a leaf

or buttonbush, hardly any smaller plants can grow, and the
most successful competitors with the bushes are such climbers
as the cat brier (Smilaz, Fig. 49),! climbing false buckwheat
(Polygonum), wild morning-glory, and climbing hempweed
(Mikania). These support themselves on the bushes or other
plants, and secure all the light they need by running along
the tops of the supporting plants.

1 This is not the familiar greenhouse plant shown in Fig. 26, which is
usually called smilax by florists.
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As a result of competition with each other to secure light,
plant stems often become greatly lengthened. Any one who
is observant and familiar with things ont of doors must have
noticed the different form (kabit it is called by botanists) of

LRV o |

Fi1a. 27. Pruning as an effect of
shade

The large American beech in the fore-
ground has developed no considerable
limbs on the right, because, until it
was well grown, another beech stood
within fourteen feet of it, on that side

such plants as giant ragweed
(Ambrosia) or hemp as they
grow tall and little-branched
when in dense clumps, or low
and spreading when they stand
singly. And full-grown trees
such as pines are nearly branch-
less for most of their height,
when growing in dense forests,
but low and broad-topped with
many lateral branches when
growing alone in a pasture
(Fig. 246). A tree growing on
the edge of a patch of dense
woods may develop the pasture
habit on its exposed side and
the forest habit on the side
toward the woods, like the tree
in Fig. 27.

42. Danger from excessive
height of stems. Wheat, oats,
or corn plants are sometimes
blown down by severe winds,
and a field of grain in this con-
dition is said to be “lodged.”
Large tracts of forest may also
be greatly damaged by severe
storms, particularly- when the

trees are loaded with sleet (Fig. 28), and the area covered with
broken-down tree trunks is known as a “windfall.” But neither
tall grain nor forest trees can be blown down as easily when
growing massed together as when standing singly, since every
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Fic. 28. Cottonwood trees on the day after a sleet storm
Many branches have been broken off by the weight of the sleet

individual in the interior of the field or forest is much sheltered
from the wind by its neighbors, and all together present enough
resistance partially to impede the wind. Scientific foresters in
clearing the trees off a large tract begin on the sheltered side and
cut toward the quarter from which severe storms usually come.
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43. Growth in length. Under favorable conditions the
younger portions of the stem for a good while increase con-
tinually in length, The rate of growth varies greatly in dif-
ferent plants: sunflowers and giant ragweed (Artemisia) may
grow to a height of 10 or 12 feet, and climbers like gourds
and hops to a length of perhaps 40 feet, in a single summer.
On the other hand, pine seedlings during their first summer
only grow to be from 1 to 3 inches high, and oak seed-
lings less than 5 inches. The growth per year for a time
continues to increase and then diminishes. For example, the
long-leaf pine (Fig. 261) grows only about three quarters
of an inch the first year. For the first fifty years it makes
an average annual growth of 14 or 15 inches; for the next
fifty, 4 or 5 inches; and from one hundred years to extreme
old age, about one and one-half inches. It usually lives about
two hundred years.

The growth of the younger nodes of most plants is quite un-
equal, as may be learned from the study of a rapidly growing
stem, such as the morning-glory.! It will also prove interest-
ing to measure such plants as corn, broom corn, hemp, and
pole beans, to determine whether they elongate more during
the day or the night, and during warm or cool weather.

44, Internal structure of the young dicotyledonous stem.?
The structure of the fully developed stem can best be under-
stood by tracing its development from the time when the em-
bryo begins to grow in the sprouting seed. That, however, is
a rather difficult process to follow, so this brief account will
begin. with the stem already considerably developed.

In common language the dicotyledonous stem is said to con-
sist of bark, wood, and pith. These regions are very distinetly

1 See Bergen and Davis’s Principles of Botany, p. 17.

2 See also Sects. 45-48. The stem of many gymnosperms (e.g. trees of
the Pine family) in its general structure much resembles the dicotyledon-
ous stem. For a general account of the stem structure of dicotyledons and
monocotyledons see Coulter, Barnes, and Cowles’s Textbook of Botany,
chap. iv, A. ANGIOSPERMS,
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seen in the youngest twigs of most of our dicotyledonous
trees and shrubs, such as willow, poplar, sassafras, and elder.
The early structure of dicotyledonous stems is in some ways
best shown in the stems of woody climbers. Fig. 29 shows

e b ¢ P
Fic. 29. Diagrammatic cross section of one-year-old Aristolochia stem

e, region of epidermis; b, hard bast; o, outer or bark part of a bundle (the cellular

portion under the letter) ; w, inner or woody part of bundle; ¢, cambium layer;

p, region of pith; m, a medullary ray. The space between the hard bast and the

bundles is occupied by thin-walled, somewhat cubical cells of the bark. Consid-
erably magnified

Fic. 80. Diagrammatic cross section of sunflower stem

P, pith; fv, woody or fibrovascular bundles; e, epidermis; b, bundles of hard bast
fibers of the bark. Somewhat magnified. After Frank

the relative position of the structural components of the one-
year-old stem of Dutchman’s-pipe, as seen in a cross section.
The outer cylinder (e—c) is bark ; the central portion ( p) is
pith. Between bark and pith, extending both inward and out-
ward from the cambium layer (¢), are fibrovascular bundles
(0-w), seven of which are shown in the figure. Each bundle
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consists of a cellular portion (0) which belongs to the bark
system, and a fibrous and tubular portion (w) which belongs
to the wood system. Briefly stated, the uses of some of
the several parts are as follows: (1) The epidermis serves as

3 L L
U =
Fic.31. Lengthwise section through

the vascular part of a fibrovascular
bundle of sunflower stem

The tubes with spiral markings (spiral
vessels) are the principal channels for
the conduction of water. Between and
around them are thin-walled nucle-
ated cells, containing much cell sap.
Much magnified. After Frank

a protective covering for the
young stem, and to a consider-
able extent prevents it from
becoming dried up.

(2) The layers of cork cells
soon formed close beneath the
epidermis (not separately shown
in the diagram) prevent loss of
water and consequent drying up.

(3) The layers of green cells
which at first directly underlie
the epidermis (not shown in
the diagram) are useful in the
manufacture of plant food.!

(4) The fibrous cells of the
hard bast (%) give toughness to
the stem.

(5) The thin-walled tubes
of the outer portions (o) of the
bundles ecarry manufactured
plant food in liquid form down-
ward or toward the roots.

(6) The cambium layer (¢)
(shown proportionally thicker
in the diagram than it really is)

grows, and on its outer side it forms new bark, while on its
inner side it forms new wood (see Sect. 47).

(7) The woody portions (w) of the bundles carry water
upward or toward the leaves. The fibers which constitute a
considerable portion of the wood part of the bundles both
stiffen the stem and make it tougher.

1 See Sect. 40.
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One-year-old stems of dicotyledonous plants which are not
climbers usually differ in structure from the type shown in
Fig. 29 mainly in having the bundles more or less completely
joined into a continuous cylinder (shown in the cross section

as a ring, Fig. 80).

45, Strengthening cells. There are several kinds of cells
which give either toughness, stiffness (Sect. 46), or both of
these qualities to the parts of the plant body

where they occur. Only four of these kinds
need be mentioned in this place. The two
shown in Fig. 82 are-commonly found in the
cortex of dicotyledons. Collenchyma cells (4)
are like the thin-walled cells of the pith, but

are reénforced at the
angles, just as some
packing boxes have
strips of board nailed
fast on the inside of
the box at the junc-
tions of the sides.
Bast fbers (B) are
extremely  slender
tubes, with closed
and pointed ends,
much like a piece of
thermometer tubing
drawn to a point in
a gas flame and thus
closed. Collenchyma
gives moderate stiff-
ness to the parts in

B

Fie. 32. A, collenchymatous and other tissue
from stem of balsam (Impatiens); B, a group of
hard-bast fibers

e, epidermis; ¢, collenchyma ; %, intercellular spaces

between large parenchyma cells; a, cut-off ends;

b, lengthwise section of fibers. Greatly magnified.
A, after Strasburger; B, after Tschirch

which it occurs, and is highly elastic, so that it does not
hinder the growth of the stem which it incloses. Bast fibers
are flexible but very tough, and therefore enable the parts
of the root, stem, or leaf in which they occur to resist being

pulled apart.
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Two other kinds of cells which are important in giving
strength to the plant body are shown in Fig. 83. Tracheids

F16.33. A, tracheid;
B, fiber tracheid of
oak wood
Magnified about 125
diameters. After G.
Miiller

(4) form a considerable part of the fibro-
vascular bundles and of the wood cylinders
of dicotyledons. The slender thick-walled
ones, known as fiber tracheids (B), greatly
strengthen those parts of the plant in which
they occur. There is considerable difference
between wood fibers proper and tracheids in
regard to the tissues with which they are
generally associated, but the fibers do not
differ much in form from the most slender
tracheids. Generally, however, tracheids are
a good deal stouter than wood fibers, they
have rounded ends, and they show spiral or
ladder-like markings or oval or nearly circular
pits on their sides. Bothwood fibersand thick-
ened tracheids serve to stiffen and toughen
the parts of the plants in which they occur.

46. Mechanical arrangement of strength-
ening materials. Most people know, in a
general way, that a metal tube is stronger
than a solid rod of the metal, of the same
weight per foot of length. So, too, a T-rail
for steam or street cars, or an I-shaped girder
for bridge or other construction, is much
stiffer than one of simple rectangular section
like an ordinary plank.

In many plants the stems and leaves show
great economy of stiffening material, having
the portions of rigid tissue so disposed as to
act in the most advantageous way. Many
dicotyledons and great numbers of mono-
cotyledons, especially the grasses, have hol-
low, nearly cylindrical stems. Sometimes the
main stem is not entirely hollow, but portions
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of it are, as in the case of the hollow flower stalk of the garden
rhubarb and the dandelion. More frequently the stem is not -
hollow, but a large mass of very light spongy pith occupies
the interior, as in corn, young twigs of elder (Fig. 34, 4) and
sumach, and in the entire stem of the sunflower.

The stiffness of the young stem may be due almost wholly
to collenchyma, as in the balsam (Fig. 82) and the elder
(Fig. 34, 4), or it may depend largely on the presence of
wood fibers and tracheids in the bundles, as in the sunflower
(Fig. 30). Sometimes collenchyma and fibers codperate, as
shown in the flower stalk of Eryngium (Fig. 34, B). In the

Fi6. 34. Arrangement of strengthening tissue 4, B, in stems; C, in the root

A, eross section of a young elder twig; B, cross section of flower stalk of Eryn-

gium ; C, cross section of a small root; coll, collenchyma; cort, brittle cortex;

cyl, tough central cylinder; f, fibrous cylinder around a central hollow portion;
D, pith; w, woody bundles surrounding the pith. After Strasburger

case of dicotyledonous trees the stiffness of the trunk, resisting
the severest storms, is mainly due to the immense number of
tracheids and fibers in the wood of the annual eylinders.

- The stems of woody climbers need to be at once tough and
flexible. Many such vines have, while young, the structure
shown in the cross section of Dutchman’s-pipe (Fig. 29), with
the bundles arranged in a discontinuous series around the
central pith and not united into a cylinder. This makes the
stem flexible in the same way that a wire cable is more flex-
ible than a solid metal rod.

Roots (except prop roots) do not need to possess much stiff-
ness; it is necessary for them to be tough to resist lengthwise
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_pulls, but laterally they are supported by the earth. Accordingly
it is usual to find young roots with a fibrous central cylinder of

plz.
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F1c. 85. Cross section of a stick of oak wood

m, medullary rays, running from bark to pith;
7, “‘annual rings”; b, boundaries between
*rings,” porous from presence of many ducts;
1, interior fibrous layers of dead bark; pl, hard
plates of dead bark, splitting away from each
other but attached to bark beneath. Reduced

comparatively small di-
ameter, surrounded by a
coating of much weaker
tissue (Fig. 34, C).

47. Limited - thicken-
ing of annual stems. In
stems of large dicoty-
ledons which die to the
ground every year, such
as sunflowers, ironweeds,
hemp, giant ragweed, and
so on, growth in thick-
ness goes on throughout
the summer. The outer
cells of the cambium con-
tinually split up, by the
formation of tangential
partitions (parallel to
the bark), and so form
new layers of bark. The
inner cells of the cam-
bium, in a similar way
and to a still greater
extent, form new wood,
and thus the stem goes
on increasing in thick
ness. But in such plants
as those just mentioned
the activity of the cam-
bium is strictly limited.
After it has given rise

to a certain amount of new tissue, growth stops and the stem
dies down to the ground. The death of annual stems in the
autumn is often thoughtlessly supposed to be due to the
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arrival of cold weather, but it occurs just as certainly, and
often after a briefer period of growth, in regions where there
is no cold winter.

48. Annual thickening. In stems such as those of dicotyle-
donous trees and the trees of the Pine family and other cone
bearers, which live for many years, the cambium forms a new
layer of bark and of wood every year.! These annual layers are
usually more noticeable in the wood than in the bark, because
the wood cylinders thus formed remain closely joined together
(Fig. 85). The newer lighter-colored portions of the wood are
known as sapwood, and the older portions, often darkened by
the deposit of coloring matter, are known as heartwood. Not
infrequently the heartwood decays and leaves the tree hollow.

(1) How old is the stick of wood shown in Fig.35? (2)
Did it grow equally fast during each year of its life ? Dis-
cuss this question. (8) Why is the name “ annual rings ” not
an accurate one ? What are they really ? (4) Is each year’s
growth uniform all round the stem? (5) Had this stem any
branches in the portion shown by the section ? How could
the age of the stem, at the time when a branch began, be
known (Fig. 87)?

The hardwood trees show great differences in the rate at
which their trunks increase in thickness. Poplars, basswoods,
willows, or red oaks, growing in good soil and unshaded, may
for forty or fifty years form annual rings as much as three
eighths of an inch thick. But old beeches and sugar maples
in the forest, after they have passed the hundred-year limit,
often grow not more than about one sixteenth of an inch per
year. When very old, though still sound, they may grow only
about one twenty-fifth of an inch per year.

Two of the most important of our coniferous or needle-
Jeaved timber trees are the white pine and the long-leaf
pine. A white-pine tree, overtopping most of its fellows in
the forest, is, on the average, at ten years 0.9 inch in diameter,

1 In the tropical regions, where there is no marked change of seasons, the
wood often grows rather evenly all the year round.
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at one hundred years 17.2 inches, and at two hundred years 31
inches. The average thickness of the * annual rings” during

Fie.36. Diagrammatic section through
the growing tip of a dicotyledonous
shoot, showing origin of branches

g, the growing tip of the shoot; /, leaves,
those at the upper part of the shoot the
youngest; by, by, bs, b4, branches of
various ages, arising in the axils of the
leaves. Note that only the older leaves
and branches have fibrovascular bundles,
connecting with those of the main portion
of the shoot (all deeply shaded in the
diagram). After Luerssen

the life of the tree throughout
its second century is therefore
about one fourteenth of an
inch. In the Southern long-
leaf pine, growth is slower.
The increase in thickness of a
tree two hundred and twenty
years old and 17% inches in
diameter was only one inch
during the last forty years,
—or one fortieth of an inch
per year.

In successful white-pine
trees (that is, the taller and
only slightly shaded ones of
a forest) the total amount of
wood formed in the trunk
per year is, at fifty years,
about one fourth of a cubic
foot, at sixty to seventy years
one cubic foot, at one hun-
dred years one and one half
cubic feet.!

49, Origin of branches. The
branches of dicotyledons be- -
gin as little elevations or
rounded outgrowths from the

axis of the leaf bud, which often terminates the stem.2 The
extreme tip of the stem is the growing point (g, Fig. 86). This
and much of the neighboring region is made up of cells which

1 See “The White Pine,’’ Bulletin 22, Division of Forestry, U. S. Dept. Agr.
2 Buds are treated more in detail in Chapter VI, but it seems best to say
a few words in this place about the relation of the beginning branch to the

axis from which it grows.
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are rapidly dividing to form new ones, or, if not dividing, will
begin to do so whenever they are placed under favorable
conditions. Just back of the growing point appear little
protuberances (7) which are to develop into leaves. Further
along on the stem, each just forward of a rudimentary leaf,
are still more rudimentary branches (b, b,, and so on). In
their youngest condition neither leaves nor branches con-
tain any fibrovascular bundles, but these soon appear, as
shown by the heavily shaded areas in the figure. Once
equipped with bundles for the transportation of water and
food materials, the growth of the young branch into a stem
like that fromn which it sprang, with bark,
wood, and pith of its own, is comparatively
rapid. Branches of trees, being structur-
ally of the same nature as the stem, form
“annual rings,” just as the main trunk
does. The wood of the branch cuts across
the “annual rings” of the trunk and forms
a knot (Fig. 87).1

50. Internal structure of the monocoty-
ledonous stem. In the very young mono-
cotyledonous stem of seedlings the fibro-
vascular bundles are constructed like those
of dicotyledons, with the wood elements
on the one side and the cortical elements on
the other, as in Fig. 29. But in the full-
grown stems of most monocotyledons the
bundles have their vessels and other wood h

) 2 a knot in a tree trunk

elements arranged in a hollow cylinder )
3 ¢ . R, cut-off end of stick,
inclosing that part of the bundle which ghowing annual rings:
corresponds to the portion shown outside X, knot, formed by
of the cambium ring in Fig. 29. In the g oo
adult monocotyledonous stem (when it is sohd) the bundles
occur scattered all through the pith, as shown in a section of

Fi16.37. Formation of

1 Knots may also be produced by injuries, but most of those found in
ordinary lumber were caused by branches.
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asparagus or corn stem (Fig. 88). No such complicated bark
as that of woody dicotyledons is found in monocotyledons.
51. Growth in thickness of the monocotyledonous stem. The
very young stem of monocotyledons may for a time increase
considerably in diameter by the formation within it of new
bundles. But in monocotyledons all the cambium becomes

Fic. 88. Cross section of a corn stem (monocotyledonous)

¢, cortex; b/, small fibrovascular bundles near the cortex; b,large bundles in the
. interior of the stem; p, pith-like material between bundles. About one and one-
half times natural size

changed into other tissues, so that none is left (as it is in
dicotyledons) to develop new tissue. In monocotyledons the
bundles are said to be closed, while those of dicotyledons in
which active cambium remains are said to be open. Most
monocotyledonous trees, such as the palms, cannot form an-
nual rings of wood. A few tree-like monocotyledons have
trunks which continue for many years to increase in thickness,
but the thickening of the trunk takes place in a manner wholly
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different from that of dicotyledons. Many monocotyledons,
such as the rattans, are remarkable for the extraordinary length
and slenderness of their stems,
which often scramble for hun-
dreds of feet over the tropical
forest.

52. Arrangement of leaves
upon the stem. A glance at any
leafy twig usually suffices to
show that the leaves do not
spring from it haphazard but
are definitely arranged. The
Fi¢. 39. Top view of vertical shoot sommonest, methods of le'af

of " syringa” (Philadelphus) arrangement are the opposzte

The leaves are arranged in pairs and plan, in which the leaves spring
each pair overlies the spaces between from the nodes in pairs (Figs,

the pairbelow it. One third natural size 39 and4 O), dbin iho maples, the
ashes, the mints, and many other plants ; and the alternate plan,
in which the leaf origins form a spiral about the stem, as in

Fic. 40. Top view of a horizontal shoot from the same shrub shown in Fig. 39

The leaves spring from the branch in the same order as do those of the vertical
branch, but by a twisting of the leafstalks the blades are made to lie nearly in a
horizontal position and thus secure abundant illumination. One third natural size
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oaks, corn, and most kinds of hard-wood trees and of herba-
ceous seed plants. There are many varieties of spiral arrange-
ment, the simplest
being that of corn
and other grasses,
in which the sec-
ond leaf is on the
opposite side of
the stem from the
first, and the third
is directly over the
first. More com-
plicated is the spi-
ral of our common
fruit trees (Fig.
41); and yet more
complicated those
of pines (Chapter
XVIII), of house-
leeks, and of many
other plants.

53. Arrangement on vertical stems in relation to overshadow-
ing. On a vertical stem usually no leaf directly overlies the one
next beneath . In the opposite arrangement overshadowing
is partially prevented by having the leaves of each pair overlie
the spaces between the two leaves directly below them (Fig.
39). In the various spiral arrangements the third, the sixth,
or the ninth leaf, and so on, comes directly over the first.

Since every foliage leaf usually bears in its axil a leaf bud
which may develop into a branch, it follows that branch arrange-
ment must depend upon and resemble leaf arrangement) It is
clear, therefore, that the branches cannot usually directly over-
lie each other. This is plainest in the case of opposite leaves
and branches, but it is fairly evident in many other cases.

Fi1c. 41. Alternate arrangement of leaves

An apple twig in the antumn

1 Branch arrangement is often obscured by the dying of most of the
branches (Sect. 60).
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54, Leaf positions on horizontal stems, and overshadowing.
If a rapidly growing plant, as a sunflower, is bent over so as to
lie flat on the ground, its younger leaves soon readjust them-
selves to the new position. Horizontal branches of trees and
shrubs are very different from vertical shoots as regards the
position of the leaf blades with reference to the stem. Though
the opposite or the spiral arrangement of the leaf origins is the
same, a twisting of the stem, or a lengthening, or twisting, or

F1c. 42. Rosettes of evening primrose

Two species are shown : Enothera rhombifolia on the left, and (. biennis, a very
widely distributed species, on the right. Photograph by W. J. G. Land

other change of position of the leafstalks usually occurs. This
comes about in such a manner as to put the leaves in a favor-
able position to receive the sunlight (Fig.40). Prostrate stems,
like those of pumpkins, squashes, cucumbers, poison ivy,
English ivy, and a host of others, when lying on the ground,
arrange their leaves much as do horizontal branches of trees.
Trees that have fallen in such a way as to leave the roots in the
soil may have one or more branches assume the form of a tree.
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55. Leaves of apparently stemless plants. Many plants have
a stem so short that they are commonly spoken of as stemless.
Most of these are perennials, such as the Iceland poppy, the
common plantain, the true primroses (Primula), and the dan-
delion. There are also numerous biennials, such as the parsnip,
the carrot, some
species of wild let-
tuce, many evening
primroses  ( &no-
thera), and other
plants, which form
atuft of leaves close
to the ground the
first year and then
send up a leafy
stem which flowers
and fruits the sec-
ond year. Such a

Fic. 43. Wild ginger, an apparently stemless plant

A, the entire plant, with running rootstock ; B, top view of flower; C, lengthwise
section of flower; /, limb of calyx; o, ovary. Reduced

tuft of leaves as that of the dandelion or the evening primrose
(Fig. 42) is called a rosette, and plants in which the appar-
ently stemless condition, with a cluster of radiating leaves, is
permanent are known as rosette plants. Many of these are
natives of alpine regions, and some, such as the century plant
(Agave, Fig.62), are found in hot, dry climates. Quite generally
the shape of the leaves in rosette plants secures economy of
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light, as they are either narrowed at the base or borne on long
leafstalks, so that they do not overlap and shade each other at
the bases. The leaves of the century plant are broad at the base,

Fic. 44. Leaf mosaic of a begonia
The leaves are so disposed that little shading of one leaf by another occurs

but this portion is pale and much thickened and does hardly
any photosynthetic work, serving rather as a storehouse for
plant food. At flowering time this food is removed, the leaves
droop, and after the seeds are ripe the leaves die (Fig. 63).

Fic. 45. Mosaic formed by leaves of unequal size
Top view of a branch of deadly nightshade. After Kerner

56. Leaf mosaics. Any combination of leaves, whether
found in rosette plants or on longer stems, in which the space
is very fully occupied by leaves, with few spaces horizontally
between them, is called a leaf mosaic (Figs. 44 and 45). Walls



60 PRACTICAL BOTANY

covered with Japanese ivy furnish beautiful examples of leaf
mosaics on a large scale, and many of our common house plants
illustrate the same phenomenon. In any leaf mosaic many
of the leaves occupy a very different position from that which
they would have if borne on a vertical stem.

4

F1c. 46. Poison ivy, a root climber
Reduced

57. Obtaining better illumination
by climbing. While the “stemless”
plants and low mosaic formers uti-
lize light very advantageously by
the disposition of their leaves, many
plants get an increased light sup-
ply by climbing. On account of the
great height and dense growth of
tropical forests, climbing plants or Zanas reach their greatest
development in those regions, often running hundreds of feet
to emerge at last into the blazing sunlight above the tree tops.

F16. 47. Twining stem of hop
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Climbers are, however, quite generally distributed, and many
are familiar plants of our own flora. They may be roughly
classed into (1) scramblers, (2) root climbers, (3) twiners,
and (4) tendril climbers.

Scramblers sprawl among and over the tops of bushes and
thickets. Examples are some kinds of asparagus, our common
climbing rose, and cleavers ( Galium Aparine).

F1e. 48. Woodbine or Virginia creeper, a tendril climber
Reduced

Twiners raise themselves by winding the stem about any slen-
der upright support that offers itself. Well-known examples
are pole beans, morning-glories, and the hop. The details of the
process by which twiners wind themselves about a supporting
object cannot be very briefly stated. If carefully watched,
the growing tip of the shoot will often be found to describe
revolving movements like those of the hands of a watch. When
the movement is arrested by contact of the shoot with an ob-
ject not too large for the climber to twine about, the resistance
which the young moving stem encounters causes it to wind
permanently around the resisting object (Fig.47). Usually
the direction of the coils for any given plant is the same.
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Tendril climbers attach themselves to the stems or branches
of other plants or to inanimate objects by means of special,
slender, thread-shaped, leafless organs called tendrils. These
are modified leaves or parts of a leaf, as in the pea (Fig. 306) ;
or modified branches, as in the grape, the Virginia creeper
(Fig. 48), and the passion flower. When a living and active
tendril comes into contact with a support, this contact causes
growth to take place more rapidly on the exterior side of the

Fic. 49. A tropical Smilax, a tendril climber

a, tendril coiled about a portion of the stem; [, tendril coiled about a leafstalk ;
br, a young branch; ¢, young unattached tendrils

tendril (that side which does not touch the foreign object),
and thus the tendril is made to coil about the support. The
sensitiveness of some tendrils is almost inconceivably great.
Those of the star, wild, or bur cucumber (Sicyos) are stimu-
lated to curve by a moving weight of <554 of a grain, or
one eighth of the smallest amount which can be perceived
by the most sensitive part of the human skin (the face).
After a tendril has become attached the free portions are also
thrown into coils and thus the plant is drawn closer to the
support. As a result of its attachment the tendril becomes
stronger and often considerably thicker. In some plants,
as the Virginia creeper, the tendrils are enabled to fasten



Fie. 50. An English ivy (Hedera) grown in front of a south window

W W, the line of the window casing; all to the right of this is unlighted wall. The

tips of the shoots (f) avoid the light; the young leaves ({) have assumed no defi-

nite position; the mature leaves are nearly at right angles to the light coming
from the direction of the arrow; r, aérial roots

63
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themselves to flat surfaces, as of stones or bark, by developing
disks which act as suckers. These may stick so fast to the sup-
porting surface
that the tendril
can be broken
without tearing
them away.

58. Leaf posi-
tions avoiding ex-
cessive illumina-
tion. While the
leaves of plants
growing in the
shade often suf-
fer from lack of
sunlight and are usually so arranged as to utilize most fully
what light there is (Fig. 50), it is possible for leaves in exposed
situations to have too much light. It seems certain that the most
powerful sunlight may injure the chloroplasts and therefore
cripple the power of the leaf to do its work of photosynthesis.

Compass plants, such as the common prairie species (.\Sil-
phium) and the prickly lettuce, have leaves somewhat erect,
with edges directed nearly
north and south, thus se-
curing good illumination
during the cooler morning
and evening hours, but pre-
senting the leaves nearly
edgewise to the sun at noon.
Many other plants maintain
some or all of their leaves
in a nearly vertical posi-
tion, but with the edges
not directed north and south. In the olive (Fig. 51) many
leaves point nearly upward, while in the commonest species
of Eucalyptus the leaves hang vertically downward.

F1c. 51. Nearly vertical leaves
of the olive

Fic. 52. A leaf of red clover

At the left, leaf by day; at the right, the
same leaf at night. Natural size
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In a great number of trees the young leaves from recently
opened buds stand erect or hang straight down. In one
tropical species! it is estimated that these young drooping
leaves do not get more than z1; as intense illumination as is
received by the most exposed of the mature
leaves.

59. Daily movements of leaves. It is com-
mon to find leaves assuming different posi-
tions during different portions of the day, or
even whenever (as from the long continuance
of clouds over the sky) the intensity of the
sunlight is much altered. These daily changes
of position are particularly frequent in plants
of the Pea family, and many of these have a
special cushion-like organ, the pulvinus, at
the base of the leafstalks or of the leaflets,
which produces the movements. Sometimes,
as in Fig. 52, there are only two principal
positions assumed during the entire twenty-
four hours, one for the day, the other for the
night. In other cases there are at least three
well-defined positions, as in the case of the
black locust leaf. In this the leaflets droop
at night, remain nearly horizontal in ordinary
da}Irlight, a.nd stand erect in full_ sunlight. Fro. 53, The purple

t is certain that the plant gains some ad-  yood sorrel, with
vantages from the change from horizontally the leaves in the
placed to vertically placed leaflets, and the mocturnal position
reverse. The horizontal position is (as already ~ One third natural
stated) favorable for photosynthesis in mod- i
erate light, and the vertical position hinders undue absorp-
tion of intense sunlight by the chloroplasts. What benefit
the plant gets from the assumption of the night position by
the leaves, and of how much importance this is, are questions
as yet unsettled.

1 Amherstia nobilis, from Burma.
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60. Self-pruning of leaves and twigs. Many trees and shrubs
begin to shed some of their leaves even in the spring, very
soon after the leaves are well grown. Examples of this are
the lilacs, the syringa (Philadelphus), the cottonwood, the
horse-chestnut, the box elder, and some lindens. Still more
common is the loss of leaves during the summer, which may
amount to 30 per cent of the total number of leaves. This
leaf fall, coming long before the leaves are cast off in the autumn
as a preparation for winter, affects mostly the leaves inside
the crown of the
tree, which have
such scanty light
that they can-
not accomplish
much photosyn-
thesis.

Leaves, twigs,
and even larger
branches which
are not getting

an adequate sup-

ply of light or of

Fic. 54. A leaf of acacia waterare pr'uned

A, as seen by day; B, the same leaf at night. After away by the tree.

Darwin Were it not for

this, the dense growth in the interior of the tree top and
along the trunk would soon render further branching me-
chanically impossible. What one sees on looking up along
the trunk into the top of a large tree is mainly dead or dying
branches, with few leaves. It is this self-pruning and pruning
by neighboring trees which makes the straight trunks, free
from knots and most valuable for timber, in trees grown in
woodlands, where they stand moderately close together. In
some instances, as the so-called snap willows, the cotton-
wood, and the large-toothed aspen, live twigs fall very freely
from the tree during wind or snowstorms, or when it is loaded
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with sleet (Fig. 28). These may be blown over crusted snow
or floated along by brooks or rivers near which the trees
grow, and doubtless often lodge in spots where they take root
and grow into new trees.

61. Aérial, floating, and submerged leaves of water plants.
Many plants which grow rooted under water have only aérial
leaves. To this class belong many arrowheads, the cat-tails,

Fi1c. 65. Victoria regia and other tropical and sub-tropical water lilies at
the nurseries of Henry A. Dreer, Philadelphia

The Victorias have the largest known floating leaves, sometimes six feet in
diameter and, like rafts, capable of supporting large water birds

wild rice, pickerel weeds, and other familiar species. A few
common plants like the pond lilies and Victorias have floating
leaves only (Fig. 55). Some water crowfoots and pondweeds
have all their leaves submerged, while other species of these
plants and some arrowheads have part of their leaves ex-
posed to the air and others wholly under water.

Submerged leaves are often made up of many thread-like
divisions, apparently to enable them to present as much
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surface as possible to the water, in order that they may ab.
sorb from it the gases dissolved in it. Their shape somewhat
resembles that of the gills of fishes, and the thread-like divi-
sions of the leaf and the gill both have to do the work of
absorbing dissolved gases.

62. Leaves in relation to water supply. The form and size
of leaves are frequently dependent on the water supply which
the plant receives. In many plants which grow in moist soil
or even in swamps the leaves are large and often entire, as
in the Cypripedium, skunk cabbage, white hellebore, papaw,
and the magnolias.

In very dry soils or where the rainfall is scanty or lacking
during a considerable part of the warm months, there occur
many plants whose leaf surface is very small, as in some Eu-
phorbias, aloes, and heaths (Zrica); or is even practically
wanting, as in most cacti (Fig. 65). This reduced leaf
surface evidently fits plants admirably to resist death from
excessive transpiration during droughts.

When the soil temperature is nearly at the freezing point
most plants are unable to absorb much water by their roots.
It is probably mainly due to this fact that our ordinary winter
deciduous trees owe their habit of shedding the leaves at the
approach of winter. If their actively transpiring leaves were
to remain at work while the ground was almost or quite frozen,
the tree would suffer a fatal loss of water. Winter deciduous-
ness is not a perfectly definite phenomenon, always setting in
at precisely the same season. For example, the common Jap-
anese honeysuckle, which is deciduous in the late autumn or
early winter in the Northeastern States, is almost or quite ever-
green in the South, and the trumpet honeysuckle is deciduous
in the North and perfectly evergreen in the South. Such de-
ciduous trees as the American tulip tree (Liriodendron) and
the English oak become irregularly evergreen in the very
uniform climate of West Java ; that is, they show in December
and January (on separate boughs) a state of things correspond-
ing to their winter, spring, and summer condition in their
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native countries. The process of shedding the leaf is a some-
what complicated one, being brought about by the formation
of a waterproof layer of tissue at the base of the leafstalk,

F1e. 56. An evergreen rhododendron, typical of leathery-leaved
non-deciduous dicotyledons, in very early spring

A deciduous rhododendron (azalea) is seen leafless in the foreground
Photograph by Robert Cameron

thus cutting the leaf off from communication with the stem.
Before this is formed, the plant food in the leaf has usually
been conveyed into other parts of the plant, so that when the
leaf falls it takes with it little of value.
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Some trees and many shrubs in countries like the Medi-
terranean region and California, where the hotter months are

Fi1e. 57. Hairs which protect leaves from excessive loss of moisture

A, T-shaped hairs of wormwood ; B, silky hairs of Convolvulus; C, shield-shaped
scaly hairs of El@agnus. All considerably magnified. After Kerner

nearly rainless, are summer-deciduous, losing almost or quite
all of their leaves at the beginning of summer. Twigs in

this leafless summer condi-
tion have been found to
lose only about 45 as much
water in a given time as
they do when in full leaf.

63. Hairs and other cover-
ings of the leaf surface. The
leaves of many kinds of
plants are covered with a
layer of wax or of a var-
nish-like material; some are
coated with a deposit of
lime salts, and all of these
substances appear to hin-
der excessive loss of water
from the leaves. A similar
purpose is subserved by a

Fic. 58. Part of epidermis of geranium
(Pelargonium), surface view

h, hairs, the one at the left consisting of one
cell, the one at the right several-celled and
bearing a gland at its tip; e, stout celis of
the epidermis, which serve to support the
hair. Between the hairs a stoma is seen,
Considerably magnified
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clothing of dry hairs, which often assume very curious forms
(Fig. 57). These may completely cover one or both surfaces
of the leaf (usually the lower one). Such hair-clad leaves are
very commonly found on mountain and desert plants and on
those which grow in regions with a long and rainless summer,
and it has been experimentally proved that the hairs greatly
lessen evaporation from the leaves. Speaking of the flora of
the summer-dry Mediterranean region, the distinguished Aus-
trian botanist Kerner says: “The trees have foliage with gray
hairs ; the low undergrowth of sage and various other bushes
and semi-shrubs . . . as well as the perennial shrubs and
herbs growing on sunny hills and mountain slopes, are gray
or white, and the preponderance of plants colored thus to
restrict evaporation has a noticeable influence on the charac-
ter of the landscape. He who has only heard from books of
the evergreen plants of the Greek, Spanish, and Italian floras,
feels at the first sight of this gray vegetation that he has been
in some degree deceived, and is tempted to alter the expression
“evergreen’ into ‘ever gray.’”

Hairs which contain liquid, like the gland-bearing one in
Fig. 58, do not serve to prevent evaporation, but are some-
times of much use for other purposes, as in carnivorous plants
(Chapter XXT).



CHAPTER V

UNDERGROUND STEMS; STORAGE IN STEMS AND LEAVES;
REPRODUCTION

64. Characteristics of underground stems. The popular notion
of what a stem is, includes the idea that it is an aérial part of
the plant. It is easier to recognize as roots such structures
‘as the agrial roots of corn and of poison ivy than it is to rec-
ognize as stems the thickened underground portions of iris,
jack-in-the-pulpit, dragon-root, trillium, or potato. Frequently,
- like aérial stems, underground

stems are divided into nodes
and internodes; and many of
them bear scales which repre-
sent leaves, and produce buds
in the axils of these scales.
Such buds are well shown in
the underground stems of some grasses.
Dicotyledonous underground stems usu-
ally have distinet bark, wood, and pith,
while most dicotyledonous roots do not
have pith, though some do.

Fic. 59. A May-apple plant, showing the history of the rootstock

1 is the oldest surviving portion of the rootstock; 2 is a year younger; 3 a year

younger than 2, and so on. At each figure the cluster of roots marks the position

of the base of the npright stem for that year, as is shown at 6. b, bud for the new

year’s growth; br, bract at the base of the present stem. One sixth natural size
72
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Some of the principal forms of underground stems have for
convenience been given special names. The elongated forms
like that of the May apple (Fig. 59), mints, couch grass, and
many other plants, and some stouter kinds like that of trillium
and Solomon’s-seal (Fig. 60), are known as rootstocks or rhizomes.
The very short shoots with disk-like stems and a covering of
scales, familiar in some lilies, the hyacmth (Fig. 61), and the
onion, are called dulbs.
Much like bulbs, ex-
cept that the stem is
more developed and
that the scales are
almost lacking, are tu-
bers, like those of the
Jerusalem artichoke
(Fig. 67), the potato,
and the crocus.! The
potato is a particularly Fic. 60. Rootstock of Solomon’s-seal

gOOd tuber for Study 5> rh, rhizome or rootstock; b,d’, buds; r, roots;
as it has well-defined s, stem. The scar where an old stem was attached
is seen just above b’

nodes and internodes
the buds (““eyes”) are arranged in a distinctly spiral manner,
and are borne in the axils of little scales which represent leaves,
and not infrequently the tuber is considerably branched.

65. Aé€rial outgrowths of underground stems. Some under-
ground stems produce a leafy aérial stem, while others send
up leaves but have no stem above ground. A good example
of the former class is the lily or the Jerusalem artichoke; of
the latter, the ferns of temperate regions, many grasses, wild
ginger (Fig. 43), and some of the commonest violets (Fig.
124). In any case the agrial parts of herbs, in cold or tem-
perate climates, usually die to the ground at the beginning
of winter. In regions with a long, rainless summer they fre-
quently die soon after the end of the spring rains. The buried

1 Such very short underground stems as that of the Jack-xn-the—pu]plc
and the crocus are often called corms.
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part of the plant body, with its terminal bud or sometimes
lateral buds, is comparatively safe from extremes of cold or
dryness, and serves
to carry the life of
the plant over from
one growing season
to another.

66. Water storage
in stems. All living
stems of plants con-
tain water, and in
the case of plants ex-
posed to long peri-
ods of drought the
water stored in the
stem may be abso-
lutely necessary to
tide over the rainless
months. Some cacti
and other succulent
desert plants con-
tain enough water
to make it possible
for men and other
animals to drink
from them when they
are cut open. The
amount of water
stored in some desert

Fie. 61. Lengthwise section through a young  plantsis sufficient to

hyacinth plant carry on growth and
st, the cushion-shaped stem at the base of the bulb; .
b, the young bulb from which the next year’s growt); HE Y roduction for _ten
would proceed; sc, bulb scales; f.s, flower stalk. -years or more with-

i out renewal from
outside sources. The trunks of certain South American trees
are so swollen as to constitute something like aérial tubers,
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and great numbers of desert plants have bulbs or rootstocks
much exceeding in bulk the rest of the plant body, and con-
taining large quantities of water, protected from evaporation
by heavy exterior layers of cork.

67. Water storage in leaves. Many of the most striking
examples of succulent or fleshy-leaved plants occur among
species which are natives of dry countries or of regions where
there are long rainless periods. The century plants (Agave)
(Fig. 62), ice plants (Mesembryanthemum), aloes (Alo¢), and
Echeveria are good instances of this kind of leaf. The leaves
are sometimes cylindrical or prismatic, thus offering little
surface for evaporation, and contain great quantities of water
in the form of a thin mucilage, not easily dried up. In many
such leaves the water is largely stored in special layers of the
epidermis, while in others the. water-storage tissue is in the
interior of the leaf. During droughts fleshy leaves gradually
lose their firmness and become flabby in the same way as the
leaves of the purslane do when the plant is hoed up and left on
the surface of the ground. In this case the plant may live for
weeks and then take root and grow again after the first rain.

Sometimes plants which grow in moist soil have leaves with
water-storage layers. The oleander, for instance, grows along
water courses but is exposed for months to very dry, hot air,
during the nearly rainless summers of the Mediterranean region.
The common rubber plant (F%cus), which in India grows to
be an immense tree, is one of the most familiar examples of
water storage in the leaves of a species growing in moist soil.
Such leaves are able to withstand the great changes of tem-
perature and moisture in the air of the tropics during every
twenty-four hours, the air for two thirds of the time being
almost saturated with moisture, while during the remaining
hours the moisture is relatively low and the temperature under
a nearly vertical sun extremely high.

Plants with fleshy leaves are often found in cool, damp cli-
mates, but they usually grow on rocks or in other situations
where the water supply is at times nearly or quite cut off.
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68. Air storage in stems and leaves. In many marsh and
water plants very extensive supplies of air are stored in the

Fie. 62. A century plant, nearly
ready to blossom

The flower stalk considerably devel-
oped and the outer leaves beginning
to shrivel and droop from loss of
food transferred to the flower stalk.
Photograph by G. D. Fuller

interior of the roots, rootstocks,
the ordinary stems, and the
leaves. This stored air consti-
tutes what has been well called
an inner atmosphere, by means
of which the respiration of the
plant is much aided, especially
at times when the whole plant
body is temporarily submerged.
In those marsh or water plants
which have the most extensively
developed air passages and cav-
ities they form a complex system
which extends all the way from
the stomata to the tips of the
roots. Often a large part of the
bulk of the plant body is occu-
pied by such air cavities, sur-
rounded by slight walls of solid
material. In the leaves of Pistia,
a floating aquatic belonging to
the Arum family, 71 per cent of
the volume is occupied by air
spaces, while in ordinary land
plants these spaces may occupy
less than 7 per cent of the total
volume of the leaf.

An important mechanical use
is often subserved by stems or
leaves inflated with air, in buoy-
ing up the plant, as is well shown
by the duckweeds, the water

hyacinth (Zichhornia), and the water chestnut (Zrapa). Many
seaweeds, as the rockweed, are thus buoyed up.
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69. Storage of food. Aérial stems contain plant food, often
in great quantities. In the trunks of trees this food is present

in various forms, —as starch,
sugar, oil, and proteins. Many
kinds of sapwood turn deep blue
or black if tested with iodine for
starch in the autumn. During
the winter much of this starch
is often converted into sugar
or oil. The presence of proteins
in wood is so general that the
cheaper grades of white paper,
largely made of wood pulp, at
once turn yellow on being mois-
tened with nitric acid (protein
test). When thus tested, paper
made wholly of cotton, or of
linen rags, shows little change.
The plant food stored in wood
is wost abundant in the younger
portions (sapwood), and above
all in the cambium layer.
Underground stems often con-
tain large quantities of stored
food, and are thus useful in
tiding over the period of the
year when no food can be made,
just as they have already (Sect.
66) been shown to be of serv-
ice in storing water. There are
many shade plants—such as
trilliums, dogtooth violets (Fig.
66), wild ginger (Fig. 43), May
apple (Fig. 59), and others —

Fie. 63. The century plant of the
preceding figure as it appeared
nearly two months later

Theleaves have given up their stored

food to the flowers and flower stalk

and are now withered and valueless.
Photograph by G.D. Fuller

which leaf and blossom early in the spring and do a large part
of the storing of food for the next season in their rootstocks,
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tubers, or bulbs, before the trees under which they grow are
in full leaf, so as to shut out the abundant light necessary
for photosynthesis.

Fleshy leaves often contain much stored food, as in the
familiar century plant (Figs. 62 and 63). This receives its
name from the commonly received idea that it must store food
for a century before it can blossom. In hot climates, however,
such as that of Arizona, near Tucson, it flowers at the age of
fifteen years or but little more. By the end of the flowering
season the leaves have lost more than 90 per cent of their
weight, which has been expended in producing the immense
flowering shoot. This may reach a height of over 33 feet and
a weight of some 500 pounds. Its average growth in height
during the month of most rapid elongation has been found to
be about five and one half inches a day. Not only the plant
food, but also nearly all of the water for this rapid growth is
furnished by the leaves.

70. Food for reserve stores brought from elsewhere. In all
plants of high organization the reserve food is carried from
the cells in which it was manufactured into other cells. In
plants with fleshy leaves, like the houseleek, the century plant,
the common purslane, and many others, the greater part of the
stored starch and other nutritive materials has only been
carried from the outer portions of the leaf, where photosyn-
thesis and other manufacturing processes go on, into the leaf
interior. The distance traversed may be only a small fraction
of an inch. But in case much of the food is stored in under-
ground parts of the plant it may have been carried for long
distances, in large trees even much more than a hundred feet.

71. Form in which plant food is carried. As is suggested
in Sect. 17, the first visible product of photosynthesis in most
plants is starch. This is deposited in or about the substance
of the chloroplasts, during their exposure to daylight, in the
form of very minute grains. In the course of the night these
disappear, so that testing a leaf with iodine! shortly before

1 This turns starch grains blue or almost black.
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daylight usually gives no result. However, in case the leaf is
cut off from the stem before nightfall, it responds readily to the
iodine test for starch in the morning. This, of course, shows
that the starch made during the day had no outlet and there-
fore remained in the leaf cells where it was formed. Very
generally starch carried away from any part of the plant
body to another part is first changed
to sugar and travels in the form of a
very weak solution of sugar in water.
< On its arrival at the storage region
(as in the case of the potato plant at
the tuber) the dissolved sugar is re-
converted into starch by the action of
minute colorless corpuscles of proto-
plasm known as leucoplasts. The starch
grains deposited for storage (Fig.64)
are many times larger and show a far :
more definite structure than those Fie.64. Starch from root-
formed in t.he chloroplasts during Stck O?foocofiril:;{egrzgmﬁed
photosynthesis.

72. How plant food is carried; diffusion. If a little molasses
is poured into a straight-sided jar and water is carefully added,
a disk of porous paper being first laid on the surface of the
molasses to prevent instantaneous mixing, the water will for
a considerable time appear clear and colorless. Only after
some hours will the molasses rise and mingle much with the
water, or the latter perceptibly thin the molasses. This
process by which two liquids in contact become mixed by
the interchange of inconceivably minute portions (molecules)
of both liquids is called diffusion. The interchange of diffusi-
ble liquids through a membrane without visible pores, such as
an ordinary cell wall, is called osmosis. Ordinarily in osmosis
the stronger flow is from the less dense to the denser liquid.
In the case of the starch-loaded leaf (Sect. 71) it is evident
that, as fast as the starch grains temporarily deposited in
the chloroplasts are changed into sugar, some of the sugar
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in the denser cell sap thus produced will pass on to the more
watery sap of adjacent cells. From these cells in turn por-
tions of sugar will pass on to other more distant cells. In a
similar way, when a potato tuber is planted and begins to
sprout, the sugar formed from the reserve starch in the potato
will pass into the more watery sap contained in the sprouts.
This sap is constantly losing sugar that is used as building
material for the young growing stems and leaves, and its
strength can be maintained only by the addition of new por-
tions of sugar coming from the tuber.! i
73. Channels by which plant food is carried. Many kinds
of living tissue serve as channels for the conveyance of food
from one part of the plant body to another. The main route
for the transportation of food in flowering plants is through
special tubular cells forming the sieve tubes, so called from the
perforated plates which are found at the ends or along the
sides of the nearly eylindrical cells of which the tubes are
built up. These sieve tubes in dicotyledons occupy a region
of the stem immediately outside of the cambium, as shown at
o in Fig. 29. The fact that most of the plant food prepared
in the leaves is carried down through the sieve layer of the
bark is well shown by the behavior of a willow cutting from
which a ring of bark has been removed. If the cutting is
stood with its lower end in water but with the girdled part
out of water, enough constructive material will pass down
through the sieve layer to send out roots from the upper edge
of the ring, but few or none will appear at its lower edge.
Water meantime is freely carried upward through the sapwood.
In early times the process of clearing woodlands for farming
purposes was made less laborious by girdling the trees, which
soon died and at length fell and were burned. Would the gir-
dling process be more effective if a good deal of the sapwood
were removed from the ring as well as the bark ? Explain.
11t is not possible here to go into details concerning the transportation

of other kinds of plant food than starch and the sugars. That of proteins is
especially difficult to trace.
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v ‘1}‘,

Fic. 65. Prickly-pear cactus

Tt seems certain that a good deal of the transportation of
food substances inward from the sieve tubes toward the cen
ter of the stem is done by the medullary rays (Fig. 35, m).
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74. Stems as sources of animal food. The life of men and
of many species of the lower animals is largely sustained by
vegetable food obtained from the stems of plants. Cane sugar
and maple sugar are respectively derived from the stem of
the sugar cane and of the maple tree. The sugar maple is
tapped for its sap for sugar-making in early spring. The flow
of sap is most abundant during moderately warm days suc-
ceeding freezing nights. A single tree usually yields from
30 to 50 or more quarts of sap, from which 8 or 4 pounds of
sugar can be made. One tree has, however, been known to
yield 23 pounds of sugar in a single season. Asparagus,
cabbage, and a few other vegetables consist of aérial shoots.
Sago is made from the starchy pith of East Indian palms and
West Indian cycads. Potatoes, onions, and Jerusalem arti-
chokes are well-known examples of underground stems used
as food. Many familiar animals—such as rabbits (more prop-
erly called hares), deer, and moose — live largely by brows-
ing on the twigs of trees and shrubs. In pioneer times it was
sometimes necessary to feed to horses cottonwood and other
twigs in winter for lack of hay. Young cornstalks with the
leaves (corn fodder) form an important article of horse and
cattle food, and the preparation of fermented cornstalks known
as ensilage is widely used. The stems of prickly-pear cactus
(Fig. 65) deprived of their thorns (or of thornless varieties
of this cactus), are used as food for cattle in the semi-desert
regions of the Southwest.

75. Reproduction by portions of the stem. The number of
seed plants which are naturally reproduced by means of por.
tions of the stem is very large, and there are many others
which are artificially propagated by this means. Some of the
principal varieties of reproduction by pieces of stem or special
shoots for the purpose are:

(1) By aérial bulblets.

(2) By underground bulbs, rootstocks, tubers, and so on.

(3) Dy offsets, stolons, and runners.

(4) By broken-off branches (Sect. 60) or cuttmgs (“slips™).
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Fia. 66. Steps in the development of the yellow dogtooth violet (Erythro-
nium americanum) from the seed to the seventh year

The diagram for the most part explains itself. The student should note that the
seed begins to germinate late in the first year, becoming a seedling early in the
second year. The cotyledon of the seedling accomplishes enough food making by
photosynthesis to enable the plant to form a small bulb. This is maintained with-
out much increase in size throughout the third year. During the fourth, the fifth,
and the sixth years the increasing size of the leaf permits the production of larger
and larger bulbs, until in the seventh year enough plant food has been accumu-
lated in the bulb to send up two leaves and produce a flower and fruit. The third
bulb may repeat itself indefinitely, not gaining much in depth. In this case the
interval between germination and flowering would be more than six years (the
time indicated in the diagram). Each well-developed bulb may (in this species)
form runners, 7k, which bring about vegetative reproduction, the small bulb at the
end of each growing into a new plant. Modified after Blodgett
83
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76. Reproduction by bulblets and by underground stems.
Many plants bear small agrial bulbs or tubers on some portion
of the stem and are commonly reproduced by these. Familiar
examples among cultivated plants are the onion and the tiger
lily. The bulblets known as *“onion-sets " are for sale at every
seed store, and in some parts of the country are almost exclu-
sively planted by onion growers, while in other sections the
seed is more generally planted. The black bulblets of the tiger
lily are borne in considerable numbers along the stem, in the

Fic. 67. Roots, rootstocks, and a tuber of the Jerusalem artichoke
¢ (Helianthus tuberosus)

A, base of a plant with two long rootstocks, about one twelfth natural size; B, a

full-grown tuber, beginning to sprout, slightly reduced ; st, aérial stem; r, roots;

rh, rootstocks; [, lateral buds of tuber; {, terminal bud of tuber. A4, modified
from report of Kansas Agricultural Experiment Station

leaf axils, and may be found on the ground, rooting in the late
autumn and the following spring. Some of our wild plants,
including certain ferns, are propagated by bulblets.
Underground stems of various kinds are so common as means
of reproduction that only a very few of them need be mentioned.
Some of the worst weeds are those which have running root-
stocks, like the couch grass or quack grassand the Canada thistle,
which may be cut up by the hoe and produce a new plant from
every node; and the nut grass (Cyperus), which produces
many little tubers. Among cultivated plants a great number
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of the earliest blooming herbaceous kinds, such as squills,
hyacinths, tulips, crocuses, and snowdrops, are grown from
bulbs or other forms of underground stem. The commonest
of all instances of propagation by this kind of stem is that of
the potato, which is never grown from seed except for the
production of new varieties. As every farmer and market gar-
dener knows, each potato will produce as many new plants as
it has buds (“eyes”); though
it is better not to -cut the
potato into too small pieces
for propagation, or the plants
will grow slowly at first.

Fic. 68. Propagation of the strawberry plant by runners

A, the parent plant; B, the young plant; r, runner; b, bract. Half natural size

77. Reproduction by offsets and similar branches. An offset
is a lateral branch for vegetative reproduction, usually rather
short, as seen in the cardinal flower and the houseleek. Some-
times the offset ends in a leafy rosette ; in any case the branch
readily takes root and begins life as a new individual.

A stolon is an ordinary branch which roots at or near the tip
and so forms a new plant, as is often seen in the black raspberry.
A runner is a very slender stolon, leafless except near the tip,
where it roots and grows into a new plant, as in the straw-
berry (Fig. 68), the silverweed, and other cinquefoils.!

1 The word runner is also used, for lack of a better term, for the slender
underground stems shown in Fig. 66.
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78. Reproduction by detached branches. A few words were
said in Sect. 60 about how some trees, such as snap willows,
are reproduced by broken-off twigs, rooting like cuttings.

Fi16.69. A geranium cutting, show-
ing growth of many young roots which
spring from a node near the cut end

A good many water plants,
such as the common bladder-
wort, produce leafy buds or
branch tips (Fig.8362) which
become detached from the
parent plant. In late autumn
the latter usually dies, and
in the spring new individuals
arise from the buds which
have lain dormant all winter
at the bottoms of the ponds or
slow streams where they grew.

Numerous woody plants,
such as willows, grapevines,
currant bushes, gooseberry
bushes, and geraniums, and
some herbaceous plants such
as the hopvine and the Wan-
dering Jew, are usually grown
from cuttings. Many others,
such as the French marigold
and the garden portulaca, not
usually thus grown, may be
readily propagated by cut-
tings. In the case of woody
plants the cutting should be
taken from well-matured twigs
of the previous season. In
order to avoid too much loss
of water and consequent wilt-
ing, leafy cuttings are often
kept covered for a short time,
with a tumbler or bell glas_s_,
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Layering is a modification of reproduction by cuttings, and
consists in bending down a living branch and covering it for
part of its length with earth, so as to form a sort of artificial
stolon. Some trees and shrubs, such as the apple, pear, plum,
and quince, are much easier to grow by layering than by mak-
ing cuttings, and they root more readily if the shoot is deeply
notched or has a ring of bark removed on the buried portion.

Fie. 70. Propagation by budding

A4, a bud cut from a tree of the desired variety, with a piece of the underlying

bark; B, the bud inserted in a T-shaped slit in the bark of the stock; C, the

same, with the bark bound in place by strips of raffia (a fibrous material obtained
from the leaves of the raffia palm). Modified after Percival

79. Budding and grafting. The process of budding consists
of detaching an uninjured bud from the stem of one plant
and inserting it under the bark of the stem of another plant
(Fig. 70). Peaches and cherries are familiar examples of trees
commonly propagated by budding. The operation should be
performed at a season when the cambium layer is active, so
that the transplanted bud will at once unite with the wood
of the stem into which it is set. In the case of peaches the
young seedling trees grown from seeds planted the same
spring are budded in June or September. Those budded late
do not grow much until the next season, but then make rapid
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progress. As the top of the seedling is cut off not far above
the bud, all further growth of the shoot partakes of the
quality of the bud; and the fruit borne by the tree, when it
is large enough to bear, will be of the kind characteristic of
the tree from which the bud was taken.

Grafting is removing a piece of stem
with its buds from one plant and inserting
it into a portion of stem of another living
plant so that the cambium layer of each
will be in contact with that of the other
(Fig. 71). The plant into which the stem
is inserted is called the stock, and the por-
tion of shoot which is set into the stock is
called the scion or graft. There are many
kinds of woody plants which may readily
be grafted, but the process is of practical
importance mainly for the grower of apples
and pears. Various plans are adopted in
different fruit-growing regions. One of the
commonest methods for the propagation of
apples is root grafting. Seedling trees a
year old are dug in the autumn and the
roots grafted with one-year-old scions of

Fre. 71. Graiting  desired varieties of apples, each cut to the
At the left scion and  1ength of about six inches. The grafted
stockare shownready  roots, wound about the joined surfaces with
to be united; at the . 2
right they are jomea WaXed cord, are packed in sand in a cool
and ready to cover and not too dry cellar and left until spring.
Wlﬂ;fﬁ;af,t;;’gv;fax' By that time the cambium layers of root

and scion have united .and the roots are
ready to plant. Tongue grafting is practiced either with young
seedlings or with twigs of larger trees (Fig. 71) in the spring.

Top grafting consists in cutting off limbs one or two inches in
diameter, splitting the portion remaining attached to the tree
for a short distance, and inserting at each part of the split,
where it crosses the cut surface, a small scion, and then
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covering all exposed parts well with grafting wax. Root graft-
ing has the advantage that it results in a tree with trunk and
branches wholly of the desired variety of apple. Tongue
grafting of small branches does not interrupt the growth of
the tree and is done with very little trouble. Top grafting is
mainly resorted to in order to renew old trees that are not
bearing the desired variety of apple.

The main object of budding and grafting is to propagate
the varieties of fruit which the horticulturist desires. This
cannot be done merely by growing seedling trees, since every
seedling of hundreds grown from any valuable kind of apple
or pear may differ from all the others of the same lot and not
one of them be worth cultivating.

Grafting often succeeds on plants of different species,! as
the peach on the plum, the apple on the pear, and the pear
on the quince. Sometimes it succeeds between different
genera ! of the same family,! as the tomato on the potato and
the Spanish chestnut on the oak.

Many technical details must be attended to in order to bud
or graft successfully, and these are best learned from a practical
horticulturist.

80. Reproduction by leaves. Not very many plants can re-
produce themselves by means of their leaves. The best-known
examples are begonias, which are largely propagated by cut-
ting off leaves, slitting them, and then laying them on moist
sand under a bell glass until buds and roots are produced
at one or more points of the cut surface. A not uncommon
greenhouse plant of the Live-forever family, the Bryophyllum,
is still more easily propagated, as the leaflets readily produce
buds and roots at the notches along their margins when placed
on moist earth.

1 For the definition of the terms *“species,” **genus,’” and *‘family,” see
Chapter X.



CHAPTER VI

BUDS AND BRANCHES

81. Naked buds and scaly buds. When people who are not
botanists speak of buds, as, for example, in referring to the
signs of leaf-
ing or flower-
ing of fruit
trees in the
spring, they
always mean
the scaly winter buds or resting buds, such
as are familiar on most of our hard-wood
trees and shrubs (Figs. 72-86). This is,
however, a narrow view of the meaning
of the term. Herbs like our common gar-
den annuals, such as the bean, the pea, the
cucumber, and the morning-glory, are  ¥1s.72. Twigsof black

- : 5 . walnut with buds in
as well provided with buds in proportion el Pl
to their size as are ordinary trees. In the
tropical rain forest, where the tempera-
ture is always high and there are violent rains almost daily,
there are few scaly buds. Most of the trees in such regions have
naked buds like those of the common greenhouse hydrangea
(Hydrangea Hortensia) or the geraniums (Pelargonium).

Generally speaking, scaly buds occur in woody plants which
grow in cold or temperate climates, where such buds are well
suited to resist the sudden winter changes from heat to cold,
and the reverse. Some of our common trees and shrubs have
buds which are only slightly protected by scales, but these
buds are usually small, and often more or less hidden under
the bark, as in the syringa (Philadelphus) and the Ailanthus.

90

Two thirds natural size



BUDS AND BRANCHES 91

82, Nature of the bud and its coverings. A dud s an unde-
veloped shoot ; or, in other words, a bud is a group of undevel-
oped parts which, under favorable circumstances, will grow

into some kind of stem and leaves.

If it is a leaf bud, like the

majority of the buds on most forest trees familiar to us, it will

grow into a leafy branch or con-
tinue the growth of the main stem
at its tip. If it is a flower bud, it
will grow into that kind of spe-
cialized branch which we call a
flower. If it is a mized bud, it will
grow into one or more flowers and
will also develop some ordinary
leaves.

The scales which cover buds
are often dwarfed and otherwise
modified leaves or leafstalks, as
is well shown in some buckeyes
in which the opening buds present
a series of gradations between
mere scales and foliage leaves
(Fig. 73). In other cases, as in
oaks, becches, lindens, and mag-
nolias, the scales represent the
appendages (stipules) found at
the bases of many leaves.! Fre-
quently bud scales are covered
with a dense layer of hairs or
down, and sometimes, as in the
balm-of-Gilead poplar, they are

Fic. 73.‘Dissected bud of sweet
buckeye,showing transitionsfrom
bud scales to leaves

cemented together by a resinous varnish. These coatings on
the scales of materials which do not readily conduct heat in-
crease their value as a protection against sudden changes in the

weather during the colder months.

1 See Kerner-Oliver, Natural History
Henry Holt and Company, New York.

of Plants, Vol. I, pp. 351-353.
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83. Position of buds. Buds are either terminal, growing from
the tip of the stem; or lateral, growing from its side (Fig. 74,
lat). The plumule (Fig.126) is the first terminal bud of the

F1e. 74, Twig of hick-
ory in winter condition

sc, scar of last year’s
leaf; lat, a lateral bud;
!, alast year’s leafstalk ;
ax, a lateral bud in the
axil of the leafstalk; ¢,
terminal bud. Reduced

young seedling. Commonly the terminal
bud is stronger than any of the lateral
ones, and makes more rapid growth than
they do.

Lateral buds are usually azillary ; that
is, they arise from the axil, or angle,
formed by the leaf with the stem, as
shown in Fig. 74, az. Many plants also
produce accessory buds; that is, buds a
little outside of the leaf axil, which may
either stand above the axillary bud, as in
the butternut, or on either side of it, as
in the box elder (Fig. 75).

Adventitious buds are those which spring,
without any definite order, from roots,
stems, or leaves. These are often of great
value in propagating plants by means of
cuttings or layers. -

84. Form of trees dependent on growth
of buds. If the uppermost bud of the main
stem of a tree continues year after year
to be stronger than any other bud, the
general form of the tree becomes roughly
conical, as is well shown in the pine tree
(Fig. 246), and in firs, spruces, and the
European cypress. If, on the other hand,
some of the branches grow in length as
fast as the main trunk, the tree will be-

come round-topped and spreading, like an apple tree, an elm, or
most of our hard-wood trees, when they grow in open ground.

Not uncommonly the terminal bud of most branches is a
flower bud, as in the magnolias, or no terminal bud is devel-
oped, as in the lilac. In these cases the main branches cannot
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run out from the trunk for long distances, remaining much
larger than any of the branchlets, as they do in the spruces
and in many pines (Fig. 329). Why can they not? Such
trees are round-topped, with many forking branches.

85. Competition among buds and branches. Of all the buds
yearly produced by a medium-sized tree only a small propor-
tion can survive even for a year or two, and a much smaller
proportion still can grow into
branches. The killing-off proc-
ess is mainly one of light-
starvation. Looking up into
the crown of a tree along a
line nearly parallel to its
trunk, one is able readily to
see that the tree top is not
a rather dense mass of leaf-
covered twigs, as it appears
to be when looked at from
without. It is more nearly a
hollow cone or (in the case
of very round-topped trees)
a hemisphere, like an open  Fic. 75. Accessory buds of box elder
umbrella, the main branches (Acer Negundo). Magnified
answering to the ribs of the 4 front view of group; B, two groups
umbrella. The interior por- %
tion of the tree top is too much shaded for rapid growth of
buds or young twigs, and parts of it are dark enough to kill
them outright, since their growth depends upon the plant
food which they can make by photosynthesis. ;

Some simple counts and calculations may serve to make
clearer the fact of competition and consequent death of the
interior members of the tree top. On a well-grown box-elder
tree, perhaps twenty-five years old, the condition of the lateral
twigs springing from six-year-old portions of the smaller
branches was carefully noted in March. On the branches
most fully exposed to the sun, on the south side of the tree,
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the number of lateral twigs on the six-year-old portions of the
branches ranged from 0 to 9 and averaged 3.2.! On the north
side of the tree, and somewhat inside its circumference, only

A, a leaf bud of pear in autumn; B, a leafy shoot derived from A, as seen in
the middle of the following summer, with flower bud at tip; C, the fruit spur
(B) in autumn, after the falling of the leaves. After Percival

Fie. 77. Fruit bud of pear (same as C of Fig. 76), showing its development

A, opening in spring; B, later, developing flowers and leaves; C, later still; only
one flower has produced a fruit, the rest having fallen off. Below it, is a lateral
bud which will continue the spur next year. After Percival

1 Average of ten counts.
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one branch out of ten had any live twigs. The sunlighted
branches, then, had 32 times as many twigs on the portions
counted as the shaded ones did. A similar study of a large
thorn bush (Crategus) gave for the ten sunlighted branches
74 live twigs and for the shaded ones only 2, or 37 times
as many for the sunny side.! A study of the relative amount
of growth of the tips of branches during the year preceding
the observations showed that those on the sunny side of the
thorn grew 21 times as fast as those on the shady side.?

86. Definite and indefinite annual growth. In such trees as
the hickories, walnuts, butternuts, elms, poplars, and so on
(Figs. 72, 74, 82), the branches usually produce vigorous,
well-matured buds at their tips; that is, they form definite
shoots, and each terminal bud develops promptly in the spring.
But some trees, like the honey locust, and such shrubs as
sumachs, roses, raspberries, and blackberries, form sndefinite
shoots, which grow until their tips are killed by the frost.
Trees of this sort necessarily have a top much broken up into
minor branches. Why?

87. Fruit spurs. A fruit spur is a short fruit-bearing twig
borne on the side of a branch (Figs. 76 and 77). Apple, pear,
plum, and cherry trees afford capital examples of the production
of fruit spurs. At the tip of the spur a flower bud (or a mixed
bud) is borne, and this usually develops into a cluster of flowers,
one or more of which may mature into fruit. In the apple and
pear (Fig. 77), though the flower bud contains a good many
blossoms, only one fruit is generally produced from each bud.
In cherries a single bud produces a cluster of fruits. Why ?

If the terminal bud of the spur contained leaves as well as
flowers, a leaf bud is likely to grow in the axil of one of the
leaves and thus provide for the growth of the spur during
another year. This process may go on for a good many years.

1 Comparing three-year-old portions of branches.

2 The illumination in the shade (measured by °‘solio’ photographic
printing paper) was, for the box elder, about one twentieth and for the thorn
about one eightieth that of the sunny side at noon in early July.
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Evidently when the spur produces a terminal bud contain-
ing flowers it cannot grow straight ahead but must turn aside

Fic. 78. A lengthwise
section of bud of thorn
tree (Crategus)

br, brown outer bud
scales; o, pale bud scale;
i, innermost rudimentary
leaves; g, growing point
atapex of twig, consisting
of cells in a condition to
sub-divide and multiply
rapidly at the beginning
of the growing season.
Somewhat magnified

slightly. Since a large part
of the plant food carried into
the spur is used in produc-
ing the flowers and fruit, it
is clear that a fruit spur
cannot grow as rapidly as
an ordinary twig. A little
study of an old fruit spur
will show that of the scars

F1c. 79. Cross section of a poplar bud

sc, bud scales; [, leaves; st, stipules. Magnified
15 diameters. After Strasburger

Fic. 80. American elm, March 11

The large buds are flower buds, the smaller,

left by the flower buds more numerous ones, leaf buds. Reduced



Fic. 81. American elm, April 8

The flower buds seen in Fig. 80 are fully opened. Reduced
97
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some are much larger than others. The large scars mark
seasons when the fruit matured, and much smaller ones show
that it dropped before it was full grown.
Do fruits generally mature on any given
fruit spur two years in succession?1!

88. Structure of leaf buds. Scaly win-
ter leaf buds consist, as shown in Figs. 78

Fi6. 82, Twig of cotton-

wood with buds in winter Fic. 83. Cottonwood twigs, April 15
condition - LTy 3
The flower buds (developing into catkins)
b.sc, bud-scale scars. Two are fully open, but the leaf buds are still
thirds natural size closed. Reduced

and 79, of () one or more outer layers of scales; (%) rudimen-
tary leaves; () a central axis, at the tip of which is the growing
point (Fig. 36), a region of cells capable of rapid sub-division,
by means of which the elongation of the shoot is produced.

1 See Bailey, Lessons with Plants, Part I. The Macmillan Company,
New York.
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The rudimentary leaves are stowed in the bud in a wonder-
fully compact manner. There are several plans of arrange-
ment, all of which have received technical names. The mode

Fic. 84. Cottonwood fruits, April 28,
Reduced

of arrangement is best shown in a cross section of the bud
like that represented in Fig. 79.
In mixed buds, as a rule, the flowers are inclosed by the
leaves and usually develop earlier than the leaves (Fig. 83).
89. Opening of buds. Winter buds are not absolutely inac-
tive during the colder months. Often a gradual increase in
the size of the bud can be noted for many weeks before it
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gives any other external sign of getting ready to open. This
swelling is caused by the growth and development of the leaves
or other contents of the bud. When the bud actually
begins to open, the scales spread apart f), '?‘ t andallowthe
contents to emerge; sometimes they ¥,  promptlyfall
off. It is this time when the flowers are beginning
to open that is a particularly anxious one for
the fruit grower. Peaches, for example, often begin
to blossom before the last freezing nights of the
season are over, and the entire crop may often be
: cut off by a single very cold
night. For this reason peach-
growing in the North is safest
in regions, like the east shore
of Lake Michigan, where the
spring is usually rather late in
coming. A curious instance
of the importance of the sea-
son at which frosts occur
is found in European olive
culture. In the Crimea, on
the north shore of the Black
Sea, the temperature during
most years sinks a good deal
lower than it does in southern
France. Yet in Languedoc
the olive culture fails, while
in the southern Crimea it
b BT LR . succeeds, because in the
.s¢, bud-scale scars; iy, i, ig, internodes; .
7, lateral buds; 4, terminal buds; sc, leaf former region severe frosts
fermioal bud grow duing fhe preceding  2COUE it January, just when
spring and summer. The opposite lateral ~ the olive buds are opening,
twigs q.re'of the sar}le age as thf: portion while in the latter region
i1-i3. One third natural size i

the coldest month is often
March or April, after the young olive leaves are fairly well
grown and are not easily injured by cold.

%

F16.85. Rapidly grown twigs of horse-
chestnut in winter condition
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90. The record borne by the twig. In most cases the twig
bears upon its surface and in its rings of wood a fairly com-
plete record of the most important events of its life. Some of

the principal markings on the surface of a
twig which enable us to make out its history-

are: (a) bud-scale scars (from leaf buds);
(b) fruit scars; (¢) leaf scars. Other mark-
ings are found which tell less of the life

history of the twig than those just enumer-

ated, but which should also be considered,
namely, (d) lenticels.

The bud-scale scars, as the name implies,
are the markings (Figs. 82 and 85, b.sc)
left by the falling of the scales when the
bud opened. Plants like geraniums, with
naked buds, do not show such scars. As the
twig or branch in most cases is prolonged
by the growth, spring after spring, of its
terminal bud, each ring of scars marks the
beginning of a new season’s growth. In
many trees it is easy to determine the age
of twigs or branches by counting the number
of such rings (Fig. 86). The distance be-
tween the rings of scars depends upon the
rapidity of.growth of the shoot in length,
varying all the way from a fraction of an
inch to ten or more feet per year.

If a twig were cut across smoothly, just
above and just below a ring of bud-scale
scars, would the number of rings of wood
in the two sections be the same? Why, or
why not ?

F1c. 86. A slowly

grown twig of horse-

chestnut in winter
condition

d, dormant buds; fs,
flower-cluster scar.
The internodes are
numbered in succes-
sion (beginning at
the bottom) with the
respective years dur-
ing which they were
formed. One third
" natural size

91. The record; fruit scars. Fruit scars of the same species
are often quite unequal in size, the smaller ones marking the
positions of unsuccessful fruits, and the larger ones of fruits
which grew to maturity. Sometimes in mixed buds the young
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flowers may be destroyed by frost as the bud opens, and in
that case no fruit scar will be left at the end of the season,
the bud developing much like an
ordinary leaf bud.

The only way in which one can
become thoroughly familiar with the
course of development of shoots,
flowers, and fruits from buds is to
mark some buds like that shown at
4 in Fig. 76. This may be done by
tying a bit of twine loosely above
each bud; its history is then to be fol-

T1c. 87. Leaf scar of horse-

chestnut lowed for at least a year and recorded
fv,scars marking positionof ibro- Dy means of frequent drawings.
vascular bundles; len, lenticels. 92. The record; leaf scars. A le af

Twice natural size p ] 3
sear is the place which was occupied

by the base of the leafstalk while it remained attached to
the shoot. Some of the things which can be learned from the
study of leaf scars are the number,
position, and arrangement of leaves
on the shoot for several years back,
the relative sizes of the leaves, and
the mode of bud-bearing of the spe-
cies studied,—i.e. whether there
were accessory buds, or the buds
were all axillary (Figs. 75 and 85).
On careful examination of any large
leaf scar, as that of ailanthus, horse-
chestnut (Tig. 87), coffee bean, it is Fre.88. Lenticels, wild black
seen to be dotted with a considerable L >

* . P A, soon after the destruction of
‘number of minute PrOJeCtlonS’ f V. the stomata, to which the len-
These mark the course of the fibro- ticels succeed; B, at end of
vascular bundles from the leaf into ﬁrﬁ;:ff:ﬁnﬁs,f:gﬁ%rﬁu;z?d
the stem. In leaves of dicotyledons
there are usually about as many such dots on the scar as there
were principal veins in the leaf. Why ?
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93. Lenticels. On the general surface of the bark of many
kinds of twigs and young branches — for example, of birch,
cherry, elder, and sumach —there are found many dots, or
markings with a rough surface, known as lenticels. These are
nearly circular on the younger twigs, but on branches of
moderate size they become lengthened at right angles to the
length of the branch. In many kinds of birch and most

Fic. 89. Lenticels, wild black cherry

From a tree fifteen or twenty years old. One and one-half times natural size

cherries the lenticels finally become narrowly oblong or lens-
shaped (Fig. 89). This is due to the fact that as the branch
increases in diameter the lenticel is drawn out by the trans-
verse expansion of the bark.

Lenticels originate as stomata (Sect. 14) in the epidermis
of the young shoot. On growing older the interior of the
lenticel becomes filled with a spongy mass of thin-walled cells.
Air is admitted into the interior of the stem and gases can
pass out through the lenticels far more freely than through
other parts of the bark.



CHAPTER VII
FLOWERS

94. What is a flower ? A little has been said in Chapter II
about the structure and work of the flower, but it will be
necessary in the present chapter to take up these matters
somewhat more
in detail. First
may come the
question as to
what a flower
really is ; thatis
to say, to what
other organs of
aplant the parts
of a flower cor-
respond. Put in
Fie. 90. The floral organs of alpine azalea (Loiseleuria) more technical

A good example of a flower in which the floral organs dopot langua,ge, this

all spring separately from a knob-like receptacle. Here the - ¢

calyx is very slightly and the corolla decidedly bell-shaped. question “tould

The stamens are distinct from each other, but the pistil is be, What is the

single and represents several united carpels. 4, an exterior

view ; B, alengthwise section of the flower. After H. Miiller morpkolog Y Qf
: the flower 2

A flower s a specialized and highly modified branch or shoot
Sor reproduction of the plant. If this is true, then the sepals
or divisions of the calyx, petals or divisions of the corolla,
stamens, and pistils (Fig. 90) must represent leaves. It
would take too much space to present here the evidence of
the branch-like nature of the flower. Much of this evidence
rests upon the study of the lower plants, and especially on
the investigation of the steps by which the higher kinds of
plants have in the course of ages been developed from these.

104
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95. The arrangement of the organs of the flower. Many of
the most familiar flowers have the four sets of organs shown
in Figs. 90 and 92. Sometimes there are intermediate forms,

Fic. 91. Transitions between petals and stamens in the yellow pond lily

A, external view of flower; B, a sepal; C, a petal; D, E, transitional forms;
F, a stamen .

transitional between the parts of one set and those of another,
—a fact easily understood if all the floral organs represent
leaves. The organs are generally arranged in cycles or whorls,
— that is, in circular fashion around the axis, which is known
as the receptacle.! Often (but not always) the parts of each

Fi1c. 92. Flower of stonecrop

A typical example of the kind of flower in which the members of all four sets of
floral organs (sepals, petals, stamens, and carpels) spring separately from a knob-
like receptacle. 4, entire flower ; B,vertical section. Bothmagnified. After Decaisne

set stand opposite the spaces between the parts of the adjoin-

ing sets; e.g. the petals opposite the spaces between sepals,
stamens opposite the spaces between petals, and so on.

1 In the lowest seed plants, the gymnosperms (pines, spruces, cedars, and
50 on), the parts of the flower are arranged in a spiral fashion. So, too, are
some of the floral organs in the arrowhead (Sagittaria), the pond lily, and
the buttercup.
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Frequently the arrangement of the floral organs differs from
that just described by reason of the absence of one or more

sets of organs or
from the multi-
plication of the
whorls. In the
buckwheat, for
example (Tig.
93), only one

Fie. 93. Apetalous flower of buckwheat (Fagopyrum whorl surrounds
esculentum) the stamens and

4,flower; B, section of flower. Both somewhatmagnified.  pistil. In such

After Marchand

cases 1t 1s usual

to assume that the missing flower leaves are the petals, and
the flower is said to be apetalous (without petals). Sometimes
neither sepals nor petals are found (Fig. 94). On the other

hand, many flowers have
both calyx and corolla,
with the number of petals
equal to that of the
sepals, but with indefi-
nitely numerous stamens,
as in buttercups.

96. Unisexual flowers.
Among many families
of plants the flowers do
not contain both stamens
and pistils. One kind of
flower has stamens only,
and is called a staminate
Sflower, while the other
kind has pistils only, and
is called a pustillate flower
(Figs. 94 and 96). Such
flowers are said to be
unisexual or diclinous.

Fi1c. 94. Dicecious flowers of white willow
(Saliz alba)

A, staminate catkin, natural size; B, pistillate

catkin, natural size; C, a staminate flower,

magnified; D, a pistillate flower, magnified.
After Cosson and De Saint-Pierre
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Sometimes, as in corn and cucumbers, one plant bears both
staminate and pistillate flowers. Such plants are said to be
moneecious (meaning ““of one household ). Many plants, such

Fie. 95. Catkins of willow
Pistillate catkins at the left; staminate at the right. Slightly reduced

as willows and poplars, bear the staminate and the pistillate
flowers on different individuals. Such plants are said to be
dicecious (meaning ““of two households™).
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It is often a matter of much practical importance to recognize
the partially or completely dicecious character of cultivated
plants, or, at any rate, the fact that many or all of the individ-
uals of a species or variety produce no good pollen. This is well
known to be true of strawberries, and so staminate varieties
must be planted among those which produce little or no pollen.

97. Symmetry of the flower. The calyx and corolla of most
flowers of the higher seed plants show some kind of symmetry
or orderly arrangement
of the parts ; thatis, the
divisions of the calyx
or corolla either radiate

Fic. 96. Begonia flowers, moncecious
A: a, staminate flower; b, pistillate flower. B, twisted stigmas, enlarged

from a central axis, like the spokes of a wheel from the hub
(Fig.97, B), or they are arranged with corresponding halves on
either side of a central axis (Fig. 98, B). Flowers on the former
plan are said to have radial symmetry or to be actinomorphie (ray-
shaped), and those on the latter plan are said to have bilateral
symmetry or to be zygomorphic (yoke-shaped). It is considered
that the zygomorphic type of flower is in a general way more
specialized and of a higher type than the actinomorphic one.!
98. The receptacle.? The parts of the flower are borne by the
more or less enlarged extremity of the flower stalk, which is

1 For illustrations consult any good modern flora, e.g. Gray’s Manual of
Botany, seventh edition.

2 To THE TEACHER. Unless the class is to do a good deal of work in deter-
mination of species of seed plants by means of a flora, most of Sects. 98-1056
should be omitted.
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known as the receptacle shown in Fig. 92, B. This varies much
in shape in different kinds of flowers, being sometimes nearly

Fi1c. 97. Flowers of common asparagus

A, staminate flower, with perfect stamens (s) and
rudimentary pistil (rp) ; B, pistillate flower,with fully
developed pistil (p) and rudimentary stamens (rs).
Such a flower is practically unisexual, but would
seem to have become so by descent, with modifica-
tion, from bisexual ancestors. After H. Miiller

flat-topped, as in the lotus (Nelumbo) ;
usually convex, as in the buttercup,
raspberry, and strawberry ; sometimes
very concave or even flask-shaped, as in
the sweet-scented shrub and the rose.

99. The perianth.
The calyx and co-
rolla taken together
are known as the
perianth. It is con-
venient to have a
name which includes
them both, as in many
flowers, such as those
of the Lily family, it
is difficult or impos-
sible to detect any
marked distinctions

between sepals and petals. In most flowers the sepals are
green or greenish and the petals of some other color, ranging

Av/

Fia. 98. Bilaterally symmetrical

/" corolla of sweet pea

] 4,side view ; B, front view dissected ;
s, standard ; w, w, wings; %, keel

B

from violet to red. There are, however, plenty of exceptions
to this rule. What are common instances of such exceptions ?
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The flowers of monocotyledons and of dicotyledons very
commonly have separate sepals and separate petals (Fig. 92).
The sepals and petals are then
said to be distinet. In the more
specialized and higher families,
both of monocotyledons and
of dicotyledons, the receptacle
often bears a tubular or cup-
like outgrowth, and the peri-
anth is borne upon this. In
such cases the sepals, the pet-
als, or both, appear as if grown
together into a tube, upon the
free border of which are seen
teeth, or lobes, which indi-
cate the number of divisions
of which the perianth is com-

Fic. 99. Diagrams to show struc- :
ture of an anther posed (Fig. 97).1

A, younger stage, with four chambers Sympetalous corollas occur

orlocules(loc) containing pollen mother :
cells dividing to form pollen grains; of i extra,ordma,ry forms,

B, an older stage in which the pollen enabling them to aid in seed

grains (p) are fully formed and each pair : -
of loculesis uniting to form a pollensac, productlon. The Only such co

which will split open and discharge rolla shown in this book is
along the line of dehiscence (d). After J 9 .
gl < i the .O'ypm}?edzum of the Orchis
family (Figs. 281 and 282).
100. Forms of the stamen; union of stamens. A common
form of stamen is that shown in Fig. 100, 4, consisting of an
enlarged portion called the anther, borne by a slender stalk
called the filament. When the filament is lacking, the sta-
men is said to be sessile. Sometimes the filaments appear to
be united, thus joining the stamens into one, two, or more
1 When the sepals are distinct the flower is said to be chorisepalous (sepa-
rate sepals) ; when the petals are distinct, choripetalous. When the sepals
or petals appear only as teeth or lobes on the margin of a tubular or cup-like
outgrowth of the receptacle, the calyx is said to be synsepalous and the corolla

sympetalous (syn signifies ** together ’’). The terms gamosepalous and gamo-
petalous are also used (gamos signifies ** marriage ?’ or *‘union ’’).
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groups (Figs. 111 and 121). In such cases the stamens are said
to be monadeélphous, diadelphous, triadelphous, polyadelphous
(in one, two, three, many brotherhoods). The function of the
stamen is to produce pollen, a powdery or pasty substance com-
posed of separate grains (Figs. 105 and 106), which is formed
within four cavities in the anther (Fig. 99). The two cavities
on each side generally join to form a single larger pollen sac
as the anther matures. Pollen is discharged from the mature
anther in various ways, as shown in Fig. 100. The special
significance of some of these modes of discharge is explained
in Chapter VIII.

101. The carpel. The simplest form of the organ which
bears ovules or rudimentary seeds is called a carpel (from a
Greek word meaning “fruit’). The most elementary kind
of carpel is found in
the lowest seed plants,
and often consists, as
in the pines and other
cone-bearing trees, of
a single scale, with a
naked ovule borne at
its base (Fig. 252).
In the higher seed
plants the carpel con-
tains an ovule-bearing
cavity (Figs. 14 and S ) 0N :
101), 35" which_ths 3t Absbaplagpuln oy s pughoslas e

ovules are completely C, nightshade; D, bilberry, discharging pollen
s Ao hil h through holes or pores at the top of the anther.
melose while t. ey A, B, C, after Baillon; D, after Kerner

are maturing.

102. The pistil. The entire carpellary portion of the flower
of the higher seed plants is called a pistil (Latin for pestle).!
In flowers which have but one carpel, péstil and carpel mean

F1c. 100. Various types of anther

1 It would be better to call it, as some botanists do, gyneceum, but the
word pistil is so much in use in descriptive botany that it seems likely to be
retained for a good while,
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the same thing, but in flowers with two or more carpels, each
carpel is one of the units of which the pistil consists. A one-

Fic. 101. A pistil,
with the ovary cut
through lengthwise

stig, the stigma

carpeled pistil is simple (Fig. 14), a several-
carpeled pistil is compound (Figs. 102, 4, and
104, 4). The parts usually found in a pistil
(Fig. 101) are the ovary, or enlarged ovule-
bearing portion,and the style or stalk, on which
is borne the stigma, which is usually expanded,
knob-like, or ridged, and with a rough moist
surface. When there is no style the stigma is
said to be sessile, and the stigma is borne on
the ovary.

A compound pistil may consist of many
separate carpels, as in the stonecrop (Fig.92),
strawberry, and buttercup. Frequently the
carpels are more or less completely united
(Figs. 102, 4, and 295). The ovary of a com-
pound pistil may be formed of the united
ovaries of the carpels, or a considerable part
of the ovary may consist of a cup-like or
tubular growth beneath the carpels.

103. Locules of the ovary; placentas. Compound "ovaries -
sometimes have but one ovule-bearing cavity, but more gener-
ally they consist of several separate chambers, known as loc-
ules (Latin, loculz,* little compartments’). They are then said

to be unilocular, bi-
locular, trilocular,
and so on.
Ovules are not
borne by all parts
of the interior of
the ovary, but are
usually produced
only along cer-
tain regions. The
ridge, column, or

Fic. 102. Three modes of bearing ovules

A, ovary three-loculed, with the ovules borne on the
axis (central placenta) formed by the united partitions;
B, ovary one-loculed, ovules borne on the ovary wall
along three placentas; C, ovary one-loculed, ovules
borne on a free central placenta. After Behrens
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other ovule-bearing portion of the ovary is called a placenta.
Some common types are shown in Fig. 102,

104. Superior, half-inferior, and inferior ovaries. The posi-
tion of the ovary with reference to the other whorls of the
flower is a matter of great importance
in the classification of plants and is
described by the use of appropriate
names. When the pistil is borne nearer

Frc. 103. Part of a flower cluster of evening primrose

br, bracts; ca, calyx; co, corolla; ov, ovary; p, pod; ¢, tube of perianth,
appearing as if it sprung from the tip of the ovary. Slightly reduced

the extremity of the receptacle than any of the other whorls
the ovary is said to be superior (Fig. 93). When, however, the
end of the floral axis is expanded in a more or less cup-
shaped manner, so that the stamers (and the divisions of the
perianth) seem to spring from around the ovary, the latter
is said to be half-inferior. When the concave floral axis,
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on the margin of which the stamens are borne, appears to
be grown fast to the ovary, the latter is said to be dnferior!
(Fig. 103).

105. Floral diagrams. Lengthwise sections through the
flower greatly help the student to understand its structure.
But still more is to be learned from a suitable cross section.
Diagrams like those in Fig. 104 are constantly used in flower
descriptions to show the relations of the floral organs. Such
a diagram is not simply a sketch of the cut surfaces made by

A B Cc
Fi1c. 104. Floral diagrams

A, Lily family; B, Heath family; C, Madder family; D, Composite family. The

dot above the diagram indicates the position of the stem or axis which bears the

flowers. The sepals are distinguished from the petals by being represented with

midribs. In B the alternate stamens are printed lighter, since some flowers of
this family have five and some ten stamens. After Sachs

dividing the flower crosswise near its center; it is rather a
representation of what would be shown if all the whorls of
the flower were brought into the best position for making a
characteristic section, which would pass through the middle
portions of sepals and petals and through the anthers of the
stamens and the ovaries of the carpels. Note that the sepals
are distinguished from the petals by being represented with
midribs. If any part of the flower is lacking (as in the case
of antherless stamens, represented only by filaments), the
position of the missing or incomplete organ may be indicated
by a dot.

1 Often flowers with superior, half-inferior, and inferior ovaries are said
to be respectively hypogynous, perigynous, and epigynous.



CHAPTER VIII
POLLINATION AND FERTILIZATION

106. Pollination. By the term pollination the conveyance
of pollen to the pistil is meant. Some of the various means
by which this result is secured are discussed later on in the
present chapter. In whatever way
the pollen is carried from the sta-
mens to the pistil (usually by the
wind, by ani-
mals, or by
contact of the
anthers with
the stigma),

F16. 105. Types of pollen grains Fic. 106. Types of pollen grains

4, dandelion ; B,hemp; C, gentian; A, evening primrose, the grains united

D, squash. All greatly magnified. by sticky threads; B, marsh mallow.
After Kerner Greatly magnified. After Kerner

its lodging place in the higher seed plants is on the stigma.
This generally has a rough, often moist and sticky surface.

107. The pollen grain and its germination.! Pollen grains are
of many forms, a few of which are shown in Figs. 105 and 106.

1 The logical order of treatment would be to say all that is to be said
about pollination before dealing with its result, fertilization. It is, however,
more convenient to discuss the minute structure of pollen and the pistil soon
after Chapter VII is completed, and then to give details of some of the
modes by which pollination is secured.

1156



116 PRACTICAL BOTANY

Each mature grain contains a generative nucleus and a tube
nucleus (g and ¢, Fig. 107, 4). After the pollen grain lodges
on the stigma the inner coat of the grain

becomes slightly distended by osmosis, pro-
duced by contact with the moist stigmatic
surface. The distention of the inner coat
causes it to protrude through the outer coat
and it at length develops into the wall of
a pollen tube (Fig. 107). This tube has the

nucleus (%) at its
tip and a generative
cell (¢) somewhere
within the tube.
Finally the genera-
tive cell divides in-
to two male nuclez,
these develop into
male cells (Fig.107,
B),and the tubenu-
cleus disappears.
108. Course of the
pollen tube : fertilization.
The pollen tube makesits
way from the stigma to
the ovary either through
a canal or passage (Fig.
108), or by directly trav-
ersing the cellular tis-
sue of the style, upon
which it acts so as to eat
its way along by means
of ferments (Sect. 36)
secreted by the tube.
The tube may require

Fia. 107. Germination of the pollen grain
of a dicotyledon

4, an early stage in the germination; B, later
stage, with the tube rather fully developed;
g, generative cell ; ¢, tube nucleus; sy, s;, male
cells formed from the generative cell. Itisap-
parent that when the growth of the tube is far
advanced thetubenucleus(¢) almostdisappears.
Much magnified. After Bonnier and Sablon

a day or more to reach the ovule. Food materials from the
style are dissolved by the enzymes and used in promoting the
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growth of the pollen tube.! When the tip of the tube reaches
the ‘ovary it usually penetrates to the interior of an ovule by

F16.108. Pollen grains produc-
ing tubes, on stigma of a lily.
Much magnified

g, pollen grains; ¢, pollen tubes;
P, papillee of stigma; ¢, canal or
passage running toward ovary

means of the little opening
(micropyle) at one end of the
ovule (Fig.109).2 One of the
male cells now unites with
the egg nucleus of the ovule.

Fi1c.109. Diagram to illustrate course
of the pollen tube during fertilization

P, pollen grains; ¢, pollen tube ; n, nucel-

“lus, or body of the ovule; a, antipodal

cells of embryo sac; en, endosperm nu-
cleus of embryo sac; egg, the egg ap-
paratus, consisting of the egg cell and
two coSperating cells ; m, the micropyle,
or small opening through which, in most
ordinary flowering plants, the pollen
tube makes its way to the egg at the tip
of the embryo sac

The other male cell in many cases unites with the cen-
tral nucleus of the embryo sac to form the endosperm nucleus

1 See Green, Vegetable Physiology, chap. xxvi. P. Blakiston’s Son & Co.,

Philadelphia.

2 In some plants the tube makes its way directly through the tissue of

the ovule.
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(Fig. 265). The result of fertilization is to cause the egg of
the ovule to develop into an embryo. One of the first steps
of embryo formation is shown in Fig. 267. The fertilization of
the egg within the ovule may result from the proper placing
of a single pollen grain, but the result is more certain if there
are several grains.

109. Advantages of reproduction by seed. As has already
been shown (Sects. 833 and 75-80), reproduction may readily
be accomplished by buds produced on roots, stems, or leaves,
— vegetative reproduction. This method is much quicker than
that by the agency of seed, as is well shown in the case of
the potato. It would seem that sexual reproduction, repro-
duction by means of seed, a more complicated process, would
hardly have originated unless on the whole it were of advan-
tage to plants.! It is evidently desirable for the continuation
of the various kinds of plants to have such a comparatively
portable, heat-, cold-, and drought-resisting structure as the
seed to disseminate plants over large areas and to maintain
plant life under unfavorable conditions. But some botanists
have been led to think also that sexual reproduction is of
distinet advantage to plants by giving them greater vigor
than is secured by long-continued vegetative reproduction, as
in the case of potatoes grown for years by planting the tubers.
It is also of advantage to the plant to reproduce by means of
seed, because this secures variations in the offspring which
may result in greater fitness to meet the conditions of its
existence (Chapter XXIII).

110. Ecology. Plant ecology (from two Greek words meaning
“house” and “discourse”) is the subdivision of botany which
discusses the relations of the plant to its surroundings. Defin-
ing the subject more in detail, it may be said that ecological
botany treats of the effects upon plants of the various forces
and forms of energy, — such as gravity, heat, light, electricity,
currents of air and water, — as well as of the effects of chemi-
cal elements and compounds. It also comprises the study of

1 For a brief account of the beginnings of sex in plants see Chapter XIII.
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the social relations between plants and other injurious or help-
ful plants and animals.

The ecology of flowers is largely concerned with the ways in
which pollination is brought about.? This subject is of suffi-
cient importance to have accumulated an
extensive literature, the principal treatise
upon it being Knuth’s “ Bliithenbiologie,” em-
bracing nearly three thousand pages. There
is also an excellent English translation of
. this remarkable book.?

111. Pollination and floral characteristics.
Some of the most obvious divisions of flowers
into everyday groups, such as are made by
children and other unscientific people, are
those into scented and scentless, showy and
inconspicuous kinds. Another less obvious
but important distinction is based on the
presence or absence of the sweet liquid (com-
monly called honey, but more properly known
as nectar) so familiar at the tips of colum-
bine spurs and in clover and honeysuckle
blossoms. Such characteristics as those just
mentioned have much to do with the way in 549

8 g Fi16. 110. Pistil of
which flowers have their pollen transferred AT
from anthers to stigma. ery stigmas

Flowers with feathery stigmas (Fig. 110) sz, stigmas. Mag-
and dry, dust-like pollen are usually polli- ®ifiedabout twenty
nated by the wind.

Flowers with stigmas which, before they wither, curve so
as to bring the anthers into contact with the stigma (Fig. 111)
are usually self-pollinated.

1 A great deal of what was said about the behavior of roots, stems, and
leaves in Chapters ITI-VI is to be classed as plant ecology, though it was
not given a separate name in those chapters.

% See Kerner-Oliver, Natural History of Plants, Vol. II. Henry Holt and
Company, New York.

$ Knuth-Davis, Handbook of Flower Pollination. Clarendon Press, Oxford.
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Flowers of any other color than green, or which are fragrant,
have nectar, or show marked deviations from radial sym-
metry (Figs. 98 and 281), are generally more or less wholly
dependent upon animals (commonly insects of some kind) for
pollination.!

112. Wind-pollinated flowers. The number of plants which
depend upon the transference of pollen by the wind is very
great, embracing as it does large families, such as that of the
cone-bearing trees (Pine family), the grasses, and the sedges.

It is easy to see that pollen-carrying by the wind must be
a very wasteful process, since only now and then a pollen
grain is likely to alight on a stigma of the species of plant
which produced it. Accordingly, flowers which have their pol-
len carried by the wind yield it in enormous quantities. It is
estimated that a medium-sized plant of Indian corn produces
about 50,000,000 pollen grains; a pine tree must produce an
unimaginably great number. The stigmas of wind-pollinated
flowers which catch the dust-like flying pollen are brush-like, as
in the hazels; feathery, as in most grasses (Fig. 110); or pro-
longed and thread-like, as in Indian corn (Fig. 336). Wind-
pollinated flowers frequently appear before the leaves of the
plant which bears them. What advantage is there in this ?

113. Self-pollinated flowers. As a rule, inconspicuous flowers
with moist, sticky pollen are wholly self-pollinated or can pol-
linate their own stigmas when pollen from another flower
is not supplied to them. Familiar examples of such flowers
are pigweeds,? knotgrass,® the common chickweed,* the round-
leaved mallow?® (Tig. 111), the low cudweed,® and the com-
mon groundsel.” [t is not infrequently the case that flowers,
when they first wature, have the anthers and the stigma far
enough apart to make it impossible for pollen to lodge upon

1 See Bergen an' Davis, Laboratory and Field Manual of Botany, Sect. 149,
Ginn and Company, Boston.

2 Chenopodium, various species. 5 Malva rotundifolia.

8 Polygonum amiculare. ¢ Gnaphalium uliginosum.

¢ Stellaria media. 7 Senecio vulgaris.
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the stigma as long as the flower remains undisturbed ; but at
a later period in the development of the organs, anthers and
stigmas may grow into contact with each other and self-polli-
nation be secured (Iig. 111).

It is a remarkable fact that when a stlgma. is pollinated
with pollen from the same flower or from another flower of
the same plant, and also with pollen from another individual
of the same kind, generally only the latter
pollen takes effect in fertilizing the egg. In
other words, foreign pollen is prepotent over
pollen from the same individual.l

114. Self-pollination and cross-pollination.
The process of self-pollination is usually
rather simple, as may have been inferred
from Sect.108. Not infrequently the be-

ginner in botany may be led to wonder
whether it would not be advantageous to
the plant world if all flowers were bisexual
and pollinated their own pistils. The matter
is not, however, quite as simple as it ap-
pears to be. The earliest seed plants were
doubtless remotely related to our evergreen
cone-bearing trees of to-day (such as pines,
spruces, and cedars), and these cone-bearers

Fic. 111. Stamens
and pistils of round-
leaved mallow

The flower has been
open for a consider-
able time, and the
stigmas have curved
so as to come into
contact with the sta-
mens and insure self-
pollination. After H.

; Miiller
have unisexual flowers (Figs. 251 and 262)

and are wind-pollinated. Bisexual flowers came later. It is likely
that, later still, plants with unisexual flowers have come into
existence by descent, with gradual modifications, from ancestors
which bore bisexual flowers. One proof of this is drawn from
the fact that there are many cases of flowers which are practi-
cally unisexual but show rudimentary pistils in the staminate
flowers and rudimentary stamens in the pistillate ones, as in
the common asparagus (Fig. 97). Occasionally the asparagus
has perfect stamens and pistils in the same flower.

1 See Darwin, Cross and Self Fertilisation in the Vegetable Kingdom,
chap. x. D. Appleton and Company, New York.
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By cross-pollination is meant the process of transferring for-
eign pollen to the stigma. The effect in fertilization is the
same whether the pollen is carried by the wind or otherwise.

115. Advantages of cross-pollination. As already stated
(Sect. 113), foreign pollen is usually more effective than the
pollen from the same individual. Charles Darwin, the great
English naturalist, showed by experiments continued through
eleven years that in many cases the plant derives great advan-
tages from cross-pollination.! He found that in plants the
flowers of which are not especially suited to self-pollination
if left to themselves, but which he pollinated thoroughly by
hand, the plants grown from the seeds of cross-pollinated
flowers usually much exceeded in height, weight, and fertil-
ity those from self-pollinated flowers. It was found, for in-
stance, that when the yellow monkey flower (Mimulus luteus)
was self-pollinated to the ninth generation the plants thus
produced were %% the height of plants which came from
those self-pollinated to the eighth generation and then cross-
pollinated with a plant of another stock. In fertility the two
kinds (self-pollinated to the ninth generation and cross-polli-
nated at the end of the eighth generation) were in the ratio ;.

Cabbages were raised by Darwin from seeds of a third
self-pollinated generation and also from those of the second
self-pollinated generation crossed with a plant from a distant
garden. The self-pollinated cabbages were only %% the weight
of the cross-pollinated ones. These two examples may serve as
extreme instances of the benefits of cross-pollination. In many
cases less advantage is gained by it, and there is a considerable
group of plants which seem to be indifferent to the source from
which the pollen comes, that from the same flower answering
as well as that from another individual of the same species.
The practical value of a knowledge of the effects of different
kinds of pollination is often very great (Chapter XXIIT).

1 See Darwin, The Effects of Cross and Self Fertilisation in the Vegetable
Kingdom, chaps. i and vii-ix. D. Appleton and Company, New York. For
facts about flowers which do not need cross-pollination see Sects. 121 and 126.
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116. Insects as carriers of pollen. Most flowers which re-
quire or are benefited by cross-pollination and which are not
wind-pollinated depend upon
insects as pollen carriers. It is
not an overstatement to say
that, in general, flowers seem
to have acquired their colors
(other than green) and their
odors as means of attracting
the attention of insects which
may serve to cross-pollinate
them. Insects vary greatly in
their efficiency as pollinators,
the small ones with smooth sur-
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Fie.112. Pollen-carrying apparatus

of leg of honeybee

A, right hind leg of a honeybee (seen
from behind and within) ; B, the tibia
(i), seen from the outside, showing the

faces on the head, legs, and ab-
domen, such as ants and many
beetles, carrying little pollen,

while bees,
moths, and
butterflies often carry considerable quan-
tities. Many bees in particular are provided
with a special collecting apparatus for
pollen (Figs. 112 and 113). Although the
portion which they carry to the hive or nest
for food is of no use for pollination, much
of that which is smeared over the general
surface of the body serves to pollinate the
stigmas of flowers which they afterwards
visit. A good practical illustration of the
importance of insect visits is afforded by
the case of cucumbers grown in winter
under glass. It is found necessary to keep
hives of bees in the cucumber houses in
order to insure pollination and consequent crops of cucumbers.

Some idea of the number of insect visits may be gathered
from the fact that in a single locality dandelion flowers have

collecting basket formed of stiff hairs.
After H. Miiller

Fia. 113. Right hind
leg of a bee (Macropis)

Thetibia iscovered with

pollen of the common.

loosestrife. Magnified.
After H. Miiller
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been seen to be frequented by 100 kinds of insects.! The sta-
tistics of visitors to the flowers of yarrow, Canada thistle, and
the willows are fully as remarkable.

117. Attractions offered by insect-pollinated flowers. Insects
are led to visit flowers for the sake of procuring food. This is
usually either pollen—as in the flowers of many species of
meadow rue, Clematis, Anemone,
poppy, rose, Spirea, and St.-
John’s-wort — or both pollen
and nectar, as in most kinds
of conspicuous flowers.

Nectar is usually secreted
by mectar glands, small organs
which are often to be found
near the base of the flower,

Fia. 114, Flower of buckwheat as in buckwheat (F ig- 114!)-
Lengthwise section, showing nectar Sometimes the nectar remains
glands n. Five anthers are discharg-  on the surfaces of the glands,
ing pollen; the other three here shown 3 . 3 :
are not quite mature. After H. Miiller ~SOMetimes 1t trickles down into

the bottom of the flower, and
sometimes —as in the columbine and the honeysuckle — it
is stored in pouches called nectaries, situated at the bases of
separate petals or at the bottom of the sympetalous corolla.

Honey is nectar which has been swallowed by the bee and,
by partial digestion in its crop, has undergone slight chemical
changes.

118. Odors of flowers as attractions to insects. It is evident
from familiar facts that many insects have an acute sense of
smell. The way in which flies are attracted by decaying meat
or fish, and bees and wasps by a cider press at work, or by
fruit-preserving operations, is a matter of common observa-
tion. A single cluster of carrion-scented flowers has been
known to attract carrion flies and dung beetles from a distance
of hundreds of yards. Some flowers — such as those of the

1 See Knuth-Davis, Handbook of Flower Pollination, Vol. IT. Clarendon
Press, Oxford.
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Virginia creeper (Psedera), the Dutchman’s-pipe, the blueber-
ries, and many others — are so inconspicuous that apparently
their numerous insect visitors must be attracted by an odor
which is almost or quite imperceptible to us.

It seems certain that the odors of flowers have been devel-
oped with reference to the sense of smell in animals (usually
insects), and that these odors serve as a most efficient means
of insuring insect visits.

It is a most interesting fact that many flowers give off their
scent mainly at the time of day when the insects which polli-
nate them are most active. Thus some catchflies, the petu-
nias, some kinds of tobacco, and several honeysuckles have
little odor by day, but are very fragrant at night when the
moths which pollinate them are on the wing. On the other
hand, many plants of the Pea family, which are pollinated by
day-flying bees and butterflies, give off their scent mostly by
day, and especially in strong sunshine.

119. Colors of flowers as attractions to insects. There has
been much discussion among botanists as to how far insects are
led to visit flowers by displays of color. It appears to be fairly
certain that no insects can make out the forms and sizes of
objects at a distance of more than six feet, and that many are
unable to see clearly even two feet.! In spite of this, however,
it seems probable that the colors of flowers are an important
means of attraction for many flower-frequenting insects.?

The commonest method of color display is that in which the
color (other than green) is mainly found in the corolla, as in
the flowers of the poppy, rose, sweet pea, and morning-glory.
Sometimes the calyx also is bright-colored, or, as in the Hepat-
tea, the Anemone, and the Clematis, the corolla is wanting and
the showy calyx looks like a corolla. Not infrequently the

1 See Packard, Text-Book of Entomology. The Macmillan Company,
New York.

2 See Kerner-Oliver, Natural History of Plants, Vol. II. Henry Holt and
Company, New York. Also Knuth-Davis, Handbook of Flower Pollination,
Vol.I; and Andreae, Inwiefern werden Insekten durch Farbe und Duft der
Blumen angezogen, Beiheft, Bot. Centralblatt, 15, 1903, pp. 427-470.
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display is all made by an enlarged and conspicuous set of
specialized leaves (bracts) which surround the flower, as in
the flowering dogwood and many euphorbias (Fig. 292), or
even by highly colored ordinary leaves, as in the poinsettia.
120. Degrees of specialization for insect visitors. Flowers
with a spreading perianth and radial symmetry — like those
of the stonecrop (Fig. 92) and the live-forever, the buckwheat
(Fig. 114) and the caraway (Fig. 295), buttercups, poppies,
' roses, and hun-
dreds of other
familiar kinds—
are open to all
comers, and are
frequented by
many sorts of in-
sects, from flies
to bees.
Flowers with
bilateral symme-
try — like  vio-
F1e. 115. Flowers of snapdragon lets, wild balsam

A, with lips of corolla tightly closed; B, with the lips (Flg 119), most
forced open by a visiting bee Romcnnil olodte

Pea family (Fig. 98), mints, and many others — are usually
not suited to indiscriminate visitors, but only to those insects
which can get at the nectar, the pollen, or both. In violets, for
example, the pollen is abundant, but is concealed within the
throat of the corolla, and the nectar is deep down in the spur
of the corolla. Both pollen and nectar are easily reached by
the tongues of bees, but not by small insects. In the snap-
dragon the mouth of the corolla is firmly closed, so that small
insects cannot enter it. Larger ones, such as bees, can, how-
ever, readily overcome the elasticity of the hinge at the junc-
tion of the lips and enter the flower (Fig. 115).

There are some flowers which appear to be dependent on
pollination by a single kind of insect only, and therefore are




POLLINATION AND FERTILIZATION 127

unable to set any seeds if that species of insect is not at hand
to carry their pollen. One famous example of this depend-
ence of the flower on a particular insect is that of the common
fig, which may bear large and juicy fruits without insect visits,
but cannot produce seed that will grow without being polli-
nated by a small species of wasp. Another instance is that of
the yuccas (Sect. 121).

121. Pollination in yucca. The yuccas are mainly plants of
desert or semi-desert regions, especially characteristic of the
southwestern United States and Mexico. One species, the
Adam’s-needle, or Spanish dagger, is a native of the Atlan-
tic and Gulf coast, and commonly cultivated. The flowers
of yuccas are white or nearly so, mostly with large spreading
corollas, and borne in great clusters, of one of which Fig. 116
represents only a small portion. The stamens are soméwhat
shorter than the carpels, with abundant sticky pollen, and the
pistil consists of three carpels which are joined to form a tube,
which is stigmatic on its inner surface. Pollination is impos-
sible without insect aid, and this is furnished by a small moth
(Pronuba). Unlike most cases of insect-pollination, that per-
JSormed by the yucca moth is self-pollination.

The flowers of yucca are fully open and in condition for
pollination during only a short period. Throughout the day
the female moth remains at rest within the flower, almost hid-
den by the stamens (Fig. 116). At dusk she begins active
work, first crawling to the anthers, on the surfaces of which
the pollen generally remains in a lump after its expulsion
from the pollen sacs. She collects pollen into a mass, held as
shown in Fig. 117, which is sometimes three times the size of
her head. She then crawls over or within the flower, with
occasional sudden starts, until finally she takes a position
astride of one stamen and with her head toward the stigma,
as shown in the top flower of Fig. 116. Lowering the abdo-
men between the stamens, she now thrusts the sharp tip of
the egg-depositing apparatus (ovipositor) into the soft ovary
wall and inserts an egg into an ovule. After depositing an egg,



Fr1e. 116. Flowers of yucca visited by the moth Pronuba

The work of the moth is suggested by its position in the several flowers. In the

first flower (the lowest), the moth is gathering pollen; in the second, she is polli-

nating the stigma; in the third, she is in the position of rest during the day; in
the fourth, in the position of rest when disturbed ; in the fifth, ovipositing

128



POLLINATION AND FERTILIZATION 129

the moth runs to the top of the pistil, as shown in Fig. 116,
uncoils the organs which hold the pollen mass, and with
her tongue thrusts the pollen vigor-

ously into the stigmatic opening for
several seconds. As the stigma is
usually pollinated after every depo-
sition of an egg, in cases where ten
or a dozen eggs are introduced into a
single pistil it is pollinated as many
times. After the hatching of the

Fic. 117. Head of Pronuba  ©88% e€ach little grub that is pro-
moth. Magnified duced from them eats up the ovule in

p, mass of pollen held in posi- which
tion by spinous appendages of
the moth’s head 1t was

depos-
ited, leaving, however, many
other ovules to mature into
seeds. It then bores its way out
through the capsule, drops to
the earth, and makes a cocoon of
silk a few inches underground.
It probably does not assume the
form of the adult (winged) in-
sect until near the next bloom-
ing time of the yuccas.

The relations of the yucca
moth to the plant afford a most
remarkable example of cobper-
ation between a plant and one
of the lower animals. Without
pollination by the moth, yuccas

Fic. 118. Pod of a tree yucca

p, perforations caused by escape of
larva of yucca moth. Somewhat
reduced. After Thirteenth Annual
Report of Missouri Botanical Garden

prodpce no seeds, while, on the other hand, without yucca
capsules and their contents the larve hatched from the eggs

of the moth would starve.l

1 8ee Proceedings of the American Association for the Advancement of
Science, 1880, Vol. XXIX, paper entitled *“ Further Notes on the Pollination
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122. Bird-pollinated and snail-pollinated flowers. Although
by far the greater part of the pollination done by animals is
due to insects, birds also perform this office for many flowers.
Those which are most efficient in this work are the sunbirds
of Asia, Africa, and other hot countries, and our own humming
birds. Most bird-pollinated flowers are large and showy, many
of them scarlet or deep orange in color. Among the most famil-
iar of our wild
flowers much
visited by hum-
ming birds are
the wild balsam
or jewelweed
(Fig. 119), the
trumpet creeper,
and the cardinal
flower; among
cultivated ones
are the scarlet
salvia, the gla-
diolus, and the
trumpet honey-

suckle.!

Snails are not so abundant in most parts of our own country
as to be important agents in pollinating flowers, but in some
parts of Europe they swarm in almost countless numbers on
the foliage and the flowers of many species of plants, and are
known to pollinate some flowers, particularly those of the
Arum family, related to our jack-in-the-pulpit and dragon-
root (Fig. 277).

Fic. 119. Wild balsam (Impatiens biflora)

The spurred flowers are much visited by humming birds

of Yucca, and on Pronuba and Prodoxus,” by C. V. Riley; also the same
reprinted as a pamphlet by the Missouri Botanical Garden, 1883. See also
the Thirteenth Annual Report of the Missouri Botanical Garden, 1902, paper
entitled ** The Yucces,’ by William Trelease.

1 Other. flowers are the buckeye, horse-chestnut, canna, century plant,
cotton, evening primrose, milkweed (Asclepias), oleander, painted cup,
petunia, tobacco.
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123. Prevention of self-pollination, dichogamy. Of course
dicecious flowers like those of the willow cannot be self-polli-
nated. Monccious ones like those of Indian corn (Figs. 336
and 836) are likely to be pollinated with pollen from another
plant. As regards bisexual flowers, it is evident that there
are many opportunities for self-pollination. But in all cases in
which cross-pollination produces more seed or stronger plants,
or both, it is clear that any-
thing in the structure or mode
of development of the flower

Fic, 121. Dichogamy in the
high mallow

In A4 the stamens are mature but

Fre. 120. Dichogamous flowers of the stigmas are pressed together

3 into a club-shaped mass (hidden
plantain (Plantago lanceolata) o g

A, earlier stage, pistil mature, stamens the anthers are withered and the

not yet appearing outside the corolla; stamens droop, while the stigmas

B, later stage, pistil withered, stamens have separated and are ready for
mature. Six times natural size pollination. After H. Miiller

which tends to secure cross-pollination is highly advantageous.
One of the most effectual means of preventing self-pollination
in bisexual flowers is the maturing of the stamens at a different
time from the pistils, known as dichogamy. In some flowers, as
in the figwort and some plantains (Fig. 120), the pistils mature
first. In such cases the pollen from older flowers (in the stami-
nate condition) is transferred to the stigmas of recently opened
flowers (in the pistillate condition). Pollination of the plan-
tain shown in Fig. 120 is due to the wind.
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Usually, as in some mallows (Fig. 121) and in Clerodendron
(Fig. 122), the stamens mature first. An insect visitor to a
flower in the staminate condition becomes somewhat covered
with pollen. Then flying to a flower in the pistillate condition,
he is sure to leave pollen
on the stigmas and thus in-
sure cross-pollination.

It is common to find the
stamens of a flower matur-
ing a few at a time, as in
“nasturtium,” buckwheat
(Fig. 114), and many other
flowers. This gives more
opportunities for insects to
carry away the pollen than
would be possible if it all
matured at once.

F1e. 122, Dichogamous flower of Clero- 1?4' _Preve_ntlon (_)f self-
dendron in two stages pollination: dimorphism. A

In A (the earlier stage) the stamens are IN€aNs of preventing self-

mature, while the pistil is still undevel- pollination, even more ef-
oped and bent to one side; in B (the later Tt 1 g ol
stage) the stamens have withered and 1ective than is dichogamy,

the stigmas have separated, ready forthe js found in the structure
reception of pollen . A

: of flowers in which some
have a long pistil and short stamens, others a short pistil
and long stamens. This condition occurs in the flowers of
bluets (I'ig. 123), the partridge berry, the primrose, and some
other common flowers. It is easy to see that the head of an
insect smeared with pollen by contact with the anthers of
Fig. 123, 4, would just come into contact with the stigma
of B, and that the insect’s abdomen covered with pollen in
B would just touch the stigma of 4. All the flowers on an
individual plant are of one kind (either long-styled or short-
styled), and the pollen is of two sorts,— each kind sterile
on the stigma of any flower of similar form to that from
which it came.
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125. When self-pollination is advantageous: cleistogamous
flowers. Some flowers are usually self-pollinated unless cross-
pollinated by accident or by human agency. Wheat is a
notable instance of the kind, and apparently self-pollination
«can go on in this grain for a long period without injury to the
fertility or the robustness of the offspring.! Experiments in
raising selected varieties of tobacco seem to show that in this
plant self-fertilization, for several generations at any rate,
produces better results than cross-fertilization.?

‘Whenever cross-pollination by the wind or by the agency of
:animals is impossible, it is evident that self-pollination would
be advantageous, since it is mﬁmte]y better than no pollination
at all. Examples of the impossibility of eross-pollination are the
cases of plants which grow isolated or in localities in which the
special pollinating
animal isnot found,
as American yuc-
cas in European
botanic gardens.
Many highly suec-
cessful weeds owe
part of their pre-
dominance to the Fre. 123 Len‘rthwxse section of dimorphous flower

fact that they seed " of bluets

well after self- A, long-styled form; B,short-styled form; «, anthers;
s, stigmas. About three times natural size

pollination.

Since occasional cross-fertilization appears to be sufficient
to keep up the strength and fertility of many kinds of plants,
it would seem to be an advantageous plan for these to unite
the certainty which characterizes self-pollination with the re-
newal of strength which comes from cross-pollination. Violets
and many other less familiar plants unite the two methods

1 See **Wheat : Varieties, Breeding, Cultivation,” Bulletin 62, University
of Minn. Avr Exp. Sta., 1899,

2 See ** Tobacco Breedmg,” Bulletin 96, Bureau of Plant Industry, U, S
Dept. Agr., 1907,
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by producing ordinary showy flowers and also inconspicu-
ous closed or cleistogamous flowers. The latter are, in violets,
borne on flower stalks close to the ground (Fig.124), and

F1e. 124. A violet, with cleistogamous flowers

The objects whieh look like flower buds are cleistogamous flowers in various

stages of development. The pods are the fruit of similar flowers and contain

great numbers of seeds. The plant is represented as it appears in late July or
" early August, after the ordinary flowers have disappeared
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usually before maturing become partially buried in the earth.
The cleistogamous flowers produce many more seeds than the
showy ones, but the latter insure occasional cross-pollination.!

10n the general subject of pollination of flowers and illustrations of
special cases see :

Knuth-Davis, Handbook of Flower Pollination. Clarendon Press Oxford.

Darwin, The Effects of Cross and Self Fertilisation in the Veget;able
Kingdom. D. Appleton and Company, New York.

Darwin, Different Forms of Flowers on Plants of the Same Species.
D. Appleton and Company, New York.

Darwin, The Various Contrivances by which Orchids are fertlllzed by
Insects. D. Appleton and Company, New York.

Kerner-Oliver, Natural History of Plants, Vol. II. Henry Holt and Com-
pany, New York.

Gray, Structural Botany. American Book Company, New York. i

Weed, Ten New England Blossoms. Houghton Mifflin Company, Boston.



CHAPTER IX

SEEDS AND SEEDLINGS; SEED DISTRIBUTION

126. Gross structure of seeds. The definition of the term
seed has already been given (Sect. 22). The structure of seeds
varies so greatly in details that in this place it
will be possible to describe only a very few
typical forms.! The most important parts of

Fi16.125. Length-
wise section of
squash seed

hi, hilum, or secar,
marking place of
attachment to the
ovary ; hyp, hypo-
cotyl; p, plumule;
¢, cotyledon; e (in-
nermost layer next
to cotyledon), en-
dosperm ; ¢, testa.
Two and one-half
times natural size

1 See also Gray, Structural Botany, chap. viii.

New York.

ordinary seeds are :

(1) The embryo, or miniature plant.

(2) The plant food stored elsewhere than
in the embryo, usually known as endospern.?

(3) The seed coat or coats.

All of these parts are well shown in Figs.
125 and 126. The embryo differs greatly in

seeds of the various
groups into which or-
dinary seed plants are
assembled on account
of their relationship to
each other. Many em-
bryos show a fairly
well-defined set of or-
gans, — the hypocotyl,
or little stem ; the coty-
ledons, or seed leaves
and . the plumule, or
seed bud.

F16.126, A common bean
split open, after soaking
in water
h, hypocoty), lying on one of
the cotyledons; g, groove in
the other cotyledon where
thehypocotyllay; p,plumule

American Book Company,

2 When this reserve food is formed outside of the embryo sac it is called

perisperm.

136
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127. Classification according to number of cotyledons. The
seeds of one great division of seed plants, the monocotyledons,

— comprising grasses, sedges, palms, lilies,
and many other groups,— have one cotyle-
don (Fig. 127). The reserve food is, as is
shown in that figure, mainly stored outside
the embryo. y
The seeds of the other and still larger
division, the dicotyledons, have two cotyle-
dons (Figs. 125 and 126). The plant food in
the seeds of dicotyledons is often stored in
the embryo itself (Fig. 126), as in the chest-

nut, hazel,; beech,
oak, bean,and sun-
flower; or often,
like that of the
monocotyledonous
onion(Fig.127, 4),
outside of the em-
bryo, as in buck-
wheat, four-o'clock,
castor bean, honey
locust, and morn-
ing-glory.

128. Forms of
reserve material.
The study of the
forms of the food
stored in seeds is
in  many ways
most Important.
For a time, usu-
ally, the seedling
plant depends for

g0 VP

Fic. 127. Seed and seedlings of onion

A, seed; B-F, successive stages in development of the

seedling; ¢, cotyledon; e, endosperm ; f, first true leaf;

h, hypocotyl; s, slit from which f emerges; ry, primary
root; rg, secondary root. 4, considerably magnified

its growth largely on the reserves in the seed from which it
springs. And the most concentrated vegetable food used by
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man and other animals generally consists either of seeds them-
selves, as in the case of the grains, nuts, beans, and peas, or
of manufactured products, such as oatmeal, corn meal, flour,
cornstarch, cottonseed oil, derived from seeds.

The principal plant foods found in the seed are proteins
of many kinds ; carbohydrates in the form of starch, sugar, or
cellulose ; and fats or oils. The characteristics of these vari-
ous substances can be learned only by means of careful labo-
ratory work, though some of them are tolerably familiar to
most people. Not infrequently the different kinds of reserve
material are localized in special parts of the
seed. In the grain of wheat and of corn the
proteins are especially abundant in the trans-
lucent flinty outer part of the endosperm,
while the starch lies mainly in the interior
white portion (Fig. 333). The oil of the corn
grain is stored mainly in the embryo, so that
kinds which have large embryos contain a
F16.128. Diagram  high percentage of oil and those with small
;i;eggt:gi‘;segg embryos have a low percentage (Fig. 334):

wheat Every seed must contain some protein
en, endosperm; em, Tnaterial, since this is indispensable to the
embryo. Somewhat  huilding of protoplasm, and no growth can
magujfel ~ take place without it. But it does not seem
to make much difference whether the non-nitrogenous food in
the seed consists mainly of starch as in rice, of oil as in Brazil
nuts, or of cellulose as in coffee and date seeds. Along with
much starch, many of the grains, particularly millet, contain
a good deal of gum, sugar, and fat. The fact that sugar is not
usually abundant in seeds may be due to the readiness with
which it dissolves in water, which might lead to some of it
becoming lost in the soil during germination.

129. The seed coat. The seed coat protects the embryo (and
the endosperm, when present) from mechanical injuries. In
order to allow germination to begin, either the general surface
of the coat must, as in most seeds, be porous enough to absorb
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moisture, or, in such hard-shelled seeds as the coconut, hick-
ory nuts, walnuts, and butternuts, there must be a thin -or
soft-walled place through which water can enter. Usually the

little opening in the ovule,
known as the micropyle (Fig.
109, m), remains in the seed
and serves to admit moisture.

The coats of many seeds
have wings or outgrowths of
hairs which aid in their dis-
persal, as already mentioned.
Other modifications in the
coats of seeds apparently, in
some cases, serve as aids in
their dispersal, and others as
means of preventing the seed
from being eaten by animals.

130. Conditions for germi-
nation. A sound, live seed will
germinate or sprout when suit-
able conditions are present.
The requisites for germina-
tion are:

(1) The proper tempera-
ture.

(2) Enough moisture.

(8) Air or oxygen.!

The temperature most fa-
vorable for germination varies

Fie. 129. Lengthwise section (some-
what diagrammatic) through the em-
bryo end of a grain of wheat

en, endosperm ; sc, scutellum, or absorb-
ing portion of cotyledon; c.?, cellular
tissue (containing much oil) in which the
cotyledon is embedded ; v.c, vegetative
cone or growing point; A, hypocotyl;
r.¢, rootcap; per, periderm, or coating
of grain; f, scar to which the funiculus or
seed stalk was attached. AfterWarming.
Magnified about 26 diameters

with the kind of seed; for any given kind there seems to be
a Jowest limit, a most favorable (optimum) temperature, and a
highest limit. The approximate temperatures for a few species
are given on the next page (in Fahrenheit degrees).?

1 Some seeds begin to germinate without air, but soon die unless it is
supplied to them.
2 See Detmer, Keimungsprocess der Samen, chap. iii. G. Fischer, Jena.
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GERMINATION TEMPERATURES

LOWwWEST HIGHEST MosT FAVORABLE
ISEIGETE of -3 Lo J, 70 foc 320-41° 100.4° 84°
Wi ea tsRRcis SN o S 320-41° 107.6° 84°
Searlet runner . . .= 49° 115° 91.4°
Indiancorn . . . . . 49° 115° 91.4°
Squashit e Nest IWe. = = a8 57° 115° 91.4°
Muskmelqn a{ld cucumber 60° 11,75 93°

Most farmers have learned by experience that the tempera-
ture requirements of all kinds of seeds are not the same. All
know, for example, that if corn is planted before the ground is
warm enough, it will decay and have to be replanted, but that
peas can be sown very soon after the frost is out of the ground.

There is moisture enough in a few kinds of seeds, like those
of the willow and the poplar, to allow them to begin to germi-
nate as soon as they are ripe. But most seeds need to be sup-
plied with moisture from without. Too little moisture causes
them to germinate very slowly, as is often noticed during
spring droughts, while immersing them in water causes many
kinds to rot because the air supply is not sufficient.

Lack of air as a hindrance to germination is particularly
likely to occur when seeds are planted too deep in clay soils.
In warm, open soils there is usually air enough, and the dan-
ger encountered is that of drying up, from shallow planting.

131. Preparation of seeds for germination. A few kinds of
seeds, as above mentioned, may sprout as soon as they are ripe.
Most sorts, however, need a period of rest and comparative
dryness before they will grow. The importance of drying
seeds is well shown in the case of corn. Kiln-dried corn has,
in one instance, been shown to yield 16 bushels per acre more
than air-dried seed of the same variety.
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After the rest period the time required for germination
varies greatly.! Grains, grasses, and many seeds of herbs of
the Pea family germinate in 2 to 8 days, most seeds of plants
of the Parsley family in about 14 days. Seeds of trees and
shrubs usually require much more time ; for example, those of
the hornbeam and ash are said
not to grow until the second
spring after they are planted.

F1c. 181, Corn seedling

e g, the grain; G'L, ground line; 7, first

g, the grain; GL, ground line; root, from the tip of the embryo; 7/,
s.l, sheathing leaf ; [, first true later roots; s.l, sheathing leaf. One
leaf. One half natural size half natural size

132. Types of seedlings. Seedlings? may be divided into two
groups, monocotyledonous seedlings and dicotyledonous seedlings.
Those of the dicotyledonous group may be further sub-divided
into plants with underground cotyledons, as the pea and the oak,

1 See Crocker, **Role of Seed Coats in Delayed Germination,’® Botanical
Gazette 42, October, 1906.
2 Not considering those of coniferous shrubs and trees (Fig. 2566).
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and those with aboveground cotyledons, as the maple, bean,
squash, and morning-glory.

The monocotyledonous seedling may or may not raise its
single cotyledon out of the ground after germination. The
onion does so (Fig. 127) but the grains do not (Figs. 130, 131).
In all the larger grains (as in corn) the fitness of the plumule
for piercing hard clods or bits of sod is very noticeable, and
serves the plant well in breaking out of
the ground against opposition.

Dicotyledonous seedlings with under-
ground cotyledons, like the pea (Fig.
132), are better able to force their way
out of the ground if planted deep than
are most of those with aboveground coty-
ledons, like the bean (Fig. 133). There-
fore even large seeds of the latter type,
like those of the bean, melon, cucumber,
and squash, should not be planted deep.
Very minute seeds, like those of portu-
laca, poppy, and most plants of the Pink
family, should be planted on the surface

of well-raked. fine earth and then barely
g‘(’;’ls';hg i‘:’gfj:gg lf;’;yl;’ covered by sifting over them a little of
root; &, stem; I, rudimen- the finest loam, or by dragging a trowel
ot leavsi'al(s’i’;i halfnat- o1 other suitable implement lightly back
and forth over the bed.

133. Function of the cotyledons. In many seeds of mono-
cotyledons, as the grains, the cotyledon does not emerge from
the seed nor rise above the surface of the ground. It forms an
absorbing organ known as the seutellum (Fig. 129, sc¢), which
serves to take up liquefied plant food from the endosperm and
transfer it to the growing embryo. In the seed of the date
palm it acts much in the same way. Other monocotyledonous
plants, like the onion, bring the cotyledon out of the ground
(often with the seed coat attached) and then proceed to de-
velop ordinary foliage leaves (Fig. 127).

Fic. 132, Pea seedling
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In dicotyledonous seeds of the type of the pea, the horse-
chestnut, and the buckeye, the cotyledons remain inclosed in
the seed coat and underground
(Fig. 132), where they become
emptied of their contents. They
are so loaded with reserve ma-
terial that they could not serve
any useful purpose if they were
to emerge into the air and light.

In the bean, they
are raised into the air,
turn green, develop
stomata, and probably
for a short time do
some photosynthetic
work, but soon wither
and fall off.

In the squash, pump-
kin, and most dicoty-
ledonous plants of the
farm and garden, the
cotyledons become for
a considerable time
active green leaves,
but they are shorter-
lived than the sub-
sequent leaves of the Frc.133. Two stagesin the growth of the bean

plant, are opposite or fedling
. In the younger stage the arch of the hypocotyl is
nea‘ﬂy S0 (Whlle the but little above the surface; in the older stage the
later leaves may be cotyledons have separated, the first internode has
. elongated considerably, and the first pair of foli-
opposite or alternate)’ age leaves has expanded. Cot, cotyledon; A, hy-
are usually smaller pocotyl; ha, hypocotyl arch; ¢, internode; 7, leaf;
r1, taproot which proceeded from the tip of the
tha‘fl other lea‘ves’ and hypocotyl; ry, branches of r1. Natural size
their shape always

differs from that of the permanent leaves of the plant. Even
in those cases where the cotyledon for a time becomes wholly
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leaf-like in its appearance, as in buckwheat and the castor bean,
its activity differs from that of the permanent leaves. The rate
of transpiration for equal areas of such cotyledons, when com-
pared with that of the later leaves,
has been found to be from one
and a half to two times as great.

It is easy to see that in a
general way the readiness with
which some cotyledons assume
the character of temporary foliage
leaves depends on their com-
parative freedom from deposits
of plant food. For this reason
some of the most leaf-like coty-
ledons, like those of the buck-
wheat and the morning-glory, are
found in seeds with abundant
endosperm.

134. Action of enzymes on re-
serve material of seeds. One of
the most surprising things about
the early growth of seedlings
is the rapid way in which many
kinds begin to grow even in saw-
dust or on moist blotting paper.
Evidently the plant food at the
start must all come from the
seed, and ‘the removal of most
Fic. 184. Pea seedlings growing  f the reserve food of the seed

in water

; greatly retards the growth of the

A, deprived of both cotyledons; B, . - ) 0
with cotyledons uninjured seedling (Fig. 134). It is not
at once clear how the proteins
and the starch of some seeds and the oil or cellulose of others
are so quickly withdrawn from them and transferred to the
growing plantlet. Most of the reserve substances found in
seeds are soluble with difficulty or quite insoluble in water
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or the watery sap of plants. But the insoluble substances be-
fore being transferred into the seedling are transformed into
soluble ones. This is due to the action of certain substances
known as enzymes or soluble ferments. An enzyme as found in
seeds is a substance secreted by the plant for the purpose of
digesting or rendering soluble such plant foods as require
digestive action before they can be absorbed by the tissues
of the young seedling. Much has yct to be learned about the
nature, occurrence, and action of the enzymes. In most seeds
enzymes occur inside the cells along with the reserve mate-
rials, and so at suitable temperatures, in presence of moisture,
the digestion of the cell contents can take place everywhere
throughout the seed. The scutellum of the grams (Fig. 129, s¢)
secretes, from its outer layer, which is in contact with the
endosperm, two kinds of enzymes, and rapidly digests the sur-
rounding endosperm.

At very low temperatures, enzymes cannot carry on their
work. Each kind has a special temperature at which it is
most active; for many kinds this ranges between 86° and
113° Fahrenheit (30° to 45° Centigrade). Evidently the low-
est temperature at which the enzyme of a given seed can act
must limit the temperature at which germination can go on!;
and the temperature at which the growth of the very young
seedling is most rapid must be not far from the temperature
at which the enzyme of its seed is most effective.

Of the many kinds of enzymes known, two of the classes most
important in plant physiology are those known as diastases,
which change starch into sugar, and those known as trypsins,
which render insoluble proteins soluble. The most familiar
case of action of enzymes on a large scale is the malting of
barley, in which the starch of the grain is converted into a
sugar by diastase. It is said that dlastase can change 10,000
times its own bulk of starch into sugar.?

1 See the table of germination temperatures, Sect. 180.

2 0On dlgestlon and enzymes consult J. R. Green, Vegetable Physmlogy,
chap. xvi. P. Blakiston’s Son and Co., Philadelphia.

D s . .wa £
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SEED DISTRIBUTION

135. Usefulness of the seed. People in general, no matter
how familiar they may be with seeds, do not stop to consider
what the seed means in the perpetuation of any species of

F1e. 135. Fruits of Spanish needles (Bidens)

Natural size and twice natural size

plant. Some seed plants, it is true, manage to perpetuate
themselves for an indefinite time by vegetative methods, as
by root buds, by various kinds of stem propagation, or even
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by their leaves. But even perennials generally depend upon
the growth of seeds to continue the species. A forest of white
pines, for example, when all its trees have died of old age or
been killed by plant or insect enemies, by destructive winds
or forest fires, can only be renewed by the growth of young
pines from the seed. And in the case of annual plants all the

Fi1c. 136. Dandelion fruits

a, akene; b, beak of pappus; br, bracts; p, pappus (representing the limb of the
calyx); r, common receptacle for all the fruits. Twice natural size

individuals in existence at any one time will have died in a
year, or little more, from that date, to be replaced by a new
crop sprung from seeds.

It is important to notice how well suited most seeds are to
withstand conditions that would kill ordinary plants. Seeds
are not injured by the lowest natural temperatures, and they
resist considerably higher temperatures than those found in
most climates. Lack of moisture does not usually harm them.
And while some kinds of seeds remain capable of sprouting
only for a few days, most kinds will remain good for a year
and many for several years. The seed is a matured ovule
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containing a new plant. Defined from its funection, it is a highly
portable and not easily injured package, in which the rudi-
ments of a plant, like its parent, may be carried about and hold
life over from season to season.

136. Need of seed distribution. The successive crops of farm
and garden annuals are secured by careful seed planting in
prepared soil. The seeds of wild plants are also sown, on a
still more extensive scale, by natural agencies. In any country
the relative numbers of most kinds of wild seed plants usually
remain from year to year without great changes except those
which are brought about by human interference. This fact is
evidence enough that seeds in unimaginable numbers must
be scattered about in such a way as to make good the losses
in the plant population of the world due to all destructive
causes. The means of seed distribution will be taken up in
Sects. 140 and 141.

137. The struggle for existence. Only a small proportion of
all the seeds annually produced can have a chance to grow.
The resulting contest among plants for a foothold and for
the means of subsistence forms one portion of what the great
English naturalist, Charles Darwin, called the struggle for exist-
ence. It is shown by careful calculation that about 5,300,000
acres of land could be sown with the wheat grown at the end
of fifteen years from a single parent kernel, if every grain
were to grow and live. But the wheat plant does not produce
a very large number of seeds. The so-called Russian thistle
(Salsola Kali, var. tenuifolia), a most troublesome weed, bears
from 20,000 to 200,000 seeds. Taking the moderate estimate
~ of 25,000 seeds to a plant, their offspring (if all the seeds grew)
would number 625,000,000 individuals, and the next genera-
tion would number 15,625,000,000,000. Supposing each plant
to have a diameter of about three feet and to occupy an area
of seven square feet, the student can readily calculate how
many square miles of territory the number of plants last
named would cover, if actually in contact with each other
throughout their circumferences.
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The fact that any species, such as the ordinary ragweed
(Ambrosia artemisicefolia), common throughout most of the
United States, does not promptly overrun all those portions
of the earth’s surface suited to its growth is due to:

(1) Lack of sufficiently thorough and rapid means of seed
distribution.

(2) Multiplication of insect and plant enemies of the species
(often not important).

(3) Overcrowding or competition between individuals of
the same species (other ragweeds) or of other species.

138. How competition kills. The result of. competition
among plants is sometimes to make the overcrowded individ-
uals dwarfish and unfruitful, or at other times to kill them
outright. The means by which the successful individuals
weaken or kill their neighbors are mainly : '

(1) Overshadowing, resulting in deficient photosynthesis
in the shaded plants from lack of light.

(2) Robbing the defeated plants of water.

(3) Robbing them of soluble salts (nitrates, phosphates, and
so on, from the soil).

The deprivation of sufficient water and salts interferes
with the nutrition of the overcrowded plants and may soon
completely stop their growth.

The extent and reality of the competition here merely out-
lined can be understood only by aid of careful field work.
Weedy ground may be found which contains as many as a
‘thousand seedlings to the square foot, and if a small area of
such ground is isolated and watched, the struggle for exist-
ence may be followed to its end, with only one or two of the
thousand surviving.! It must be remembered that multitudes
of seeds get no start in life as seedlings, and so do not even
enter into competition, either from failure to lodge in a place

1 See also Charles Darwin, Origin of Species, chap. iii (D. Appleton and
Company, New York), L. H. Bailey, Survival of the Unlike, pp. 258-261
(The Macmillan Company, New York), and Bergen and Davis, Principles

- of Botany, pp. 448-450 (Ginn and Company, Boston).



Fie. 137. Winged fruits
of maple

One half natural size

Fre.138. Winged fruits of Fie. 139. Winged fruits of
Ailanthus red elm
One half natural size Natural size

150
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in which they may germinate, or because they are promptly
destroyed by birds or other animals, or by molds or other
organisms which cause them to decay.

139. Fruits. The term fruit in its most limited botanical
sense means the ripened ovary with its seeds and other con-
tents. In a grape there is nothing more than this. In a currant

F1e. 140. Bract-winged fruits of linden

f, fruits of linden, with a wing-like bract (b) by means of which they are blown
about by the wind. One half natural size

or gooseberry, however, the thickened and fleshy calyx sur-
rounds the fruit proper and forms a part of what is usually
called the fruit by botanists. In many dry fruits, such as those
of Spanish needles (Bidens, Fig. 135) and of the dandelion
(Fig. 136), the limb of the calyx forms some sort of hook,
spine, plume, or other appendage, and the whole is usually
spoken of as the fruit. Not infrequently the receptacle is
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enlarged and united to the ripened ovary, and is counted part
of the fruit, or many ovaries may be joined by the receptacle
into a single mass, as in the strawberry.

F1c. 141. Fruits of ironweed in heads, and some separate fruits

The latter one and one-half times natural size

140. Mechanisms which aid in the distribution of seeds.
Seeds and fruits are in many instances so constructed that
they are very likely to be carried about by wind, water, or
animals. The winged seeds of the catalpa and the tufted ones
of the willow are readily carried long distances by the wind.
So, too, are the winged fruits of the maple, the Adlanthus, and
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the elm (Figs.137-139), and the tufted ones of the thistle
and the ironweed (Fig. 141). The seed capsules of the poppy,
the morning-glory (Fig. 142), the evening primrose (Fig. 144),

Fre. 142. Seed pods of morning- Fic. 143. Two capsules of the wild
glory beginning to open, so as to balsam and a third detached, split
allow the seeds to rattle out, a few open, and curled up as it appears
at a time after throwing the seeds about
One half natural size Two thirds natural size

2o
%
o g
Fic. 145. Fruit of crane’s-bill,
Fic. 144. Pods of evening prim- the carpels splitting away-from
rose open at the top and allow- a central column and thus throw-
ing the seeds to escape gradually ing the seeds about

i Three fourths natural size Reduced
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the larkspur, and many other plants, open at or near the top,
and for weeks allow the seeds to be scattered by the wind when-

F16.146. Bursof sticktights (Desmodium)

One half natural size

then throw many seeds directly
at the animal, into whose fur
they fall and are carried till
they shake out.

Some fruits or clusters of
them, as white pine cones, or
whole plants, known as tum-
bleweeds (Fig. 856), are rolled

ever the stalks of the cap-
sules are swayed back and
forth by it. Such stalks are
still more strongly swayed
by a passing animal, and

Fic. 147. Head of fruits of avens

and some of the separate, bur-like

fruits, with hook-like remains of
the style

The latter one and one-half times
natural size

along the ground by the wind, carrying with them multitudes of
seeds. Among the commonest are old witch grass (Panicum),
tumbleweed (Amaranthus), and the * Russian thistle” (Salsola).
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Water plants very commonly produce seeds or fruits which
will float, and these are often carried for miles by the water, to
lodge and grow long after their voyage began. It is supposed
that many uninhabited islands of the South Seas have in this
way been planted with coco palms.

Various devices throw seeds about (Figs.143 and 145), espe-
cially when disturbed by an animal, into whose fur the seeds
may fall. Burs in
great numbers are
carried about by
animals, sometimes
clinging for months
to the hair, fur, or
feathers (Figs. 146
and 147).

141. Dispersal of
edible seeds. Edible
seeds and fruits —
such as nuts, the
grains, berries, and
stone fruits like Fic.148. Fruit of the wild black cherry, a valu-
plums and cherries el e ol o
— are often carried
long distances by
animals. They are frequently swallowed, and latex voided un-
digested and in a condition to grow. In this way wild cherries
(Fig. 148) and wild apples are planted about pastures and in
open woods. So, too, raspberry, currant, and.gooseberry bushes,
asparagus, and bittersweet may be found growing in the forks
of trees high above the ground. Squirrels, blue jays, and some
other animals carry away nuts and bury them, often leaving
them to grow the following spring (Fig. 825).1

The seeds, which are hard and indigestible, are dis-
seminated mainly by birds. One half natural size

10n the general subject of seed dispersal see Kerner-Oliver, Natural
History of Plants, pp. 833-877 (Henry Holt and Company, New York) ; also
Beal, Seed Dispersal (Ginn and Company, Boston).



CHAPTER X

THE GREAT GROUPS OF PLANTS

142. The basis of classification. In the preceding chapters
little has been said about classifying plants into groups.
Practically all the plants discussed so far belong to one
group, and since flowers and seeds are characteristic structures
in these plants, the group is usually spoken of as the Flower-
ing or Seed Plants. Throughout the entire plant kingdom
one or more kinds of structures are generally used as the
basis for arranging plants into groups. What a plant may do
with these different structures, or where the plant lives, may
have some influence upon the classification of the plant, but
ordinarily these things all give way to considerations of struc-
ture in determining the group to which a plant belongs.

It is true that such expressions as “desert plants,” or
“parasitic plants,” are used to group together plants that live
in certain kinds of regions, or that live by means of certain
processes, and such bases of classification are most interest-
ing and profitable ; but it has been found much more con-
venient and more satisfactory to arrange the great groups
upon the basis of structure and form. Beginners in botany
are often more interested in what plants are doing than in
what their structures are, but we must know what the struc-
tures are in order to understand what is being done. Also
a better degree of uniformity in classification is obtained by
using plant structures as its basis.

143. The meaning of genus and species. In most wooded
regions one or more kinds of oaks may be found. The follow-
ing kinds are common, and are known to many people who
have not studied botany: white oak, bur oak, red oak, black
oak, blackjack oak, live oak, and several other kinds. While
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Fic. 149. A group of leaves and acorns illustrating some of the differences
between six species of oak (Quercus)
A, the white oak (Q. alba) ; B, the red oak (Q. rubra); C, the bur oak (Q. macro-
carpa) ; D, the black oak (Q. velutina); E, the blackjack oak (Q. marylandica) ;
F, the live oak (Q. virginiana). The acorns are about three fourths natural size
and the leaves less than one half natural size. Modified from R. B. Hough
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all these are oaks, and bear to one another many resemblances
in form of tree, form of leaf, and in the proportion of parts,
there are sufficient differences in form to distinguish them
one from another. The botanist uses a genus name, which is
Quercus, to include all the oaks, and to this genus name he
adds a species (specific) name by which to indicate the par-
ticular kind of oak of ‘which he is speaking. In names of
many plants the specific name suggests a prominent character-
istic of the particular kind of plant to which the name refers ;
as in Quercus alba, alba, meaning ““white,” refers to the whitish
bark of the tree; and in Quercus nigra, nigra refers to the
blackish bark. A list of six of the oaks, together with the
leaf outlines and drawings of the acorns (Fig. 149), should
help to make more clear the meaning of genus and species.
This meaning needs to be understood, since we usually speak
of plants by their common names or by their generic names,
and often it is necessary also to use the specific names.

144. The leading groups of plants. Quite similar plants are
grouped together into one species, and species that closely re-
semble one another are grouped together into one genus. In
the same way similar genera (plural of genus) are grouped
together into one family, and families of close resemblances
are grouped into an order. Orders are grouped into sub-classes
or directly into classes, and the classes into great groups, of
which there are four. These four great groups together con-
stitute the plant kingdom. Other intermediate groups are
sometimes used.

Of the four great groups of plants, the one which includes
the flowering, or seed plants, is the spermatophytes, a name
which means “ seed plants.” The spermatophytes are divided
into the angiosperms, or plants with inclosed seeds, and the
gymmosperms, or plants with exposed seeds. The group next
below the spermatophytes is the pteridophytes, or fern plants,
the group which includes the true ferns and certain other
plants which are rather rare. Next below the pteridophytes
is the bryophytes, or moss plants, consisting of the mosses and
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liverworts. The lowest group is the thallophytes, the lowly or
prostrate plants, which group includes the fission plants, the
Jungt and the alge. It is the last-named group, the thallo-
phytes, which we shall first consider.

145. Some aspects under which plants are studied. The
study of the great groups, their subdivisions, and the proper
classification of plants, is known as tazonomy, or systematic
botany. The study of plant structures, their similarities, differ-
ences, and relationships is known as morphology. Special study
of the cell is eytology. Plant activities or work and their rela-
tions to the immediate surroundings of the plant are included
in physiology, while the relationships of plants to one another
and to the environment in general is ecology. One phase of
ecology deals with the distribution of plants over the earth
and is known as ecological plant geography. The study of
plant diseases is known as phytopathology, or plant pathology.
A study of the bacteria constitutes dacteriology. A considera-
tion of the useful or harmful aspects of plants is included
under the general term economic botany, and under this head
there are such subdivisions as agricultural and horticultural
botany. These are but the leading aspects under which plants
may be studied.

It is evident that these divisions have no sharply marked
lines between them, and that they are not all made upon the
same basis. For example, we might study the bacteria as
shown in their structure, which would be morphology; or as
shown in their relation to disease, which would be pathology ;
or in their relation to farm and garden crops, which would be
economic botany.

146. Names of plants and groups not most important. It is
impossible to study plants in any extended way without hav-
ing definite names for them and their parts, as well as for the
different kinds of work that they do. We need names of the
different people whom we know in order that we may speak
of them in a definite way. If we had not these names we
should constantly have to use long descriptions that would
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be inconvenient and confusing. How plants live and the rela-
tions that they bear to other living things are the really im-
portant things, and though names are quite necessary, we must
keep clearly in mind that they are merely tools, by means of
which, in our thinking and speaking, we may easily handle
plants. There are two great pieces of work that plants do, as
has been made evident in the preceding chapters: plants must
have ways of securing and using the needed food materials, —
they must attend to the needs of nutrition; and they must
attend to the establishment of succeeding generations of their
kind, — the work of reproduction. All that plants do may in
some way be related to one or both of these two great pieces
of work. Protection through the winter seasons and drought,
and responses to the conditions of life in water or in tropical
regions are in some way related to nutrition and reproduction.

While, therefore, we shall study, in some of the following
chapters, a few representatives of the great groups of plants,
we shall always have to keep in mind that what we really
want to find out is what plants are, how and where the differ-
ent groups live, how their habits of living are related to the
life of other living things, and how they reproduce themselves.



CHAPTER XI

THE BACTERIA (SCﬁIZOMYCETES)

147. Introductory. In the preceding chapter it was stated
that the thallophytes constitute one of the four great divisions
of the plant kingdom. They are plants of very simple struc-
ture, and do not have roots, stems, and leaves. Some of them
are extremely simple, one-celled plants, and others are very
large and quite conspicuous. In methods of producing their
offspring thallophytes are also comparatively simple. Of all
the thallophytes the bacteria are simplest in structure, and we
shall consider them first in the series of plant groups.!

What the bacteria are and how they live are questions of
very great hygienic as well as botanical importance. Bacteria
have sometimes been represented as wholly dangerous to men,
a conception very far from true. They have been called germs,
microbes, bacilli, and microdrganisms, often without any defi-
nite notions as to the real meaning of these names. Even the
fact that they are plants is not generally recognized by the
public, though for many years scientists have known it. What
the bacteria are, how they live, and how their life affects the
life of other living things are some of the questions to be
discussed in this chapter

148. Form. There is variation in the form of bacteria, as
there is among higher plants. Three groups, classed accord-
ing to form, are generally recognized, — the spherical (coccus),
rod (bacillus, Fig.150), and spiral (speirillum) groups. There are
sphere forms of wide difference in sphericity, rod forms with

1 Cultural experiments offer a better means of laboratory study of the
bacteria than does microscopic work. Demonstration microscopes will be
found helpful, however, in giving an idea of the size and form of a few of
the common types of bacteria.
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great variations in length and diameter, and spiral forms hav-
ing from a fraction of one spiral to many spirals. Further-
more, spherical forms may become piled upon one another
so that colonies result, and rods may be joined (Sect. 152) in

o

Al

Fie. 150. A group of bacteria

A, Bacillus typhosus, from a six-hour-old culture upon nutrient agar. In such
cultures the main body of the bacillus is short and the cilia are relatively prom-
inent; magnified 1000 diameters. B, Micrococcus tetragenus, three groups each
of four individuals, each showing the characteristic arrangement; the larger
hodies are portions of the pus in which the bacteria occur. C, Bacillus tubercu-
losis; the very slender bacilli are shown among particles of sputum. D, Proteus
vulgaris, a widely distributed saprophytic bacillus. E, Preumococcus, some
individuals of which have been inclosed and partially digested by,the large
white blood corpuscles (phagocytes). F, Staphylococcus aureus, a small spheri-
cal bacterium usually arranged in chains; magnified 1000 diameters. Modified
from Jordan’s ** General Bacteriology ”

such a way as to construct filaments. Within these groups
many species of bacteria are known. One high authority,
Migula, considers that there are 1272 distinct species of bac-
teria, most of which belong to the bacillus type.
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149. Size. The variations in size are even greater than
those in form. The average bacillus type of bacterium is about
s5egpinch (3¢5 mm.) in diameter and g5445 inch (3§ mm.)
i length. The spherical bacteria have an average diameter
slightly less than that of the average bacillus forms, while-
most spiral forms are larger. There are known forms that are
very much smaller than these averages. It is indeed thought
by some bacteriologists that the failure to discover the bacteria
that produce certain diseases is due to our inability, even by
means of the most powerful microscopes, to see these organ-
isms. It is suggestive in this connection to state that the
organism which produces yellow fever (perhaps an animal
organism and not a bacterium at all) is small enough to pass
through the pores of a compact porcelain filter.!

It the average bacteria are 5z34¢ inch in diameter and ¢d55
inch in length, and if such bacteria were placed upon one
another end to end compactly until a pile one inch long, one
inch high, and one inch wide was constructed, the cubic-inch
mass would contain 6,250,000,000,000 individual bacteria.
This is approximately 65,000 times the number of human be-
ings in the United States. Or, assuming that a man’s finger
nail is 45 inch (} mm.) in thickness, by placing one upon an-
other, end to end, to make a single stack of average bacteria
as high as the finger nail is thick would require no less than
200 bacteria.

150. Structure. These are extremely simple plants, and are
believed by some to be structurally the simplest known living
things. The wall of the cell is often made up of a slime-like
sheath. In some bacteria this wall is a distinctly gelatinous
capsule. It is not of cellulose material, as it is in the higher
plants. Internally the cell structure is quite simple, consisting
of structures that are thought to be cytoplasm and granules
of nucleus-like material.

Many bacteria have been observed to have long hair-like
flagella extending from or through the cell wall (Fig. 150).

1 Reed and Carroll, American Medicine, 1902, p. 301.
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Sometimes these are present in sufficient numbers to cause the
entire cell to have a woolly appearance. In other cases but
one or a few of these flagella are present. These are organs
of locomotion.

151. Motility. Many kinds of bacteria can move from place
to place by means of the hair-like flagella. The rate of their
movement, which varies greatly, may be strikingly rapid.
“The typhoid bacillus may travel a distance of 4 mm. (about
L inch), or about 2000 times its own length, in one hour; the
cholera spirillum may attain for short distances a speed of
18 cm. (about 7 inches) per hour,” ! a speed that is 45 times
as great as that of the typhoid bacillus. There are other
spirillum forms that move with great rapidity. These dis-
tances may seem short, but if put in terms of the actual length
and bulk of the organism, they become more significant. If a
man should travel as many times his own length as the typhoid
bacillus or as the cholera spirillum (assuming that the cholera
spirillum is of length similar to the typhoid bacillus, though
it really does attain a much larger size), how far would he
travel in one hour ?

152. Reproduction. The usual method of reproduction is by
fission, in which the bacterial cell divides into two new cells,
each of which is a new individual. The newly formed cells
usually separate soon after being formed. Sometimes, how-
ever, they continue to divide for a number of generations
without becoming separated, thus producing a chain or fila-
ment of plants. In a very short time the new plants become
full-grown and ready again to divide. In the case of some
kinds of bacteria newly formed individuals divide within
twenty minutes to a half hour after they themselves are
produced. Thus two or three generations may be formed
within an hour’s time. The possibilities of this rate of repro-
duction are enormous. If all conditions were to remain en-
tirely favorable for reproduction, a bacterium which divides
but once an hour would in two days produce offspring

1 Jordan, E. O., General Bacteriology, 1908, pp. 69-60.
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numbering 281,500,000,000, and “in three days the progeny
of a single cell would balance 148,356 hundredweight.”1 Of
course it is well known that ordinarily this rate of reproduc-
tion cannot be realized, because growth conditions do not
remain favorable. The food supply is soon exhausted, and
the excretions from the bacteria themselves render conditions
unfavorable. But in situations where bacteria can grow they
really do reproduce themselves and increase their number
with astonishing rapidity. The possibilities of production and
growth of large numbers are evident when we keep in mind
that for a considerable time many millions of bacteria could
live in a cubic inch of milk or beef broth.

In another kind of reproduction that is found in but a
few of the bacteria the interior of the bacterial cell becomes
rounded and inclosed by a relatively heavy wall. This heavy-
walled body may remain inactive for a long period, and upon
the return of favorable conditions may again produce the kind
of cell which formed it. Such specially made reproductive
cells are called spores. They often serve to preserve bacteria
through periods of unfavorable conditions, — as drought, lack
of proper air, absence of suitable food, and unfavorable tem-
perature. Some kinds can withstand freezing or boiling tem-
peratures. It is much more difficult to destroy bacteria that
produce spores than those which have only the usual growing
structures. There are very few spore-forming bacteria among
those that produce diseases of men. This is fortunate for men,
since the problem of combating disease would be much more
complex if all our disease-producing bacteria should possess
these resistant spores. '

An illustration of bacterial spore action is seen in the disease
known as anthrax. Sometimes sheep, cattle, rats, mice, and
other animals, as well as men, are killed within a very short
time — a few hours to a few days— by this disease. Before
adopting the method of treatment devised by Louis Pasteur,
France, in single years, had lost as much as $20,000,000

1 Jordan, E. 0., General Bacteriology, 1208, p. 61.
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worth of cattle and sheep. The spores form only when the
bacteria are exposed to the air. When an animal dies of an-
thrax, if its body decays while exposed to the air, millions of
anthrax spores are formed. These spores can lie in the field
for very long periods, probably several seasons, and withstand
the variations in temperature, moisture, and light. Under ordi-
nary conditions these will not germinate until they are intro-
duced into the body of an animal, when they again begin their
growth.

153. Nutrition. Bacteria absorb their food material directly
through the walls of their cells. Living, as they do, within
or upon their food supply, direct contact with it is secured.
Most kinds of bacteria live upon organic foods. The sources
of this food are as numerous as are the kinds of organic sub-
stances in the universe, — living and dead bodies of plants
and animals, plant and animal products, materials in solution
in water, materials in the air and the soil. Some bacteria®
thrive without free oxygen and thus can live upon food ma-
terial in places where other organisms cannot live. A few
bacteria can construct food somewhat as the green plants do.

It must also be noted that bacteria, like other living things,
produce and excrete substances that, if retained, would be in-
jurious to them. If excreted and accumulated about the bac-
teria in great quantity, these substances would soon kill them.
If a jar of beef broth is carefully sealed after any ordinary
bacteria have been introduced into it, there will at first be a
rapid increase in their number and the liquid will become
clouded with the organisms and their products. But the
excretions soon accumulate to such an extent that the bac-
teria can no longer grow. They become dormant or die and
settle to the bottom of the jar or collect in a jelly-like mass
at the surface.

154. Relation to decay. The bacteria and certain other de-
pendent organisms (as molds, yeasts, many animals), while
living upon the bodies or the products of plants and animals,

1 Known as anaérobic species.
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use parts of them as food. The processes of securing this food
result in partial or complete breaking down of the food sub-
stance. This is known as decay. While a body is undergoing
decay, usually several kinds of bacteria and other organisms
live in turn upon it. In complete decay all of the nutrient
organism is used as food, passes into the air as gases, or is
dissolved in water and carried into the earth or into streams.
The materials that result from decay are not only directly the
remnants of the original plant or animal body, but may also
contain excretions from decay-producing organisms. Further-
more, many of these organisms of decay have themselves died
and decayed.

Processes of decay are of great biological importance. It is
necessary to have the dead bodies and the waste products of
living bodies of plants and animals reduced to a form that
makes their removal possible. The materials that are broken
down are thus made usable for future growth of plants and
animals. Without decay, all usable food material would even-
tually be rendered unavailable for further growth of plants
and animals, so that life on the earth would cease. The earth’s
supply of food materials would be locked up in organized plant
and animal bodies.

155. Relation to agriculture and gardening. It has long been
known that the introduction of decayed and decaying organic
matter into soils enables them to sustain a more luxuriant
vegetation. Undecayed organic matter is not available for
those plants which we usually desire to grow. Such material
must await more complete disorganization before it can be
useful. It is desirable to regulate decay so that the largest
possible amount of its products may be retained in the soil.
This is one of the problems of scientific agriculture. For ex-
ample, if stable manure in large masses is allowed to * heat”
under the rapid destructive action of the bacteria and other
living things which flourish in it, much valuable ammonia is
given off into the atmosphere and lost. Slower decay, espe-
cially if underground, wastes but little ammonia. The bacteria
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are of great importance to agriculture and gardening in other
ways, but these are considered in the chapters Further Dis-
cussion of Dependent Plants and Further Discussion of Plant
Industries.

156. Relation to other industries. It is impossible to do more
in this connection than to suggest a few of the industries in
which bacterial processes have an important part. The number
and extent of the changes, physical, chemical, or both, that
always occur when bacteria grow, suggest the immense indus-
trial field that lies before the student of bacteriology ; for bac-
teria may, under favorable circumstances, grow upon almost
any organic substance. In this immense field there is as yet
but a small amount of positive knowledge. There are, how-
ever, a few cases in which some of the facts are known. From
general knowledge and from what has already been said, it is
evident that all our fruits, vegetables, meats, etc., are at times
in danger of destruction by bacteria or other organisms. How
to prevent this destruction has been one of the important prob-
lems since civilization began. Surplus production of food is
useless unless some of it may be kept for future needs. If men
could not preserve foods, they could live only in regions where
there is perpetual food production, or they must constantly
migrate into regions where food might be had.

In preservation of fruits much progress has been made by
improvements in methods of gathering them. Most fruits have
a natural covering, which, if unbroken or unbruised, and kept
clean, will for a long time prevent the entrance of organisms
of decay. If two sets of ripe apples are gathered, one carelessly
so that bruising and scratching of the surface occurs, the other
with sufficient care to avoid these things, and both are placed
upon & shelf in the schoolroom, an interesting demonstration
will be made of the desirability of care and cleanliness.

Low temperature and drying were found to prevent decay
long before it was known how decay is produced. Refrigeration
has now become a leading method of preventing decay, since
bacteria do not thrive at or below the freezing temperature.



THE BACTERIA (SCHIZOMYCETES) 169

Foods are thereby kept for years, and shipped all over the
earth. Drying is proportionately less used than formerly, since
this process causes most foods to lose some desirable qualities.
Destructive organisms cannot thrive upon thoroughly dry food.
Dried fruits, dried meats, and dried grains (a natural process
of preservation) may be kept for years. Preservation in salt
and sugar or their strong solutions serves the same purpose as
drying, since salt and sugar have such avidity for water that
destructive organisms have their protoplasmic water extracted
and therefore cannot grow. Fish, beef, pork, and other meats
may be preserved by thoroughly smoking with wood smoke.
The creosote that is carried into the meat by this process helps
to prevent the growth of destructive organisms. This method
of preservation, though thoroughly wholesome, requires long
exposure to the smoke. It is not so extensively used for beef
. and pork as formerly, though large quantities of fish are still
preserved in this manner.

Sterilization and canning have recently offered very great
opportunities for food preservation and shipment. By means
of heat properly applied all-bacteria and other organisms of
decay may be killed. If such thoroughly sterilized food is
hermetically sealed in vessels that have been similarly steri-
lized, it will not decay. It is difficult, but entirely possible, to
sterilize thoroughly both food and sealing appliances so that
absolutely no organism will grow.! Other methods of preser-
vation by introduction of chemicals that prevent growth of
bacteria are sometimes used. These chemical preventives are
poisons. If eaten by men in very small quantities, injurious
results are not immediately noticeable, but their use is at-
tended by constant danger. Milk, meats, and confections that
are so preserved should always be avoided.

1 Sometimes in canned goods, stale meats, and other foods, poisonous
ptomaines are formed. They are probably secretions from bacteria, results
of chemical change or decay of such foods as meats and fruits, or originate
from the disorganization of bacteria. For means of prevention, see **Care
of Food in the Home,” Farmers' Bulletin 875, U. S. Dept. Agr., 1909,
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The relation of bacteria to milk and water supply is a sub-
ject of great importance. A rather large number of harmless
bacteria may often be found in reasonably pure milk and water ;
but careless handling of bottles and cans, or the use of tuber-
culous cows, may result in widespread disease, and has been
known to cause epidemics of tonsilitis, scarlet fever, and ty-
phoid fever. If milking is done through absorbent cotton or
several layers of cheesecloth, used as a cover for the milk pail,
most of the impurities are caught therein. Milk pails and ship-
ping cans should always be sterilized before they are used.
Milkmen who otherwise were fairly careful in their work have
been known to rinse their pails and cans in polluted wells or
streams. Bacteria of various diseases have thus been distrib-
uted. Either milk or water may be sterilized by boiling, and
may be kept so if placed in sterile vessels. Both, however,
are better if they can be secured and kept in a pure con-
dition without it. An efficient method of preserving milk is
by Pasteurization,! in which the vessels containing the milk
are placed in water and brought to a temperature of 150° to
155° F., and then cooled and kept cool until used. This method
kills most of the bacteria in milk and makes less change other-
wise than does boiling.?

The formation of acetic acid (the acid of vinegar) is due
to the growth of several kinds of bacteria. Part or all of the
processes of curing tobacco, tanning of leather, preparation
of plant fibers as flax and hemp, butter and cheese making,
and many other important industries depend upon the growth
processes of different kinds of bacteria.

1 ¢t Directions for the Home Pasteurization of Milk,”” Circular 152, Bureau
of Animal Industry, U. S. Dept. Agr., 1909.

2 ¢Care of Milk on the Farm,”” Farmers’ Bulletin 63, U. S. Dept. Agr.,
1906.

¢t Bacteria in Milk,”” Farmers’ Bulletin 348, U. S. Dept. Agr., 1909.

¢t Sources of Bacteria in Milk,’” Bulletin 51, Storrs Agr. Ex. Sta., Storrs,
Conn., 1908.

¢t Milk and its Products as Carriers of Tuberculosis Infection,’’ Bulletin 143,
Bureau of Animal Industry, U. S. Dept. Agr., 1909,
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157. Relation to diseases of plants and animals. Growth of
bacteria within other plants and in animals often results in
disease of the host organism. Types of plant diseases that are
caused by bacteria are the crown galls produced upon roots of
apples, peaches, and pears; also cucumber wilt, and soft rot
of cabbage. Many diseases of animals are caused by bacteria,
as hog cholera, tuberculosis of cattle, and anthrax or splenic
fever. It was in connection with the study of animal dis-
eases that the causal relation of bacteria was first conclusively
proved. Bacteria were discovered almost two hundred years
before it was proved that they cause diseases. Indeed, a good
deal was known about the nature of these diseases before it
was known that they are caused by bacteria. Means were
finally devised for isolating and growing alone many kinds of
bacteria, and then by the introduction of certain kinds into
susceptible animals definite kinds of disease resulted.

Very brief reference to two kinds of bacterial disease will
afford illustrations of some effects produced upon plants and
animals by disease-producing bacteria. In the case of black
rot of cabbage the bacteria enter the cabbage leaf through
the leaf pores. Once within the leaf, they grow rapidly, and
brown or black spots appear on the leaf as outward evidence
of the inward ravages of the bacteria. These leaves may
become shriveled. The disease may spread throughout the
plant and result in destruction of the entire head of cabbage.
The organisms of decay may follow the bacteria which pro-
duce the disease.

In the disease known as anthrax, already referred to in
Sect. 152, when active anthrax bacteria or their spores are
introduced into the alimentary tract of cattle or sheep, they
find their way into blood vessels, where they grow with sur-
prising rapidity. In most cases the death of the host animal
occurs within a few hours to a few days from the time of
infection. If the dead body decays in an exposed place, the
anthrax bacteria or their spores may soon become a means of
new infection and the death of other animals.
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158. Relation to diseases of man. In the section on nutri-
tion of the bacteria (Sect. 1563) attention was directed to the
fact that excretions are regularly produced by them. In case
of disease-producing forms some of these excretions are inju-
rious or poisonous, and are known as toxins. In susceptible
plants or animals toxins may produce disease. Each kind
of disease-producing bacteria forms its own peculiar toxin or
toxins, which in time produce particular kinds of disease.
Substances that neutralize toxins or their effects are known
as antitoxins. The diseased organism tends to manufacture
these ‘“ anti-bodies,” or antitoxins, which, when formed in
sufficient quantities, counteract the influence of the toxins.
In some cases (smallpox, diphtheria), when one has had a
disease and has produced sufficient antitoxin to enable him to
overcome the attack, he is usually not again susceptible to
this particular disease. He is ¢mmune. Some people are natu-
rally immune to certain diseases. There are diseases (such as
mumps, measles, scarlet fever, diphtheria, smallpox) against
which most people may acquire immunity by once surviving
an attack. This immunity is usually lifelong, though excep-
tions are known. In the case of other diseases (typhoid, in-
fluenza), one is soon susceptible to another attack.

Smallpox vacecination! consists in infecting human beings
with bacteria that have been grown in such unfavorable ways
that their ability to produce the disease is greatly reduced.
Consequently the result of vaccination is to cause a very mild
attack, which, however, is strong enough to produce immunity
against fully virulent smallpox. This lasts for a period of
years (usually given as seven years), though the protective
effect gradually diminishes.

In the case of diphtheria it has been found possible to secure
from horses and mules an antitoxin that will counteract diph-
theria toxins in the human body. These animals are naturally
immune to diphtheria, but by injecting into their bodies toxins
produced in beef broth by diphtheria bacteria, this natural

1The specific bacteria which produce smallpox have not been identified.
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immunity is greatly increased. First into the animal’s body
there is injected a small amount of toxin. This process is
repeated, with an increasing amount, at intervals of a week
or a little less, for a period of two or three months. The ani-
mal finally withstands, with no ill consequences, an amount
of toxin that would have proved fatal if used at first. At this
time some of the blood is drawn off, allowed to clot, and the
antitoxic serum is sterilized. After its relative strength is
determined, it is sealed in small bottles and is ready for dis-
tribution. A human being who has diphtheria may then be
given the proper amount of antitoxin. If it is properly given,
and given early enough, the attack is defeated.!

Great benefits have come to the human race through the
discovery of diphtheria antitoxin. It was generally introduced
in 1894. A study of the following table, containing data for
ten years before and ten years after the introduction of anti-
toxin, will give an idea of the value of this scientific discovery.

AVERAGE ANNUAL DEATH RATE FROM DIPHTHERIA
PER 10,000 POPULATION ®
BEFORE USE OF ANTITOXIN

ANTITOXIN PERIOD

(1885-1894) (1895-1904)
RATis ISR = et e R SRS N il RG4S Sl AR SV O)
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Viennal' b sy Wer Vel e i SNaiab i S smiing 1450 1 reati eiea195
Tiondon ™ ¥anssi &l | SSmmpapssimssunminddes5pets sty 3:88
New:-York uawi a5 witilyd sel 2 ey sl ol 5:1084 0 $ii5s 51116262
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An estimate of the number of lives saved annually in New
York and Chicago will further illustrate the benefits from the
use of antitoxin.

1 Certain disastrous cases where impure antitoxin was used, resulting in
infecting patients with other disease germs, are inexcusable. These cases,
however, should not lead people to decline to use antitoxin.

2 Jordan, E. O., General Bacteriology, 1908.

8 Use of antitoxin begun in 1895-1896 ; drop from 12.01 (1895) to 7.62 (1896).
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159. Watercourses as means of distribution of bacteria of
disease. As may be expected, water courses are means of dis-
tribution of some kinds of bacteria. To what extent this is
true for all kinds is not known, but in case of the typhoid
bacteria there has been much conclusive investigation. The
following illustration is one of a number that might be cited.
The southern part of New Hampshire and the northern part
of Massachusetts are drained by the Merrimac River. In the
region thus drained are many industrial cities and towns. In
18901891 there occurred in this region a great epidemic of
typhoid fever. The water of the Merrimac River and its trib-
utaries was the means of carrying away the sewage for the
entire region, and the cities of Lowell and Lawrence, which
took their water supply from this river, took sewage-polluted
water. The cities of Concord, Nashua, and Haverhill did not
get their water from the Merrimac. The epidemic began in
Lowell, and this was soon followed by a more severe epidemic
in the city of Lawrence, situated downstream from Lowell.
There is a small stream, Stony Brook, which flows through a
suburb of Lowell and empties into the Merrimac three miles
above the point at which the Lowell water supply was taken.
The first cases of typhoid were along Stony Brook, and these
cases polluted the water, thus in turn polluting the supply for
the main part of Lowell. Furthermore, the Lowell sewers
entered the Merrimac nine miles above the water intake for
Lawrence, and thus polluted the water supply so that typhoid
fever was well distributed throughout those parts of Lawrence
where this water was used.

The other cities in this same valley had very little typhoid -
fever, while Lowell and Lawrence suffered many deaths,
reaching in twelve months (1890) 187 per 10,000 population
in Lawrence and 195.4 per 10,000 population in Lowell.
There are many such cases showing the effect of typhoid-
polluted water.

160. Tuberculosis: the great white plague. The disease
commonly known as tuberculosis is so generally distributed
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and so destructive that it has been called *“ the great white
plague.” Its universal importance demands that a separate
paragraph be given to a brief statement concerning it. It is
the most destructive disease that affects the human race, and
in the United States it causes about one ninth of all deaths.
It costs the United States many hundreds of thousands of
dollars annually, and, if a money estimate could be placed
upon the many untoward circumstances that accompany and
follow tuberculosis, the sum would be appalling.

The tubercle bacilli may infect almost every part of the
human body. Though the lungs are the regions most fre-
quently attacked, the bones and joints, the intestines, the
throat, skin, and other organs often are the regions of growth
of these bacilli.

The growth of tubercle bacilli in the body is usually very
slow, and months or years may pass before conspicuous con-
sequences follow infection. Furthermore, the germs may live
upon a handkerchief, in the floor of a house, in a public
building, in public transportation vehicles, in the dirt of the
street, etc., for a very long time, and then grow when they
are introduced into the human body. Some of the lower ani-
mals (cattle, hogs, poultry, etc.) are subject to tuberculosis,
and while there seems to be some doubt whether it is of exactly
the same kind as tuberculosis of human beings, the dangers
are such that careful disposition should be made of all tuber-
culous animals.

The usual source of infection is through the organs of
breathing, though the germs may be carried into the mouth
and other organs by means of milk and other food. Since the
dried or partially dried tubercle bacilli may be transported by
the air, it is evident that the greatest precaution should be
taken to keep the air from becoming contaminated with these
germs. Furthermore, it is known that when tubercle bacilli
are moist, the direct light of the sun has a destructive effect
upon them, and that fresh air is likely to contain fewer
tubercle bacilli than the ““ close ” air of rooms in which many
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people have been. Plenty of fresh air, sunshine, and whole-
some food are most important factors in preventing attacks
of tuberculosis, and these, together with good general vitality
of the body, are one’s best guaranty against this disease. On
the other hand, poor food, bad air, dark rooms, and low vital-
ity render the body a favorable growing place for these disease
germs when once they are introduced. These predisposing
factors are of tremendous importance in relation to tubercu-
losis, and too much emphasis cannot be given them. The
nature of the occupation and habits of men have much to do-
with predisposing and exposing them to tuberculosis. This
was proved by an Englishman named Newsholme, in 1898,
when by means of records he showed that for each 100 agri-
culturists who died from tuberculosis and other respiratory
diseases, there were 453 potters and earthenware workers, 407
cutters, 373 plumbers, and 335 glassmakers who died from
these same diseases. At a time when so much is known about
how to prevent tuberculosis it seems a needless waste of human
life to allow so many people to become affected by it.

161. Prevention of disease. Bacteria are distributed into al-
most every nook and corner of the earth,— in soil, air, water,
dust, and upon and within the bodies of plants and animals.
Disease-producing bacteria are common, though less abun-
dantly distributed than forms which do not cause disease.
A good deal is known regarding the methods of distribution
and infection of the most dangerous disease-producing forms,
though our knowledge is by no means complete. Polluted
water and milk have often been the means of wholesale dis-
tribution of typhoid germs (Fig. 151). The house fly is one
of the most dangerous agents of distribution of typhoid and
probably of other disease bacteria. The atmosphere is an
efficient means of carrying bacteria of tuberculosis. They
must, however, be dry in order that they may be thus carried.
Every possible effort should be made to remove the breed-
ing places of flies (refuse from stables, exposed and decaying
sewage, etc.) and to keep them out of public and private
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dwelling places; to insure a pure and well-kept supply of milk
and water; to keep vegetables and other foods that are handled
in public places free from dust and flies and promiscuous
fingering ; thoroughly to disinfect all known or suspected
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disease-bearing materials of all kinds;! to have large quan-
tities of fresh air; to have all the sunshine possible, for sun-
shine is destructive of many disease germs.?

It is of great importance also that a high standard of vigor
be maintained as a means of preventing bacterial disease.
Many people have had disease-producing bacteria introduced
into their bodies without any serious consequences, indeed
without even being conscious of danger. Their bodies were
in such vigorous condition that the initial growth of bacteria
was prevented. An instructive experiment relative to this
point was performed by Pasteur. Ordinary domesticated fowls
are not readily susceptible to anthrax. Pasteur found, how-
ever, that if he kept the fowls at lower temperatures than was
normal for them, they were very susceptible to anthrax and
that under such circumstances it proved deadly to them. This
is a common principle in hygiene. When through excessive
fatigue, loss of proper sleep or nourishment, or for any other
reason, bodily vigor is greatly reduced, susceptibility to disease
is increased.

Modern bacteriology has offered the human race the means
of escape from many diseases. Ignorance, lack of care, and
financial greed are often the only excuses that can be offered
when certain diseases occur. If only those who are responsible
for them might be attacked by these preventable diseases, the
matter would not be so serious, for in that case disease and
the resulting deaths would tend to eliminate those who do
not act upon the knowledge of sanitation which we now

1 In Bacteria, Yeasts, and Molds in the Home, by H. W. Conn (Ginn and
Company), there is an excellent popular discussion of the nature of bacteria
and the effects of their growth.

2 In Germany it is unlawful for filtered water to contain more than 100
bacteria per cubic centimeter, and it should always contain less. Boston
has a legal standard which requires that market milk shall not contain more
than 500,000 bacteria per cubic centimeter; and Rochester, New York, and
Milwaukee, Wisconsin, have legal standards of 250,000 per cubic centimeter.
Some kinds of certified milk may contain less than 10,000 bacteria per cubic

centimeter. On the other hand, in impure milk the number may run from
several hundreds of thousands to several millions.
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possess. This, however, is a public matter, and innocent people
must now suffer from the lack of precaution of others.l

162. Classification. The thallophytes are divided into the
fission plants (schizophytes), the alge, and the fungi. The
fission plants are divided into the bacteria (schizomycetes)
and the blue-green alge (schizophyce® or cyanophyces).
Formerly the bacteria were included with the fungi, and the
blue-green algze with the algw, but resemblances in structure
and methods of reproduction are such that the two groups
are now classed together as the schizophytes. The name
means “splitting plants,” or “fission plants,” and refers to
the formation of new individuals by the division of the old
ones. Likewise the technical name of the bacteria, schizo-
mycetes, means “ splitting fungi,” or “fission fungi,” and that
of the blue-green algee, schizophycese, means “ splitting algse,”
or ““fission algee.”

The classification of the bacteria and the blue-green algee
is as follows: -

Plant Kingdom

Thallophytes
Schizophytes
Class I. Schizomycetes (bacteria)
Class I1. Schizophycea or Cyanophyces (blue-green alge)

1 Why are some public drinking places so arranged that one must drink
from running water ? Why do some states have a law prohibiting railway
trains from carrying public drinking cups ? What is the nature of the water
supply and care of the drinking water for your school ?



CHAPTER XII

THE BLUE-GREEN ALGZE (CYANOPHYCEZ)

163. Introductory. The life habits, size, and structure of the
blue-green algz are such that we can obtain the best notion
of the whole group by selecting for discussion a few represent-
ative plants. *‘ Representative plants” cannot fully represent
this or any other group, any more than three or four selected
students would adequately represent an entire school. How-
ever, in an elementary textbook it is not advisable to present
a large number of plants from each group.

164. Where found. The blue-green algz are found in pools
of stagnant water, along shores of streams, lakes, and oceans,
in places where the water contains considerable organic matter.
They may appear as coatings to sticks, stones, etc., as float-
ing pieces of dirty, bluish-green material, or as small masses
free-floating or attached and held together in jelly-like balls.
Usually they may be readily distinguished from other algae
by the distinct bluish-green color.

165. Glaocapsa: structure and nutrition. In stagnant water
such as is found in old pools, horse tracks in open fields, and
sometimes in aquarium jars in the laboratory, the plant known
as Gleocapsa may appear as bluish-green fragments floating
or adhering to the sides or bottom of whatever may contain
the water in which it is growing. These fragments are made
up of a great many plants, each one so small that when alone
it cannot be seen without magnification. The appearance of
the masses of many plants may be thus determined, but that
of a single plant can be determined only by the aid of a com-
pound microscope.l A single plant when separated from the

1 In the first studies of the single-celled algz it is often better to use a
good specimen under a compound microscope as a demonstration than to

180
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others (Fig. 162) is spherical in its general form. It has a
well-defined wall, the cell wall, inside of which is the living
substance of the plant, the protoplasm. Although in higher
plants the protoplasm is clearly divided into different parts,
— eytoplasm, nucleus, and chloroplasts (Sect. 8), —in  Glao-
capsa these different parts are not evident. The protoplasm of
Glococapsa is granular, and there is a blue-green stain distrib-
uted throughout it. It is only when these plants are massed
together that the characteristic blue-green color is seen. In a
single plant this coloring matter is
present in such small quantities that
when observed under a microscope the
color is not easily detected. ’
The living protoplasm builds the
wall that surrounds the inner part of
the cell, but the wall itself is not alive.
Some of the water in which Gleocapsa
lives is absorbed by the wall, which
causes the older outer parts to swell, ¥1¢.162. Gleocapsa, one
. 3 3 of the simplest of the blue-
thus producing layers of jelly-like green alge. Magnified 300
material around the protoplasm and times :
the inner cell wall. Also through the A4-E, successive changes in
wall the food material is absorbed. fililf,igﬁ;f;of};’:;n; Eirﬂﬁfcﬁi
Even with the small amount of chloro-
phyll and blue pigment present in one of these plants photo-
synthesis (Sect. 17) can be carried on. Since the plant lives
in stagnant water, in which there is much decaying organic
matter, it is not impossible that it may absorb and use directly
as food some of these decaying organized foods. In times of
drought these plants may become dry, although, being pro-
tected by means of the heavy gelatinous covering, they dry
very slowly, and when favorable conditions again come they
may continue to grow.

have the student attempt to find a good specimen without any notion as to
what single-celled plants are. Individual studies will then be more intelligible
and more successful.
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166. Glaocapsa: reproduction. After a Glaocapsa plant has
been growing for a time it may divide into two new plants.
The wall divides, completing the separation of the protoplasm

into two cells and thus two new

Fic. 1563. Nostoc

Attheleft (4) are several of the Nostoc balls, which

appear as glistening, rounded masses (natural size).

At the right (B), inclosed in gelatinous material,

are a few chains of Nostoc plants which have been

taken from one of the balls and greatly magnified.

In the chains several of the enlarged heterocysts
may be seen

plants are formed (Fig. 152).
The separation of the protoplasm
really begins before the walls
push inward, but this protoplas-
mic division cannot readily be

observed. The new
plants, before they
become free from the
mass of jelly inclosing
them, may again re-
produce themselves,
so that four, eight, or
even a much larger
number may be united
in one colony. Insuch
cases the plants are
held together so very
closely that they of-
ten do not assume the
spherical form.

Each new Gleeocapsa
plant is essentially the
kind that its parent
was before the divi-
sion occurred. In fact
the parent plant by
division becomes di-
rectly two new indi-

viduals. This method of reproduction by division or fission
(splitting) is the simplest known in the plant kingdom, and
is characteristic of the simplest animals as well as of the sim-

plest plants.
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167. Nostoc: structure and nutrition. In regions such as
those mentioned as the living place of Glaocapsa, and also
upon damp soil or floating upon standing water, there may
be found the jelly-like balls of Nostoc. Instead of the rather
ragged fragments of the Gllaocapsa masses, Nostoc usually is
found in irregularly rounded compact balls (Fig. 153, 4),
which have a dark bluish-green color. The ball is a colony
of plants, but when it is taken in the fingers no evidence of
the existence of single plants can be obtained.

Under magnification the ball is seen to be composed of
granular jelly, through which are interwoven thousands of
chains of cells, each of which is a Nostoc plant. Usually two
kinds of cell are found in the chain, one or more larger ones.
called heterocysts (which simply means “ different cells”), and
ordinary cells (Fig. 153, B), each one resembling a Glaocapsa
plant. These ordinary cells of Nostoc manifest an evident dif-
ference from those of Glawocapsa; the jelly-like mass about
Nostoc plants is not in layers about each cell, as is true in
Gloeocapsa. The cells are loosely held together in chains by
attachments of their walls, thus making a slightly more com-
plex plant than Gleocapsa.

In nutrition, Nostoc may absorb directly through the cell walls
the materials that are needed for photosynthesis, or it may, per-
haps, absorb organized foods, since much food of this kind is in
the water in which the plants live. Since the jelly mass is often
quite large, obviously there must be absorbed through the outer
part of the Nostoc ball the food needed not only for the outer-
most plants but also for those that are more deeply situated.

In times of drought the gelatinous nature of the Nostoe balls
results in extremely slow drying, though if the drought be long-
continued the whole ball may become so dry as to crumble be-
tween the fingers. Even when as dry as this, not all of the
plants are killed, and a large number of them proceed to grow
when furnished the needed moisture. This covering of jelly
and the consequent slow drying seems to be of the greatest
importance in the life of both Nostoe and Gleocapsa.
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168. Nostoc: reproduction. If a smgle Nostoe cell is sepa-
rated within the mass from the chain in which it has grown,
it soon divides in essentially the same way as does the Glaeo-
capsa plant; but in the case of Nostoe, the new cells thus
formed are likely to remain together, and will redivide in the
same direction as did the cell at first, and thus form a new
chain. Nostoc is not, however, usually reproduced by one cell’s
becoming free and behaving as just described. Divisions of
the cells do occur as stated, sometimes all or nearly all of the
cells of a chain dividing at the same time. This, if contin-
ued, would soon produce a plant of great length, — a result
which does sometimes occur. Usually, however, in one or
more cells of the chain the protoplasm dies and the cell wall
greatly enlarges, thus producing a heterocyst. This hetero-
cyst apparently weakens the connection between the adjoin-
ing cells, and the chain separates at this point, the heterocyst
usually adhering to one of the new chains (Fig. 153, B). The
presence of two or more heterocysts may result in breaking
the chain of cells into three or more new Nostoe chains at the
same time. This kind of reproduction resembles that which
Was seen in Gloeocapsa, in as much as the cells divide to repro-

~duce the plant. It differs in the fact that new plant chains are
formed by an additional reproductive structure, the heterocyst.

169. Oscillatoria: structure and nutrition. In the same kind
of regions in which Gleocapsa and Nostoc are found, but more
abundant and more widely distributed, is the plant Oscillatoria.
Oscillatoria filaments grow together, sometimes forming mats
of a dark green, dirty-looking growth. At times when a few
plants are seen growing free from others, they present a beau-
tiful clear green growth in which very little bluish coloring
matter can be detected. The mats, though often slimy, are
not covered by the masses of gelatinous substance that are
seen in the two preceding forms.

Some of the Oscillatoria plants are so large that if placed in
a dish of water they may be studied in a general way without
magnification. They are thread-like plants, the length of each
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individual greatly exceeding its thickness. Some of them per-
form a peculiar swinging or oscillating movement, from which
the generic name Oscillatoria is taken. They may, however,
move forward as well as sidewise.

Under a compound microscope Oscillatoria is seen to con-
sist of a great many cells held very closely together in a
common tubular sheath (Fig.154). If free from the sheath,
one of the cells assumes the
spherical form. But normally
the cells are compressed so
_closely in the sheath that the
separate walls appear as one
common wall. A plant there-
fore consists of many of these
cells held together in a common
wall. It may grow in length by
having the cells divide, which
they regularly do.

As compared with Gleocapsa
and Nostoc, Oscillatoria contains
a great deal of chlorophyll,
which may be much or little

Fic. 1564. Oscillatoria

A, tips of several plants; B, part of
; one plant enlarged to show cellular
obscured by blue coloring mat-  structure. Both magnified, B much

ter. It lives in water, often at more than 4

the outlets of sewers and drains, or upon damp surfaces, from
which it absorbs the needed materials for the construction of
foods. It grows vigorously, being able to thrive throughout
a wide range of temperature and other climatic conditions.
170. Oscillatoria : reproduction. Division of cells in this plant
does not necessarily mean reproduction of the individual, but
may signify merely its growth. A single Oscillatoria cell may,
if free, grow until it has reproduced a plant similar to the one
from which it came. This is not; however, its usual method
of reproduction. In a long specimen usually one or more cells
die, thus weakening the sheath that holds the cells together.
This allows the plants to break at these points, and each piece
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that is set free is a new plant and may continue to grow until
it assumes the proportions of the old one. This is essentially
the same kind of reproduction that is seen in Nostoe, except
that here, instead of having a heterocyst, the dead cell does
not become enlarged. Oscillatoria plants may also break at any
point to produce new individuals.

171. General characteristics of the blue-green alga. In
addition to the types of blue-green alge that have been dis-
cussed, many other kinds are abundant. They are found in
the same kinds of regions as thosé that have been presented
in the preceding paragraphs. Members of this group have the
characteristic blue-green color, with this color pretty evenly dis-
tributed throughout the interior of the cells. The blue-green
algee are extremely simple in structure, being one-celled plants
(as Glwocapsa), or plants made up of cells arranged in rows
so as to form simple chains (as Nostoc), or filaments (as Oseil-
latoria). Some of the members of the group are more complex
than Oscillatoria, as Gleeotrichia and Rivularia, which are com-
monly found as small, glistening, jelly-like balls attached to
sticks and to the stems of other plants. They are usually
found in shallow fresh-water lakes, or sometimes free-floating.
The entire group consists of plants that are relatively simple
in form ‘and structure. The cells are simple, and definitely
organized chloroplasts are not present. Nuclei of the kind
known in the other alge and in the higher plants have not
been demonstrated in this group, although fragments that
resemble the nuclei of higher plants have been found.

Most of the members of the group have a jelly-like cover-
ing, and in many forms this holds the plants together in colo-
nies. This covering seems to be of advantage to the plants
during periods of drought by regulating the rate of drying.

The water or moist habitat and the simplicity of structure
suggest the simple way of securing food material, namely by
absorbing it directly through any part of the wall of the plant.
By means of chlorophyll, members of this group may manu-
facture foods through the process known as photosynthesis.
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New plants are established by the blue-green algz in the
simplest ways that are possible. Reproduction takes place by
means of fission of the single-celled forms, or by the breaking
into two or more parts of the chains or filaments of the less sim-
ple forms. Sometimes in certain species of Nostoc reproduction
is said to occur by means of a special heavy-walled cell which,
after lying quiet for a time, may grow into a new plant.

The growing plant is often spoken of as the vegetative
plant, and when reproduction occurs as it does in the blue-
green alg®, by division to produce new plants, the process is
known as vegetative reproduction. Such reproduction is charac-
teristic of the blue-green algz.

The blue-green alge have a very wide distribution. They
are found in both fresh and salt waters, in warm and cool tem-
peratures, and at high and low altitudes. They thrive in water,
and also upon land, provided they have a supply of moisture.
Many of them are most luxuriant near the mouths of sewers,
in case light and temperature conditions are favorable. In re-
gions where moisture is intermittent they thrive part of the year
and are dormant the rest of the time. Often they grow in such
numbers as to tinge the water with green, or whatever other
color the plant may have. Fresh-water lakes are often distinctly
green from the growth of Rivularia, Gleeotrichia, and other
forms. The Red Sea owes its hue to the abundant growth of a
reddish-brown member of this group. The margins of some of
the pools about geysers and lakes in the Yellowstone National
Park, and shores of lakes and streams, are often so eolored.

172. Classification of the Fission Plants (Schizophytes):

Thallophytes
Schizophytes
Class I. Schizomycetes (bacteria)
IMlustrated by numerous type forms and various methods of
living
Class I1. Schizophyce, or Cyanophycew (the blue-green algee)
Leading genera used as illustrations, — Gleocapsa, Nostoc,
Oscillatoria



CHAPTER XIII

THE GREEN ALGZE (CHLOROPHYCEZ) AND OTHER ALGZE

173. General considerations. The green algz are found in
almost all inland waters, floating freely upon the surface, ly-
ing in heavy mats near or below the surface, forming masses
upon the bottom, and often attached to various solid sub-
stances in the water. A few are marine in habit. They are
widely and abundantly distributed and may be found by any
observing student. Not infrequently they are spoken of as
“pond scums,” ““ water mosses,” and * seaweeds.”

Usually it is easy to distinguish green algz from most
other alge by the fact that in members of this group the
chlorophyll is not obscured by any other coloring matter.
Various shades of green are presented in different plants, and
indeed in the same kinds of plants at different growth periods,
but the color is not readily confused with that of the other
groups.

174. Pleurococcus : structure and habitat. This green alga
grows in great abundance upon the partially shaded portions
of trees, fences, rocks, and old buildings, and when moist it
presents the appearance of a coating of green paint. Some-
times it is called * green slime.” It adheres so closely to the
object upon which it grows that few people recognize it as a
plant. It is one of the most widely distributed of all plants.

When examined under suitable magnification it is seen that
the green slime is composed of thousands of single-celled
plants, each so small that as a separated individual it is not
visible to the ordinary observer (Fig. 155). A careful meas-
urement of a number of plants showed their average diameter
to be about 575 of an inch (.014 mm.). In other words, if
a row of these plants side by side should be arranged across

188
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the unsharpened end of an ordinary lead pencil, approximately
500 plants would be required to complete the row. How
many would be required to occupy one cubic inch ?

Each plant is somewhat spherical and has a well-defined
cell wall. Within this wall is the protoplasm, which is colored
green by the chlorophyll. The chlorophyll is usually confined
to a special part of the protoplasm, this part being called the
chloroplast, which means “a body which bears chlorophyll.”
Often it is not possible to distin-
guish the chloroplasts in Pleuro-
coceus, the chlorophyll appearing to
be evenly distributed throughout
the plant. The nucleus is another
special part of the protoplasm. It
is a mass of protoplasm denser
than the other portions, usually
lies near the center of the cell, and
is s Strucl_m,r e of rcat, pariicd F1c. 155. Green slime (Pleuro-
in the activities of the plant. coccus)

When chloroplasts are evident g single plants showing cell wall,
it is possible also to see about granularcytoplasm,andnucleus;

K b, plants in process of reproduc-
them a thin, almost colorless, pro-  tjon by division or fission; ¢ and
toplasmic substance, the cytoplagm.  d, furtherdivisions sometimes re-

. sulting in formation of colonies
A single Pleurococcus plant, there- of plants. Greatly enlarged
fore, consists of the cell wall and
the protoplasm that is contained by this wall. The protoplasm
may be divided into chloroplasts, cytoplasm, and nucleus. In
some cases, also, there may be seen vacuoles, which are regions
within the cell surrounded by cytoplasm but containing air
or cell sap.

175. Pleurococcus: nutrition. The protoplasm of this plant
contains chlorophyll, and if carbon dioxide and water are ob-
tainable it can carry on photosynthesis. Carbon dioxide may
be secured from the air. The bark, or other support upon
‘which the plants grow, is often sufficiently moist to enable
Pleurococcus to obtain water from it. Rains and heavy dew
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supply water more or less intermittently. Possibly water
may be absorbed directly from a moist atmosphere. If dry
bark with Plewrococcus on its surface is placed within a moist
bell jar, the plants soon become bright green, thus indicating
that they are at work.

Heat, cold, and the extreme drought either of summer or of
winter -are some of the great extremes which this plant must
undergo in order to live. Exposed as it is, it nevertheless is
able to pass through such periods and grow luxuriantly within
a short time after the return of favorable conditions. If in
zero weather Pleurococcus is brought into the laboratory and
moistened, within a few hours it begins to grow.

176. Pleurococcus : reproduction. Pleurococcus cells divide,
thus forming new plants directly, as has been seen to occur in
Gleeocapsa. This vegetative reproduction in favorable weather
results in a rapid multiplication of the plants. Divisions follow
one another in such a way-that whole colonies, the descendants
of one individual, are often found grouped together (Fig. 155).

Sometimes, in near relatives of Pleurococcus that live in the
water, another kind of reproduction occurs. Within the cell
wall the protoplasm divides so as to form several (eight, six-
teen, or thirty-two) small bodies. Each of these has a nucleus
and cytoplasm which are obscured by chlorophyll, an extremely
thin cell wall, and two small hair-like extensions, the cilia (sin-
gular, eilium). After a time the old plant wall breaks, and
these bodies, by means of the active cilia, begin to swim about
in the water. Soon they become quiet, the cilia are lost or are
withdrawn into the main body of the cell, and the cell begins
to grow and develop into a new plant like the one that formed
it. Thereafter it may reproduce itself vegetatively or by the
process just described.

These cells that are specially made for the work of repro-
duction are called spores. In the study of other kinds of
plants we shall find several kinds of spores; and while they
may differ in the ways in which they are formed, they are alike
in that all may reproduce the kinds of plants that form them.
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Spores that have special structures by means of which they
swim are called zoospores, meaning ““animal spores,” or “ mov-
ing spores.” They were thus named when it was supposed that

self-caused movement,
is a distinguishing fea-
ture of animals.

Plants which have
swimming spores have
means of more ready
distribution than do
those that reproduce
entirely by means of
fission.

177. Spirogyra: its
habitat and structure.
The algse commonly
spoken of as “pond
scums” are found in
standing water, often
floating upon its sur-
face. One of the most
abundant of these is
Spirogyra. Within the
water, it appears as
long threads of a clear
green color, at times
attached by one end to
some support; when
floating upon the sur-
face of the water, it
commonly appears in
yellowish-green mats
in which are many
bubbles of gas or air.

Fic. 156. Spirogyra

ch, the spirally arranged chloroplast; n, the nu-
cleus which is supported by the bands of cyto-
plasm (cy); cytoplasm also appears just within the
cell wall. The central cavity of the cell is usually
occupied by one or more large vacuoles. At the
right are two cells of one plant. At the left are
parts of two plants whose cells have conjugated
to form zygospores (Z). Greatly enlarged

It is soft like silk, and may thus be

distinguished from most other algee likely to be found in

similar places.
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When magnified, the cells that compose Spirogyra are seen
to be very large as compared with those of any alga yet stud-
ied. They are joined end to end, thus forming the filamentous
plant. Each cell has a cylindrical cell wall which contains
one or more peculiar spirally arranged chloroplasts, each of
which extends almost or quite the entire length of the cell
. (Fig. 156). Different species of Spirogyra may have different
numbers of chloroplasts in each cell, and this is one of the
ways of distinguishing the species from one another. If
the chloroplast were uncoiled, it would be like a ribbon with
the edges more or less indented. A layer of cytoplasm lies
just within the wall, and the cytoplasmic threads run from
all sides to the nucleus, which the cytoplasm surrounds. Much
of the interior of the cell is occupied by one or more vacuoles.
The cytoplasmic layer and the nucleus may be made more
conspicuous by mounting the plants in an iodine solution,
which pulls the cytoplasm away from the cell wall and also
stains the nucleus and the threads which support it.

178. Spirogyra: nutrition. The supply of water for this plant
is secured from the surrounding medium in which are dissolved
the carbon dioxide and other inorganic materials from which
foods are made. Indeed there is much water within the plant.
By carefully drying, it may be demonstrated that sometimes
as much as 98 per cent of Spirogyra is water. That photo-
synthesis is carried on is often made evident by the oxygen
bubbles that arise from the active plants. It is possible to
collect the oxygen that is produced by alge approximately, as
shown in Fig.12. A test tube is placed over the small end
of a glass funnel, both being under water in order to exclude
all air from them. While under water the large end of the
funnel is placed over a mass of alge. The apparatus is then
made secure and left in an upright position. As the plant con-
tinues its work, oxygen bubbles arise and accumulate in the
closed end of the tube, thus forcing out a similar volume of
water. The oxygen may be tested by the ordinary tests for
this gas. Because of the size and the length of this plant, and
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the size of its chloroplast, it can expose more chlorophyll to
the light and hence do more photosynthetic work than any
plant yet studied in the present chapter.

When Spirogyra cells divide, the division wall is at right
angles to the length of the plant. Such division results in an
increase in the number of cells and usually in growth in length
of the whole plant. Growth occurs so rapidly that within a few
days after the plants are first seen in the spring they become so
abundant that they may pollute the water in which they grow.

Fi6. 157. Spirogyra in process of spore formation

A, conjugating cells; a and b, conjugating tubes; c, a tube from a cell which has

begun to conjugate with one that is already paired; d, a second tube from a

paired cell. Such secondary tubes rarely develop. B, a and b, tubes through

which the protoplasm is passing to unite with that of the pairing cells; ¢, a tube
similar to ¢ in 4. Greatly enlarged

179. Spirogyra: reproduction. Plants may become broken
into two or more pieces, and each piece may grow into a sepa-
rate plant, thus securing vegetative reproduction. At times,
however, there occurs a kind of reproduction quite different
from any that we have as yet studied in the alge. The cells
of two plants that lie near one another unite in pairs, this
union being made by means of tubular outgrowths from the
pairing cells (Fig. 157). These tubes meet between the old
cell walls, their ends fuse and form a continuous passageway
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from one cell to the other. Then the protoplasm from one
cell passes through the tube and unites with that from the
other cell. About this mass of protoplasm, which has now be-
come greatly condensed, there forms a very heavy cell wall
(Fig. 156). This heavy-walled body is a spore and may grow
into a new plant. It is formed by wunion of cells and not by
cell division, as was true in the case of the zodspores of plants
related to Pleurococcus. Reproduction by cell union is sezual,
and by cell division is asexual. The spore of Spirogyra is a
sexual spore. Because it is formed by the union of similar
cells, it is called a zygospore, which means a “yoked spore.”
Cells that unite to form sex spores are called gametes; hence
a zygospore is a sexual spore that is formed by the union or
conjugation of similar gametes.

Dozens of Spirogyra cells in two adjacent plants may con-
jugate to produce zygospores. Usually the different pairs in
the united filaments will be found in about the same stage of
spore formation, though occasionally there will be some varia-
tion. Sometimes the cells from one plant will unite with cells
from more than one other plant. Also occasionally one cell
may unite with the adjoining one in the same plant. Some-
times the contents of cells that have not united with other
cells will assume the form and characteristic coverings of the
zygospore, and such spores may grow into a new plant.

Zygospores are set free by the decay of the old cell walls.
After a period of rest, as during drought or winter, they ger-
minate and produce new Spirogyra plants. It is of obvious
advantage to the plant to have a heavy-walled resting spore
which will carry it through unfavorable periods.

180. Cladophora: habitat and structure. Various species
of Cladophora are found attached to objects along shoals in
streams, over dams, about waterfalls, sometimes in heavy
floating mats along the margins of ponds, lakes, and even the
oceans. It is a most widely distributed genus, and one of the
few green alge ever found in salt waters. Cladophora usu-
ally has one end attached to some kind of support, and is
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extensively branched (Fig. 158). When growing vigorously,
new branches are constantly being formed at the upper ends of

some of the segments. Each
segment appears to be one
cell, though really a good
many nuclei with their ac-
companying masses of cyto-
plasm are contained within
each wall. Such a structure is
called a ceenocyte, and though
this same condition is found
in another plant that we shall
study (Vaucheria, Sect.183),
it is not common in the plant
kingdom. For our purpose

we may think of
each segment of
Cladophoraaslike
one cell. "All of
these branching
segments may to-
gether compose
a plant of great
size as compared
with the smaller
dimensions of a
Nostoe, an Oscil-
latoria, a Pleuro-
coceus, Or even a
Spirogyra.

In each seg-
ment there are
many small chlo-
roplasts, crowded

Fie. 1568. Branching of Cladophora
After Collins

together so closely as to present an almost solid green color
even when viewed under considerable magnification.
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181. Cladophora: nutrition. Cladophora is well supplied
with the food materials that it needs. It grows chiefly in
moving water, which is better aérated than still water. This

Fic. 159. One of the filamentous alge (Ulothriz)

A, the base of a plant showing the attaching or holdfast cell and a few vegetative

cells; B, a group of vegetative cells; C, cells in which gametes have formed; D,

two cells in which zodspores have formed, and one cell from which the zodspores

have escaped; E, swimming zodspores; F, «, b, ¢, d, gametes uniting to form a

zygospore; @, the zygospore, after a period of rest, grows and finally produces

zoospores ; H, a zoospore germinating to produce anew Ulothriz plant. All greatly
enlarged. E, F, and G after Dodel-Port

water also carries in solution more or less inorganic sub-
stances from the soil. The holdfast usually holds the plant se-
curely in this favorable environment. Furthermore, its system
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of branching enables it to expose much chlorophyll to the
light. Its rapid and luxuriant growth is evidence that it is
a successful plant.

182. Cladophora : reproduction. It is probable that Cladoph-
ora reproduces itself vegetatively by continued growth of
broken parts. Like Spirogyra, it does not have any regular
method of bringing about vegetative reproduction. At times,
however, in some of the segments, the contents divide into
large numbers of small zoospores. These escape from the old
wall, swim about for a {ime, and then become attached and grow
into new Cladophora plants. This method of spore formation
is much like that of the relatives of Pleurococcus, except that
zoospores of Cladophora are formed in much greater numbers,
by a special cell rather than by the whole plant, and under con-
ditions suited to abundant and wide distribution. In Fig. 159
is shown the method of reproduction of Ulothrix, an unbranched
plant which in its reproduction is quite similar to Cladophora.
Plants such as Cladophora and Ulothriz have still another
method of reproducing themselves. At times the cells, in-
stead of forming zotspores, form bodies which are like the
zobspores in form and movement, but smaller. It seems that
one of these alone cannot reproduce the plant, or, if it should
germinate, it produces a plant that does not live. It is not
a spore, since it cannot directly reproduce the plant which
formed it. Two of these bodies may unite and form a cell
which is capable of reproduction. These zotspore-like bodies
are gametes and unite to form a zygospore, which then pro-
duces a new plant. In Cladophora and other plants ( Ulothriz,
Draparnaldia, Fig. 160) that reproduce themselves as it does
there are interesting suggestions as to the origin of sexual re-
production among plants, namely, the origin of gametes from
small and apparently weakened zoospores. By the union of
these simple zobspore-like gametes there is formed the simplest
kind of sex spore, the zygospore. Spirogyra forms its zygospore
in somewhat the same way as does Cladophora, but the process is
more complex and no relation of gametes to zoospores is shown.
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183. Vaucheria: habitat and structure. Vaucheria is com-
monly called “green felt,” a name which suggests the charac-
teristic appearance presented by it as it grows upon the moist
surface of the earth, in pots, on growing tables in the green-
house, or upon damp shaded soil out of doors. It also grows

Fic. 160. A branch of the alga, Draparnaldia
After Conn v

in pools of water, where it may be distinguished from many
other alge by its coarseness. Certain species of Cladophora
are coarser than Vaucheria, but their greater length and more
extensive branching will ordinarily enable one to distinguish
them. If the earth upon which Vaucheria is growing is exam-
ined, the plants will be found to penetrate slightly into the
soil, their size enabling one to see parts of them without
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magnification. Plants that have been kept in a closed dish
within the laboratory for a few days grow into a heavy moss-
like mass and are good material for study.

Under low-power magnification the whole body may be
traced through its intertwining with its neighbors. It
branches considerably (Fig. 161), the branches arising irreg-
ularly and rebranching to a
small extent. The newest
branches are the greenest
and most active, and as
they grow forward older
portions may die, thus sep-
arating the branches from
one another and resulting
in the formation of new
individuals by vegetative
reproduction. No cross
walls appear in the vege-
tative part of the plant;
hence the whole plant is a
ceenocyte (Sect. 180).

184. Vaucheria: nutrition.
Water may be absorbed
from the earth upon which

F1e. 161. Branch of a Vaucheria

Vaucheria grows. In case plant
of those species that live in Constacs Y einigha
the water the food supply »

is secured as in other floating algee. The abundant chlorophyll
suggests considerable ability to manufacture nutrient sub-
stances, but this plant is not so well suited to secure abundant
exposure to light as is Cladophora. It is to be noted that, living
on the land as these plants often do, they do not have the pro-
tection against extremes of light and temperature that water
algee enjoy; also that in nature Vaucheria plants are found
in shaded and otherwise protected places. If direct sunlight
falls upon these plants for very long, they are not able to live.
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185. Vaucheria: reproduction. As suggested in Sect. 183,
it sometimes occurs that branches are left as separated in-
dividuals by the death
of the older portions
of the plant. This re-
sults in vegetative re-
production. Asexual
reproduction may be
started by having the
end of a branch cut off
by a cross wall. The
part that is thus cut
Fic. 162. The formation of zobspores by off proceeds to form

Vaucheria an immense zoOspore

A, a piece of a plant at the tip of which a section (Fig, 162, 4, B). The
has been cut off to produce the zodspore (z); B, H which tis a
a zoOspore which has become free from the plant wall which contains 1t
which formed it, and has assumed the rounded  breaks, and it SlOle
swimming form; C, a zoospore germinating to At
form a new plant. Considerably magnified em(?rges, and, after a
period of separate ex-

istence in the water, it germinates and forms a new plant
(Fig. 162, ¢). This zoospore is composed of many cells. It
is therefore a com-
pound zobspore, and
is ceenocytic. But the
compound zodspore
produces only one
new plant. Forma-
tion of zoGspores may

be induced in the lab-
oratory by keeping  Fic. 168. The sexual reproductive structures
Vaucheria plants in a of Vaucheria (V. sessilis)

dish of shallow water. o, odgonia; 4, antheridia. Note the opening in the
A robhar Eandat antheridium for exit of sperms, and in the o6gonia
nother Xind 0L I'é-  f,; thejr entrance to the large eggs. Greatlyenlarged

production may occur
at the same time that zodspores are being formed, though it
usually occurs at other times. Upon the sides of the plant
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special short branches are formed. In one species of Vaucheria
(V. sessilis) two kinds of branches arise near one another
(Fig. 163). One of these is short and irregularly spherical,
and: has a beak at its free end. This branch forms one large
cell within it. The other branch is longer, somewhat coiled,
and has a terminal cell that is cut off by means of a cross
wall, which is much farther from the main plant than in the
other branch. In the terminal segment many small cells are
formed. Through a small opening in the tip of this coiled
branch these cells escape, some of them entering the beak of
the other branch, and one of them uniting with the large céll.
This union forms a spore which proceeds to develop a he:vgx
protecting wall. After a T

period of rest this spore 2
germinates and produces
a new plant.!

If this spore had been
formed by the union of
similar gametes, we then
should have called it a
zygospore ; but it is formed by the union of gametes that are
very unlike, — one large gamete, the egg or oisphere, and the
other a small gamete, the sperm,—and the resulting spore
is called an ogspore, which means “egg spore.” When similar
gametes unite to form a zygospore, the process is called conjuga-
tion, but when dissimilar gametes unite to form an odspore, the
process 1s called fertilization. The special sex organ which
produces the sperm is the antheridium, and that which pro-
duces the egg is the odgonium, which means the “ egg case.”

Vaucheria has three methods of reproduction, — vegetative,.
by asexual spores (zoGspores), and by sexual spores (oospores).

One plant may use vegetative reproduction at one period of
growth; asexual spore reproduction at another, and sex spore re-
production at another, but two methods are rarely used at once.

{

Fic. 164. A vegetative cell of a common
species of Edogonium

Greatly enlarged

1o TaE TEACHER. No attempt is made to present the difficult and tech-
rical questions relative to alternation of generations in the thallophytes.
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186. Increase in complexity of sex organs and gametes. It
is to be especially noted that in other alga which we have

F1c. 165. Reproduction in Edogonium nodosum

A4, holdfast cell and two vegetative cells; B, part of
a plant in which are an o6gonium (o), containing egg,
and two groups of antheridia («), which have not yet
formed sperms; C, part of a plant in which is an o6go-
nium (0), which, by breaking away of one vegetative
cell, has made a place for the sperm to enter, so that a
fertilized egg or odspore has been formed, as is shown
by its heavy inner wall; D, a zodspore of Edogonium,
—D redrawn from Pringsheim. All greatly enlarged

studied reproduc-
tive bodies were
formed from cells
which at the out-
set were vegeta-
tive cells. In Vau-
cheria sex organs
aremade primarily
for the work of
reproduction, an
interesting  divi-
sion of labor in
the plant. Insome
green alg®, as
Edogonium (Figs.
164 and 165),
vegetative cells
are thus formed
into odgonia and
antheridia.

It is also im-
portant to note
that in Pleuro-
coccus the entire
plant might divide
vegetatively into
two new plants;
or, in relatives
of Pleurococcus,
the entire plant
might become a
spore case (spo-

rangium), producmg zodspores. In Cladophora, zobspores are
formed, together with zoGspore-like gametes, the latter uniting
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to form zygospores, which constitutes the simplest kind of
sexual reproduction. In Spirogyra, zygospores are formed by
the union of similar gametes, the conjugation being brought
about by siphon-like tubes which unite the cells from which
the gametes come. In Vaucheria the gametes are differentiated
into an egg and a sperm, which, by fertilization, produce an

Fi1c.166. Zygnema

A4, two vegetative cells showing the central nucleus which lies between the parts of
the dumb-bell-like chloroplast. B, conjugation to form zygospores; a, b, ¢, conju-
gating tubes; z, zygospore fully formed. Both greatly enlarged, but 4 more than B

oospore. These differentiated gametes are found in specialized
sex organs made primarily for reproductive work.

187. Other green algze.! The green alge are more abundant
than all others in inland waters, and it is not possible or de-
sirable to'mention many of them in this connection. Some of
the following may be collected, however, in regions in which
those already discussed are found. Spherella, a unicellular

11t is more important that the student should have an impression of the

kinds of plants found among the alge than that he should remember names
of different genera.
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form somewhat like Pleurococcus, is frequently found in stag-
nant water. It sometimes grows so luxuriantly in barnyard
and roadside pools as to give the water a bright green appear-
ance, and its resting spores may impart a dark red color to the
drying pools in which the plants
have flourished. Of the near rela-
tives of Spirogyra there are several
kinds, some of which are Zygnema
e (Fi ig: 1§6), ]lfesocarpus (Fig. 167),
: «Aa.nd the desmids

i (Flg 168). The
desmids are pe-
culiarly fantastic
forms, one-celled,
but often found
in colonies. They
usually appear in
stagnant waters.
As in Spirogyra,
these plants repro-
duce themselves
by formation of
zygospores. Con-
JServa, which re-
sembles Ulothriz
(see Fig. 159), is

fairly abundant in

¢, conjugating c.ells wh}ch h:iwe bent toward one another p onds and alon g
and are producing conjugating tubes; p, a start toward E

conjugation with a third plant. Greatly enlarged margins of lakes.

Draparnaldia is a
branching form (Fig. 160) which resembles Cladophora and
Vaucheria ; Ulva, or sea lettuce, is a peculiar large salt-water
form ; while Coleocheete (Fig. 169) is a disk-like or plate-like
form. Chara, or stonewort (Fig. 170), is a complex alga that
is found in great abundance upon the bottom of shallow lakes
and streams throughout the continent. It has a heavy coating

Fic. 167. Mesocarpus
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of calcareous material, which, as the plant dies, falls to the
bottom of the pond or stream. Chara: grows in such luxuri-
ance that its deposits eventually form deep layers of this cal-.
careous material, or marl as it is called. Marl has been found
of great value in the manufacture of cement, and not a few
of the lakes in which Chara grows ‘
are being dredged to secure the
mar]l deposits for this important
manufacture.

188. Alga and water supply.
Many of our large cities have
found it advisable to construct
reservoirs for water. These are
open pools, lakes, tanks, etec.,-
and they are intended to hold
water enough so that in times
of scarcity there will be at hand -
a sufficient supply. Such reser-
voirs have proved so admirable
as growing places for alge that
these plants have often become
a nuisance. Their presence in
water for domestic use is not at-
tractive, and, besides, they may
stop up the water pipes; but far
more serious than these objec-
tions is the actual pollution of Fic. 168. Desmids
the water because of their Pres- 4, Micrasterias; B, B, Staurastrum
ence. When they die they‘be— (two views); C, Closterium. After

) West

come the food for decay-produc-

ing organisms (Sect. 1564), and often positively injurious sub-
stances may thus be generated. It has been found that by tos-
ing about in such reservoirs a quantity of copper sulphate,
inclosed in coarse sacking, minute quantities of the salt be-
come dissolved and the algz are thus killed. The solution is’
not strong enough to render the water unwholesome for use.
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This treatment has been an important factor in improving the
water within reservoirs used as sources of water supply for
many American cities.!

189. The brown algz: general characteristics. The blue-
green and the green algee are predominantly fresh-water
groups, and are considered the chief representatives of alge.
The remaining groups, though almost exclusively salt-water

Fi1c. 169. Coleochete, a flat-bodied green alga, which is a single layer of cells
in thickness. It sometimes branches extensively

After West

plants, have such striking characteristics that brief mention
of them must be made, and pupils who live near the seacoast
will be interested in extending this study. The brown algz,
or brown seaweeds (Phaophycer), are found along the shores
of all the oceans. They grow attached, by means of strong
holdfasts, to rocks, piling, or any relatively fixed support that
is available.

1 See ** A Method of destroying or preventing the Growth of Alge and
Certain Pathogenic Bacteria in Water Supplies,’”” and ¢* Copper as an Algi-
cide and Disinfectant in Water Supplies,’” Bulletins 64 (1904) and 76 (1905)
respectively, Bureau of Plant Industry, U. S. Dept. Agr.

Whipple, ** Microscopy of Drinking Water,’* chap. xii. John Wiley & Sons,
New York, 1906.
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From high-tide mark to a little below low-water mark Fucus
and Ascophyllum (known as rockweeds) often form dense coat-
ings upon rocks. At low tide these rockweeds hang loosely

over the exposed rocks. Such masses
exhibit the dark olive-green color
that is characteristic of the group.

190. Sargassum and the Sargasso
seas. Some of the brown alge may
become detached and be carried hun-
dreds or even thousands of miles
from their original growing places.
This is true in the case of Sargassum,
some species of which thrive along
the shores of tropical oceans. In the
North Atlantic Ocean, north of the
Canary Islands, is a body of water
known as the Sargasso Sea. Its entire
area is more or less
filled with floating Sar-
gassum and other forms
of plant and animal life.
In other similarly quiet
parts of the seas occur
large regions filled with
floating alge. Sargas-
sum, as is also true of
some other brown alge,
is peculiarly fitted for

Fie. 170. The stonewort alga (Chara)

A, a slightly magnified piece of a plant showing

the general appearance ; B, a more highly mag-

nified illustration showing the o6gonium (o) and

the antheridium (a), by means of which repro-
duction takes place

floating by the presence
of “air bladders,” which
are swollen regions of
the leaf-like expansions
(Fig. 171). In mid-

ocean one may see small floating masses of these plants, which
have been carried sometimes hundreds or even thousands of

miles from their original homes.
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191. The kelps. The giant kelps belong to the brown alge,
and are represented by such forms as Laminaria, Postelsia,
and Macrocystis. The cylindrical stem-like growth of the
Macrocystis is said to reach a length of from 800 to 900 feet,
while Laminaria, or *devil’s-apron,” grows into strap-like .
or widely spread,
tough, leathery
expansions. All
of these forms
have heavy root-
like holdfasts,
which furnish
attachments so
strong that the
plant  usually
will break else-
where before it
will pull away
from its sup-
port. The great
length of these
plants is not dis-
posed vertically
in the water, but

the strong stem-

A, the base of a young plant showing an early stage in  ]ike and leaf-
formation of the holdfast, which attached the plant to a J
piece of wood. B, tip of a plant; b, air bladders; a, spe- like OUth‘OW'CllS
cialized regions in which reproductive organs are formed;  {pail out in a
¢, new leaf-like growth where the plant had been broken. . .

A little less than natural size semi-upright po-

sition.

192. Reproduction. Vegetative reproduction in the brown
alge® is secured by the breaking apart of branches from old
plants. There is no known special method resulting in vege-
tative reproduction, as in Pleurococcus, Nostoe, etc.

Some members of the group (Ketocarpus and others) are
reproduced by zoospores and by the formation of zygospores

Fie. 171. Rockweed (Fucus)



THE GREEN ALGZA (CHLOROPHYCEA) 209

that are the result of the union of similar motile gametes,
as in such green algz as Ulothriz and Cladophora. Others,
of which Fucus is a representative, reproduce by means of
oospores that are formed by the union of sperms and eggs.!

193. Uses by man. At one time the world’s supply of iodine
was derived from the brown algw ; now it can usually be pre-
pared more economically by chemical means. Soda was for-
merly secured from these plants, but chemical processes have
driven out the laborious methods
of securing that substance directly
from plants. Gelatinous foods and
a sugar known as mannite are se-
cured from some species of brown
alg®. In some coastal portions of
this country the farmers collect
and carry inland great quantities of
- brown alge and spread them over
the cultivated land as a fertilizer.

194. The red alge. The red.
alge (Rhodophycee) chiefly inhabit
deeper water than do the brown Fie.172. A redalga(Batracho-
algee. The class is almost wholly Sperm;g*izhffezﬁsézgi 6
confined to salt water, and the few
that do live in fresh water do not
exhibit well the color characteristics of the class. One com-
mon fresh-water genus is Batrachospermum (Fig. 172).

The marine forms of this group present most striking shapes
and colors. They are of different shades of red, varying from
the most brilliant to those that are dark and somber, while
some are a deep purple. Chlorophyll is present, but often is
completely obscured by the other colors. Sometimes all the
colors are obscured by deposits of calcareous material upon
the plants.

Slightly magnified

LIf desired to study further the details of reproduction of the brown
alga, see Coulter, Barnes, and Cowles, College Botany, Vol. I; also Bergen
and Davis, Principles of Botany. .
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There are no known unicellular red alge. Usually the plants
are quite complex and present expanded leaf-like structures

Fic. 173. A red alga (Gigartina spinosa)

Attached by means of its holdfast to a small stone

(Fig. 173) or are extensively branched (Fig. 174). They have
basal holdfasts, which in general resemble those usually found
in the brown alge. Red alg® are, as a rule, smaller and
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more delicate than the brown forms.! There are often many
branches, the smallest ones becoming quite thread-like, so
that the entire plant looks to the beginning student like a
sparsely branched stem with many finely divided leaves. In
their asexual reproduction the red algz may form spores in
groups of four (Fig. 175).

Fie.174. A red alga (Dasya)

1The best way for the teacher to give a general notion of brown and red
alge is to secure card mounts or bottled material for class demonstrations
of a few of the leading types in each group. These may be obtained from
the Woods Hole Biological Laboratory, Woods Hole, Massachusetts, and
from other reliable supply houses. Well-prepared card mounts preserve the
natural colors, and may be kept indefinitely for laboratory use.
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195. Uses of red algz. Several genera of the red algs are
used as food. They may be dried and thus kept for long

F1c.175. The asexual reproduction
of a red alga (Callithamnion)

At the left there is a branch upon which
is a sporangium. Within its wall its di-
vision into four spores has taken place.
At the right these four asexual spores
have escaped from the sporangium.
Much magnified. After Thuret

periods. The gelatinous mate-
rial that is secured from them
forms a delicacy much de-
sired by some people. In the

North Sea and elsewhere in

the Atlantic Ocean occurs a
red - alga known as “Irish
moss,” ‘which is collected in
large quantities and employed
in the preparation of jelly, to
be used both directly as food
and as the basis for the prep-
aration of other foods. One of
these gelatinous products of
red algz is agar-agar, which is
extensively used as a growth
medium in bacteriological
work, and in similar work
with some of the lower fungi.

196. Classification of the alge :

Thallophytes
Alge

Class 1. Chlorophycea (the green alga)
Leading genera used as illustrations,— Pleurococcus, Spirogyra,
Cladophora, Ulothriz, Draparnaldia, Vaucheria, Zygnema,

&Edogonium, Chara

Class I1. Phxophycez (the brown alge)
Leading genera used as illustrations, — Fucus, Sargassum, Lami-

naria, Ectocarpus

Class I11. Rhodophycew (the red algee)
Leading genera used as illustrations, — Gigartina, Dasya, Calli-

thamnion



CHAPTER XIV

THE ALGZE-FUNGI (PHYCOMYCETES)

197. General characteristics of the fungi. The algwe-fungi,
as the name suggests, are fungi which resemble the alge. It
was noted in the discussion of the bacteria that the fungi are
thallophytes which ‘do not possess chlorophyll. Some of the
fungi are so much like the algs in general structure that if
chlorophyll were added to them they might easily be classi-
fied together. There are other fungi which are very unlike
the algze.
~ Absence of chlorophyll suggests the absence of ability to
manufacture foods from water and carbon dioxide (Sect. 17).
In order to live, fungi must secure their carbohydrate food
already prepared for them, and the first great question that
arises relates to the ways in which non-chlorophyll-bearing
plants secure their food.

198. The dependent habit of living. The dependent habit is
characteristic of the fungi, though there are many dependent
plants ‘that do not belong to the fungi. Dependency may
appear in any one of several forms. Such fungi as toadstools,
mushrooms, and puffballs live upon decaying plant and ani-
mal material, — old leaves, logs, stumps, manure he_szips, ete.,—
and when so living are called saprophytes. Sometimes depend-
‘ent plants live upon living plants or animals, as in the case of
tree-destroying fungi, wheat rust, and some of the bacteria of
the human body. These, as we have seen, are called parasites,
and the organism which furnishes the food material is the Aost.
Two living organisms, plant or animal, may live together in
such a way that each benefits from the presence of the other,
and sometimes these are called mutualists, meaning *“ mutually
helpful,” and sometimes they are called kelotists, meaning that

213
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one organism is held by the other in a condition of slavery.
In case of some dependent plants it is not easy to determine
the nature of their dependency.!

199. Bread mold (Rhizopus nigricans). If a piece of slightly
moistened bread is placed in a glass jar or covered in a dish
for a few days, an abundant supply of mold soon appears upon
it. There may even be several kinds of molds developed upon
the bread under such conditions within a very few days. The
common bread mold, or black mold, is the one which usually
appears. It grows about our homes in great abundance, soon
appearing when bread, fruits, and other favorable nutrient
substances are left exposed. When young the mold is white,
only assuming its blackish appearance when spores are formed.

200. Bread mold: vegetative structures. A mass of growing
bread mold is composed of many white threads greatly entangled
one with another. This entanglement is due to the forward
growth of the many free ends of these threads. Each thread is
called a hypha (meaning “a single web”), and the whole net-
work of hyphe is the mycelium, or fungus mass. The mycelium
is the interwoven network of which one hypha is a single thread.

Careful examination also shows that some of the hyphee
have grown down into the nutritive substratum (supporting
substance), and if one could see through the bread after mold
has grown on it for a few days, much of the mycelium would
be seen within the bread. Branching downward from some of
the superficial hyphe are special root-like hyphe (rhizoids)
(Fig. 176), which descend and spread out within the nutrient
material. At such places upright hypha also are formed.
From these areas long runner-like branches (stolons) may
extend over the surface a little way. From the stolons a new
set of rhizoids and upright hyphe may be formed. This
method of vegetative extension gave rise to a much-used name,
Mucor stolonifer, meaning “ the stolon-bearing mold.”

1 Dependent plants are treated more fully in a separate chapter, but plant
dependency necessarily receives attention throughout thig discussion of the
fungi.
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Under magnification hypha of bread mold are seen to con-
sist of heavy tubular cell walls in which the granular proto-
plasm is not separated by trans-
verse walls, as it is in most of
the alge. If the nuclei could
be seen, which is not possible
in unstained material, many of
them would be found within
the tubular hyphal wall. This
plant, therefore, is a ceenocyte,
like the green alga Vaucheria
(Sect. 183). If Rhizopus pos-
sessed chlorophyll, it would re-
semble the vegetative structure
of Vaucheria.

3

e

&) 2

Fic. 176. Black mold

Below is a slightly magnified illustration of plants, one of which has given rise
to the other by means of a runner, or stolon. Descending are the rhizoids and as-
cending are the aérial branches, upon the tips of which spores are borne within
sporangia. Above and at the right a more highly magnified sporangium is shown.
Its wall (w) incloses many spores (s), through which may be seen the columella
(c), which is the swollen tip of the stalk upon which the sporangium is borne.
This wall may be broken away, so as to leave some of the spores lying upon the
columella, as is seen in two cases of the plants shown below

201. Bread mold: nutrition. Bread mold lives upon and
within its nutrient substance and absorbs food material directly
from it. Parts that are in contact with the substratum do the
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work of food absorption. Food is carried through the tubular
cells to the parts of the mycelium that are-above the food
material.

202. Bread mold: effect upon the substratum. If a piece of
bread upon which bread mold is growing vigorously be kept
moist, the mold will not, usually, continue to grow until the
bread is completely consumed. Either because of having se-
cured all the food it can extract from the bread, because of
having secreted substances that prevent its further growth, or
because of being unable to hold its own with other organisms
(molds and bacteria), the bread mold after a time ceases to
grow. Other molds and bacteria may appear, one kind follow-
ing another for weeks, until the decay of the bread is almost
or quite complete. If kept tlghtly sealed, however, growth
stops before all the food material is used. Molds often grow
for a time in jars of fruit, formmg upon the top of the fruit
a coatmg which remains until the jar is opened If this coat-
ing is removed and a fresh supply of air is admitted, a new
growth soon appears.

203. Bread mold: asexual reproduction. In addition to vege-
tative reproduction by means of stolons, this mold also repro-
duces itself both asexually and sexually. There arise from the
main body of the mycelinm upright hyphe, upon the ends of
which sporangia are produced (Fig. 176). The upright stalks
are called sporangiophores (meaning * sporangia bearers’). In
the development of the sporangium, first a transverse wall cuts
off a small tip of the upright stalk. This tip cell grows rapidly
until it has become a large spherical body. Meanwhile the"
transverse wall has extended into the spherical sporangium,
thus producing a little column (the columella) upon which the
sporangium contents rest. The protoplasm of the sperangium
divides into many small spores, which, when the sporangium
wall breaks, are scattered widely into the air. The musty odor
which is detected when we smell mold may be due to the
presence of large numbers of these spores, or to gases that’
have been produced within the nutrient material.
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If bread that has not been exposed to the air is cut in a
room in which the air is quiet, and if one piece is covered
directly in a glass dish, another similarly covered after five
minutes’ exposure to the air of the room, and another after
five minutes’ exposure on the outside window sill, an interest-
ing test of the abundance of spores in the atmosphere will be
afforded. One class of students,
in performing this experiment, %
secured the development of mold %&WWWW
upon all three pieces of bread, £ f’
having in all five kinds of mold. W

204. Bread mold: sexual re-
production. Bread mold rarely
reproduces itself by sexual proc-
esses, but does so under some
circumstances.. The tips of hy-
phe approach one another, and
end cells are formed by means
of transverse walls. These end
cells gradually unite to produce
a spore, and a heavy dark wall
is formed about it. Since this Fi16.177. Water mold growing on
spore is produced by the union the body of a wasp
of similar cells it is called & zy- Tne fungus has grown upon the host
gospore. It is a Well-protected until an e:ltltenswe white fluffy mass

; as been formed -
spore, and seems fitted for en-
during great extremes in physical conditions: The germi-
nation of the zygospore of Rhizopus nigricans is an occurrence
that is difficult to demonstrate in the laboratory, though it
and closely related molds (Mucor mucedo and Sporodinia) form
zygospores that have been seen to germinate and thus repro-
duce the mold plants. The similarity between the formation
of zygospores in molds and in Spirogyra is worthy of note.

205. Water mold (Saprolegnia). Although there are several
kinds of water molds, this is the most common one. It lives
in the water, upon dead insects, fish, and other animals.
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Sometimes living fish that are confined in close quarters become
infested with this mold and die. In such cases the mold is
first a parasite, but upon the death of its host it becomes a
saprophyte. In late summer and early autumn, flies and other
insects often become infected with water molds and related
fungi (as Entomophthora)). 1f these insects, when found lying
on the floors and window sills, are placed
in a dish of water, the mold sometimes
grows rapidly, soon producing a *collar”
of fluffy hyphaz about the thorax of the
insect, and may cover the entire body
(Fig. 177).

206. Water mold: vegetative structures
and nutrition. The mycelinm of Sapro-
legnia branches and extends itself through-
out the tissues of its supporting material.
As in Mucor and Vaucheria, the plant is
a ceenocyte. It absorbs its food material
directly, and when the supply of food is
abundant it may grow with striking ra-
pidity. This plant is effective in bring-
ing about decay of dead animal bodies in
F16.178. Awatermold  the water.
keasiug 3 sporanglim 207. Water mold: asexual reproduction.
(s), from which zod- 5 £
spores (z) areescaping At times the numerous hyphee which

After Schenck extend from the nourishing material may

‘ form transverse walls, which separate large
swollen tip segments from the bases of the hyphe. Within each
tip segment many zoospores form (Fig. 178). These escape
into the water in very large numbers and swim about quite
actively. Upon coming in contact with favorable nutriment the
cilia are withdrawn and the zodspore germinates into a new
hypha, which by growth may produce a new mycelium.

208. Water mold: sexual reproduction. From the tips of
short hyph® large spherical cells (odgonia) are formed, in
each of which one to many eggs are produced. In some
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species groups of oogonia are formed upon a single hypha.
Antheridial branches come in contact with the odgonia (Fig.
179). A tube grows from the antheridinm and pierces the
wall of the obgonium. Sperms from the antheridium escape
and fertilize the eggs, thus forming oospores which can repro-
duce the plant. In some cases when Saprolegnia eggs are
not fertilized they develop
heavy walls, and after-
wards germinate as if they
had been fertilized. Such
development of eggs into
oospores without fertiliza-
tion is known as partheno-
genests. It is a method of
reproduction that is met
with in some other plants
and in some animals.

209. The grape downy
mildew (Plasmopara viti-
cola). There are numerous
so-called downy mildews ;
the one here used as a type
frequently appears upon
the under surface of leaves Fic. 179. Sexual reproduction of a water
of the grape. In the Cen- ; mold
tral States, which region is  Some of the hyphw bear oSgonfa (0) and an-

6 theridia (a), and within the oGgonia are the
supposed to be the original eggs (). After Klebs
home of this parasite, it has
been an injurious pest for many years. Its downy white growth
upon the surface of the leaves (Fig.180) is its most con-
spicuous distinguishing characteristic, but it also often grows
upon green shoots and fruit. When conditions are thoroughly
favorable (proper soil, moisture, and temperature) for the
growth of grapevines, the parasite when present may do little
damage. At other times it may all but destroy the crop and
greatly reduce the vigor of the host plant.
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210. Grape mildew: vegetative structures and nutrition.
The downy patches that appear upon the leaves are merely
the superficial parts of the parasite, since within the leaf the

F16.180. A leaf of the grape, upon which may be seen the white, fluffy patches
of grape mildew
Photograph by H. H. Whetzel
mycelial hyphe have grown for some time before the downy
patches are produced. These coenocytic hyphee grow between
the cells and send into the interior of the cells short branches
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(haustoria), which absorb food directly from the cell contents
of the host (Fig. 181, B). When the mildew has thus grown

within the leaf
for a time, it
sends through
the stomata
on the under
surface numer-
ous branches
which consti-
tute the super-
ficial downy
patches char-
acteristic  of
the parasite.
211. Grape mildew: asex-
ual reproduction. Some of
the agrial hyphe branch and
upon tips of these branches
produce spore-like bodies,
the comidia (Fig. 181, 4).
These conidia fall from the
conidiophores (conidia bear-
ers), and when favorable
moisture (dew, rain, etc.)
is present they germinate.
Instead of producing new
hypha they usually act as
sporangia and produce z0o-
spores (Fig. 181, D and E).
The zoospores may swim
about for fifteen or twenty
minutes, and then lose their

Fic. 181. Grape mildew (Plasmopara)

From the mycelium within the cells of

the grape leaf haustoria (B) are formed.

Upright hyphe (4) bear conidia. These

conidia divide, as at D, and form zo6-

spores (). Within the leaf oospores (C)
are formed. After Duggar

cilia and begin to produce new hyphe. If favorably located, the
new hyphe may find entrance to a leaf through its stomata
and begin anew the growth therein.
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212, Grape mildew: sexual reproduction. In the interior of
the leaf short hyphal branches develop into obgonia and an-
theridia (Fig. 181, ¢). Each oogonium develops an egg, which,
when fertilized by one of the many sperms from the anther-
.idium, becomes an otspore. This obspore has a heavy wall
and also is within the tissues of the leaf, so that apparently
it is well fitted to endure severe winter conditions. Upon the
decay of the leaf the odspores are set free. They probably ger-
minate to produce new plants, but “much work needs to be
done in the way of determining to what extent the otspores
are necessary in the annual propagation of this species.”’!

213. Grape mildew: preventive measures. Usually it is pos-
sible to control the growth of this parasite so that serious damage
is prevented. In 1881 the Frenchman Millardet began experi-
menting with the Bordeaux mixture? as a method of treating
grape mildew. His experiments resulted in a chemical mix-
ture which, when properly used as a spray, will obviate most of
the ill effects of grape mildew. The same mixture has been
found of great value in treating many other plant diseases,
and almost all the state agricultural experiment stations issue
special directions concerning local uses of this mixture.

214. Potato blight (Phytophthora infestans). This parasite is
anear relative of grape mildew. Its vegetative characteristics
closely resemble those just described. Its asexual reproduc-
tion by conidiospores and the consequent zodspores gives it
very ready and wide distribution. The parasite may infest
leaf, stem, or tuber of the potato, and is one of the several
fungous diseases that have proved very destructive of potato
crops. It may be held in check by proper spraying (Fig. 849)
with the Bordeaux mixture.?

1 Duggar, B. M., Fungous Diseases of Plants. Ginn and Company, Bos-
ton, 1909.

2 The preparation as most commonly used consists of materials mixed in
the following proportions : copper sulphate, 5 pounds ; stone lime, 5 pounds ;
water, 50 gallons. Other proportions are often used.

8¢t Potato Spraying Experiments in 1906,” Bulletin 279,N.Y. Agr. Exp. Sta.;
*tCertain Potato Diseases and their Remedies,” Bulletin 72,Vt. Agr. Exp. Sta.
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215. Other phycomycetes. Of the forms that have here been
discussed, — Rhizopus, Saprolegnia, and Plasmopara,— each
represents an important subdivision of the phycomycete class
of fungi. There are many molds closely related to Rhizopus,
and some of them usually appear wherever there is decaying
organic matter. Several kinds of water molds are known,
and other parasitic forms which resemble Saprolegnia are the
cranberry-gall fungus (Synchytrium Vaceini), which attacks
the stem, leaves, flowers, and fruit of the cranberry plant;
the “damping-off ” fungus (Pythium DeBaryanum), which, in
plant-house seed beds and sometimes in open fields, kills seed-
ling plants by attacking their cells at or near the soil, thus
causing them to wilt ; the brown rot of the lemon and other
citrous fruits (Pythiacystis citrophthora), which is especially
injurious in California and is often a forerunner of the blue
mold (Penicillium). Important plant parasites which in struc-
ture and habit resemble the grape mildew and potato blight
are the white or downy mildew ( Cystopus candidus, sometimes
called Albugo candida) of plants of the mustard family (Cru-
ciferce), as shepherd’s-purse, the common radish, horse-radish,
cress, mustard, and turnip; also another white mildew (Pero-
nospora parasitica’) which infests many members of the mus-
tard family, including most of those mentioned for Cystopus,
as well as others ; downy mildew (Plasmopara cubensis) of the
cucumber, pumpkin, and watermelon ; onion mildew (Peronos-
pora Schleident) ; downy mildew of lettuce (Bremia Lactucee)
and downy mildew of lima beans (Phytophthora Phaseols).

216. Summary of phycomycetes. In structure and methods
of reproduction this group resembles some of the green alge.
The frequently occurring ccenocytic body suggests Vaucheria
and its relatives among the green alge. In reproduction
zoospores, zygospores, and ospores are formed, and the spe-
cialized sex organs, obgonium and antheridium, are present.
In some of the phycomycetes specialized asexual structures,
the conidia, are formed, and these germinate, usually producing
one or more zoospores. Kvidently these conidia are sporangia
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which fall from the parent plant before the spores that de-
velop within them are set free.- A careful review of type
plants used in the study of green alge and phycomycetes
will show striking similarity in reproductive processes.

The saprophytic and parasitic habits of living of this group
give them very great economic significance. Agriculture, hor-
ticulture, gardening, fish industries, and water supplies are
seriously affected by members of the group.

217. The groups of fungi. The classification of dependent
plants into saprophytes, parasites, mutualists, and helotists is

Fic. 182. Slime mold (Fuligo) growing from a decaying board

Two masses have exuded from the crevices of the board and are rounded into
position for forming spores. Natural size

based entirely upon the ways in which plants live. Fungi are
also classified upon the basis of their structure, and this classi-
fication is the one generally used in speaking of them.! The
leading groups or classes are the phycomycetes, ascomycetes,
lichens, and basidiomycetes. The schizomycetes (bacteria) are
sometimes treated in this connection, but by reason of sim-
ilarity of structure and methods of reproduction they and the
blue-green algee are now discussed together (Chapters XI
and XIT). The last part of the name of each class (mycetes)
means “fungi,” and the first part refers to a distinguishing

1 The simplest acceptable classification of fungi has been adopted. Certain
technical groupings that are quite proper in a more advanced treatise are
‘omitted from this elementary statement.
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characteristic of the class. Thus phycomycetes literally means
“ seaweed fungi,” and we call them algee-fungi; ascomycetes
means “sac fungi,” since some of the spores are formed in a
peculiar sac; and the basidiomycetes are the “stalk fungi,” or
“club fungi,” since some of the spores are borne upon a stalk
or club-like base. In each of these classes many kinds of fungi
are found, but only a few kinds in each class can be consid-
ered in an elementary treatment.! The lichens are peculiar
plants, which are treated in this connection merely for lack of
better classification for them, as will appear later.

218. Classification :

Thallophytes
Alge
Fungi
Class I. Phycomycetes. Leading genera used as illustrations, —
Rhizopus (bread mold), Saprolegnia (water mold), Plasmopara
(grape downy mildew), Phytophthora (potato blight), Cystopus,
and others
Class II. Ascomycetes
Class I11. Lichens
Class 1V. Basidiomycetes

1 The “slime molds,’”’ or myxomycetes, are usually classed with the fungi,
though some students regard them as animals. They often appear as ge-
latinous, sticky, yellow, brown, or brightly colored masses exuding from
crevices in old stumps, logs, old board walks, upon decaying leaves, and
sometimes upon very rich soil (Fig. 182). At other times these masses pro-
duce stalks, globules, or one or a few rounded masses. These are the spore-
producing structures. So different are these two stages —one motile like
some of the lower animals, the other forming spores like some plants — that
students formerly thought the two stages were different organisms, of which
one was animal, the other plant.



CHAPTER XV

THE SAC FUNGI (ASCOMYCETES); THE LICHENS;
THE BASIDIUM FUNGI (BASIDIOMYCETES)

THE SAC FUNGI (ASCOMYCETES)

219. General characteristics. More of the fungi belong to
this class than to any other, and since most of the ascomycetes
are parasitic, it is evident that the class is one of great im-
portance. There is wide variation in form and structure in
this group. The mycelium of the parasitic forms grows mainly
upon instead of within the host, and sends into it short haus-
toria which absorb food material. The hyphe of the mycelium
are divided into many cells, and branch extensively. Many
of the known structures are difficult to understand, and
many of the facts are not known regarding the life cycles of
some of the plants which belong in this class. In a general
way, the fungi of this class are subdivided into two groups,—
those which have their spore-forming sacs opening into cup-
like structures, and those which have the spore sacs inclosed,
or almost inclosed, in heavy-walled and more or less spheri-
cal cases. Common illustrations of the class are the mildews
which grow upon leaves of the plantain, smartweed, and lilac,
the cup fungi, the morel, and yeasts. Of the many represent-
atives, but a few types will be used to give some general
notions of the structure and importance of the class.

220. Peziza and Sclerotinia. In damp soil, attached to decay-
ing sticks or roots, may be found the pink or reddish cup fungus,
Peziza. Peziza plants sometimes appear singly and sometimes
- in clusters or rows, and in color some of them are very striking.

Growing from old plums and peaches which have shriveled
and dried (become mummified), sometimes there are found
similar though brownish cups, which contain the reproductive

226
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organs of another ascomycete, Sclerotinia (Fig. 183). In case
of both Peziza and Selerotinia, the cups are external indica-
tions of a much larger internal growth of the fungus. In
Selerotinia, commonly called the brown rot of the stone fruits
(peach, plum, apricot, cherry), the infection of the host long
precedes the production of cups. Myecelial hyphe penetrate the
fruit or the flower and grow extensively in it, often extending
to the twig. After a period of such growth there appear upon
the surface of the fruit, which is now shriveling or decaying,

Fi1c. 183. Brown rot (Sclerotinia) growing upon old plums

At the right are some of the fruiting cups; in the middle is a greatly magnified
portion of the cup, showing the spore-bearing areas; and at the left is one of the
spore-bearing threads still more magnified. After Duggar

many tufts of light-brown hyphez. Among these tufts are
conidiophores, upon which conidia are produced. These con-
idia are scattered by wind, by contact with insects, ete., and,
alighting upon favorable growing places, produce new myce-
lial growths. It is thought possible that these conidial spores
may persist throughout the winter. Infected fruits may be-
come dried and shriveled, and hang upon the tree or fall to
the ground. When favorable growing conditions return in the
next season, or even in a later season, the brown cups are pro-
duced from the mass of mycelium in the old fruit. These cups
are composed of many hyphe closely pressed together. In the
tips of some of these hyphz in the bottom of the cups the spores
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are formed (Iig. 183). The wall of a spore-containing hypha
is the sac or ascus, and the spores which are formed therein
are the ascospores, or sac spores. These spores, when favorably
placed, again produce the mycelium of the parasite. This repre-
sents the chief method of spring and early summer infection
of fruits with the brown rot.

221. Destructiveness of Sclerotinia. All kinds of stone fruits
seem to be susceptible to attacks of this disease. It is said!:
“It would appear that among
peaches the sorts densely
covered with hairs or down,
such as Alexander, Hill’s
Chili, and Triumph, are usu-
ally susceptible. Among the
more resistant sorts are to
be found the Carmen, Early
Crawford, Elberta, Chinese
Cling, and some others.
Among the plums the Jap-
i anese varieties suffer gen-
Fic. 184. A group of *morel” mush- erally in most sections of

-Tooms (Morchella) - the country. The American
No[:e the depressions in the surface, in group of plums is also sus-
which the sacs and ascospores are formed. %
Three fourths natural size ceptible, and apparently more
susceptible at the South than
farther north. The Wild Goose and Marietta plums are much
less affected in all regions. The native cherries are more resist-
ant than such as the Montmorency.” The total amount of the
damage is enormous. In 1887 Maryland and Delaware were
reported to have had a peach-crop shortage, from this cause, of
800,000 baskets of fruit. In 1900 Georgia had an estimated
loss of 40 per cent of the peach crop, or a money loss of be-
tween $500,000 and $700,000.> The disease may be checked

1 Duggar, Fungous Diseases of Plants. Ginn and Company, Boston, 1910.
2 *The Brown Rot of Peaches, Plums, and Other Fruits,” Bulletin 50,
Georgia Agr. Exp. Sta., 1900,
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by destroying the infected fruits amd twigs. Spores are so gen-
erally distributed that spraying is also necessary. Different
sprays have been used, but with such varying success that
the advice of local experiment stations should be sought for
the special needs in each state. ;
222. The morel (Morchella). Another representative of the
open-fruiting ascomycetes is that commonly called the “morel
mushroom ” (Fig. 184). Its mycelium grows in earth that is

F1e. 185. Leaves of lilac upon which lilac mildew appears in whitish patches.
Also the small dark reproductive bodies are shown

very rich with decaying organic matter. It is usually found in
woods among the leaves and about old logs and stumps. The
fruiting body, the mushroom, is the only part usually noticed,
and under favorable conditions of moisture and temperature it
develops in a very short time, growing at the expense of food
material that is gathered by the underground saprophytic my-
celium. In the deep, wrinkle-bordered pits of the mushroom
are the dscus-bearing hyphw. The ascospores form in great
numbers and are so light that they may be widely distributed.

223. The powdery mildews: lilac mildew (Microsphera alni).
Good illustrations of the inclosed-fruited ascomycetes are had
in the powdery mildews. They are frequently found upon the
surfaces of leaves of lilac (Fig. 185), and related mildews are
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found upon the willow, eak, some of the smartweeds, and
upon many other plants. The powdery mycelium lives upon
the surfaces of the leaves. Haustoria, by means of which
nutrient material is extracted from the host, are sent into the
leaf from the superficial hyphee. The fungus is therefore a
superficial parasite.

At times upright hyphe form transverse walls, cutting
from their tips rows of small cells, the conidia. The powdery
appearance of the mildews
is due largely to the pres-
ence of large numbers of
these conidia. The co-
nidia, if favorably placed,
é are the means of produc-

ing new growths of the
mildew. Another complex
method of reproduction
results in forming asco-
spores. Two superficial
Fi1e. 186. The spore-sac case of lilac hyph unite their tips,

mildew (Microsphera alni) and fusion of the nuclei

The central, heavy-walled body (ascocarp) of these tip cells takes

contains the sacs (asci) in which spores are r
formed. Upon the wall of the ascocarp are place. Then there SHOWE,

stalk§, sometimes called arms, which have  as a result of this fusion,
peculiar brar;icllliiz S;tf:;:]lrsitgs. About 60 a relatively large, heavy-

walled body, the asco-
carp, so called because it is the hard-walled body which con-
tains the asci and ascospores. Within the developing asco-
carp, division of the tissue finally results in forming several
asci, in each of which there are four to eight ascospores
(Fig.186). In late summer the ascocarps may, without mag-
nification, be seen as small black bodies upon the surface of
lilac leaves. From the walls of the ascocarp peculiar arms
extend, and in the lilac mildew and some other kinds these
have strikingly branched tips, which sometimes serve as one
means of distinguishing the species.

ascocarp
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The heavy-walled ascocarp is resistant to unfavorable cli-
matic conditions, and may pass through the winter and in the
following spring break open, thus freeing the thin-walled asci.
Upon escaping, the spores may be blown or carried about and
germinate upon new host leaves.

224. Blue mold or green mold (Penicillium). This mold fre-
quently appears upon discarded leather, upon shoes or gloves
which when damp have been left in a
dark warm place, upon old lemons, and
upon cheese and other dairy products.
Various species have distinct shades
of color, so that the common names of
blue or green mold can be taken only
as applying in a general way. Certain
species of Penicillium are supposed to
give characteristic flavors to cheese
in which they grow, as Penicillium
Roqueforti of Roquefort cheese and
Penicillium Camemberti of Camembert
cheese. These species are widely dis-
tributed, however, and are found

g Fic. 187. The blue mold

growing upon many substances other (Penicillium)

than cheese. It has been suggested At the left is the tip of a hy-

that these are not different species, Pb#: With the characteristic
d branches, on the endsof which

but that they merely show different are the spores; at the right

features, dependent upon the kind aregerminatingspores. After

, 2 Thom. Much magnified
of material upon which they grow.

While it is true that these as well as species of other molds do
show different characteristics when grown in different ways,
recent investigations indicate that the species are distinct.l
Penicillium is an ascomycete which has almost lost the
habit of reproduction by means of ascospores, the ascus being

1 An interesting discussion of various species and their cultural reac-
tions is **Cultural Studies of Species of Penicillium,” by Charles Thom,
Ph.D., Mycologist in Cheese Investigations, Bulletin 148, Bureau of Animal
Industry, U. S. Dept. Agr., 1910.
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rarely formed. It reproduces itself very abundantly by means
of conidia. Plants branch profusely at their ends, and from
the tips of these branches conidia are formed (Fig.187). The
number of these conidia is often so large that when the sub-
stance supporting the plants is slightly shaken a small cloud
of spores arises.

225. Yeasts. The yeasts (Saccharomycetes) constitute a group
of plants of somewhat doubtful classification. Since occasion-
ally they form an ascus-like sac in which spores are formed,
they are often classed with
the ascomycetes. They are
extremely simple, and are
more interesting because of
their manner of life than
because of their structure.
A yeast plant is a single cell

: ; (Fig.188). It usually repro-
a, a plant from which a bud has begun 5
to grow; b and ¢, plants with two buds. duces itself by a method
Note the vacuoles in the plants. Greatly of vegetative reproduction

enlarged 5 ¢
known as budding. The
buds, before becoming separated from the parent cells, may
bud again and again until a chain of plants is formed. If a
cake of commercial yeast is examined, it is found, in addition to .
the large starch grains nearly always occurring in yeast cakes,
to consist of thousands of yeast cells, some single and some in
process of budding. If a cake of yeast is kept at room tempera-
ture, the plants soon continue their growth, and other organisms
(bacteria and molds) also grow, so that the yeast “ spoils.”

When yeast plants are placed in dough they grow with
great rapidity. They live upon the solutions in the dough,
and in so doing break down the sugar, thus forming from it
small quantities of alcohol and carbon dioxide. The carbon-
dioxide gas forms the “air spaces” in the dough, which cause
the phenomena known as “rising.”! In cooking the dough

F16.188. Yeast plants(Saccharomycetes)

1 Salt-rising bread owes its peculiar quality to the fact that instead of
yeasts certain bacteria produce a putrefactive fermentation within the dough.
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the air spaces are enlarged and at the same time the alcohol
is evaporated. In former methods of bread baking pure cul-
tures of yeast were less likely to be secured,—* wild ” yeasts
very frequently appearing. With modern methods, quite sim-
ilar to those used in bacteriology, pure cultures may be ob-
tained, and it is therefore possible to secure the exact kind of
fermentation of the dough that is desired.

The processes of fermentation by yeasts are used in the
manufacture of alcohol, wine, beer, and other liquors which
contain alcohol. Certain definite kinds of yeasts produce cer-
tain kinds of alcoholic fermentation, and it is necessary for
the brewer to keep pure cultures of the desired yeasts in order
to insure the particular quality of his product. It is worthy
of note that the difficulties which brewers formerly had from
impure yeasts furnished the occasion for the developmeént of
the basis of modern bacteriology. The brewers of Germany
appealed to the great scientist, Louis Pasteur, to assist them
in this difficulty. He succeeded, in 1856, in devising methods
of pure culture by isolating single yeast plants and growing
a colony from each. Thus the particular result to be secured
could be determined by the kind of yeast selected for use
in fermentation. It was this method of pure culture which
opened the way for bacteriological investigations.

226. Other ascomycetes. The number of destructive asco-
mycetes is too large even to be enumerated in this elemen-
tary trcatise. Some of the more important ones besides those
discussed above are here given. Upon heads of rye the dis-
ease known as ergot ( Claviceps purpurea) sometimes develops.
Its mycelium infests the whole plant. Within and about the
developing grains masses of summer spores are formed. Later
the same mycelium produces dark compact masses (Fig. 189),
which completely replace some of the grains. These fall to the
ground and lie dormant through the winter, and from them in
the spring the ascospores for new growth develop. The spore

1 An especially interesting paper is ** Bread and the Principles of Bread
Making,” by Helen W. Atwater, Farmers' Bulletin 112, U. S. Dept. Agr., 1900,
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masses are poisonous, and, as ergotine, are sometimes used for
medicinal purposes. A parasite known as root rot (Zhéelavia ba-
stcola) attacks the roots of tobacco, horse-
radish, and violets, and of peas and other
leguminous plants.! The rose and peach
mildew (Spherotheca pannosa),? which oc-
casionally appears as light-colored downy
patches upon the fruit of the peach, attacks
the leaves of roses and is very destructive.
The wilt disease of cotton, cowpea, and
watermelon (Neocosmospora vasinfecta)? is
widely distributed over the Southern states
and attacks the vascular bundles in such a
way as to cut off the plant’s water supply.
A common disease of plum and cherry
trees is black knot (Plowrightia morbosa).t
The familiar and very destructive dark
and shrunken patches on the fruit of the
apple are due to bitter rot (Glomerella
rufomaculans).® The value of fruit des-
troyed by it sometimes amounts to millions
of dollars in a single year.

In addition to the conidial forms already
Fic.189. Ergot which  considered in connection with their asco-
bag g“’wfn on a head  ghoric forms and used as types of their re-

el spective groups, there remain thousands of
species whose life histories are not known.
Many are saprophytes and many. are parasites, some of which
are very destructive to crops.

After Duggar

1 Clinton, G. P., **Root Rot of Tobacco,’” Conn. Agr. Exp. Sta., 1906.

2 ** Peach Mildew,” Bulletin 107, Colo. Agr. Exp. Sta., 1906.

8 «Wilt Disease of Cotton, Watermelon, and Cowpea,” Bulletin 17, Divi-
sion of Vegetable Pathology, U. S. Dept. Agr., 1899,

4 Lodeman, E. G., *Black Knot,” Bulletin 81, Cornell University Agr.
Exp. Sta., 1894.

& *“The Bitter Rot of Apples,” Bulletin 44, Bureau of Plant Industry,
U. S. Dept. Agr., 1903.
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LICHENS

227. General characteristics. The lichens are not simply
fungi. A lichen is not even a single plant, but is a com-
bination of fungi and algee living together in such a close
relationship that it looks like a single plant. There may be
many individual fungi and many individual algee in this rela-
tion, but the combination is spoken of as the lichen plant.
The fungal part of the lichen is usually, though not always, a
member of the ascus-bearing class of fungi, and consequently
lichens are often classified with ascomycetes. This is obvi-
ously a somewhat questionable classification, but for lack of
a better one we shall dis- :
cuss the class in this con-
nection. The alge that
enter into the formation
of lichens are usually uni-
cellular forms resembling
Pleurococcus, but may be
filamentous green algz or
even some of the blue-
green alge.

Lichens live upon bark
of trees, stones, and upon
soil (Fig.190). They thrive under conditions of exposure and
in moisture and temperature variations which do not permit
most plants to grow. They are found at as great altitudes
and with as great range north and south as any plants.

In 'stony places lichens often form heavy mats made up
of lichen bodies, mosses, and decomposed rock. These masses
when upon upright faces of rock may by their own weight
fall and become the soil for growth of other plants. New
growths soon start where the old ones were, and by a con-
tinuation of this process these plants may slowly wear
away large masses of stone. It is probable that consider-
able chemical action is exerted upon the rock by the hyphee,

Fre.190. A foliaceous lichen (Parmelia)
upon a piece of bark

Natural size



236 PRACTICAL BOTANY

resulting in decomposition of the substratum. Examination
of almost any stone pile that is but a few years old will
show the presence of these forerunners of other plant life.
We have, therefore, a combination
of alga and fungus, neither of
which alone could keep alive
in places of such great ex- .
posure, living together
and instrumental in

building up soil
where at first
no other

plants
could
live.

Fic. 191. A hanging lichen (Usnea) which is
often called the ‘‘bearded moss.” Also upon
the dead spruce twig which supports this lichen
there is-another foliose lichen (Parmelia). Upon
the Usnea plant there are shown several of the
disk-like cups in which ascospores are formed

228. Form, structure, and reproduc-
tion. Those lichens which adhere like
leaves to the material upon which they
grow are called foliose (Fig.190); those
that form closely adhering, scale-like
growths are crustaceous forms; "those
that branch and are partially free from
the substratum are fruticose (Fig.191);
while a few are mucilaginous or ge-
latinous forms. Foliose forms are com-
mon upon the rougher-barked trees,
fences, ete.; crustaceous forms grow
upon_ smooth-barked trees and upon
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stones ; while fruticose forms grow upon the ground or hang
from branches of trees. Illustrations of the latter group are
the reindeer moss ( Cladonia rangiferina) and other cladonias

(Fig. 193), and the bearded
moss ( Usnea barbata).

In sections or carefully
made dissections of a lichen
body usually the fungus is
seen to compose the outer
covering for the whole body.
The alg® are within, and
often closely wound about
by the hyphe of the fungi
(Fig. 194), which absorb
food from the cells of the
algee.

The fruiting cups usu-
ally resemble some of those
of the ascomycetes. Within
the base of the cup in most
lichens the fungal hyphex
form asci and ascospores, as
do many ascomycetes. These
spores belong to the fungus.
The algal part of the lichen
when it is a one-celled alga
like Pleurococcus reproduces
by division, as we have al-
ready found that it does in
the green algw. This repro-
duction of the alga occurs
quite independently of the
reproduction of the fungus.

Fi1a. 192, A detail of a small piece of
Usnea barbata

The branches bear the fruiting cups, and

branches may also grow from the cups.

The open sides of the cups are shownin b,
and the reverse surfaces in ¢

229. Economic importance of lichens. Probably the greatest
economic importance of lichens is found in their relation to
formation of soils. Any freshly bared rock soon becomes the
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home of small crustaceous lichens. As these grow, die, and
decay, and are replaced by others of their kind, the living and
decaying bodies tend to disorganize the rock. Weathering
processes also assist in crumbling the rock, and after a time
there is soil enough to permit the growth of other lichens and
mosses and finally of larger plants. These pioneer plants are
eventually driven
from the rock by
others that can
live in the meager
soil that is pro-
duced by the li-
chens and mosses.
Certain kinds of
crustaceous lichens
are looked upon
as the forerunners
of higher vegeta-
tion in rocky re-
gions which are
too bare to per-
mit other forms
Fic. 193. A cup lichen (Cladonia) of vegetation to

This lichen often appears on moist ground, and at times live. They are
forms the cup-like reproductive bodies, even sometimes glmogt universa]]y

having some of these form upon other cups. Two and e
one-half times natural size distributed over

the earth. The

time required for the production of soil sufficient for the growth
of other plants depends largely upon the nature of the rock
and upon the climate. Upon some lava beds it is said ! that
after almost two hundred years from their formation crusta-
ceous lichens in places are still the only plants to be found.
Lichens as food for herbivorous animals are of considerable
importance in regions where other foods are scanty or where
for parts of the year cold and snow render other vegetation

1 Warming, (Ecology of Plants, chap. xvii.
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unavailable. Reindeer moss (Cladonia rangiferina) grows upon
earth and rocks in great abundance throughout the north tem-
perate and frigid zones, and at high altitudes in most mountain
ranges. In winter it is eaten by animals, which find it green and
nutritious when they remove the snow from above it.

A few lichens are sometimes used as food for men, though
they are not especially nutritious. A mucilaginous and starchy
food is prepared from Cetraria islandica, a lichen which is
known as Iceland moss. This and other food lichens are more
or less bitter, and when used regularly in large quantities are

Fic. 194. A small piece of a lichen, showing in detail the relation that exists
between the mycelium of the fungus (f) and the algal cells (a) .

Magnified 500 diameters. After Bonnier

said to have caused disagreeable intestinal disturbances. Other
lichens have been ground with wheat in making wheat flour,
as in parts of northern Africa. The lichens, while adding some
nutrient matter, also add considerable non-nutritious calcare-
ous material, so that altogether the bulk of the flour is in-
creased at the expense of the quality. In Sweden one very
bitter lichen (Sticta pulmonacea) is sometimes used as a sub-
stitute for hops in processes of brewing.

Various dyes are prepared from lichens. These were once
more commonly used than they are to-day, and are known in
the markets under the names of orchil and cudbear. Litmus,
used in preparing litmus or blue test paper, a common and
fairly delicate test for the presence of acids, is prepared from
lichens.
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BASIDIOMYCETES

230. Different groups of basidiomycetes.. The prominent
groups of basidiomycetes are: the smuts, which frequently ap-
pear in the heads of oats, wheat, and barley, and upon the ears
and stalks of corn; rusts, which are universally distributed
wherever wheat is grown, and which also grow upon many
other hosts ; the toadstools,
mushrooms, and puffballs.
Next to the ascomycetes,
this is the largest class of
fungi, and is one of great
economic importance.

F1e. 195. Sprays of oat plants (Avena sativa)

The grass-like leaf character [ is well known in this plant; the plant at the left

has developed normally, while in that at the right the grains have been destroyed

and replaced by oat smut and the growth of the entire plant is checked. Both one
third natural size
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231. The smuts. All the smuts are parasitic. They are par-
ticularly destructive to the grains and are widely distributed.
In the United States it is estimated that the injury caused by
smuts to wheat, oats, and barley exceeds $25,000,000 annually.
The oat smut (Ustilago Avene) is present in almost every
field of oats. It is generally recognized by means of the black
sticky masses of spores that form in the
positions previously occupied by the devel-
oping grains (Fig.195). The spore mass,
however, is the external indication that the
smut mycelinum has previously permeated
the host. The smut usually matures at
about the time the oat heads are in full
flower, and prevents the normal develop-
ment to such an extent that the annual
damage in this country is estimated to
reach $6,500,000. Upon germination of
these heavy-walled spores a short hypha
is produced. This soon produces four Fie.196. A stage in
thin-walled spores (Fig. 196). Since these: the loose smut of oats
thin-walled spores appear at about the o tags deing)
same time that oat seedlings are growing, i‘;osﬁzgd%pm tgl;";f
they produce hyphz which penetrate the = minating spore soon
host plant. Under favorable growing con- Eirg;“c%fr:;‘%'ﬁke e

o R . y magni-
ditions the smut mycelium, which contin-  fied. After Duggar
ues its growth throughout the host, does
not markedly retard the growth of the infected oat plants.

The spores that are formed in the heads have heavy resistant
walls. They may adhere to the grains, lie in the granaries, or
lie upon the ground in the fields until favorable conditions for
growth occur. Probably the grain used for seed is itself one of
the chief means of spore distribution. It hasbeen found that by
treating seed oats with hot water (132° to 133°F.), or with water
containing four tenths per cent formalin, the smut may be killed.!

1 t“The Grain Smuts,”” Farmers' Bulletin 75, U. S. Dept. Agr., 1898; **The
Smuts of Grain Plants,’’ Bulletin 122, Minn. Agr. Exp. Sta., 1911.
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Corn smut (Ustilago Zec) infests many of the corn plants
in an ordinary field, and when abrasions of the plants occur
the unattractive smut masses frequently appear. They most

F16.197. An ear of corn within and upon which
corn smut (Ustilago Zece) has grown

The bracts which inclose the ear (E) have peculiar

leaf-like extensions of their tips. Masses of the spores

of the smut (sm) have grown and extruded at the tip
of the ear

often appear in the
tassel or ear, and
may completely or
partially  destroy
both (Fig. 197).1
232. The rusts.
The intricate struc-
tures and habits of
living of the rusts
are objects of great
interest to bota-
nists. Their effect
upon useful and
decorative plants
that serve as their
hosts gives them
great economic im-
portance. A given
species of rust may
live for a time upon
one kind of plant
and later upon host
plants that belong
to other groups.
In each of these
stages the parasite
has distinctly dif-

ferent structures and produces quite different effects upon
its host. So unlike are these stages that formerly they were
named as distinctly different plants, and it is only recently
that enough has been learned about them to enable us to
know some of the different appearances they may assume.

1 ¢ Corn Smut,” Ind. Agr. Exp. Sta., 1900.
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233. Black rust of grain (Puccinia graminis). W herever wheat
and oats are grown, black rust, sometimes called red rust, is a
dreaded pest. It also grows upon many other grasses, includ-
ing barley and other cereals. The damage done to the world’s

crops by this fungus is very large indeed, and
in the United States it has been estimated to
exceed $15,000,000 in a single year. Much
money has been expended in making stud-
ies of the life habits of this parasite, with
the hope that means of preventing its ravages
may be discovered.

The first conspicuous appearance of rust
in the late spring or early summer is in the
form of reddish-brown patches upon stalks
and leaves of wheat and oats (Fig. 198). The
patches are composed of large numbers of
“summer spores”’ (uredospores). A section cut
through the host leaf (Fig.199, 4) enables
one to see that the uredospores are formed
upon the ends of hypha. The spore-bearing
ends of hyphe are continuations of hyphae
which have pushed their way among the leaf
cells from which they have absorbed their
nourishment. At the time uredospores are
formed the host plant is usually thoroughly
infested with the mycelium. The uredospores
are readily carried about by currents of air
or contact with animals. If placed upon wheat
or oat plants, these spores germinate, and the
young hypha penetrate the host and produce
new mycelium.,

Later in the summer the same mycelium
which produced uredospores may produce a
heavy-walled two-celled spore (Fig. 199, €)
known as the “ winter spore” (teleutospore).
When formed in large quantities these spores

F1c.198. A piece
of a stalk of wheat
upon which spots
of the rust para-
site have formed
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Fie. 199. Black rust (Puccinia graminis)

4, A small section of a wheat leaf upon which the parasitic rust is growing:
m, mycelial hyphe of the rust; y. «, young summer spore, or uredospore ; u, fully
formed uredospore; st, upright hypha upon which uredospore is formed. B, ger-
mination of uredospore: st, old hypha; u, old uredospore wall; m, new myecelial
hyphz. C, winter spore, or teleutospore: s, hypha; ¢, two-celled spore. D, ger-
mination of teleutospore: s, old hypha; p, new hypha, or the promycelium ;
s, spores or sporidia. E, section of the barberry leaf showing wcidiospore stage
of rust: e, npper epidermis, and e, lower epidermis; p, wall of cup or zcidium;
&, ®cidiospores. Rearranged from Duggar’s * Fungous Diseases of Plants.” All

much enlarged
244
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appear as blistery patches, much like those made by the red-
dish spores except for the difference in color. The teleuto-
spores are scattered over the ground and upon wheat and
oat straw. After a period of dormancy, usually lasting
through the winter, these spores germinate. Irom each cell
of the teleutospore in the spring there grows a small hypha
(Fig. 199, D), quite resembling the one which grows from
the smut spore (Fig. 196). Similarly, each cell of this hypha
may form one of the thin-walled spores (sporidia).

Puccinia graminis sometimes has another stage in  its life
cycle. In regions —as in the New Elwland States — where
a shrub known as barberry is common, the sporidia when
alighting upon leaves of the barberry may grow*and produce
within the leaf an extensive growth of mycelium. When
this mycelium produces spores, they appear in a pebu]iar cup
on the underside of the barberry leaf (Fig. 199, £). These
spores, being different from any of the three described and
being formed in a cup, are called wcidiospores, or cup spores.
Zcidiospores may reproduce the rust plant upon wheat
and oats. When the life cycle of black rust was discovered,
it was thought that all four stages are essential to it. It is
now known, however, that the barberry stage may sometimes
be omitted. The native barberry, not the Japanese variety,
is the one on which this rust grows, and efforts are being
made to destroy this plant with the hope of reducing the
rust disease on wheat and oats. Uredospores persist through
the winter in sufficient quantity to reproduce the rust upon
oats and wheat in the following spring. No satisfactory pre-
ventive for this fungus has been discovered. Some progress
has been made by learning which varieties of wheat and oats
are most resistant to attacks by the parasite.!

234. Other rusts. Upon the leaves and stems of carnations
an injurious rust ( Uromyces caryophyllinus) sometimes appears.
Asparagus rust (Puccinia Asparagt), probably introduced into
this country from Europe but a few years-ago, is now generally

1 «Rusts of Cereals,’ Bulletin 109, S. Dak. Agr. Exp. Sta., 1908
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distributed over asparagus beds.! The hollyhock and many
other members of the mallow family (Malvacee), to which the
hollyhock belongs, are often all but destroyed by the holly-
hock rust (Puccinia Malvacearum). ZAcidial stages of other
rusts appear upon many common plants, as the May apple,
jack-in-the-pulpit, burdock, sunflower, and blackberry.

; Apple rustand
“cedar apples,”
produced by the
rust Gymnospo-
rangium  macro-
pus, offer a strik-
ing life cycle.
Upon red cedar
trees in the late
autumn, winter,
and early spring
branches may be
found with hard
brownish knots
upon them (Fig.
200). The knots

Fic. 200. A **cedar-apple’’ parasite (Gymnosporan- gre outgrowths

gium) as it appears in winter condition upon its host, driemds ot
the red cedar (Juniperus Virginiana) Pro P ¥ _e
internal myeceli-

um of the rust.
Near or before the period in the spring when apple trees are in
flower or setting young fruit, the brownish knots or * cedar
apples” become gelatinous, and from them yellow projec-
tions protrude (Fig. 201). These projections are made up
of hyphe bearing teleutospores. The teleutospores germinate
at once, producing from one to three hyphe from each cell.
Sporidia are formed, and since these are blown about in great
profusion, some of them alight upon young leaves, flowers, or

Natural size

1 ¢t The Asparagus Rust: its Treatment and Natural Enemies,” Bulletin
129, N. J. Agr. Exp. Sta., 1898. T
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fruit of the apple tree, or other members of the apple family.
The apple tree is thus infected, and during the summer the
cups bearing ecidiospores are formed. Some of the zcidio-
spores may fall upon the cedar and reinfect that host. In
late summer and autumn “cedar apples” are again produced.!
235. Toadstools and mush-
rooms. These fungi are char-
acterized in general by the fact
that the mycelium lives entirely
within the material which fur-
nishes its nourishment, and oc-
casionally sends up into the air
the spore-bearing structure that
is called the toadstool or mush-
room. Scientifically there is no
accepted distinction between
toadstools and mushrooms.
Those forms that are known
to be good to eat are popularly
spoken of as mushrooms, while
those that are not edible, or
that are poisonous, are called i1 901 W Pephe ariilad SGae-
toadstools. Even this distine- sporangium) in its spring condition
tion, which is WhOHy POPUIar The extrusions are made up of hypha
and was made solely upon the and teleutospores. T.hree eighths nat-
. oy ural size
basis of real or supposed edibil- :
ity, is not easily applied, since little is known regarding the
edibility of many species. Furthermore, in a given genus some
species may be excellent for food, and others poisonous. Cer-
tain edible species are easily learned and are not readily con-
fused with those which are poisonous.? There are over one
thousand edible fungi which grow in the United States.

1 ¢*The Cedar-Apple Fungi and Apple Rust in Towa,”’ Bulletin 84, Iowa
Agr. Exp. Sta., 1905. ;

2 The United States Department of Agriculture publishes several bulle-
tins upon poisonous and edible fungi.
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236. Toadstools and mushrooms : structure and reproduction.
The mycelium often becomes very extensive, and may form
moldy or cobweb-like threads within the rich earth, decaying
wood, or other nourishing substratum. When it grows, the
mycelium helps to bring about the decay of the material which
nourishes it, and therefore may be very destructive. The

Fie. 202. A large toadstool
Note the stalk, the ring, the crown, and the gills. One third natural size

mushroom spawn, which is sometimes especially prepared and
sold in bricks to those who wish to grow mushrooms, is sim-
ply a mass of mycelium. At times there form aggregations
of the mycelium, which are whitish, bud-like growths called
“ buttons,” and which are the beginnings of the structures
known as toadstools or mushrooms. They grow and push their
" way to the surface. As the “button” elongates, its top begins
to expand into the umbrella-like form, and finally opens out
as the crown or pileus, with its center attached to the upper
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end of the stalk (stipe) (Fig. 202).- As the pileus opens, it is
joined to the stalk beneath by means of a Iayer of hyphse (the

Frc. 203. Gills of a
toadstool

On the faces of the gills
the spores are formed.
Seven and one-half times
natural size. After Buller

veil). This in some species, in breaking
away from the pileus, forms a ring or
annulus about the stalk. \
The underside of the. pileus is made
up of plate-like growths (gills), which
radiate from the point of attachment to
the stalk. The flat surfaces of the adja-
cent plates face one another (Fig. 203).
Some of the hypha which compose the
gills grow in such a way that their tips
extend a little way from the surface of
the gill. Upon this extended ‘tip (%a-
sidium) four (rarely two) branches are
formed, and upon the tip of each branch
a spore (basidiospore) is formed (Fig.
204). When the spores fall upon moist,

warm, nutrient material, they produce a new mycelium. By
cutting the pileus of a ripe toadstool from the stalk and placing

it with the gills downward upon
a piece of ordinary white or black
paper, after a few hours there will
be made a “spore print” composed
of thousands of spores. '
237. Toadstools and mushrooms:
different forms and habits. The type
form just described is representa-
tive of the most common toadstools
and mushrooms. The commonest
tultivated mushroom (Agaricus cam-
pestris) has long been a well-known
article of food. Some of the same

Fic. 204. Basidia and spores
of a toadstool

Three hundred seventy times
natural size. After Buller

type of toadstools form “fairy rings” (Figs. 205 and 206),
which in constantly widening circles may appear in the same
locality” year after year. The phenomenon is doubtless due



Fic. 205. A group of toadstools
Note the stalk, crown, ring about the stalk, and the gills

Fic. 206. A “‘fairy ring” formed by toadstools

This ring appeared with successively widening circles for at least six years. Many
known rings have reappeared for much longer periods of time

250
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to the fact that the underground mycelium either exhausts all
available food, or deposits within the circle secretions which
for a few years prevent further growth of this fungus.

Upon logs, trees, and stumps many kinds of toadstools
are found, as those shown in Figs. 207 and 208. But most
abundant are the various species of Polyporus (meaning many
pores) and other genera (Fig. 209). These often are hard

Fic. 207. A group of small toad- F1a.208. The oyster toadstool
stools (Marasmius) growing from growing upon the dead and de-
decaying wood caying branch of a tree
Natural size Three eighths natural size

and woody, and instead of gills they have many small pores
upon the under surface, within which the basidia bear the
spores. In some species of Polyporus the reproductive body
may continue its growth annually for many years. Meantime
its mycelium, which feeds it, has been growing within the
tissues of the host and gradually bringing about its decay.
Another toadstool (Hydnum septentrionale), the mycelium of
which produces the heart rot of the sugar maple, forms a
reproductive body which, though its general form is like the
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Fie. 209. A tree-destroymg fungus (Polyporus sulphureus) growing at the
base of a red-oak tree

About one sixth natural size

F16.210. A coral-like toadstool
~ (Clavaria)

One half natural size

common mushroom, has its spores
produced upon spines. In deep,
moist woods, upon old logs, a
species of the Hydnum sometimes
produces an immense (twenty to
twenty-five pounds) edible, coral-
like, reproductive body. A coral-
like toadstool is Clavaria (Fig.
210).

The toadstools and mushrooms,
both saprophytic and parasitic, are
widely distributed. Forest and or-
chard trees are in great danger
of infection by them whenever
open wounds are left from broken
limbs or pruning. It has been
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shown! that a single Agaricus campestris may produce not less
than 2,000,000,000 spores; that the “shaggy-mane” mush-
room ( Coprinus comatus) may produce 5,000,000,000 spores ;
and that Polyporus squamosus may produce 11,000,000,000
spores. It is also inter-
esting to note that the
same authority estimates
that in Polyporus squa-
mosus one spore in about
1,000,000,000,000 has
a good chance to start a
new life cycle.

238. The puffballs.
These are basidiomycetes
whose mycelium usually
grows in rich soil, and
which have a globular
reproductive body that
incloses the basidia and
spores. Puffballs may
range from the size of a
pinhead to those that are
a foot in diameter (Fig.
211). When ripe they
burst open, usually at
the top, and small clouds
of spores may be emitted Frie. 211. Two species of puffballs of the
at intervals for months geruadaanerion
and even years. The
largest known puffball
is Lycoperdon giganteum. One specimen of it which measured
sixteen by eleven inches was estimated? to contain 7,000,000,-
000,000 spores. It was also estimated that some of the puffballs

Those above are one half natural size, and that
below is two ninths natural size

1 Buller, A. H. R., Researches on Fungi. Longmans, Green, and Com-
pany, 1909.
2 Buller, A. II. R., loc. cit.
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may each shed spores at the rate of 1,000,000 per minute,
and may continue this for several days. Another puffball is
called the * earthstar” ( Geaster). It grows in sandy and waste
places. When its reproductive body is
mature the outer surface peels back from
the tip, thus exposing the central body,
which contains the spores. A closely
related form is the stinkhorn fungus
(Fig. 212).

The nest fungi are peculiar puffballs
which grow within and upon rich earth,
well-decayed wood, old manure piles, etc.
The reproductive body opens, and re-
sembles a small cup or nest. Within the
nest are a few egg-like bodies (Fig. 213),
each of which contains a mass of spores.

239. Summary of the
fungi. Because of their ex-
treme simplicity and their
close- relation to the blue-
green algz the bacteria or
schizomycetes were treated
first in this series of classes.
Then in the chapter follow-
ing the algee the class of
fungi called phycomycetes, Fie.212. The stinkhorn fungus (Phallus)
which in many respects At its spore-forming period this has a very
resemble green a]g%, wag foul odor, that attracts flies, which are said

& 3 to distribute the spores. When young the
discussed. In this Chapter whole body is a whitish, egg-shaped mass.
classes that are very unlike From thisthere emerges the stalk, upon the

end of which is the spore-bearing crown.
a’lgaa —the ascomycetes One half natural size
and basidiomycetes and the
lichens — are discussed. The bacteria are so simple in struc-
ture that they are generally regarded as the simplest living
organisms. They reproduce themselves almost wholly by vege-
tative processes, occasionally by simple resting spores. In their
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life processes they are of the greatest importance, since they
are instruments of decay and soil enrichment, and bear an im-
portant relation to various industries. As producers of diseases
of plants, animals, and men, they have great significance.
Phycomycetes are sometimes saprophytic and sometimes
parasitic. As saprophytes they are instruments of decay, and
as parasites they often kill their hosts and then as saprophytes
disorganize them. The simpler phycomycetes, as bread mold,

Fic. 213. Nest fungi growing in soil in which is decaying wood

Within the cup-like plants are the egg-like bodies which contain the spores.
Natural size

reproduce themselves by asexual spores and by forming zygo-
spores, as do some of the green alge. One of the more com-
plex forms, water mold, lives in the water and reproduces by
means of zoospores ; it also forms ospores by means of special
sex organs. Sometimes its odspores are produced without fer-
tilization. Such forms as the downy mildew of the grape are
parasites. They bear conidia, or sporangia-like bodies, upon the
leaves of their hosts, and produce ospores within these leaves.

Ascomycetes have conidia, but are distinguished by the fact
that some of their spores are formed in sacs at the tips of
hyphwe. These sacs are in open cups, as in Morchella, Peziza,
and Selerotinia ; or inclosed, or almost so, as in the lilac mil-
dew. Some forms (Penicillium and yeasts) seem to have lost
part of the usual ascomycete life cycle. The life habits of
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ascomycetes are of great importance in relation to dairy indus-
tries, fermentation, and to diseases of economic plants.

Basidiomycetes comprise extremely diversified forms, many
of which (smuts and rusts) are not conspicuous except in
their spore formation. Striking polymorphic life cycles are
shown in the rusts. The rusts and smuts are destructive para-
sites of the greatest importance. The toadstools and mush-
rooms, though representing a very large number of forms with
world-wide distribution, have a comparatively simple life cycle.
They are chiefly saprophytic, though several forms, as the
tree-destroying fungi and others, attack living hosts. Puff-
balls are almost exclusively soil saprophytes.

The lichens exhibit a remarkable case of mutualism or of
slavery in which alge and fungi live together in such a way
as to compose a new organism. In these organisms the algam
do the necessary chlorophyll work, and the fungi, it seems,
protect the whole organism, thus making life possible in places
and under conditions that would otherwise be impossible for
both mutualists. Alge and fungi of the lichen combination
reproduce themselves in the ways that are peculiar to the algze
and fungi, and not as a new lichen organism. ,

240. Classification

Thallophytes
Algee
Fungi

Class 1. Phycomycetes

Class II. Ascomycetes. Leading genera used as illustrations, —
Peziza (cup fungus), Sclerotinia (brown rot), Microsphera
(lilac mildew), Morchella (morel), Penicillium (blue mold),
Saccharomyces (yeast), Claviceps (ergot), ete.

Class I11. Lichens. Leading genera used as illustrations, —
Parmelia, Usnea (bearded moss), Cladonia, ete.

Class IV. Basidiomycetes. Leading genera used as illustra-
tions, — Ustilago (smut), Puccinia (rust), Uromyces (rust),
Gymnosporangium (cedar apple), Agaricus, Polyporus, Hydnum
(toadstools or mushrooms), Lycoperdon (puffball), ete.



CHAPTER XVI

MOSSES AND LIVERWORTS (BRYOPHYTES)

241. Introductory statement. There are two classes of this
division of the plant kingdom,— the mosses (Musct) and liver-
worts (Hepaticee). The name Bryophytes means ““moss plants.”
Liverwort literally means ““liver plant” or *‘liver root,” so
called from the supposed resemblances in form between the
liverwort plants and the human liver. There is a rather com-
mon flowering plant (fepatica) which is sometimes called
liverleaf or liverwort. This flowering plant should not be con-
fused with the true liverworts. Also there is a common habit
of calling all small green plants “mosses,” but when we dis-
cover what kind of plants mosses are, we shall find the proper
use of this term.

In some respects liverworts are simpler than the mosses,
and they are given as the first or lowest class. But it is so
much easier to get clear notions of some aspects of bryophytes
by a study of mosses that we shall first consider them.

MOSSES

242. The moss plant: the protonema. Mosses of various
kinds are widely distributed. Careful observation of a moss
plant enables one to see that it has green leaf-like structures
arranged around a very small stem. Sometimes also there ap-
pears upon this leafy stem a slender stalk with a swollen pod-
like tip or capsule (Fig. 216). In this tip are many simple
asexual spores, and we shall begin the life cycle by following
the germination of one of them.

When an asexual spore germinates there grows from it a
filamentous, branching body. Its cells contain chloroplastids

257
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and closely resemble cells of many of the green alg® (Fig.
214, 4). Mats of this growth form upon or within such sub-
stances as soil, logs, etc., which are moist and shaded. These

F1c. 214. The moss plant

A, the alga-like protonema with branches (a) ; a young bud (c), and one (b) which

has divided and produced several cells. B, a bud which has grown until young

leaves (¢) and rhizoids (b) are formed. The old protonema (a) is still seen. Both
considerably enlarged

growths are so alga-like that in the absence of considerable
magnification it is not possible, ordinarily, to distinguish them
from the alge. At times some of the cells become swollen,
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divide by oblique walls, and form buds (Fig. 214, 4, 8). These
buds continue to grow, the outermost cells develop lezves, the

Fic. 215. A fully
formed leafy moss
plant
l,leaves; s,stem; r,
rhizoids. Ten times
natural size

The rhizoids, embedded in soil, humus, or de-
caying timber, bring these plants into close
relation with the water supply. The whole
dense growth may serve as a sponge, so that
the plants may then be virtually immersed
in water. Some mosses really live part or
all of the time in streams or bodies of still
-water. In exposed regions mats of moss may
become dry enough to crumble into powder
when handled, but, if undisturbed, may pro-
ceed with their growth upon the return of
Some mosses also show remark-
able ability to withstand extremes of heat

moisture.

and cold.

central ones become the stem, and from the
lower ones root-like hairs (thizoids) descend
into the soil (Fig. 214, B,b). The buds, there-
fore, are the beginnings of the leafy moss
plant (Figs. 215 and 216). Young buds may
grow directly into leafy plants, or become
dormant for a time and then
resume their growth. Since
the alga-like growth is that
which precedes and produces
the leafy moss plant, it is
called the protonema, mean-
ing “ primitive thread.”
243. The moss plant: nu-
trition. Dense growths of
moss plants may form from
a single mat of protonema.

-C

F1e.216. A leafy
moss plant upon
which the sporo-
phyte has grown

lp, theleafy plant;

s, seta; ¢, capsule.

Five times natural
size

The stem and leaf arrangement that exists in the mosses
exposes chlorophyll to the light in a different way from that
which was found in the alge. With the leaves arranged



260

PRACTICAL BOTANY

radially about the stem much more chlorophyll is exposed than
could be exposed in the same space by a prostrate plant. The

Fic. 217. Archegonia of a moss

At 4 is shown the tip of a stem of
a leafy moss plant, with the frag-
ments of leaves (/) surrounding a
group of archegonia (¢). At B is
an enlarged archegonium, in the
swollen part of which is the egg
(), above it the neck (n), contain-
ing the neck canal cells, and at the
end of the neck are the cells (m)
which later open to form the place
of entrance for sperms. 4, magni-
fied 100 times; B, magnified 500
times. After Sachs

importance of the stem in holding
these leaves up into the air, thus
making the radial arrangement
possible, is.evident. It is also
possible that no less importance
should be attached to transpor-
tation of water through the stem
to the leaves, though it is not
known to what extent moss leaves
get their water directly through
their surfaces or through the stem.
The expanded portions of the
leaves are a single layer of cells in
thickness, while the median por-
tion may consist of several layers
of cells. In the middle (midrib)
there are rows of elongated cells
running from base to tip of the
leaf. These constitute the vein of
the leaf.

244. The moss plant: sexual
reproduction. The sex organs are
borne upon the upper end of the
stem. If the terminal leaves are
carefully removed from plants.
that are in reproductive condition,
two kinds of sex organs together
with some sterile filaments (para-
physes) may be found. In some
kinds of mosses but one kind of sex
organ grows upon a single plant,
while in other kinds both may grow
upon the same plant. Magnifica-
tion is needed in studying them.
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One of the sex organs, the archegonium, is flask-like, the neck
being greatly elongated (Fig. 217, 4 and B). In the swollen
part of the archegonium the female gamete or egg is formed.
When the egg is mature the central cells in the neck disor-

ganize and the tip of the neck opens,
thus leaving a gelatinous passage-
way into the open end of the arche-
gonium and through the neck to
the egg. The other sex organ, the
antheridium, is club-shaped (Fig.
218), being attached by its smaller
end to the end of the stem. Within
each antheridium thousands of male
gametes or sperm cells form. When
abundant moisture is present (dew
or rain) the antheridium swells, its
tip bursts open, and the contents
escape. The biciliate sperms swim
about actively, and if some of them
come into the vicinity of the arche-
gonium neck they make their way
down through the gelatinous pas-
sageway. One of the sperms unites
with the egg, thus producing .the
odspore. It is evident that the diffi-
culty of securing fertilization of the
egg in this case is greater than in
such plants as Vaucheria and (idogo-
ntum. But the very large number of
sperms produced in moss antheridia
helps to make it possible for sperms

Fie. 218

An antheridium (a) of a moss.

From its tip the sperms (b) are

escaping, and one of them is

shown enlarged at the side (c).

a and b, magnified 350 times;

¢, magnified 800 times. After
Sachs

to be widely spread, thus making fertilization more probable.

245. The moss plant: the oospore and its product. The
odspore begins to grow almost as soon as formed. It grows
* from the place in which it was formed, and soon elongates
and thickens until its lower end pushs down into the end of
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the stem upon which the archegonium grew. This gives the
lower end a foothold in the stem, and by reason of its close

Fr1e. 219. Growth of the moss
obspore to form the sporophyte

At 4 is a diagram of the odspore
after it has gone through several
cell divisions and has spread the
archegonium wall. B shows the
tip of a plant stem with parts of
leaves about. The odspore has
grown into a stem-like structure
(), has its lower end inserted in
the old plant stem (g), and the
other end has carried up the en-
larged archegonium wall (¢) as
the hood or calyptra. After Sachs

contact this end, or foot as it is
called, absorbs food material from
the stem. The young stalk also
bears chlorophyll and may manu-
facture some of its own food. The
upward end elongates rapidly and
carries up with it the old arche-
gonium wall, which meantime has
grown somewhat (Figs. 216 and
219). This elongated structure
is called the seta, which means a
“bristle” or “hair.” Since this old
archegonium now changed is like
a hood, it is called calyptra, which
means “ hood.” Beneath the calyp-
tra, at the end of the seta, there
is formed the enlarged capsule.
Within the capsule, by division
of certain specialized cells, large
numbers of spores are formed. At
the extreme tip of the capsule,
beneath the calyptra, is the mouth,
or peristome, which is covered by a
lid known as the operculum, mean-
ing the “cover” or “lid.” When
the spores are ripe the calyptra
may fall off and the operculum be
thrown off by swelling of the cells
immediately below it. There then
appears around the margin of the
mouth a row of teeth (Fig. 220).
The number of teeth in a capsule
is definite for each species of moss,
and sometimes special students of
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mosses use this number as the basis of distinguishing one
species from another. On account of the regular thickenings
upon the teeth they are readily affected by moisture changes ;
that is, they are hygroscopic. When they extend within the
capsule the spores adhere to them. As they straighten and
extend outward they move with a jerking motion which serves
to throw the spores about. A moss may be made to repeat the
characteristic tooth movements under a hand lens or low power
of a microscope, by being moistened and then fanned until dry.

The spores developed within the
capsules are made entirely by cell
division and are therefore asexual
spores. As seen in
Section 242, they
may germinate and
produce protonema.
Because of the large
number and wide
distribution of asex-
ual spores, abun-
dant production of Fre. 220. Tips of moss capsules

protonema oceurs 4saside view of a moss capsule showing the teeth (?),
and the mouth or peristome (p), to which the teeth
Wheﬂ_t‘he favorable are attached. (Considerably enlarged.) B, an end
conditions of mois- view of a moss capsule. Note the peculiar spiral
5 arrangement of the teeth and the transverse thicken-

ture, light, and tem- ings upon them. (Greatly enlarged)

perature exist.

246. The moss plant alternate stages in the life cycle. It
is evident that in the mosses sexual and asexual reproduction
are limited, each to a distinct part of the life cycle. It is also
evident that each of these parts of the life cycle forms a kind
of spore which, upon germination, produces not the same part
of the life cycle, but the other part. The asexual spore that is
formed in the capsule germinates and produces protonema,
which, by means of buds, produces the leafy plant; the obspore,
which is produced by union of gametes, —the egg and sperm,
— germinates and produces the foot, seta, and capsule. The
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part of the life eycle which produces the asexual spores is
called the sporophyte, meaning an asexual spore-producing
plant. The part which pro-
duces the oGspore is called
the gametophyte, the gamete-
producing plant. The spo-
rophyte, therefore, is the
asexual generation of moss,
and the gametophyte is the
sexual generation. The rela-
tion that these two bear to
one another in the complete
life cycle is called the alter-
nation of generations.

The fact that the proto-
nema and leafy shoot are
distinet structures does not
introduce a third genera-
tion, since one
of those struc-
tures  grows
from the other
without the in-
tervention of

Fic. 221. Sphagnum

A, an entire plant which bears capsules upon its tallest branch (natural size) ; B, two
sporophyte capsules and stalks enlarged; C, tip of a vegetative branch enlarged
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a spore. It must also be kept in mind that alternation of
generations refers to alternation between the sexual genera-
tion and the asexual one. In case of several kinds of asexual
spore reproduction, such as were seen in some of the parasitic
fungi, the term alternation of generations does not apply in
its usual meaning, though obviously in such cases there is a
series of stages that make up the life round. A more detailed
discussion than we have given might show a real alternation
of generations in alg@ and fungi, but for an elementary study
this is not advisable.”

247. Kinds of mosses. There are hundreds of different
species of mosses, and nearly all of them follow closely the
life cycle already outlined. The moss used for the illustra-
tions (Figs. 216-220) is Funaria hygrometrica. Another com-
mon moss and one of the larger ones is pigeon-wheat moss
(Polytrichum). In forests it commonly produces thick cush-
iony patches, and when sporophytes are present they are quite
prominent and bear unusually large calyptras.

Peat-bog moss (Sphagnum) is a very striking form, which
with other plants may form peat. It is common in bogs every-
where, and grows about the edge of the water or upon the
extremely wet soil that has been formed by the partial decay
of plants. Due to the peculiar structure of the leaves these
plants hold water in great quantities, and from a handful of
the plants water may be pressed as from a wet sponge. The
gametophyte or leafy shoot of Sphagnum continues its growth
at the plant tip from year to year, and the older buried or
submerged portions gradually become partially decayed and
“intermingled with other plant material. Dense peat masses
are thus formed. Such material forms peat fuel, which is com-
pressed, dried, and kept for sale in some markets. The sporo-
phyte of Sphagnum is quite unlike that of the moss described
above, since it is merely a spherical capsule upheld by the elon-
gated stem of the gametophyte (Iig. 221). Sphagnum is used
quite commonly as a packing material ; it is also used as a
covering for holding moisture within the soil of potted plants.
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LIVERWORTS

248. Riccia. Among the bryophytes the liverworts are sim-
pler than the mosses, and some of the liverworts are extremely
simple. Upon moist soil at the margins of ponds and streams
and sometimes free-floating in quiet water, the small, green,
disk-like Riccia or Ricciocarpus plants may be seen (Fig. 222).
Upon careful observation, root-like projections (rkizoids) may
be observed upon the lower surface. The plant is two-lobed,
with a depression or notch between the
lobes. This body is frequently spoken
of as a thallus, though it is not like the
thallophyte body. The rhizoids extend
downward and backward from the notch.
The upper surface of Riccia is greener
than the lower surface. Near its margin
the plant may be but one or a few layers
of cells in thickness. Evidently Riccia,
F16.222. Asimpleliver- though a prostrate plant, is much more

wort (Ricciocarpus)  complex than any of the alge. It is more
It has distinet upper and  complex in that it has distinct upper and
lowersurfaces, bearsrhi-  Jower surfaces, with root-like hairs grow-
zoids (r) on the under . !
surface, and branches ing from the lower surface. It is also to
f;ﬁit:u’;fg:;‘;(il?ti E:lf; be noted that it has a distinct apical or
five times natural size  2rowing end and a basal end. Chlorophyll
is borne in the compact body cells, and
living as the plant does, upon damp earth or in water, it can
readily secure the materials from which foods are manufactured.
It is more complex than the protonema of moss, but less so
than the leafy shoot. j

In reproducing itself each individual plant of Riccia forms
within its tissues both kinds of reproductive organs. One of
these is an archegonium, the tip of which just reaches the
upper surface of the plant. In the swollen part of the arche-
gonium is the large egg cell, which is therefore deeply em-
bedded in the plant tissues. The antheridia also open to the
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upper surface. From these there escape large numbers of cells,
each of which produces a sperm. Sperms enter the neck of
the archegonium and one unites with the egg, thus producing
an oospore.

The odspore does not grow directly into a new plant, but
produces an enlarged spherical body which is embedded in the
tissues. After a time all of this spherical body except a single
layer of outside cells divides into spores. These escape by the
breaking down of the tissues of old plants. They may grow
into new Riccia plants.

The main Riccia body is the gametophyte, since it produces
the gametes which form the odspore. The sporophyte which
develops from the odspore is very simple. It is entirely em-
bedded within the gametophyte body. All of it forms spores
except a single outside layer of cells. Alternation of genera-
tions is as truly present as in the mosses but is not nearly so
conspicuous.

249. Marchantia : vegetatwe characteristics. This liverwort
grows in moist places, such as swampy regions, shaded river
banks, and protected rocky ledges. Sometimes it forms exten-
sive mats, completely covering the material upon which it
grows. Single plants may become several inches in length
and breadth and many layers of cells in thickness. Its well-
differentiated upper and lower surfaces, apical and basal
regions, and masses of rhizoids, which are sometimes an inch
or two in length, are features which were less developed in
Riccia. The plants grow forward, the lobes continuing to
branch, until at times quite extensive growths are produced
(Fig. 223). Older portions may die, leaving the younger
branches as new and independent plants.

The nutritive tissues of Marchantia are highly developed.
There are chains of special chlorophyll-bearing cells in the
upper tissues. These semi-open spaces or chambers are near
the upper surface of the plant. The surface outline of these
is diamond-shaped. Each diamond-shaped superficial layer of
cells has in its center a chunney-llke pore through which there
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is atmospheric contact with the internal chlorophyll region.
The lower layers of tissue bear less chlorophyll, but they com-
pose the main supporting part of the plant. From these the
rhizoids descend. In vegetative structure Marchantia is more
complex than Riccia, or perhaps than mosses, and very much
more complex than any of the green algz.

Fic. 223. A common liverwort (Marchantia)

The plant shown at the left is anarchegonial or female plant : 74, rhizoids; ¢, cupules,
in which are buds or gemms; s, stalk of the archegonial branch; r, radiating,
finger-like projections of the head ; @, region in which the archegonia are borne.
At the right is an antheridial plant: a, antheridial head. Both plants show the leaf-
like expansion (/) and the midrib (m). About one and one-half times natural size

250. Marchantia : vegetative reproduction. Upon the upper
surface of Marchantia in the midrib region there are frequently
developed cup-like outgrowths (cupules), within which many
buds (gemme) are formed (Fig. 223, ¢). The gemmaz grow
upon small stalks from the bottom of the cupules. In a given
cupule there may be gemm ranging in size and age from
those that consist of one or a few cells to those with dozens
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of cells. These older mature gemme are flat, and have two
marginal notches, between which there is a marginal scar
showing where the gemma was attached to the stalk upon
which it grew. The gemma® may grow directly into new Mar-
chantia plants, the notches being the points at which growth
begins. Whichever side is adjacent to the earth develops
rhizoids and becomes the ventral side, while the other becomes
the dorsal side. One can determine which side of a gemma
shall develop rhizoids or air chambers by the side of the

FiG. 224. Marchantia antheridial head, antheridia, and sperms

At the left is a section of an antheridial head, showing several antheridia (a) em-
bedded near the surface. At the right is shown one antheridium in detail, and
at its side are two sperms (s) somewhat enlarged. After Sachs

gemma which is placed next to the soil. Even after growth has
begun, if the gemmsa are overturned, the development from
and within the surface tissues will change to that which is
characteristic of lower and npper surfaces respectively. Forma-
tion of gemmsa provides Marchantia with a ready and abun-
dant method of vegetative reproduction. )
251. Marchantia: sexual reproduction. From the midrib region
of the flat Marchantia body there sometimes grow upright stalks
(Fig. 228). The tips of these stalks bear heads of two distinet
kinds. One head (antheridial) is flat above and has a slightly
indented or wrinkled margin. The other (archegonial) is more
drooping and has finger-like rays extending from its main body.
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Embedded in the antheridial head are the antheridia (Fig. 224),
which open and discharge their sperms in very large numbers
upon the upper surface. The archegonia hang downward from

P TR
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Fic. 225. Part of an archegonial head of

Marchantia in diagram so as to show the

archegonia (¢) hanging down from the

underside of the head. The air pores (p),

the chlorophyll cells (ckl), and the loose

tissue (s) which surrounds the archegonia
are also shown

Modified from Bonnier and Sablon

the underside of the ar-
chegonial head (Fig. 225).
The sperms swim, or per-
haps are carried by contact
with bodies of small ani-
mals until they come into
the vicinity of the arche-
gonia. They enter theneck
and one fertilizes the egg.
The obspore, therefore, is
produced in the archego-
nium, which is pendent
from the underside of the
archegonial head.

252. Marchantia: asex-
ual reproduction. The o00-
spore begins to grow in
the position in which it is
formed, and soon produces
an oblong body, one end
of which is the foot and
the other the capsule. The
foot absorbs nourishment
from the archegonial head -
at the old archegonial base.
Within the capsule many
spores are produced by di-

vision of the interior capsule tissues. Also some of these inte-
rior cells form elongated spiral threads, which, when the capsule
bursts, twist and squirm about as they dry or become moist.
This twisting motion throws the spores from the open tip of the
capsule. These spiral filaments which assist in the distribution
of spores are called elaters, meaning * drivers,” or * hurlers.”
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The asexual phase or sporophyte of Marchantia is not conspic-
uous, though when mature it sometimes may be seen without
magnification. It is evidently a little more complex than the
corresponding stage in Riccia. This asexual generation has a
foot and capsule, while in Riceia it consisted of a capsule only.
But the moss sporophyte is much more complex than either,
since it is much larger, has a foot,
seta, and very complex capsule,
and bears chlorophyll by means of
which it may do photosynthesis.

Fia. 226. A leafy liverwort (Frullania)

At A is a plant about natural size as it appears growing upon a piece of maple
bark ; at B is an enlarged piece of the same plant, showing its leaves, rhizoids,
and the peculiar stalked spore-capsule. Modified after Kerner

253. Other liverworts. There are many kinds of liverworts
and they are world-wide in distribution. They are usually
found in damp and shady places. A few species live in the
water. In the moist tropics they may be found upon the
trunks or even the leaves of trees.

The liverworts may have flat dorsiventral bodies, such as
were seen in Riccia and Marchantia, or they may be differen-
tiated into stem and leaf-like organs (Fig. 226), with the rhi-
zoids at or near the basal end of the plants. It is sometimes
difficult for any one except a specialist to distinguish some of
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the leafy liverworts from some of the mosses except when the
sporophytes are present. In one group of liverworts, of which
the horned liverwort (Anthoceros) is the commonest represent-
ative, the gametophyte is strikingly simple and the sporophyte
equally striking in its complexity (Fig. 227). This plant is
widely distributed upon damp rocks, banks of streams, and often
in open meadows. The gametophyte is small and extremely
thin. The simple antheridia
and archegonia are embedded
in the gametophyte. After the
oospore is formed, it germi-
nates and produces a sporo-
phyte, which consists of a
large swollen foot region and
prominent stalk. The foot is
well fitted to absorb nourish-
ment from the gametophyte
and the stalk bears chlorophyll.
The presence of stomata in the
stalk further suggests ability
to do chlorophyll work. In-
deed, if the sporophyte could
live with its foot in the soil,
it might live independent of
Fl_c.. 2217. z.inthoce'ros, a liverwort the gametophyte. The entire
with very simple thallus and com- 3
Sl e ots stalk becomes a kind of cap-
sule, part of its tissues forming
spores, first at 1ts tip, then lower and lower down to the base.
It is the supposed resemblance of the sporophyte to a horn
which gave the name horned liverworts to the Anthoceros forms.
254. Summary of the bryophytes. The bryophytes are in
many respects higher plants than the thallophytes. Sexual
reproduction by means of complex archegonia and anther-
idia occurs upon one phase of these plants, and asexual
reproduction by means of special capsules occurs upon a dis-
tinetly different part of the plant’s life cyele. This constitutes
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alternation of generations. In the mosses the two generations
are easily observed. There is a gradual development of the
sporophyte from the very simple condition in Riccia through
many intermediate forms, one of which is Marchantia, to the
relatively complex condition in Anthoceros. From an entirely
dependent sporophyte which is embedded within the tissues of
the gametophyte, such as is seen in ficcia, there is an increase
in complexity of the sporophyte until it becomes an upright,
chlorophyll-bearing, almost independent structure. Although
almost all of the Riccia sporophyte produces spores, the cap-
sule is so small that the total number of these spores is not
large. As the sporophyte increases in size and becomes more
specialized, proportionately less of it is devoted to spore pro-
duction, but actually very many more spores are formed, since
the whole spore-producing part of the sporophyte is so large.
The gametophyte is the chief chlorophyll-working generation
in bryophytes, and the sporophyte depends upon it for all or
most of its nourishment. Special structures for the perform-
ance of nutritive work by the gametophytes exist. These are
rhizoids, leaves, and stems. It is worthy of note that in none
of the succeeding groups of plants is the gametophyte so well
equipped for independent nutritive work as in the bryophytes.

255. Classification :
Bryophytes :
Class I. Hepaticz (liverworts). Leading genera used as illustrations,
— Riccia, Marchantia, Anthoceros
Class II. Musci (mosses). Leading genera used as illustrations, —
Funaria, Sphagnum, Polytrichum



CHAPTER XVII
THE PTERIDOPHYTES

256. Introductory statement. This division of the plant
kingdom is usually spoken of as the ferns. It must be under-
stood at the beginning of the study, however, that the true
ferns constitute but one class of pteridophytes. Two other
classes are the scouring rushes, or horsetails, and the club
mosses. There are other classes of pteridophytes, but since
they are representéd by only a few highly specialized plants,
and since these are not often observed by general students,
they are not of great importance in an elementary treatise.
There is abundant evidence that ferns were formerly more
numerous upon the earth, and some of them of much larger
size than those that now exist. Some of these ancient forms
doubtless represented classes that are now extinet, and others
were the older members or the ancestors of the classes which
we now have, and which in some cases are now represented
by only a few kinds of plants.

THE TRUE FERNS (FILICINEZ)

Those plants which are ordinarily regarded as ferns belong
to this class. They may grow in almost any region where any
plants are found. Most ferns grow in moist regions, but some
species occur in peculiarly dry situations. Although they show
considerable variation in form, they can, in nearly all cases,
be distinguished from other plants by their greatly divided,
feather-like leaves (Fig. 228). There is much range in size of
ferns, from very small, lowly plants to those as high as a man’s
head, and to tree ferns that may be forty feet or more in height
(Fig. 229). In some regions dense thickets of ferns are formed.

274



Fic. 228. The bracken fern (Pteris aquilina)

The rootstock (rh) is horizontal and grows underground ; upon it are the buds (b)
and the upright leafstalk (s¢) "

276
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In all except the tree ferns, the parts of the plants that we
see are the leaves, the stems and roots being underground.
We shall understand the fern class as a whole better if we
study one plant in detail, and then consider other forms.

Fic. 229. Tree ferns (Alsophila) upon the bank of a stream in Mexico
The larger plant is almost 40 feet in height. Photograph by W.J. G.Land

257. A fern plant: the rootstock (rhizome). If we carefully
remove the soil from the underground part of one of the com-
mon ferns, we shall find the horizontal rootstock (rhizome)
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(Fig. 228). The lower side of the rhizome gives rise to the
roots, and the upper side bears the leaves. At the tip of the
rootstock is the bud, by means of which growth is contin-
ued from year to year. By carefully studying the leaf scars
or the bases of old leaves upon the rootstock, it is usually

Fic. 230. Diagram of a cross section of the underground stem of a fern

The outer part of the stem is made up of hard tissue and in the interior are also
bundles of hard tissue (s) known as sclerenchyma ; numerous woody bundles (f.b)
are also surrounded by the large amount of pith

possible to determine the age of the latter, — that is, the age of
this particular fern plant. The terminal bud grows forward
each year from a fraction of an inch in some ferns to several
inches in others, and at the beginning of each season it sends
up one or a few new leaves.

The rhizome of the fern presents the first really complex
stem structure that we find as we study the groups of plants
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in the order of their increasing complexity. This is a woody
stem composed of several kinds of stem tissues. Some of these
tissues are very heavy-walled and give rigidity to the stem.
The heavy-walled cells (sclerenchyma) may be around the
outside as well as within the stem (Fig. 230). Other tissues
are composed of large pithy cells with thin walls (parenchyma).
These cells are sometimes stored full of food in the form of
starch. Still other tissues consist chiefly of rounded, fiber-like
bundles which extend lengthwise throughout the stem. These
are the fibrovascular bundles, which means * fibrous bundles of
vessels.” A careful inspection of one of these bundles discloses
two kinds of tissues composing it,— one usually of large cells
with hard, heavy walls (the zylem), and the other with thin-
walled cells (the phloém). It is customary to speak of the
xylem bundle and the phloém bundle, in which case we should
have in the fern a compound bundle, the phloém being ar-
ranged concentrically about the xylem. About these is a layer
of cells known as the endodermis, meaning * inside epidermis.”
The fibrovascular bundles are special conducting tissues.
Through these water and materials in solution in it are carried
to the leaf, and manufactured foods are carried back to stem
and roots. It is thought that the water is carried upward
chiefly through the xylem, and that manufactured food is
carried downward through the phloém. The fibrovascular
bundles extend throughout the roots and leaves.

258. The fern plant: the leaf. By means of a transverse
section of the leafstalk it is seen that conducting bundles and
sclerenchyma are present as in the rhizome, though the arrange-
ment differs in some ways. The hard surface of the leafstalk
is due to the presence of sclerenchyma, and its strength par-
tially to sclerenchyma and partially to fibrovascular bundles.
The fibrovascular bundles extend by branches into the green
leaflets, where they are recognized as the veins of the leaf.

By removing the leaf surface (epidermis) and examining
with a microscope its structure may be seen. It consists of a
single layer of cells whose irregular walls fit into one another
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quite closely. In the lower epidermis, rarely in the upper, are
the stomata. By means of a transverse section of a leaflet
(Fig. 231) the other leaf tissues are seen to be (1) the veins,
which appear in cross section as bundles of very small, heavy-
walled cells; and (2) the chlorophyll-bearing cells. The upper-
most chlorophyll-bearing cells are long and stand close together
(palisade tissue), with their ends at right angles to the sur-
face. The other chlorophyll-bearing cells are loosely arranged,
(the spongy tissue) and between them are many air spaces.

s>
Fic. 231. A cross section of part of a fern leaf, showing the indusium (%)
and sporangia (s) on the underside
After Engler and Prantl

259. Importance of introduction of fibrovascular tissue. It
is evident that a fern leaf exposes much chlorophyll to the
light,—much more than did any plant among the bryophytes.
The strong supporting and conducting tissues of the leaf
uphold the chlorophyll tissues in such a position that they
may receive light; at the same time, through the fibrovascular
bundles of the leaf, soil water may be transported up to the
chlorophyll tissue. The root system anchors the plant in the
earth and absorbs the water needed in food manufacture.
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In general, plants which rise above the soil and into the air
must be supported, and must secure water from some source.
The climbing vines
which are dependent
upon other plants are
supported by plant
tissue, though it is
not their own. Most
vines procure their
supply of water from
the soil and transport
it by means of their
own vascular tissues.
Fibrovascular tissue
makes possible the
upright position and
is essential, as is also
the absorbent and an-
choring root system,
alike to the fields of
upright grain and to
the forests.

260. Thefern plant:
asexual reproduction.
On the undersides of
the fronds or leaves
of most common ferns
there may at times be
found small brown-
ish dots (sori) com-
posed of sporangia.
These dots may each
be covered by a shield-

In the different specimens the sporangia are at s, like OUtgrOWth from
the indusium at 4, and .the false indusium at fz the epidermis (the
4, bracken fern; B, shield fern; C, spleenwort; £ , g

_ and D, the maidenhair fern indusium) (Fig. 231),

Fi6. 232. Leaflets from four kinds of ferns
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or by the recurved leaf margin, which is known as a false indu-
sium (Fig. 282). Each species of fern has a regular position
in which its sori appear, and in some cases their arrangement
and relation to the veins are used in distinguishing species
from one another. i

In most of the common. ferns the sporangia are of the
form shown in Iig. 233. Each consists of a stalk, at the free
end of which is a flattened capsule. Within the capsule, by
division of the tissues, numerous asexual spores are formed.

S E

=

Fra. 233. A fern sporangium, showing its behavior in the process of
distributing its spores
Much magnified. After Atkinson

The capsule wall is extremely thin and consists of a single layer
of cells. From the end of the sporangium stalk over the cap-
sule, and halfway to the stalk again, is a row or ring (annulus)
of cells, which have heavy walls on all but the outer side.
At the tip of the annulus is the capsule mouth, about which
are two pairs of specially formed cells known as the lip cells.

When the spores within the capsule are ripe, the indusium
becomes dry and turns up sufficiently to expose the sporangia.
The annulus upon a ripe capsule then begins to dry. Its outer
wall, being thin, permits its cells to contract as the whole
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annulus opens outward. The capsule is torn open at the mouth,
and its entire upper half may thus be turned back with the
annulus; this occurs so slowly that part or all of the spores
within the upper part of the sporangium may be carried back
within it. The annulus becomes tense, like a tightly drawn

Fic. 234. Development of the fern gametophyte

A4, an asexual spore; B and C, asexual spores germinat-

ing, each having produced a green filament and a rhizoid ;

D, the broadening of the green filament and the differ-

entiation of an apical cell (a); E, a well-formed fern

gametophyte; D and E are diagrams and ¥ is made on

a much smaller scale than the others. All considerably
enlarged

elastic spring,—
then flies again
into its original
position, and in
so doing throws
spores with con-
siderable force.
Bymounting spo-
rangia under a
low-power micro-
scope, moistening
them, and then
watching them
as they become
dry, their action
will be seen ; but
the closing of the
sporangia often
happens so sud-
denly as to elude
the careless ob-
server, and the
spores are usu-
ally thrown so
far that they are
altogether lost.

Since these spores are formed within a capsule by division of
the tissues, it is clear that they are asexual spores. The com-
plex leafy fern plant is the sporophyte, since it forms asexual
spores. It produces these in very large numbers, thus providing
abundantly for possibilities of gametophyte production.
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261. The fern plant: the gametophyte and sexual reproduc-
tion. Upon moist earth, pots in greenhouses, etc., the asexual
fern spores germinate. First a stout green cell is produced,
and at its base there appears a hair-like cell, the first rhizoid
(Fig. 234, B and C). The green cell grows rapidly and soon
divides to form a row of cells (Fig. 234, D).

Thereafter the tip, by means of a special apical cell, expands
into a broad, heart-shaped plant (Figs. 234, %, and 235, 4).
At the margin this plant is
one layer of cells in thick-
ness, but along the midrib
quite a cushion of cells is
formed. From the under-
side and near the base many
rhizoids grow. The presence
of chlorophyll, and contact
with moist surfaces neces-
sary for water supply, aid
the gametophy il e F1c. 235. A, a diagram of the underside

facturing its own food. of a fully formed fern gametophyte,
262. The fern plant: sex- showing rhizoids, antheridia, and ar-

ual reproduction. Antheridia CcPegonia; B, a fern gametophyte from
which a young sporophyte is growing
may be developed upon the
filamentous green cells be-
fore the heart-shaped gametophyte is formed, or upon the older
gametophyte they may develop toward the basal region and
on the underside (Fig. 285). The antheridium is a globular
structure with a single layer of wall cells (Fig. 236, 4), and a
central cell in which usually thirty-two or sixty-four sperms
are formed. In size and number of cells this antheridium is
much simpler than that seen in bryophytes. The sperm is, how-
ever, quite complex and seems well constructed for swimming
(Fig. 236, B).
Also on the underside of the gametophyte and nearer the
apical region are the archegonia (Fig. 235). Only the necks
extend out from the surface, and these usually turn backward

Both somewhat enlarged
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toward the antheridia. The enlarged part of the archegonium,
where the egg is formed, is embedded in the tissue of the ga-

metophyte. The neck
= opens (Fig. 237),
sperms enter, and
one of them unites
with the egg. The
resulting odspore is
consequently formed
within the gameto-
phyte tissue.

263. The fern plant:
the young sporophyte.
The obspore begins
its growth while still
within the gameto-
phyte. It soon pro-
duces a foot, which
absorbs nourishment
out of the gameto-
phyte. It also pro-
duces a root, stem,
and leaf, and these
beginnings of the
leafy plant are called
the sporophyte em-
bryo. In most ferns
the embryo root soon
dies and the stem
becomes a prostrate
Fic. 236. Fern antheridium and sperms underground  root-

A, an antheridium from which the sperms are escap- stock from which the
ing; B, one enlarged sperm. All greatly magnified. , aw roots grow. The

After Luerssen X .
leaf arises into the
air and the new sporophyte is thus established (Fig. 235, B)
as the chlorophyll-working fern of our common observation.
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264. The fern plant: gametophyte and sporophyte. Each
generation of the fern produces chlorophyll and can manufac-
ture its own food material. In a sense each is an independent
plant, but the gametophyte is too delicate to undergo severe
climatic conditions. It resembles some of the liverworts, but
its sexual reproductive structures are different. The embryo
sporophyte that
begins to grow
withinthe game-
tophyte is com-
plex, consisting
of foot, primary
root, stem, and
leaf, though but
two of these per-
sist in the adult
sporophyte.

This embryo
begins its life
entirely inside
of the gameto-

phyte, but soon
emerges and be- Fi1c. 237. A fern archegonium

o In the neck are the neck-canal cells, and at the base of the
01N a TO- s
SR g neck is the egg. Greatly magnified
phyte plantlet.

It should also be noted that in ferns there is a great reduc-
tion in the number of sperms produced in an antheridium as
compared with bryophytes, but each sperm is more complex.
Reduction in number seems to be balanced by the increased
efficiency of those that are formed.

The sporophyte is the prominent fern plant and the chief
chlorophyll-working generation. It introduces new sporophyte
structures and habits, supporting and conducting tissues, and
the upright habit. This condition was forecasted in the sporo-
phyte of Anthoceros, but fern sporophytes are very much more
complex than those of Anthoceros. Though many asexual
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Fie. 238. The bulblet fern (Cystopteris bulbifera)

A, aleaf upon which vegetative reproductive growths

or bulbs () are formed ; B, a section of the leaf on

the underside of which groups of sporangia (indusia)
are borne; C, one indusium in detail

PRACTICAL BOTANY

spores are produced, a com-
paratively small part of the
sporophyte is given to spore
formation, most of it doing
nutritive work. The fern
sporophyte may grow from
year to year (is perennial),
producing new leaves, a new
supply of food, and new crops
of spores each year.

The complexity and prom-
inence of the fern sporo-
phyte and the comparative
simplicity and inconspicu-
ousness of the gametophyte
are forerunners of the greater
increase in sporophyte and
decrease in gametophyte
that is to be found later in
higher plants.

265. Types of ferns.
Ferns are usually
distinguished from
one another by the
leaves, the sori, and
the sporangia. There
isconsiderable varia-
tion in position and
arrangement of sori
in different ferns
(Figs. 232, 238, 239).
In some the sori are
regularly placed dots
upon the leaf. In
others, as the maiden-
bair fern (Adiantum)
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Fic.239. At the left is the **interrupted fern,” or Clayton’s fern (Osmunda
Claytoniana), in which sporangium-bearing leaflets (sp) are distinct and inter-
mediate with foliage leaflets. At the right is the royal fern (Osmunda regalis)
4, a leaf with sporangium-bearing leaflets at its tip. B, C, D, stages in the devel-

opment of sporangium-bearing leaflets from foliage leaflets. Both about one
third natural size
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Fic. 240. The Virginia grape fern (Botrychium virginianum)

The spore-bearing part of the leaf, sporophyll (s.l), is differentiated from the
foliage part of the leaf (f.7). One fourth natural size
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Fra. 241. The sensitive, or oak fern (Onoclea sensibilis)

7.8, rootstock or rhizome; l.s, leaf bases of former years; f.l, foliage leaf,
s.l, sporangium-bearing leaf. One fourth natural size

- 289
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and the bracken fern (Pteris aquilina), and other species of
Pteris, the sporangia are covered by the folded leaf margins.
In the walking fern (Camptosorus rhizophyllus) sori are in

Fie. 242. A water fern (Marsilia)

The rootstock (st), with the descending roots
(r), grows in the soil at the bottom of shallow
pools of standing water. From the rootstock
the leaves (/, I, and !”) arise. The expanded
part of the leaf may float upon the surface of
the water, or at times may stand above the
water. Special spore-bearing cases (s) are borne
upon short branches from the leafstalk

long slits arranged diag-
onally to the midrib.

In the royal fern
(Osmunda regalis) (Fig.
239) sporangia are borne
only upon “tip leaflets.
Such leaflets usually bear
dense masses of sporan-
gia and do little or no
chlorophyll work. Often,
however, one may see
a single plant exhibit-
ing the following grada-
tion in the development
of sporangium-bearing
leaflets : (1) chlorophyll
leaflets; (2) chlorophyll
leaflets with one margin
bearing a few sporangia;
(3) one entire side of
a leaflet bearing sporan-
gia; (4) the entire leaflet
bearing sporangia (Fig.
239, B, C, D).

In Clayton’s fern, or
the “interrupted ” fern
(Osmunda  Claytoniana)
(Fig. 239), a group of

intermediate leaflets are entirely sporangium-bearing. In the
Virginia grape fern (Botrychium wvirginianum) (Fig. 240)
the leaf is differentiated into a spore-bearing branch and a
three-parted chlorophyll branch. In such cases the former is
called the sporophyll, meaning *“spore leaf,” and the latter the
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JSoliage leaf. In the sensitive fern (Fig. 241) and ostrich fern
and some others the sporophyll and foliage branches rise
separately from the rhizome. This division of labor in fern
leaves, resulting in development
of distinct sporophylls and foliage
leaves, is a great advance. Setting
apart special structures for special
pieces of work (division of labor)
ordinarily increases the quality 7
and quantity of work done. 47 2}
266. The water ferns. The water ‘
ferns are not really members of
the true fern class but are closely
related thereto. Their water hab-
itat is striking. Marsilia (Fig. Fie.243. A waterfern (Salvinia)
242) has peculiar leaves, looking  The plant has two rows of hairy
like”the four-leafed clover, and v tod e rovof etor e
these float upon water or stand
slightly above it. The plant is fairly abundant in greenhouses
and park pools. Salvinia (Fig.243) and Azolla are also widely
distributed free-floating water ferns.
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HORSETAILS OR SCOURING RUSHES (EQUISETINEZXE)

267. General characteristics. This class now consists of one
genus (Fquisetum) and a few species (variously estimated at
from twenty to thirty). The class and closely related classes
were once abundantly represented, and as tree-like forms were
a prominent part of the earth’s flora. Fossil remains of equise-
tums and their relatives tell interesting stories of these tree-
like forms which lived during the chief coal-forming periods.
In studying present-day forms we are observing the remnants
of the former abundant plant life of this class.

Equisetums now live chiefly in regions unfavorable to most
plants, — around open marshes, in sandy wastes, and along
railway embankments. They have hard, rough, siliceous, and
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usually unbranched
about the joints of

Fic. 244. Equiselum arvense

A, aplant in early spring condition; .8, rhizome;

stems. The sxﬁall leaves form a sheath
the stem (Fig. 244, 4, B). Most of the

chlorophyll is borne in the
stem, and little or no chloro-
phyll work is done by the
leaves. The commonest form
now living is known as the
Equisetum arvense.

268. Eguisetum arvense: di-
vision ¢f labor. The under-
ground rootstock is, in early
spring, stored with starchy
food that was made by the
plant during the preceding
growing season. Very early
in the spring, sometimes be-
fore the last snows are gone,
there grows up from the root-
stock one sporophyll branch
(Fig. 244, 4). This has no
chlorophyll, and at the tip
bears the sporophylls in a
single dense spike known as
a cone or strobilus. Soon there
appears from the rootstock
another branch which
bears chlorophyll. The
sporophyll branch soon
dies, but the chloro-
phyll branch subdivides
extensively, producing
a heavy, bushy plant,

s8.b, spore-bearing branch, with the collection of ee 219 :
sporophylls (strobilus or cone) at its tip; f.b, —the “horsetail (Flg'

foliage branch, which later expands as in B;
C, one sporophyll from the cone, showing the stalk

244, B). This grows

(st)and several sporangia (sp). Dand E,sporewith thI'OllghOll'G the season
elaters. 4 and B one half natural size, C' magnified
abouttwenty times, and Dand E greatly enlarged and manufactures fOOd,
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some of which is deposited in the rhizome and used in pro-
ducing next season’s sporophyll branch. In all the other known
species of Hquisetum the sporophylls grow upon the same branch
that does the chlorophyll work.

269. Equisetum arvense: reproduction. At the tip of the spo-
rophyll branch is the collection of sporophylls. Each (Fig.
244, C) has an outer shield-like surface which grows at the
end of the sporophyll stalk. From the under surface of the
sporophyll the sporangia grow. The spores are peculiarly
wound about by elaters (Fig. 244, D and E), which, as they
unroll and twist about, may assist in spore distribution.

These asexual spores germinate almost immediately when
ripe, and develop into gametophytes, each one of which pro-
duces but a single kind of sex organ; that is, a gametophyte
is male (produces antheridia) or female (produces archegonia).
After fertilization the odspore germinates and produces a new
sporophyte, thus completing the life cycle.

THE CLUB MOSSES (LYCOPODINEZX)

270. This class includes the two genera Lycopodium and
Selaginella, though fossils show a former abundance of related
genera. Both are very widely distributec and have many
species. At Christmas time these plants are often used for
decoration and are called “club moss” or “ground pine.” The
rootstock of Lycopodium often grows upon or just beneath the
old leaves, frequently sending upright branches (Fig. 245)
into the air.

Selaginella often has an almost upright stem. Roots may
arise from portions of this stem that are in the air. Leaves
_are spirally arranged. In some of the more prostrate Selagi-
nella forms the leaves have become differentiated so as to
appear in two small and two large rows.

271. Reproduction in Lycopodium and Selaginella. At the tips
of branches strobili, or cones, are formed in most species
by ordinary foliage leaves becoming sporophylls without losing
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their chlorophyll. These sporophylls are closely appressed
(Fig. 245), thus forming a dense cone. In a few species the
sporophylls are loosely
arranged. In the axils
of leaves sporangia are
formed, and in these are
large numbers of asex-
ual spores. So numer-
ous and so light are
these spores that they
have been used as the
commercial article now
known as Lycopodium
powder. When these
spores germinate they
produce underground
tuberous gametophytes,
upon one of which both
sex organs may form.
Fertilization, which is
extremely difficult to
study in this genus,
occurs  underground.
The odspore produces
the young sporophyte,
which grows up from
the ground somewhat
as does the seedling of
higher plants.

' The reproduction of
i 2}22012322&% BVR B Selaginella differs from

The horizontal rootstock with its roots grows that of Lycopodz'um in
within or upon the humus. The upright branches :
(A)1 bear green leaves and strobili (str), alfio the important fact that
called spikes or cones, in which spores are formed.
At C is shown one leaf from the strobilus, and the aseXI.m,l £ OTESIRI0
upon this leaf is a sporangium. From the par- of two kinds, one very
tially opened sporangium spores escape. At B

enlarged spores are shown small and one very large.
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This results in the production, from the small spore, of a small
gametophyte, which produces sperms; and from the large
spore, of a large gametophyte, which produces the egg, and
upon which thereafter the young embryo Selaginella plant
is developed.! All the groups of plants higher than pterido-
phytes have two kinds of asexual spores.

272. Pteridophytes of past ages. The surface of the earth
has undergone many changes since plants began to live upon
it. In some periods of the earth’s history conditions favored
certain kinds of plants and these flourished. When less favor-
able periods came these successful plants were greatly reduced
in number or completely exterminated. We have records of
what some of these former plants were. These records were
made by the plants themselves, for when they died they some-
times became fossilized, or made prints in soft mud or other
substances which afterward hardened. By means of fossils
much is being learned about the kinds of plants that used to
exist. In many cases great detail of structure has been pre-
served, and many important facts are thus established with
veference to the history of our existing plants. The study of

11n some cases it may be wise to go more into the details of the repro-
duction of Selaginella, and for such use the following facts are added : The
terminal cones or strobili of Selaginella resemble those shown in Lycopodium.
In Selaginella, however, two kinds of sporangia with two kinds of spores are
formed. One sporangium contains large numbers of small spores, while the
other sporangium contains four large spores. Both kinds are asexual, since
both are formed upon the sporophyte by cell division. The small spore is
called the microspore, meaning *‘little spore’’ ; the large one is called the mega-
spore, nieaning *‘big spore.” Similarly, the names of other structures relate
to the size of the spores; as, the megasporangiuwm which produces the mega-
spore is borne upon the megasporophyll, and the microsporangium which
bears the microspores is borne upon the microsporophyll. We have in Sela-
ginella different kinds of spores, or heterospory, as compared with similar
asexual spores, or homospory, as seen in the other ferns that we have studied.
Each spore produces a particular kind of gametophyte, one of which bears
the egg and the other the sperm. The egg is fertilized while within the
female gametophyte, and the new plant begins to grow from the same posi-
tion. If the structures around the embryo should become dry and hard, and
if the whole should undergo a resting period, we should have the structure
that we call the seed in the next great group of plants.
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fossil plants, or paleobotany as it is called, offers a field of great
interest to the specialist.

Ferns and their relatives are among the principal fossil
plants concerning which paleobotany has given us informa-
tion. The introduction of vascular tissue furnished structures
better fitted for preservation than there were in the less rigid
bryophytes and thallophytes. It has been definitely deter-
mined that pteridophytes and other plants resembling them
were once more abundant and larger than those now living.
These ancient ferns were widely distributed over the earth.
Certain periods (as the so-called Carboniferous Period) were
peculiarly favorable in temperature and abundant moisture to
the growth of pteridophyte types of plants, and they grew in
size and profusion much greater than even our present tree fern
forests of the moist tropics. Their range extended much farther
than at present. Many of these giant forms were very unlike
our existing ferns, horsetails, and club mosses, but they are
the ancestors from which our present forms have descended.

During these periods there also lived plants which are
closely related to some of the seed plants.

273. Coal formation. There have been several coal-forming
periods during the history of the earth. The Carboniferous
age, however, is the period of chief coal formation. During
this time almost unimaginably large quantities of plant life
matured and fell in the immense swampy areas in which they
grew. As is true when Sphagnum and other plants in peat
bogs decay but partially, and under moderate pressure become
peat, it is thought that in the same way these much larger
masses of plant life formed immense beds of partially decayed
plant material. After a long period of such growth and dep-
osition of plants conditions changed, and these masses of
plant material became submerged and then buried beneath
layers of rock and earth. The surplus water in the beds of
plants was driven away, the carbonaceous material was pressed
into solid masses, the oily materials were pressed out, or, as
has been said, under the pressure the coal “ wept bitter tears
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of petroleum.”! Hard coal is carbon, with some ash-forming
substances, while soft coal contains ash-forming substances and
volatile matter which produces smoke when the coal is burned.

The amount of plant material required to form an ordinary
bed of soft coal 10 feet in thickness is estimated to be about
1500 feet in thickness. There may be several layers of coal
separated by layers of rock. When we recall that the United
States has several hundred thousand square miles of coal -
lands, we obtain some notion of the enormous amount of
plant growth necessary to form this deposit. It has been esti-
mated that the body of a tree, which when dry weighs 11,000
pounds, contains 5500 pounds of carbon. A piece of ordinary
soft coal 10 feet high and 1 foot square might weigh as much
as 475 pounds. The pteridophyte plant body is not nearly
so solid as our woody trees, thus necessitating greater bulk
to secure a corresponding amount of carbon.

274. Summary of pteridophytes. The true ferns are widely
distributed and successful plants. The possession of fibro-
vascular tissue enables these plants to assume a position of
prominence and to expose chlorophyll to the light in greater
abundance than is done by bryophytes. Well-organized woody
stems and elaborate leaf structures are further suggestions of
increased ability to do the work of plants.

Both generations of the true ferns bear chlorophyll. The
gametophyte is simpler than that of bryophytes, but has all
the structures requisite to enable it to live for a time in an
independent way. The embryo sporophyte originates from
the oGspore within the gametophyte tissue. The sporophyte
is the prominent (often perennial) generation of the plant.
It is very much more highly differentiated than the same
generation in the bryophytes. Its complex sporangia, formed
upon specialized areas of the leaf, produce and distribute
spores in very large numbers. In some species special spo-
rangium-bearing leaves (sporophylls) are produced.

1 Jordan, David Starr, Science Sketches, essay upon **The Story of a
Stone.’
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Pteridophytes once were much more abundant than they
now are, and were prominent in the earth’s flora during the
chief coal-forming ages. Some classes have ceased to exist
and others are now represented by relatively few species.

Once the horsetails, or scouring rushes, and the club mosses,
or ground pines, contained many tree-like forms. Now the
first class contains but one genus and a score or more of
- species, and the second contains two genera and several
hundreds of species. The water ferns consist of four highly
specialized genera. In the Equisetinez and the Lycopodines
sporophylls are arranged in a spike or cone (strobilus). In
one genus (Selaginella) of the class Lycopodinez two kinds
of asexual spores are borne, — one which, upon germination,
produces the male gametophyte, and one which produces the
female gametophyte. Within this female gametophyte the
embryo sporophyte is produced.

R75. Classification :

Pteridophytes
Class I. Filicine® (the true ferns). Leading genera used as illustra-
tions,— Pteris (the bracken fern), Alsophila (a tree fern), Adiantum
(maidenhair fern), Camptosorus (the walking fern), Osmunda
(royal fern and Clayton’s fern), Botrychium (the grape fern),
Onoclea (sensitive fern and ostrich fern), Salvinia and Marsilia
(water ferns)

Class II. Equisetinex (scouring rushes, or horsetails). Genus used
as illustration,— Equisetum (the only living genus of the class)
Class III. Lycopodinez (club mosses, or ground pines). Leading
genera used as illustrations, — Lycopodium and Selaginella (the

living genera of the class)



CHAPTER XVIII

GYMNOSPERMS

276. Introduction to spermatophytes. The highest division
of the plant kingdom is the seed plants, or spermatophytes.
The name means “seed plants.” This is the division usually
thought of when people speak of plants, since in it are the
forms that make up the conspicuous flora of the earth, as well
as those that furnish most of our food, timbers, fibers, ete.
It is the division with which agriculture, horticulture, garden-
ing, and many of the industries are chiefly concerned. It is
highly important botanically as well as economically.

There are two great classes of the division, — the gymno-
sperms, or naked-seeded spermatophytes, and the angiosperms,
or inclosed-seeded spermatophytes. In this chapter we shall
discuss the gymnosperms.

277. The pine. There are over four hundred living species
of gymnosperms. Of these the most widely distributed mem-
ber is the pine (Pinus, Fig. 246). There are many species of
pines, and while but a few kinds are usually found in one
locality, the resemblances between all of them are such that
one is likely to recognize a pine if once he has carefully noted
the characteristics of any species.

Sometimes pines form dense forests of tall, straight trees.
They often stand close together. It is only when they grow
thus crowded that they become tall, since when growing alone
in open regions they secure ample light without attaining such
a height. In German, American, and other forest plantations
young pines are planted close together; then when they have
reached toward the light and have acquired a medium height,
some are removed and used, and their removal gives the remain-
ing trees more space in which to spread. Finally, new young

209
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trees are planted, and they attain considerable height by the time
the last of the oldest crop are harvested (see Chapter XXII).

278. The vegetative plant. The plant has a heavy central
taproot (Fig. 247), which extends deep into the soil. From

[SRAETAT ST

Fic. 246. A white pine (Pinus Strobus)

The stem is almost straight, the branches stand
approximately at right angles to the stem, and the
top is irregularly conical

‘the taproot there de-
 velops an extensive

system of roots, some
reaching downward,
and even more out-
ward, into the soil,
in this way forming
an abundant root sys-
tem that anchors the
plant and distributes
the youngest rootlets
in favorable positions
in the soil.

The stem is gener-
ally straight and the
branches usually rise
in whorls. Sometimes
in older trees many
branches have died,
and but one or two
of each whorl are left.
The lower branches
are usually longest,
the top ones shortest,
and the intermediate
ones grading between

these extremes, so that the whole tree top is often quite cone-
like in outline. The stem and branches are covered by a heavy
bark, and the roots by a bark which is usually not so thick.
The leaves are on the younger branches. The needle leaves are
most conspicuous, and at their bases and on the terminal buds

are the brownish scale leaves.
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The needle leaves (Fig. 248) are borne in pairs, in threes,
in fives, ete., the number varying with the dif<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>