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PLANTS
A TEXT-BOOK OF BOTANY

PREFATORY NOTE

AvrBOUGH Plant Relations and Plant Structures have
been prepared as independent volumes, chiefly to meet the
needs of those schools which can give but one half year to
Botany, they form together a natural introduction to the
science. With this in view, the simple title Plants seems
suitable, with the understanding that this volume is an
introduction to the study of plants.

Either part of this combined volume may be used first,
according to the views or needs of the teacher. In many
cases it may be wise not to observe the order of the book,
but to organize laboratory work as seems best, and to assign
the appropriate readings wherever they may occur in the
volume. The author is a stickler for independent teaching,
and would not presume to prescribe an order or a method
for teachers. Iis purpose is simply to offer those facts and
suggestions which may be helpful to them in organizing
and presenting their work. He would urge that intelligent
contact with plants is the essential thing; that a clear
understanding of a few large facts is better than the collec-
tion of numerous small ones; and that «getting through”
should never sacrifice the leisure needed for digestion.

The two parts of this work are indexed separately, and
references to indexes are to be made at the end of each part.

JouN M. COULTER.

Tae UNiversiTy ofF CHicaco, November, 1899,
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PREFACE.

THE methods of teaching botany in secondary schools
are very diverse, and in so far as they express the experience
of successful teachers, they are worthy of careful considera-
tion. As the overwhelming factor in successful teaching
is the teacher, methods are of secondary importance, and
may well vary. It is the purpose of the present work to
contribute another suggestion as to the method of teach-
ing botany in secondary schools. The author does not
intend to criticise other methods of teaching, for each
teacher has his own best method, but it may be well to
state the principles which underlie the preparation of this
work.

The botany is divided into two parts, each representing
work for half a year. The two books are independent,
and opinions may differ as to which should precede. The
first book, herewith presented, is dominated by Ecology,
and also contains certain fundamentals of Physiology that
are naturally suggested. The second book will be domi-
nated by Morphology, but plant structure, function, and
classification will be developed together in an attempt to
trace the evolution of the plant kingdom. In the judg-
ment of the author Ecology should precede Morphology,
but this order brings to Ecology no knowledge of plant
structures and plant groups, which is of course unfortu-
nate. The advantages which seem to overbalance this dis-
advantage are as follows :

1. The study of the most evident life-relations of

plants gives a proper conception of the place of plants in
1*
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nature, a fitting background for subsequent more detailed
studies.

2. Such a view of the plant kingdom is certainly of the
most permanent value to those who can give but a half
year to botany, for the large problems of Ecology are con-
- stantly presented in subsequent experience, when details
of structure would be forgotten.

3. The work in Ecology herein suggested demands lit-
tle or no use of the compound microscope, an instrument
ill adapted to first contacts with nature.

The second book will demand the use of the compound
microscope, and those schools which possess such an equip-
ment may prefer to use that part first or exclusively.

In reference to the use of this part something should
be said, although such cautions are reiterated in almost
every recent publication. A separate pamphlet containing
‘“ Suggestions to Teachers” who use this book has been
prepared, but a few general statements may be made here.
This book is intended to present a connected, readable
account of some of the fundamental facts of botany, and
may serve to give a certain amount of information. If it
performs no other service in the schools, however, its pur-
pose will be defeated. It is entirely too compact for any
such use, for great subjects, which should involve a large
amount of observation, are often merely suggested. It is
intended to serve as a supplement to three far more im-
portant factors: (1) the feacker, who must amplify and
suggest at every point; (2) the laboratory, which must
bring the pupil face to face with plants and their struc-
tures; (3) fleld-work, which must relate the facts observed
in the laboratory to their actual place in nature, and must
bring new facts to notice which can be observed nowhere
else. Taking the results obtained from these three fac-
tors, the book seeks to organize them, and to suggest
explanations. It seeks to do this in two ways: (1) 3y
means of the text, which is intended to be clear and un-
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technical, but compact ; (2) by means of the illustrations,
which must be studied as carefully as the text, as they are
only second in importance to the actual material. Espe-
cially is this true in reference to the landscapes, many of
which cannot be made a part of experience.

Thanks are due to various members of the botanical
staff of the University, who have been of great service in
offering suggestions and in preparing illustrations. In
‘this first book I would especially acknowledge the aid of
Professor Charles R. Barnes and Dr. Henry C. Cowles.

The professional botanist who may critically examine
this first book knows that Ecology is still a mass of incho-
ate facts, concerning which we may be said to be making
preliminary guesses. It seems to be true, nevertheless,
that these facts represent the things best adapted for pres-
entation in elementary work. The author has been com-
pelled to depend upon the writings of Warming and of
Kerner for this fundamental material. From the work of
the latter, and from the recent splendid volume of Schim-
per, most useful illustrations have been obtained. The
number of original illustrations is large, but those obtained
elsewhere are properly credited. JouN M. COULTER.

Tue University or Cuicaco, May, 1899.

PREFACE TO THE SECOND EDITION.

IN this edition the first eleven chapters remain practi-
cally as they were, with the exception of such corrections
and additions as could be made upon the plates, and a few
changes of illustrations. The remaining chapters, however,
dealing with plant societies, are essentially recast both in
text and illustrations. Especially is this true of the meso-
phyte and halophyte societies. This has been made neces-
sary by the recent rapid development of the subject, by a
larger field experience, and by the availability of more suit-
able illustrations. J. M. C.

Tae University oF CHicaco, May, 1901.
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BOTANY
- PART I.—PLANT RELATIONS

CHAPTER 1.
INTRODUCTION.

1. General relations,—Plants form the natural covering
of the earth’s surface. So generally is this true that a land
surface without plants seems remarkable. Not only do
plants cover the land, but they abound in waters as well,
both fresh and salt waters. They are wonderfully varied in
gize, ranging from huge trees to forms so minute that the
microscope must be used to discover them. They are also
exceedingly variable in form, as may be seen by comparing
trees, lilies, ferns, mosses, mushrooms, lichens, and the
green thready growths (ealge) found in water.

2. Plant societies.—One of the most noticeable facts in
reference to plants is that they do not form a monotonous
covering for the earth’s surface, but that there are forests in
one place, thickets in another, meadows in another, swamp
growths in another, etc. In this way the general appear-
ance of vegetation is exceedingly varied, and each appear-
ance tells of certain conditions of living. Thesc groups of
plants living together in similar conditions, as trees and
other plants in a forest, or grasses and other plants in a
meadow, are known as plant societies. These societies are as
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numerous &s are the conditions of living, and it may be said
that each society has its own special regulations, which ad-
mit certain plants and exclude others. The study of plant
societies, to determine their conditions of living, is one of
the chief purposes of botanical field work.

3. Plants as living things—Before engaging in a study
of societies, however, one must discover in a general way
how the individual plant lives, for the plant covering of the
earth’s surface is a living one, and plants must always be
thought of as living and at work. They are as much alive
ag are animals, and so far as mere living is concerned they
live in much the same way. Nor must it be supposed that
animals move and plants do not, for while more animals than
plants have the power of moving from place to place, some
plants have this power, and those that do not can move cer-
tain parts. The more we know of living things the more is
it evident that life processes are alike in them all, whether
plants or animals. In fact, there are some living things
about which we are uncertain whether to regard them as
plants or animals.

4. The plant body.—Every plant has a body, which may
be alike throughout or may be made up of a number of
different parts. When the green thready plants (alge), so
common in fresh water, are examined, the body looks like
a simple thread, without any special parts ; but the body of
a lily is made up of such dissimilar parts as root, stem,
leaf, and flower (see Figs. 75, 144, 155, 174). The plant
without these special parts is said to be simple, the plant
with them is called complex. The simple plant lives in
the same way and does the same kind of work, so far as
living is concerned, as does the complex plant. The differ-
ence is that in the case of the simple plant its whole body
does every kind of work ; while in the complex plant
different kinds of work are done by different regions of the
body, and these regions come to look unlike when differ-
ent shapes are better suited to different work, as in the
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case of a leaf and a root, two regions of the body doing
different kinds of work.

5. Plant organs.—These regions of the plant body thus
set apart for special purposes are called organs. The sim-
plest of plants, therefore, do not have distinct organs,
while the complex plants may have several kinds of organs.
All plants are not either very simple or very complex, but
beginning with the simplest plants one may pass to others
not quite so simple, then to others more complex, and so
on gradually until the most complex forms are reached.
This process of becoming more and more complex is known
a8 differentiation, which simply means the setting apart of
different regions of the body to do different kinds of work.
The advantage of this to the plant becomes plain by using
the common illustration of the difference between a tribe
of savages and a civilized community. The savages all do
the same things, and each savage does everything. In the
civilized community some of the members are farmers,
others bakers, others tailors, others butchers, etc. This is
what is known as ‘“ division of labor,” and one great advan-
tage it has is that every kind of work is better done. Dif-
ferentiation of organs in a plant means to the plant just
what division of labor means to the community ; it results
in more work, and better work, and new kinds of work.
The very simple plant resembles the savage tribe, the com-
plex plant resembles the civilized community. It must be
understood, however, that in the case of plants the differ-
entiation referred to is one of organs and not of individuals.

6. Plant functions.—\Whether plants have many organs,
or few organs, or no organs, it should be remembered that
they are all at work, and are all doing the same essential
things. Although many different kinds of work are being
carried on by plants, they may all be put under two heads,
nutrition and reproduction. Every plant, whether simple
or complex, must care for two things: (1) its own support
(nutrition), and (2) the production of other plants like
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itself (reproduction). To the great work of nutrition many
kinds of work contribute, and the same is true of repro-
duction. Nutrition and reproduction, however, are the
two primary kinds of work, and it is interesting to note
that the first advance in the differentiation of a simple
plant body is to separate the nutritive and reproductive
regions. In the complex plants there are nutritive organs
and reproductive organs ; by which is meant that there are
distinct organs which specially contribute to the work of
nutrition, and others which are specially concerned with
the work of reproduction. The different kinds of work are
conveniently spoken of as functions, each organ having one
or more functions.

7. Life-relations.—In its nutritive and reproductive work
the plant is very dependent upon its surroundings. It
must receive material from the outside and get rid of waste
material ; and it must leave its offspring in as favorable
conditions for living as possible. As a consequence, every
organ holds a definite relation to something outside of it-
gelf, known as its life-relation. For example, green leaves
are definitely related to light, many roots are related to
goil, certain plants are related to abundant water, some
plants are related to other plants or animals (living as
parasites), etec. A plant with several organs, therefore,
may hold a great variety of life-relations, and it is quite a
complex problem for such a plant to adjust all of its parts
properly to their necessary relations. The study of the
life-relations of plants is a division of Botany known as
Ecology, and presents to us many of the most important
problems of plant life.

It must not be supposed that any plant or organ holds
a perfectly simple life-relation, for it is affected by a great
variety of things. A root, for instance, is affected by light,
gravity, moisture, soil material, contact, etc. Every or-
gan, therefore, must adjust itself to a very complex set of
life-relations, and a plant with several organs has so many
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delicate adjustments to care for that it is really impossi-
ble, as yet, for us to explain why all of its parts are placed
just as they are. In the beginning of the study of plants,
only some of the most prominent functions and life-rela-
tions can be considered. In order to do this, it seems bet-
ter to begin with single organs, and afterwards these can
be put together in the construction of the whole plant.



CHAPTER IL
FOLIAGE LEAVES: THE LIGHT-RELATION.

8. Deflnition.—A foliage leaf is the ordinary green leaf,
and is avery important organ in connection with the work
of nutrition. It must not be thought that the work done by
such a leaf cannot be done by green plants which have no
leaves, as the algw, for example. A leaf is simply an or-
gan set apart to do such work better. In studying the
work of a leaf, therefore, we have certain kinds of work
get apart more distinctly than if they were confused with
other kinds. For this reason the leaf is selected as an in-
troduction to some of the important work carried on by
plants, but it must not be forgotten that a plant does not
need leaves to do this work ; they simply enable it to work
more effectively.

9. Position.—It is easily observed that foliage leaves
grow only upon stems, and that the stems which bear them
always expose them to light; that is, such leaves are aerial
rather than subterranean (see Figs. 1, 75, 174). Many
stems grow underground, and such stems either bear no
foliage leaves, or are so placed that the foliage leaves are
sent above the surface, as in most ferns and many plants of
the early spring (see Figs. 45, 46, 144).

10. Color.—Another fact to be observed is that foliage
leaves have a characteristic green color, a color so universal
that it has come to be associated with plants, and espe-
cially with leaves. It is also evident that this green color
holds some necessary relation to light, for the leaves of
plants grown in the dark, as potatoes sprouting in a cellar,
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do not develop this color. Even when leaves have devel-
oped the green color they lose it if deprived of light, as is
shown by the process of blanching celery, and by the effect
on the color of grass if a board has lain upon it for
some time. It seems plain, therefore, that the green color
found in working foliage leaves depends upon light for its
existence.

We conclude that at least one of the essential life-rela-
tions of u foliage leaf is what may be called the light-rela-
tion. 'This seems to explain satisfactorily why such leaves
are not developed in a subterranean position, as are many
stems and most roots, and why plants which produce them
do not grow in the dark, as in caverns. The same green,
and hence the same light-relation, is observed in other
parts of the plant as well, and in plants without leaves, the
only difference being that leaves display it most conspicu-
ously. Another indication that the green color is con-
nected with light may be obtained from the fact that it is
found only in the surface region of plants. If one cuts
across a living twig or into a cactus body, the green color
will be seen only in the outer part of the section. The con-
clusion is that the leaf is a special organ for the light-re-
lation. Plants sometimes grow in such situations that it
would be unsafe for them to display leaves, or at least large
leaves. Insuch a case the work of the leaves can be thrown
upon the stem. A notable illustration of this is the cactus
plant, which produces no foliage leaves, but whose stem dis-
plays the leaf color.

11. An expanded organ.—Another general fact in refer-
ence to the foliage leaf is that in most cases it is an expanded
organ. This means that it has a great amount of surface
exposed in comparison with its mass. As this form is of
such common occurrence it is safe to conclude that it is in
some way related to the work of the leaf, and that whatever
work the leaf does demands an exposure of surface rather

than thickness of body. It is but another step to say that
2
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the amount of work an active leaf can do will depend ic
part upon the amount of surface it exposes.

THE LIGHT-RELATION.

12. The general relation.—'T'he ordinary position of the
folinge leaf is more or less horizontal. This enables it to
receive the direct rays of light upon its upper surface. In

Fia. 1. The leaves of this plant (Ficus) are
in general horizontal, but it will be seen
that the lower ones are directed down-
ward, and that the leaves hecome more
horizontal as the stem is ascended. It
will algo be seen that the leaves are so
broad that there are few vertical rows.

this way more rays of
light strike the leaf sur-
face than if it stood ob-
liquely or on edge. It is
often said that leaf blades
are so directed that the
flat surface is at right
angles to the incident
rays of light. While this
may be true of horizon-
tal leaves in a general
way, the observation of
almost any plant will
ghow that it is a very
general statement, to
which there are numerous
exceptions (see Fig. 1).
Leaves must be arranged
to receive as much light
as possible to help in
their work, but too much
light will destroy the
green substance (chloro-
phyll), which is essential
to the work. The adjust-
ment to light, therefore,
is a delicate one, for
there must he just enough
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and not too much. The danger from too much light is
not the same in the case of all leaves, even on the same
plant, for some are more shaded than others. Leaves also
have a way of protecting themselves from too intense light
by their structure, rather than by a change in their posi-
tion. It is evident, therefore, that the exact position which
any particular leaf holds in relation to light depends upon
many circumstances, and cannot be covered by a general
rule, except that it seeks to get all the light it can without
danger.

13. Fixed position.—Lcoves differ very much in the power
of adjusting their position to the direction of the light.

Fic. 2. The day and night positions of the leaves of a wmember (Amicie) of the pea
family.—After STRASBURGER.

Most leaves when fully grown are in a fixed position and
cannot change it, however unfavorable it may prove to be,
except as they are blown about. Such leaves are said to
have fized light positions. 'This position is determined by
the light conditions that prevailed while the leaf was grow-
ing and able to adjust itself. If these conditions continue,
the resulting fixed position represents the best one that can
be secured under the circumstances. The leaf may not
receive the rays of light directly throughout the whole
period of daylight, but its fixed position is such that it
probably receives more light than it would in any other
position that it could secure.
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14. Motile leaves.—There are leaves, however, which
have no fixed light position, but are so constructed that
they can shift their position as the direction of the light
changes. Such leaves are not in the same position in the
afternoon as in the
forenoon, and their
night position may be
very different from
either (see Figs. 2, 3a,
3b, 4). Some of the
common house plants
show this power. In
the case of the com-
mon Ozalis the night
position of the leaves
(Cercis).—After ARTHUR, is remarkably different

from the position in light.
If such a plant is exposed
to the light in a window and
the positions of the leaves
noted, and then turned
half way around, so as to
bring the other side to the
light, the leaves may be
observed to adjust them-
selves gradually to the
changed light-relations. Fia. 8. The night position of the leaves
15. Compass plants.—A  of redbud (Cercis).—After ARTHUR.
striking illustration of a
special light position is found in the so-called ‘‘compass
plants.” The best known of these plants is the rosin-weed
of the prairie region. Growing in situations exposed to
intense light, the leaves are turned edgewise, the flat faces
being turned away from the intense rays of midday, and
directed towards the rays of less intensity ; that is, those of
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Fi1a. 4. Two sensitive plants, showing the motile leaves. The plant to the left has its
leaves and numerous leaflets expanded ; the one to the right shows the leafiets
folded together and the leaves drooping.—After KERNER.

the morning and evening (see Fig. 170). As a result, the
apex of the leaf points in a general north or south direction.
It is a significant fact that when the plant grows in shaded
places the leaves do not assume any such position. It
geems evident, therefore, that the position has something
to do with avoiding the danger of too intense light. It
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must not be supposed
that there is any ac-
curacy in the north or
south direction, as the
edgewise position
seems to be the signifi-
cant one. In the ros-
in-weed probably the
north and south direc-
tion is the prevailing
one; but in the prickly
lettuce, a very common
weed of waste grounds,
and one of the most
striking of the compass
plants, the edgewise
position is frequently
assumed without any
special reference to the
north or south direc-
tion of the apex (see
Fig. 5).

16. Heliotropism.,—
The property of leaves
and of other orguns
of responding to light
is known as heliotro-
pism, and it is one
of the most important
of those external influ-
ences to which plant
organs rtespond (see
Figs. 6, 43).

Fra. 5. The common prickly lettuce (Lactuca It should be under-

Scariola), showing the leaves standing edge. 4 o)) clearly that this
wise, and in a general north and south plane. K li ! li
—After ARTHUR and MAcDOUGAL. isbut a s 1ight g impse
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. - 1

Fie. 6. These plants are growing near a window. It will be noticed that the stems
bend strongly towards the light, and that the leaves face the light.

of the most obvious relations of foliage leaves to light, and
that the important part which heliotropism plays, not only
in connection with foliage leaves, but also in connection
with other plant organs, is one of the most important and
extensive subjects of plant physiology.

RELATION OF LEAVES TO ONE ANOTHER.

A. On erect stems.

In view of what has been said, it would seem that the
position of foliage leaves on the stem, and their relation to
one another, must be determined to some extent by the
necessity of a favorable light-relation. It is apparent that
the conditions of the problem are not the same for an erect
as for a horizontal stem.

17. Relation of breadth to number of vertical rows.—
Upon an erect stem it is observed that the leaves are usu-
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ally arranged in a definite number of vertical rows. It is

to the advantage of the plant for these leaves to shade one

another as little as possible. Therefore, the narrower the

leaves, the more numerous may be the vertical rows (see
Figs. 7, 8); and
the broader the
leaves the fewer
the vertical rows
(see Fig. 1). A
relation exists,
therefore, be-
tween the breadth
of leaves and the
number of verti-
cal rows, and the
meaning of this
becomes plain
when the light-re-
lation is consid-
ered.

18. Relation of
length to the dis-
tance between
leaves of the same

F1e. 7. An Easter lily, showing narrow leaves and
numerous vertical rows. row.—The leaves
in a vertical row
may be close together or far apart. If they should be close
together and at the same time long, it is evident that they
will shade each other considerably, as the light cannot well
strike in between them and reach the surface of the lower
leaf. Therefore, the closer together the leaves of a verti-
cal row, the shorter are the leaves ; and the farther apart
the leaves of a row, the longer may they be. Short leaves
permit the light to strike between them even if they are
close together on the stem ; and long leaves permit the
same thing only when they are far apart on the stem, A
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relation is to be observed, therefore, between the length
of leaves and their distance apart in the same vertical row.

The same kind of relation can be observed in reference
to the breadth of leaves, for if leaves are not only short but
narrow they can stand very close together. It is thus seen
that the length and breadth of leaves, the number of ver-
tical rows on the stem, and the distance between the leaves

Fie. 8. A dragon-tree, showing narrow leaves extending in all directions, and numer-
ous vertical rows.

of any row, all have to do with the light-relation and are
answers to the problem of shading.

19. Elongation of the lower petloles.—'l‘hew is still
another common arrangement by which an effective light-
relation is secured by leaves which are broad and placed
close together on the stem. In such a case the stalks
(petioles) of the lower leaves become longer than those
above and thus thrust their blades beyond the shadow (see
Fig. 9). It may be noticed that it is very common to
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find the lowest leaves of a plant the largest and with the
longest petioles, even when the leaves are not very close
together on the stem.

It must not be supposed that by any of these devices
shading is absolutely avoided. 'This is often imposgible and
gsometimes undesirable. It simply means that by these

Fi1c. 9. A plant (Sein/pawdia) with the lower petioles clongated, thrusting the blades
beyond the shadow of the upper leaves. A loose rosette.

arrangements the most favorable light-relation is sought by
avoiding too great shading.

20. Direction of leaves.—Not only is the position on the
stem to be observed, but the direction of leaves may result
in a favorable relation to light. It is a very common thing
to find a plant with a cluster of comparatively large leaves
at or near the bhase, where they are in no danger of shading
other leaves, and with the stem leaves gradually becoming
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smaller and less horizontal toward the apex of the stem
(see Figs. 10, 13). The common shepherd’s purse and the
mullein may be taken as illustrations. By this arrange-
ment all the leaves are very
completely exposed to the
light.
21. The rosette habit.—
The habit of producing a
cluster or rosette of leaves
at the base of the stem is
called the resette habit.
Often this rosette of leaves
at the base, frequently lying
flat on the ground or on the
rocks, includes the only fo-
liage leaves the plant pro-
duces. It is evident that a
rosette, in which the leaves
must overlap one another
more or less, is not a very
favorable light arrange-
ment, and therefore it must

be that something is being
5 2 FiG. 10. A plant (Echeveria) with fleshy

PmVidOd for besides the leaves, showing large horizontal ones
light-relation (S('(! Flgq, 1 1, at base, and (tlhors becoming smaller

S . . . and more directed upward as the
12, 13).  What this is will stem is ancended,

appear later, but even in

this comparatively unfavorable light arrangement, there is
evident adjustment to sccure the most light possible under
the circumstances. The lowest leaves of the rosette are
the longest, and the upper (or inner) ones become gradu-
ally shorter, so that all the leaves have at least a part
of the surface exposed to light. The overlapped base of
such leaves is not expanded as much as the exposed apex,
and hence they are mostly narrowed at the base and broad
at the apex. This narrowing at the base is sometimes
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carried so far that most of the part which is covered is
but a stem (petiole) for the upper part (blade) which is
exposed.

In many plants which do not form close rosettes & gen-

Fia. 11. A group of live-for-evers, illustrating the rosette habit and the light-relation.
In the rosettes it will be observed how the leaves are fitted together and diminish
in size inwards, 8o that excessive shading is avoided. The individual leaves also
become narrower where they overlap, and are broadest where they are exposed to
light. In the background is a plant showing leaves in very definite vertical rows.

eral rosette arrangement of the leaves may be observed by
looking down upon them from above (see Fig. 9), asin some
of the early buttercups which are so low that the large
leaves would seriously shade one another, except that the
lower leaves have longer petioles than the upper, and so
reach beyond the shadow,
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Fia.12. Two clumpe of rosettes of the house leek (Sempervivum), the one to the
right showing the compact winter condition, the one to the left with rosettes more
open after being kept indoors for several days.

22. Branched leaves.—Another notable feature of foliage
leaves, which has something to do with the light-relation,
is that on some plants the blade does not consist of one
piece, but is lobed or even broken up into separate pieces.
When the divisions are distinct they are called leaflets, and
every gradation in leaves can be found, from distinct leaf-
lets to lobed leaves, toothed leaves, and finally those whose
margins are not indented at all (entire). This difference
in leaves probably has
more important rea-
gons than the light-
relation, but its sig-
nificance may be ob-
gerved in this connec-
tion. In those plants
whose leaves are un-
divided, the leaves
generally either di-
minish in size toward
the top of the stem,
or the lower ones de- F1a. 18. The leaves of a bellflower (Campanwula),

velop longer petioles. showing the rosette arrangement. The lower

: _ petioles are successively longer, carrying their
In this ce’se the gen blades beyond the ehadow of the blades above.
eral outline of the —After KERNER.



Fra. 14. A group of feaves, showing how branched leaves overtop each other without
dangerous shading. It will be reen that the larger blades or less-branched leaves
are towards the bottom of the group.



FOLIAGE LEAVES: THE LIGHT-RELATION. 21

plant is conical, & form very common in herbs with entire
or nearly entire leaves. In plants whose leaf blades are
broken up into leaflets (compound or branched leaves),
however, no such diminution in size toward the top of the
stem is necessary (see Fig. 17), though it may frequently

Fic. 15. A plant showing imuch-branched leaves, which occur in great profusion with-
out cutting off the light from one another.

occur. When a broad blade is broken up into leaflets
the danger of shading is very much less, as the light can
strike through between the upper leaflets and reach the
leaflets below. On the lower leaves there will be splotches
of light and shadow, but they will shift throughout the
day, so that probably a large part of the leaf will receive
light at some time during the day (sce Fig. 14). The
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general outline of such a plant, therefore, is usually not
conical, as in the other case, but cylindrical (see Figs. 4,
15, 16, 22, 45, 83, 96, 155, 162, 174 for branched leaves).
Many other factors enter into the light-relation of foli-
age leaves upon erect stems, but those given may suggest.

Fia. 16. A cycad, showing much-branched leaves and palm-like habit.

observation in this direction, and serve to show that the
arrangement of leaves in reference to light depends upon
many things, and is by no means a fixed and indifferent
thing. The study of any growing plant in reference to this
one relation presents a multitude of problems to those who
know how to observe.

B. On horizontal stems.

23. Examples of horizontal stems, that is, stems exposed
on one side to the direct light, will be found in the case of
many branches of trees, stems prostrate on the ground, and
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stems against a support, as the ivies. It is only necessary
to notice how the leaves are adjusted to light on an erect

stem, and then to bend the
stem into a horizontal posi-
tion or against a support, to
realize how unfavorable the
same arrangement would
be, and how many new ad-
justments must be made.
The leaf blades must all be
brought to the light side of
the stem, so far as possible,
and those that belong to
the lower side of the stem
must be fitted into the
spaces left by the leaves
which belong to the upper
side. This may be brought
about by the twisting of
the stem, the twisting of
the petioles, the bending of
the blade on the petiole,
the lengthening of petioles,
or in some other way.
Every horizontal stem has
its own special problems of
leaf adjustment which may
be observed (see Figs. 18,
50).

Sometimes there is not
space enough for the full
development of every blade,
and smaller ones are fitted

into the spaces left by the larger ones (see Fig. 21).

Fi6. 17. A chrysanthemum, showing
lobed leaves, the riging of the petioles
to adjust the blades to light, and the
geueral cylindrical habit.

This

sometimes resultsin what are called unequally paired leaves,
where opposite leaves develop one large blade and one small
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one. Perhaps the most complete fitting together of leaves
is found in certain ivies, where a regular layer of angular
interlocking leaves is formed, the leaves fitting together like

Fie. 18. A plant (Pellionia) with drooping stems, showing how the leaves are all
brought to the lighted side and fitted together.

the picces of a mosaic. In fact such an arrangement is
known as the mosaic arrangement, and involves such an
amount of twisting, displacement, elongation of petioles,
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F16. 20. A spray of maple, showing the adjustment of the leaves in size and position

of blades and length of petioles to secure exposure to light on a horizontal stem.—
After KERNER.

etc., as to give ample evidence of the effort put forth by
plants to secure a favorable light-relation for their foliage

Fie. 21. Two plants showing adjustment of leaves on a horizontal stem. The plant
to the left is nightshade, in which small blades are fitted into epaces left by the
‘large ones. The plant to the right is Sclaginella, in which small leaves are dis-
tributed along the sides of the stem, and others are displayed along the upper sur-
face,—After KERNER,
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leaves (see Figs. 19, 22). In the case of ordinary shade trees
every direction of branch may be found, and the resulting
adjustment of leaves noted (see Fig. 20).

Looking up into a tree in full foliage, it will be noticed
that the horizontal branches are comparatively bare be-

neath, while the leaf blades have been carried to the upper
side and have assumed a mosaic arrangement.

Sprays of maidenhair fern (see Fig. 22) show a remark-
able amount of adjustment of the leaflets to the light side.
Another group of fern-plants, known as club-mosses, has
horizontal stems clothed with numerous very small leaves.
These leaves may be seen taking advantage of all the space
on the lighted side (see Fig. 21).



CHAPTER IIIL

FOLIAGE LEAVES: FUNCTION, STRUCTURE, AND PROTEC-
TION.

A.  Functions of foliage leaves.

24. Functions in general.—\We have observed that foliage
leaves are light-related organs, and that this relation is an
important one is evident from the various kinds of adjust-
m:nt used to secure it. We infer, therefore, that for some
important function of these leaves light is necessary. It
would be hasty to suppose that light is necessary for every
kind of work done hy a foliage leaf, for some forms of work
might be carried on hy the leaf that light neither helps nor
hinders. Foliage leaves are not confined to one function,
but are concerned in a variety of processes, all of which
have to do with the great work of nutrition. Among the
variety of functions which belong to folinge leaves some of
the most important may be selected for mention. It will
be possible to do little more than indicate these functions
until the plant with all its organs is considered, but some
evidence can be obtained that various processes are taking
place in the foliage leaf.

25. Photosynthesis.—The most important function of the
foliage leaf may be detected by a simple experiment. If
an actively growing water plant be submerged in water in a
glass vessel, and exposed to the light, bubbles may be seen
coming from the leaf surfaces and rising through the water
(see Fig. 23). The water is merely a device by which the
bubbles of gas may be seen. If the plant is very active the
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bubbles are numerous. That this activity holds a definite
relation to light may be proved by gradually removing the
vessel containing the plant from the light. As the light
diminishes the bubbles diminish in number, and when a

¥16.23. An experiment to illustrate the giving off of oxygen in the process of photo.
synthesis.

certain amount of darkness has been reached the bubbles
will cease entirely. If now the vessel be brought back
gradually into the light, the bubbles will reappear, more
and more numerous as the light increases. That this gas
being given off is ozygen may be proved by collecting the
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bubbles in a test tube, as in an ordinary chemical experi-
ment for collecting gas over water, and testing it in the
usual way.

Some very important things are learned by this experi-
ment. It is evident that some process is going on within
the leaves which needs light and which results in giving off
oxygen. It is further evident that as oxygen is eliminated,
the process indicated is dealing with substances which
contain more oxygen than is needed. The amount of
oxygen given off may be taken as the measure of the work.
The more oxygen, the more work; and, as we have observed,
the more light, the more oxygen; and no light, no oxygen.
Therefore, light must be essential to the work of which the
elimination of oxygen is an external indication. That this
process, whatever it may be, is so essentially related to
light, suggests the idea that it is the special process which
demands that the leaf shall be a light-related organ. If so,
it is a dominating kind of work, as it chiefly determines
the life-relations of foliage leaves.

The process thus indicated is known as photosynthesis,
and the name suggests that it has to do with the arrange-
ment of material with the help of light. It is really a pro-
cess of food manufacture, by which raw materials are made
into plant food. This process is an exceedingly important
one, for upon it depend the lives of all plants and animals.
The foliage leaves may be considered, therefore, as special
organs of photosyntlesis. 'They are special organs, not ex-
clusive organs, forany green tissue, whether on stem or fruit
or any part of the plant body, may do the same work. It
is at once apparent, also, that during the night the process
of photosynthesis is not going on, and therefore during the
night oxygen is not being given off.

Another part of this process is not so easily observed, but
is so closely related to the elimination of oxygen that it
must be mentioned. Carbon dioxide occurs in the air to
which the foliage leaves are exposed. It is given off from
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our lungs in breathing, and also comes off from burning
wood or coal. It is a common waste product, being a com-
bination of carbon and oxygen so intimate that the two
elements are separated from one another with great dif-
ficulty. During the process of photosynthesis it has been
discovered that carbon dioxide is being absorbed from the
air by the leaves. As this gas is absorbed chiefly by green
parts and in the light, in just the conditions in which oxy-
gen is being given off, it is natural to connect the two, and
to infer that the process of photosynthesis involves not only
the green color and the light, but also the absorption of
carbon dioxide and the elimination of oxygen.

When we observe that carbon dioxide is a combination
of carbon and oxygen, it seems reasonable to suppose that
the carbon and oxygen are separated from one another in
the plant, and that the carbon is retained and the oxygen
given back to the air. The process of photosynthesis may
be partially defined, therefore, as the breaking up of carbon
dioxide by the green parts of the plants in the presence of
light, the retention of the carbon, and the elimination of
the oxygen. The carbon retained is combined into real
plant food, in a way to be described later. We may con-
sider photosynthesis as the most important function of the
foliage leaf, of which the absorption of carbon dioxide and
the evolution of oxygen are external indications ; and that
light and chlorophyll are in some way essentially connected
with it.

26. Transpiration.—One of the easiest things to observe
in connection with a working leaf is the fact that it gives
off moisture. A simple experiment may demonstrate this.
If a glass vessel (bell jar) be inverted over a small active
plant the moisture is secn to condense on the glass, and
even to trickle down thesides. A still more convenient way
to demonstrate this is to select a single vigorous leaf with
a good petiole ; pass the petiole through a perforated card-
board resting upon a tumbler containing water, and invert
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a second tumbler over the blade of the leaf, which projects
above the cardboard (see Fig. 24). It will be observed that
moisture given off from the surface of the working leaf is
condensed on the inner surface of the inverted tumbler.
The cardboard is to shut off evaporation from the water
in the lower tumbler.

When the amount of water given off by a single leaf is
noted, some vague idea may be formed as to the amount of
moisture given off by a great mass of vegetation, such as a
meadow or a forest. It is evident that green plants at
work are contributing a very large amount of moisture to
the air in the form of water vapor, moisture which has
been absorbed by some region of the plant. The foli-
age leaf, therefore, may be regarded as an organ of
transpiration, not that the leaves alone are engaged in
transpiration, for many parts of the plant do the same
thing, but because the foliage leaves are the chief seat of
transpiration.

In case the leaves are submerged, as is true of many
plants, it is evident that transpiration is practically checked,
for the leaves are already bathed with water, and under such
circumstances water vapor is not given off. It is evident
that under such circumstances leaf work must be carried
on without transpiration. In some cases, ag in certain
grasses, fuchsias, etc., drops of water are extruded at the
apex of the leaf, or at the tips of the teeth. This process
is called guftation, and by means of it a good deal of
water passes from the leaf. It is specially used by shade
plants, which live in conditions which do not favor tran-
spiration.

27. Respiration.—Another kind of work also may be de-
tected in the foliage leaf, but not so easily described. In
fact it escaped the attention of botanists long after they
had discovered photosynthesis and transpiration. It is work
that goes on so long as the leaf is alive, never ceasing day
or night. The external indication of it is the absorption



Fia. 24. Experiment illustrating transpiration.
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of oxygen and the giving out of carbon dioxide. It will be
noted at once that this is exactly the reverse of what takes
place in photosynthesis. During the day, therefore, carbon
dioxide and oxygen are both being absorbed and evolved.
It will also be noted that the taking in of oxygen and the
giving out of carbon dioxide is just the sort of exchange
which takes place in our own respiration. In fact this pro-
cess is also called respiration in plants. It does not depend
upon light, for it goes on in the dark. It does not depend
apon chlorophyll, for it goes on in plants and parts of plants
which are not green. It is not peculiar to leaves, but goes
on in every living part of the plant. A process which goes
on without interruption in all living plants and animals
must be very closely related to their living. We conclude,
therefore, that while photosynthesis is peculiar to green
plants, and only takes place in them when light is present,
respiration is necessary to all plants in all conditions, and
that when it ceases life must soon cease. The fact is,
respiration supplies the energy which enables the living
substance to work.

Once it was thought that plants differ from animals
in the fact that plants absorb carbon dioxide and give off
oxygen, while animals absorb oxygen and give off carbon
dioxide. It is seen now that there is no such difference,
but that respiration (absorption of oxygen and evolution of
carbon dioxide) is common to both plants and animals.
The difference is that green plants have the added work of
photosynthesis.

We must also think of the foliage leaf, therefore, as a
respiring organ, because very much of such work is done
by it, but it must be remembered that respiration is going
on in every living part of the plant.

This by no means completes the list of functions that
might be made out for foliage leaves, but it serves to indi-
cate both their peculiar work (photosynthesis) and the fact
that they are doing other kinds of work as well.



FOLIAGE LEAVES: FUNCTION, STRUCTURE, ETC. 35

B. Structure of foliage leaves.

28. Gross structure.—It is evident that the essential part

of a foliage leaf is its expanded portion or blade. Often the
leaf is all blade (see Figs. 7,

8, 18) ; frequently there is a

longer or shorter leaf-stalk

(petiole) which helps to put

Fi1e. 25. Two types of leaf venation. The figure to the left is a leaf of Solomon's
seal (Polygonatum), and shows the principal veins parallel, the very minute cross
veinlets being invisible to the naked eye, being a monocotyl type. The figure to
the right is a leaf of a willow, and shows netted veins, the main central vein (mid-
rib) sending out a series of parallel branches, which are connected with one another
by a network of veinlets, being a dicotyl type.—After ETTINGSHAUSEN.

the blade into better light-relation (sce Figs. 1, 9, 17, 20,
26); and sometimes there are little leaf-like appendages (stip-
ules) on the petiole where it joins the stem, whose func-
tion is not always clear. Upon examining the blade it
is seen to consist of a green substance through which a
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fiamework of veins is variously arranged. The large veins
which enter the blade send off smaller branches, and these
send off still smaller ones, until the smallest veinlets are
invisible, and the
framework is a
close network of
branching veins.
This is plainly
shown by a “‘skel-
eton” leaf, one
which has been so
treated that all
the green sub-
stance has disap-
peared, and only
the network of
veins remains. It
will be mnoticed
that in some
leaves the veins
and veinlets are
very prominent,
in others only
the main veins
are  prominent,
while in some it
is hard to detect
any veins  (sce
F16. 26. A leaf of hawthorn, showing a short petiole, and Figs' 25, 26)'

a broad toothed blade with a conspicnous network of 29, Signiﬁcance
veins. Note the rclation between the veins and the of leaf veins—It

teeth.—After STRASBURGER.
is clear that the
framework of veins is doing at least two things for the
blade: (1) it mechanically supports the spread out green sub-
stance ; and (2) it conducts material to and from the green
substance. So complete is the network of veins that this
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support and conduction are very perfect (see Fig. 27). It
is also clear that the green substance thus supported and
supplied with material is the important part of the leaf, the
part that demands the light-relation. Study the various
plans of the vein systems in Figs. 3, 9, 13, 18, 19, 20, 21,
25, 26, 51, 70, 76, 82, 83, 92, 161.

Ti6. 27. A plant (Fitlonia) whose leaves show a network or veins, and also an adjust-
ment to one another to form a mosaic.

30. Epidermis.—If a thick leaf be taken, such as that
of a hyacinth, it will be found possible to pecl off from
its surface a delicate transparent skin (epidermis). This
epidermis completely covers the leaf, and generally shows
no green color. It is a protective covering, but at the same
time it must not completely shut off the green substance
beneath from the outside. It is found, therefore, that
three important parts of an ordinary foliage leaf are : (1)
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a network of veins; (2) a green substance (mesophyll) in
the meshes of the network ; and (3) over all an epidermis.

31. Stomata.—If a compound microscope is used, some
very important additional facts may be discovered. The

Fia. 28. Cells of the epidermis
of Maranta, showing the
Interlocking walls, and a
stoma (#) with its two guard-
cells.

thin, transparent epidermis is
found to be made up of a layer of
cells which fit closely together,
sometimes dovetailing with each
other. Curious openings in the
epidermis will also be discovered,
sometimes in very great numbers.
Guarding each opening are two
crescent-shaped cells, known as
guard-cells, and between them a
slit-like opening leads through the
epidermis. The whole apparatus
is known as a sfoma (plural
stomata), which really means

‘““mouth,” of which the guard-cells might be called the
lips (see Figs. 28, 29). Sometimes stomata are found only

on the under side of the leaf, sometimes only
on the upper side, and sometimes on both
sides.

The important fact about stomata is that
the guard-cells can change their shape, and
8o regulate the size of the opening. It is not
certain just why the guard-cells change their
shape and just what stomata do for leaves.
They are often called ¢ breathing pores,”
but the name is very inappropriate. Stomata
are not peculiar to the epidermis of foliage
leaves, for they are found in the epidermis
of any green part, as stems, young fruit,
etc. It is evident, therefore, that they hold
an important relation to green tissue which

is covered by epidermis. Also, if we examine -

1

Fia. 29. A single
stoma from the
epidermis of a
lily leaf, show-
ing the two
guard-cells full
of chlorophyll,
and the emall
slit-like opening
between,
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foliage leaves and other green parts of plants which live
submerged in water, we find that the epidermis contains
no stomata. Therefore, stomata hold a definite relation
to green parts covered by epidermis only when this epider-
mis is exposed to the air.

It would seem that the stomata supply open passage-
ways for material from the green tissue through the epider-
mis to the air, or from the air to the green tissue, or both.
It will be remembered, however, that quite a number of
substances are taken into the leaf and given out from it,
8o that it is hard to determine whether the stomata are
specially for any one of these movements. For instance,
the leaf gives out moisture in transpiration, oxygen in
photosynthesis, and carbon dioxide in respiration ; while it
takes in carbon dioxide in photosynthesis, and oxygen in
respiration. It is thought stomata specially favor transpira-
tion, and, if so, ‘“ breathing pores ” is not a happy phrase,
for they certainly assist in the other exchanges.

32. Mesophyll. —If a cross-section be made of an ordi-
nary foliage leaf, such as that of a lily, the three leaf
regions can be seen in their proper relation to each other.
Bounding the section above and below is the layer of trans-
parent epidermal cells, pierced here and there by stomata,
marked by their peculiar guard-cells. Between the epi-
dermal layers is the green tissue, known as the mesophyll,
made up of cells which contain numerous small green
bodies which give color to the whole leaf, and are known as
chlorophyll bodies or chloroplasts.

The mesophyll cells are usually arranged differently in
the upper and lower regions of the leaf. In the upper
region the cells are elongated and stand upright, present-
ing their narrow ends to the upper leaf surface, forming
the palisade tissue. In the lower region the cells are irreg-
ular, and so loosely arranged as to leave passageways for air
between, forming the spongy tissue. The air spaces among
the cells communicate with one another, so that a system of

4
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air chambers extends throughout the spongy mesophyll.
It is into this system of air chambers that the stomata
open, and so they are put into direct communication with
the mesophyll or working cells. The peculiar arrangement
of the upper mesophyll, to form the palisade tissue, has to
do with the fact that that surface of the leaf is exposed to
the direct rays of light. 'This light, so necessary to the
mesophyll, is also dangerous for at least two reasons. If

Fig. 30. A section through the leaf of lily, showing upper epidermis (ue), lower epi-
dermis (le) with ita stomata (s7), mesophyll (dotted cellg) composed of the palisade
region (p) and the spongy region (sp) with air spaces among the cells, and two
veins (¢) cut across.

the light is too intense it may destroy the chlorophyll, and
the heat may dry out the cells. By presenting only nar-
row ends to this direct light the cells are less exposed to
intense light and heat. Study Fig. 30.

33. Veins.—In the cross-section of the leaf there will
also be seen here and there, embedded in the mesophyll,
the cut ends of the veinlets, made up partly of thick-
walled cells, which hold the leaf in shape and conduct
material to and from the mesophyll (see Fig. 30).
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C. Leaf protection.

34. Need of protection.—Such an important organ as
the leaf, with its delicate active cells well displayed, is ex-
posed to numerous dangers. Chief among these dangers
are intense light, drought, and cold. All leaves are not
exposed to these dangers. For example, plants which grow
in the shade are not in danger from intense light ; many
water plants are not in danger
from drought ; and plants of
the tropical lowlands are in no

0.8.

Fie. 81. Sections through leaves of the same plant, showing the effect of exposure to
light upon the structure of the mesophyll. In both cares s indicates upper surface,
and us under surface. In the section at the left the growing leaf was exposed to
direct and intense sunlight, and, as a consequence, all of the mesophyll cells have
assumed the protected or palisade position. In the section at the right the leaf was
grown in the shade, and none of the mesophyll cclis have organized in palisade
fashion.—After STAML.

danger from cold. The danger from all these sources is be-
cause of the large surface with no great thickness of body,
and the protection against all of them is practically the
same. Most of the forms of protection can he reduced
to two general plans: (1) the development of protective
structures between the endangered mesophyll and the air;
(?) the diminution of the exposed surface.

35. Protective structures.—The palisade arrangement of
mesophyll may be regarded as an adaptation for protection,



42 PLANT RELATIONS.

but it usually occurs, and does not necessarily imply ex-
treme conditions of any kind. However, if the cells of the
palisade tissue are unusually narrow and elongated, or

Fi6. 32. Section through a portion of the leaf of the yew (Zaxus), showing cuticle
(), epidermis (¢), and the upper portion of the palisade cells (p).

form two or three layers, we might infer the probability of
exposure to intense light or drought. The accompanying
illustration (Fig. 31) shows in a striking way the effect of
light intensity upon the structure of the mesophyll, by
contrasting leaves of the same plant exposed to the extreme
conditions of light and shade.

The most usual structural adaptations, however, are
connected with the epidermis. The outer walls of the epi-
dermal cells may become thickened, sometimes excessively
s0; theother epidermal
walls may also become
more or less thickened;
or even what seems to
be more than one epi-
dermal layer is found
protecting the meso-
phyll. If the outer

Fle. 83. Scction through a portion of the leaf of  walls of the epidermal
carnation, showing the heavy cuticle (cu) .
formed by the outer walls of the epidermal ¢ e_l Is continue to
cells (ep). Through the cuticle a passageway  thicken, the outer re-
Jeads to the stoma, whose two guard-cells are s :
scen lying between the two epidermal cells gion Of_the thick wall
shown in the fizure. Below the epidermal lOses its structure
cells some of the palisade cells (pal) are shown r .
containing chloroplasts, and below the stoma anq fo m s the cuticle,
is seen the air chamber into which it opens. which is one of the
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Fre. 84. A hair from the leaf
of Potentilla. 1t is seen
to grow out from the epi-
dermlis,

best protective substances (see Fig.
32). Sometimes this cuticle be-
comes 8o thick that the passage-
ways through it leading down to
the stomata become regular canals
(see Fig. 33).

Another very common protective
structure upon leaves is to be found
in the great variety of hairs de-
veloped by the epidermis. These
may form but a slightly downy
covering, or the leaf may be cov-
ered by a woolly or felt-like mass
so that the epidermis is entirely
concealed. The common mullein
is a good illustration of a felt-
covered leaf (see Fig. 36). In cold
or dry regions the hairy covering
of leaves is very noticeable, often

giving them a brilliant silky white or bronze look (see
Figs. 34, 35). Sometimes, instead of a hair-like cover-
ing, the epidermis develops scales of various patterns,
often overlapping, and forming an excellent protection
(see Fig. 37). In all these cases it should be remembered

that these hairs and

scales may serve other purposes also,

as well as that of protection.

36. Diminution
of exposed surface.—
It will be impossible
to give more than a
few illustrations of
this large subject.
In very dry regions
it has always been
noticed that the
leaves are small and

Fie. 85. A eection through the leaf of bush clover
(Lespedeza), showing upper and lower epidermis,
palisade cells, and cells of the spongy region.
The lower epidermis produces numerous hairs
which bend sharply and lie along the leaf surface
(appressed), forming a close covering.
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Fi1a. 36. A branching hair from the leaf of common mullein.  The illustration shows
the form, but not the many-celled structure of the hair,

comparatively thick, although they may be very numerous
(see Figs. 4, 172). In this way each leaf exposes a small

F16. 87. A scale from the leaf of Shepherdia. These
scales overlap and form a complete covering.

surface to the dry-
ing air and intense
sunlight. In our
southwestern dry
regions the cactus
abounds, plants
which have reduced
their leaves so much
that they are no
longer used for
chlorophyll work,
and are not usually
recognized as leaves.
In their stead the
globular or cylin-
drical or flattened
stems are green and
do leaf work (Iigs.
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Fre. 39. A group of cactus forms (slender cylindrical, columnar,
and globalar), all of them spiny and without leaves ; an agave in
front ; clusters of yucca flowers in the background.
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38, 39, 40, 190, 191, 192, 193). In the same regions the
agaves and yuccas retain their leaves, but they become so
thick that they serve as water reservoirs (see Figs. 38, 39,

Fie. 40. A globular cactus, showing the ribbed stem, the strong spines, and the entire
absence of leaves,

194). 1In all these cases this reduced surface is supple-
mented by palisade tissue, very thick epidermal walls, and
an abundant cuticle.

37. Rosette arrangement.—The rosette arrangement of
leaves is a very common method of protection used by
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small plants growing in exposed situations, as bare rocks
and sandy ground. The cluster of leaves, flat upon the
ground, or nearly so, and more or less overlapping, is very
effectively arranged for resisting intense light or drought
or cold (see Figs. 11, 12, 48).

38. Protective positions.—In other cases, a position is
assumed by the leaves which directs their flat
surfaces so that they are not exposed to the
most intense rays of light. The so-called ‘‘ com-

Fia. 41. A leaf of a sensitive plant in two conditions. In the figure to the left the
leaf is fully expanded, with its four main divisions and numerous leaflets well
spread. In the figure to the right is shown the same leaf after it has been
“shocked ** by a sudden touch, or by sudden heat, or in some other way. The
leaflets have been thrown together forward and upward ; the four main divieions
have been moved together; and the main leaf-stalk has been directed sharply
downward. The whole changze has very much reduced the surface of exposure.—
After DUCHARTRE.

pass plants,” already mentioned, are illustrations of this,
the leaves standing edgewise and receiving on their surface
the less intense rays of light (see Figs. 5. 170). In the
dry regions of Australia the leaves on many of the forest
trees and shrubs have this characteristic edgewise position,
known as the profile position, giving to the foliage a very
curious appearance.

Some leaves have the power of shifting their position
according to their needs, directing their flat surfaces to-
ward the light, or more or less inclining them, according



F1a. 42. The telegraph plant (Desmodium gyrans). Each leaf is made up of threc
leaflets, a large terminal one, and a pair of small lateral ones. In the lowest figure
the large leaflets are spread out in their day position ; in the central figurc they are
turned sharply downward in their night position. The name of the plant refers to
the peculiar and constant motion of the pair of lateral leaflets, each one of which
describes a curve with a jerking motion, like the second-haud of a watch, as
indicated in the uppermost figure.
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to the danger. Perhaps the most completely adapted
leaves of this kind are those of the ‘sensitive plants,”
whose leaves respond to various external influences by
changing their positions. The common sensitive plant
abounds in dry regions, and may be taken as a type of
such plants (see Figs. 4, 41, 171). The leaves are divided
into very numerous small leaflets, sometimes very small,
which stretch in pairs along the leaf branches. When
drought approaches, some of the pairs of leaflets fold to-
gether, slightly reduc-
ing the surface expo-
sure. As the drought
continues, more leaflets
fold together, then still
others, until finally all
the leaflets may be
folded together, and the
leaves themselves may
Fie. 43. C({tyledons of squash seedling, show-  hend against the stem.
ngprns . i (e Sy a1 ik saling veose
gradually taking in sail
as a storm approaches, until finally nothing is exposed.
and the vessel weathers the storm by presenting only bare
poles. Sensitive plants can thus regulate the exposed sur-
face very exactly to the need. ’

Such motile leaves not only behave in this manner at the
coming of drought, but the positions of the leaflets are
shifted throughout the day in reference to light, and at
night a very characteristic position is assumed (see Figs. 2,
3, 42), once called a *“sleeping position.” The danger from
night exposure comes from the radiation of heat which
occurs, which may chill the leaves to the danger point.
The night position of the leaflets of Ozalis has been re-
ferred to already (sce §14). Similar changes in the direc-
tion of the leaf planes at the coming of night may be
observed in most of the Leguminose@, even the common
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white clover displaying it. It can be observed that the
expanded seed leaves (cofyledons) of many young germinat-
ing plants shift their positions at night (see Fig. 43), often
assuming a vertical position which brings them in contact
with one another, and also covers the stem bud (plumule).

Certain leaves with well-developed
protective structures are able to en-
dure the winter, as in the case of
the so-called evergreens. In the
case of juniper, however, the winter
and summer positions of the leaves
are quite different (see Fig. 44). In
the winter the leaves lie close against
the stem and overlap one another;
while with the coming of warmer
conditions they become widely
spreading.

39. Protection against rain.—It is
also necessary for leaves to avoid

Fia. 4. Two twigs of juni-

becoming wet by rain. If the water
ig allowed to soak in there is danger
of filling the stomata and interfering
with the air exchanges. Hence it
will be noticed that most leaves are
able to shed water, partly by their
positions, partly by their structure.
In many plants the leaves are so ar-

per, showing the effect of
heat and cold upon the
positions of the leaves.
The ordinary protected
winter position of the
leaves is shown by A,
while in B, in response to
warmer conditions, the
leaves have spread apart
and have become freely ex-
posed.—After WARMING.

ranged that the water runs off towards the stem and so
reaches the main root system ; in other plants the rain is
shed outwards, as from the eaves of a house.

Some of the structures which prevent the rain from
soaking in are a smooth epidermis, a cuticle layer, waxy
secretions, felt-like coverings, etc. Interesting experi-
ments may be performed with different leaves to test their
power of shedding water. If a gentle spray of water is

"allowed to play upon different plants, it will be observed
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that the water glances off at once from the surfaces of
some leaves, runs off more slowly from others, and may be
more or less retained by others.

In this same connection it should be noticed that in
most horizontal leaves the two surfaces differ more or less
in appearance, the upper usually being smoother than the
lower, and the stomata occurring in larger numbers, some-
times exclusively, upon the under surface. While these
differences doubtless have a more important meaning than
protection against wetting, they are also suggestive in this
connection.



CHAPTER 1IV.
SHOOTS.

40. General characters,.—The term shoot is used to include
both stem and leaves. Among the lower plants, such as
the alge and toadstools, there is no distinct stem and leaf.
In such plants the working body is spoken of as the thallus,
which does the work done by both stem and leaf in the
higher plants. These two kinds of work are separated in
the higher plants, and the shoot is differentiated into stem
and leaves.

41. Life-relation.—In seeking to discover the essential
life-relation of the stem, it is evident that it is not neces-
sarily a light-relation, as in the case of the foliage leaf,
for many stems are subterrancan. Also, in general, the
stem is not an expanded organ, as is the ordinary foli-
age leaf. This indicates that whatever may be its essential
life-relation it has little to do with exposure of surface.
It becomes plain that the stem is the great leaf-bearing
organ, and that its life-relation is a leaf-relation. Often
stems branch, and this increases their power of producing
leaves.

In classifying stems, therefore, it seems natural to use
the kind of leaves they bear. From this standpoint there
are three prominent kinds of stems : (1) those bearing foli-
age leaves ; (2) those bearing scaly leaves ; and (3) those
bearing floral leaves. There are some peculiar forms of
stems which do not bear leaves of any kind, but they need
not be included in this general view.
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A. Stems bearing foliage leaves.

42. General character.—As the purpose of this stem is to
display foliage leaves, and as it has been discovered that the
essential life-relation of foliage leaves is the light-relation.
it follows that a stem of this type must be able to relate its
leaves to light. It is, therefore, commonly aerial, and that
it may properly display the leaves it is generally elongated,
with its joints (nodes) bearing the leaves well separated (see
Figs. 1, 4, 18, 20).

The foliage-bearing stem is generally the most conspicu-
ous part of the plant and gives style to the whole body.
One’s impression of the forms of most plants is obtained
from the foliage-bearing stems. Such stems have great
range in size and length of life, from minute size and very
short life to huge trees which may endure for centuries.
Branching is also quite a feature of foliage-bearing stems ;
and when it occurs it is evident that the power of display-
ing foliage is correspondingly increased. Certain promi-
nent types of foliage-bearing stems may be considered.

43. The subterranean type.—It may seem strange to in-
clude any subterranean stem with those that bear foliage,
as such a stem seems to be away from any light-relation.
Ordinarily subterranean stems send foliage-bearing branches
above the surface, and such stems are not to be classed as
foliage-bearing stems. But often the only stem possessed
by the plant is subterranean, and no branches are sent to
the surface. In such cases only foliage leaves appear above
ground, and they come directly from the subterranean stem.
The ordinary ferns furnish a conspicuous illustration of
this habit, all that is seen of them above ground being the
characteristic leaves, the commonly called ‘‘stem” being
only the petiole of the leaf (sce Figs. 45, 46, 144). Many
seed plants can also be found which show the same habit,
especially those which flower early in the spring. This
cannot be regarded as a very favorable type of stem for




Fig. 45. A fern (Aspidium), showing three large branching leaves coming from a hori-
zontal subterranean stem (rootstock) ; growing leaves are algo shown, which are
gradually unrolling. The gtem, young leaves, and petioles of the large leaves are
thickly covered with protecting halrs. The stem gives rise to numerous small roots
from its lower surface. The figure marked 3 represents the under surface of a
portion of the leaf, showing seven groups of spore cases; at 5 is represented a
section through one of these groups, showing how the spore cases are attached and
protected by a flap ; while at 6 is represented a single spore case opening and dis-
charging its spores, the heavy spring-like ring extending along the back and over
the top.—After WossipLO.

5
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leaf display, and as a rule such stems do not produce
many foliage leaves, but the leaves are apt to be large.

Fia. 46. A common fern, showing the underground stem (rootstock), which sends the
few large foliage lcaves above the surface.—After ATKINSON.

The subterranean position is a good one, however, for
purposes of protection against cold or drought, and when
the foliage leaves are killed new ones can be put out by
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the protected stem. This position is also taken advantage
of for comparatively safe food storage, and such stems are
apt to become more or less thickened and distorted by this
food deposit.

44. The procumbent type.—In this case the main body
of the stem lies more or less prostrate, although the advanc-
ing tip is usually erect. Such stems may spread in all
directions, and become interwoven into
a mat or carpet. They are found
especially on sterile and exposed soil,

Fia. 47. A strawberry plant, showing a runner which has devel-
oped a new plant, which in turn has sent out another run-
ner.—After SEUBERT.

and there may be an important relation between this fact and
their habit, as there may not be sufficient building material
for erect stems, and the erect position might result in too
much exposure to light, or heat, or wind, etc. Whatever
may be the cause of the procumbent habit, it has its advan-
tages. As compared with the erect stem, there is economy
of building material, for the rigid structures to enable it to
stand upright are not necessary. On the other hand, such
a stem loses in its power to display leaves. Instead of
being free to put out its leaves in every direction, one side
is against the ground, and the space for leaves is diminished
at least one-half. All the leaves it bears are necessarily
directed towards the free side (see Fig. 18).

We may be sure, however, that any disadvantage com-
ing from this unfavorable position for leaf display is over-
balanced by advantages in other respects. The position is
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certainly one of protection, and it has a further advantage
in the way of migration and vegetative propagation. As
the stem advances over the ground, roots strike out of the
nodes into the soil. In this way fresh anchorage and new
soil supplies are secured ; the old parts of the stem may

F16. 48. Two plants of a saxifrage, showing rosette habit, and also the numerous
runners gent out from the base, which strike root at tip and produce new plants.
—After KERNER.

die, but the newer portions have their soil connection and
continue to live. So effective is this habit for this kind of
propagation that plants with ercct stems often make use of
it, sending out from near the base special prostrate branches,
which advance over the ground and form new plants.
A very familiar illustration is furnished by the straw-
berry plant, which sends out peculiar naked ¢ runners?”
to strike root and form new plants, which then become
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independent plants by the dying of the runmners (sce Figs.
47, 48).

45. The floating type.—In this case the stems are sus-
tained by water. Numerous illustrations can be found in
small inland lakes and slow-moving streams (sce Fig. 49).
Beneath the water these stems often seem quite erect, but

»

Fro. 49. A submerged plant (Ceratophyllum) with floating steis, showing the stem
jointa bearing finely divided leaves.

when taken out they collapse, lacking the buoyant power
of the water. Growing free and more or less upright in
the water, they secem to have all the freedom of erect stems
in displaying foliage leaves, and at the same time they
are not called upon to build rigid structures. Economy
of building material and entire freedom to display foliage
would scem to be a happy combination for plants. It must
be noticed, however, that another very important condition
is introduced. To reach the leaf surfaces the light must
pass through the water, and this diminishes its intensity so
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greatly that the working power of the leaves is reduced.
At no very great depth of water a limit is reached, beyond
which the light is no longer able to be of service to the
leaves in their work. Hence it is that water plants are

F1a.50. A vine or liana climbing
the trunk of a tree. The leaves
are all adjusted to face the light
and to avoid shading one an-
other as far as possible.

restricted to the surface of the
water, or to shoal places; and in
such places vegetation is very
abundant. Water is so serious
an impediment to light that very
many plants bring their working
leaves to the surface and float
them, as seen in water lilies, thus
obtaining light of undiminished
intensity.

46. The climbing type.—Climb-
ing stems are developed especially
in the tropics, where the vegeta-
tion is so dense and overshadow-
ing that many stems have learned
to climb upon the bodies of other
plants, and so spread their leaves
in better light (see Figs. 50, 55,
98, 212). Great woody vines
fairly interlace the vegetation of
tropical forests, and are known
as “‘lianas,” or “‘lianes.” The
same habit is noticeable, also, in
our temperate vegetation, but it
is by no means so cxtensively dis-
played as in the tropics. There
arec a good many forms of climb-
ing stems. Remembering that
the habit refers to one stem de-
pending upon another for
mechanical support, we may in-
clude many hedge plants in the
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list of climbers. In this case the stems are too weak to
stand alone, but by interlacing with one another they may
keep an upright position. There are stems, also, which
climb by twining about their support, as the hop vine and

Fi:. 51, A cluster of smilax, showing the tendrils which enable it to climb, and also
the prickles.—After KERNER.

morning glory ; others which put out tendrils to grasp the
support (see IFigs. 51, 52), as the grapevine and star
cucumber ; and still others which c¢limb by sending out
suckers to act as holdfasts, as the woodbine (see Figs. 53,
54). In all these cases there is an attempt to reach towards
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the light without developing such structures in the stem
as would enable it to stand upright.

47. The erect type.—This type seems altogether the
best adapted for the proper display of foliage leaves. Leaves

Fie. 52. Passion-flower vines climbing supports by means of tendrils, which may be
seen more or less extended or coiled. The two types of leaves upon a single stem
may aleo be noted.

can be sent out in all directions and carried npward to-
wards the light ; but it is at the expense of developing an
elaborate mechanical system to enable the stem to retain
this position. There is an interesting relation between
these erect bodies and zones of temperature. At high alti-

|
|
|
|
|
|
|
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F1a. 58. Woodbine (Ampelopsis) in a deciduous forest. The tree trunks are almost
covered by the dense masses of woodbine, whose leaves are adjusted s0 as to form
compact mosaics. A lower stratum of vegetation is vigible, composed of shrubs
and tall herbs, showing that the forest is somewhat open.-—After SCHIMPER.

tudes or latitudes the subter-
ranean and prostrate types of
foliage-bearing stems are most
common ; and as one passes to
lower altitudes or latitudes the
erect stems become more nu-
merous and more lofty. Among
stems of the erect type the tree
is the most impressive, and it
has developed into a great vari-
ety of forms or ‘“ habits.” Any
one recognizes the great differ- ...

A portion of a woodbine
ence in the habits of the pine (Ampelopwis). The stem tendrils

, N I have attached themselves to a
and the elm (See I‘lgS. 1)6’ smooth wall by means of disk-like

57, 58, 59), and many of our suckers.—Aftcr STRASBURGER.
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Fie. 55. A tree of the pine type (larch), showing the continuous central shaft and
the horizontal branches, which tend to become more upright towards the top of
the tree. The general outline is distinctly conical. The larch is peculiar among
such trees in periodically shedding its leaves.



F1a6. 57. A pine tree, showing the central shaft and also
3 ! the bunching of the
needle leaves toward the tips of the branches whe i
i here there is the best exposure
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common trees may be known, even at a distance, by their
characteristic habits (see Figs. 60, 61, 62). The difficulty
of the mechanical problems solved by these huge bodies
is very great. They maintain form and position and en-
dure tremendous pressure and strain.

F1a. 58. An elm in its winter condition, showing the absence of a continuous central
shaft, the main stem soon breaking up into branches, and giving a spreading top.
On each side in the background are trecs of the pine type, showing the central
shaft and conical outline.
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48. Relation to light.—As stems bearing foliage leaves -
hold a special relation to light, it is necessary to speak of
the influence of light upon their direction, the response to

[

Fi4. 59. An elm in foliage, showing the breaking up of the trunk into branches and
the spreading top.

which is known as keliotropism, already referred to under
foliage leaves. In the case of an erect stem the tendency
is to grow towards the source of light (see Figs. 1, 64).
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This has the general result of placing the leaf blades at
right angles to the rays of light, and in this respect the
heliotropism of the stem aids in securing a favorable leaf
position (see Figs. 63, 63a). Prostrate stems are differently
affected by the light, however, being directed transversely
to the rays of light. The same is true of many foliage

Fie. 60. Anoak in its winter condition, showing the wide branching. The various
directions of the branches have been determined by the light-relatione.

branches, as may be seen by observing almost any tree in
which the lower branches are in the general transverse posi-
tion. These branches generally tend to turn upwards when
they are beyond the region of shading. Subterranean stems
are also mostly horizontal, but they are out of the influence
of light, and under the influence of gravity, the response to
which is known as geotropism, which guides them into the
transverse position. The climbing stem, like the erect one,
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Fi1a. 61. Cottonwoods, in winter condition, on a gand dune, showing the branching
habit, and the tendency to grow in groupes.

grows towards the light, while floating stems may be
either erect or transverse.

B. Stems bearing scale leaves.

49. General character.—A scale leaf is one which does
not serve as foliage, as it does not develop the necessary
chlorophyll.  This means that it does not need such an
exposure of surface, and hence scale leaves are usually much
smaller, and certainly are more inconspicuous than foliage
leaves. A good illustration of scale leaves is furnished by
the ordinary scaly buds of trees, in which the covering of
overlapping scaly leaves is very conspicuous (see IFig. 65).
As there is no development of chlorophyll in such leaves,
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they do not need to be exposed to the light. Stems bearing
only scale leaves, therefore, hold no necessary light-relation,
and may be subterranean as well as aerial. For the same

Fia. €. A group of weeping birches, showing the branching habit and the peculiar
hanging branchlets. The trunks also show the habit of birch bark in peeling off
in bands around the stem,

reason scale leaves do not need to be separated from one
another, but may overlap, as in the buds referred to.

Sometimes scale leaves occur so intermixed with foliage
8



L. . .

Fia. 63. Sunflowers with the upper part of the stem sharply bent towards the light,
giving the leaves better exposure.—After SCHAPFNER.
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leaves that no peculiar stem type is developed. In the
pines scale leaves are found abundantly on the stems which
are developed for foliage purposes. In fact, the main stem
axes of pines bear only scale leaves, while short spur-like
branches bear the characteristic needles, or foliage leaves,
but the form of the
stem is controlled
by the needs of the
foliage. Some very
distinct types of
scale-bearing stems
may be noted.

50. The bud type.
—In this case the
nodes bearing the
leaves remain close
together, not sepa-
rating, as is neces-
sary in ordinary
foliage-bearing
stems, and the
leaves overlap. In
a stem of this char- o o/ ¢otyicdons of castor-oil bean ; the seedling
acter the later joints to the left showing the ordinary position of the
may become sepa- cotyledons, the one to the right showing the curva-

N ture of the stem in response to light from one
rated and bear foli- side.—After ATKINSON,

age leaves, so that
one finds scale leaves below and foliage leaves above on
the same stem axis. This is always true in the case of
branch buds, in which the scale leaves serve the purpose
of protection, and are aerial, not because they need a
light-relation, but because they are protecting young foli-
age leaves which do.

Sometimes the scale leaves of this bud type of stem do
not serve so much for protection as for food storage, and
become fleshy. Ordinary bulbs, such as those of lilies, etc.,
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Firo. 64. An araucarian pine, showing the
central shaft, and the regular clusters of
branches spreading in cvery direction and
bearing numerous small leaves. The low-
ermost branches cxtend downwards and
are the largest, while thoge above become
more horizontal and smaller. These dif-
ferences in the size and direction of the
branches secure the largest light expo-
sure.

are of this character;
and as the main pur-
pose is food storage
the most favorable
position is a subter-
ranean one (see Fig.
66). Sometimes such
scale leaves become
very broad and not
merely overlap but en-
wrap one another, as
in the case of the
onion.

51. The tuber type.
—The ordinary potato
may be taken as an il-
lustration (see Fig.
67). The minuie scale
leaves, to be found at
the ‘‘eyes” of the
potato, do not overlap,
which means that the
stem joints are farther
apart than in the bud
type. The wholeform
of the stem results
from its use as a place
of food storage, and
hence such stems are
generally subterra-
nean. Food storage,
subterranean position,
and reduced scale
leaves are facts which
seem to follow each
other naturally.
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52. The rootstock type.—This is prob-
ably the most common form of subter-
ranean stem. It is elongated, as are foli-
age stems, and hence the scale leaves
are well separated. It is prominently
used forfood storage, and is also admirably
adapted for subterranean migration (see
Fig. 68). It can do for the plant, in the
way of migration, what prostrate foliage-
bearing stems do, and isinamore protected
position. Advancing beneath the ground,
it sends up a succession of branches
to the surface. It is a very efficient
method for the ‘“spreading” of plants,
and is extensively used by grasses in cov-
ering areas and forming turf. The persist-
ent continuance of the worst weeds is often
due to this habit (see Figs. 69, 70). It

is impossible
to remove
all of the
indefinitely
branching
rootstocks
from the soil,
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Fi16.65. Branch buds

of elm. Three buds
(k) with their over-
lapping scales are
shown, each just
above the scar ()
of an old leaf.—
After BEHREN~.

Fie. 68. A bulb, made up of overlap-
ping scales, which are fleshy on
account of food storage. — After
GRraY.

and any fragments that remai