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PREFACE

TO

THE SECOND EDITION.

Tur avTHOR much regrets the inconvenience occasioned by the
unexpected delay in the issue of the present edition. That delay
has, however, arisen from causes over which he had no control,
and more especially from illness. The whole work has been
now very carefully revised, and in some parts rearranged and
rewritten, so as to adapt it more than ever to the requirements
and convenience of students; and it is sent forth in the full
belief that it will be found to represent, as far as possible, the
state of Botanical Science at the time of its publication.

The author desires to express his obligations to his friends
Dr. Trimen and Mr. H. B. Brady—to the former, for the revision
of the Third Book, on Physiology; and to the latter, for sup-
plying him with some new drawings for woodeuts.

Loxpox: October 1870.
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Tue prixcrean pEsIGN of the author in the preparation of the
present volume was, to furnish a ecomprehensive, and at the
same time a practical, guide to the Properties and Uses of
Plants, a part of Botany which, in the majority of manuals, is
but very briefly alluded to. He hopes that in this respect the
present manual may serve as an introduetion to works devoted
particularly to Materia Medica and Economic Botany, and thus
form a text-book of especial value to medical and pharmaceuti-
cal students ; as well as a work of reference generally, for those
engaged in commercial pursuits who have daily to make use of
substances derived from the vegetable kingdom.

Another prominent motive of the author was, to furnish the
pupils attending his lectures with a class-book, in which the
subjects treated of should be arranged, as far as possible, in
the same order as followed by him in the lectures themselves.
It may be noticed that this order differs in several respects from
that commonly followed, but long experience as a teacher has
convinced him that it is the most desirable one for the student.
Great pains have been taken in all departments to bring the
different subjects treated of down to the present state of science ;
and much care has been exercised in condensing the very nu-
merous details bearing upon each department, and in arranging
them for systematic study.

The author makes no claims for this work to be regarded as
a complete treatise on the different departments of Botany; it is
only intended as a guide to larger and more comprehensive



x PREFACE TO THE FIRST EDITION.

works, but he trusts, at the same time, that it will be found to
contain everything which the student of Botany really requires,
whether he is pursuing it as a branch of professional or general
education, or for pleasure and recreation.

The vast number of facts, observations, and terms necessarily
treated of, in the departments of Struetnral, Morphological, and
Systematic Botany, have compelled the author to give but a brief
account of the Physiology of Plants; he hopes, however, that
even here, all the more important subjects bearing upon the
education of the medical practitioner and pharmaceutist will be
found sufficiently comprehensive. To those who require a more
complete knowledge of this department he would refer them to
the Second Part of Balfour's Class-Book of Botany, in which
valuallle work full details upon Physiological Botany will be
found.

The author had a great desire, also, to include in the present
volume an Appendix upon Descriptive Botany, and a Glossary
of Botanical Terms, but the manual having already exceeded
the limits desired, he is unable to do so. The index itself
will, however, serve as a glossary by referring to the pages
in which the different terms are defined and explained; and
with regard to Deseriptive Botany, the author would especially
recommend every reader of this work to obtain a small but very
valuable work on that subject which has been recently published
by Dr. Lindley.

In compiling this volume the author has been necessarily
compelled to refer to many works and original memoirs on
botanical science, and he hopes that in all cases he has given
full eredit to the different authors for the assistance they have
afforded him. If he has omitted to do so in any instance, it has
arisen from inadvertence and not from design. To the valuable
works of Mohl, Jussieu, Schleiden, Mulder, Hofmeister, Asa
Gray, and Schacht, among foreign botanists; and to those of
Lindley, Balfour, Henfrey, Hooker, Berkley, Pereira, and Royle,
among British botanists, he begs to express his obligations,
To his friend, Mr. Daniel Hanbury, he is also indebted for some
valuable information communicated during the progress of the
work. To Lindley's Vegetable Kingdom, Pereira’'s Materia
Medica, and to the many valuable articles upon the Anatomy of
Plants in Griffith’s and Henfrey's Micrographic Dictionary, by
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the lamented Henfrey, the author is more especially indebted.
The last three works will always bear ample testimony to the
great research and abilities of their respective anthors.

The author has further to express his obligations to his
spirited publisher, for the numerous woodcuts which he has
liberally allowed him, and to Mr. Bagg for the great skill he has
shown in their execution. A large number of these woodcuts
have been taken from Maout's Atlas élémentaire de Botanique;
several from Jussieu's Cours élémentaire de Botanigue ; others
have been derived from the works of Schleiden, Mohl, Hof-
meister, Lindley, Henfrey, Balfour, &e.; and many are from
original sources. By the judicious use of these woodeuts in the
text of the volume, it is believed that the value of the work as a
class-book of botanical science has been materially increased.

Loxpox: May 1, 1861,
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MANUAL OF BOTANY.

INTRODUCTORY REMARKS.

Narvrar History, as a science, has for its object the investiga-
tion of everything that relates to the bodies placed on the surface
of the globe; or combined so as to form its substance. These
various substances have been, both by the common observer and
scientific investigator, arranged in three great divisions; called,
respectively, the Animal, Vegetable, and Mineral kingdoms. The
bacﬁea comprised in the two former, being possessed of life, form
the Organic or Animate creation ; while those of the latter, not
being endowed with life, form the Inanimate or Inorganie crea-
tion, It is our provinee in this work to treat of the lower ranks
of the organic ereation, called Plants or Vegetables. The science
which investizates these is termed Botany, from the Greek word
BoTavn, slgmfjﬂng an herb or grass.

DeparTymesTs oF Borany.—This science in its extended sense
embraces everything which has reference to plants, either in a
living or fossil state. It investigates their nature ; their internal
organization ; their external configuration; the laws by which
they are enabled to grow and propagate themselves ; and their
relations to one another, and to the bodies by which they are
surrounded. As a science, therefore, it 18 of vast extent, and
one which requires for its successful prosecution the most care-
ful and systematic study. It may be divided into the following
departments :—1. Organography ; this includes everything which
relates to the internal strueture and external configuration of
plants, and their various parts or organs; the portion of the
subject treating of the structure of plants is commonly termed
Structural Botany ; and that which has reference to their forms,
Morphological Botany. 2. P.&yswi?}"maﬂ Botany; this treats of
plants, and their organs, in a state of life or actmn 3. Systematic
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Botany ; this considers plants in their relations to one another,
and comprehends their arrangement and classification. 4. Geo-
graphical Botany is that which explains the laws which regulate
the distribution of plants over the surface of the globe at the
present time; and 5. Paleontological or Fossil Botany is that
department. which investigates the nature and distribution of
the plants which are found in a fossil state in the different
strata of which the earth is composed.*

DisTINCTIONS BETWEEN ANIMALS, PLANTS, AND MINERALS.—
Botany being the science which treats of plants, we ought to
commence our subject by defining a plant. No absolute defini-
tion can, however, be given in the present state of our know-
ledge of the organic world, neither is it probable that, as our
knowledge increases, such will ever be the case ; for, hitherto,
the progress of inquiry has shown that there is no distinct line
of demarcation between plants and animals, the one passing
gradually and imperceptibly into the other; indeed, there ave
observers.of repute who maintain that there are certain organ-
isms which are animals at one period of their lives, and plants
at another, and wice versd. The recent investigations of De Bary
have an important bearing upon this point, for he has described
certain Fungi, the spores of which, when germinating, give Tise
in some instances to a body not distinguishable from the Ameba,
one of the lowest forms of animal life. It has also been recently
shown that the protoplasm of the spores of the Potato mould
(Botrytis infestans) is at times ultimately resolved into active
zoospores undistinguishable from some Infusoria. The gonidia
of certain Lichens have been also stated to give rise to similar
bodies. We have, it is true, no difficulty in distinguishing a
plant from a mineral, although, at the present time, there are
many naturalists who even dispute this, and believe that simple
organisms can be formed out of inorganic matter: but notwith-
standing the ingenuity with which these views have been sup-
ported, we must hold such notions to be purely speculative, and
continue to maintain that the possession of individual life and
power of reproduction in the former, form at once, without
further investigation, a broad and well-marked line of demar-
cation from the latter. Even when we compare a plant with an
animal, so long as we confine our researches to the higher mem-
bers of the two kingdoms, the distinetions are evident enough ;
difficulties only occur when we look deeply into the subjeet, and
compare together those bodies which are placed lowest in the
scale of creation, and stand as it were on the confines of the
two kingdoms. It is then that we find the impossibility of laying
down any certain characteristics by which the two may be abso-

* The first three departments are those only that come within the scope of

the present work ; the latter being of too special and extensive a nature to
ke treated of in this manual.
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lutely recognised. We shall at present, therefore, only allnde
to those characters by which plants may in a general sense be
distinguished from animals, leaving the more extended investi-
gation of the subject to the pages of this volume.

In the first place, we find that plants hold an intermediate
station between minerals and animals, and derive their nourish-
ment from the earth and the air by which they are surrounded,
and that they alone have the power of converting this inorganie
or mineral matter into organic. Animals, on the contrary, live
on organic matter, and reconvert it into inorganic. In other
words, plants produce organic matter, and animals consume it.

Secondly, plants are generally fixed to the soil, or to the sub-
stance upon which they grow, and derive their food immediately
by absorption through their external surface; while animals,
being possessed of sensation and power of voluntary motion, can
wander about in search of the food which has been prepared for
them by plants and other animals, and which they receive into
an internal cavity or stomach. Plants are, therefore, to be re-
garded as destitute of sensation and power of voluntary motion,
and as being nourished from without; while animals are pos-
sessed of these attributes, and are nourished from within.

Thirdly, m respiration, or more properly assimilation, plants
decompose carbonie acid, fix the carbon which is the result of
that decomposition in their tissues, and restore the oxygen to
the atmosphere. The respiration of animals, on the contrary,
consists in the expiration of carbonic acid, which is formed by
the combination of the carbon which the animal system wants
to throw off, with the oxygen absorbed from the atmosphere.
Plants, therefore, in respiration, absorb carbonic acid and elimi-
nate oxygen ; while animals absorb oxygen and eliminate carbonie
acid.

Fourthly, there is a difference in the ultimate elements of the
permanent tissues of plants and animals; for while those of the
former consist only of three elements, namely, carbon, oxygen,
and hydrogen ; those of the latter are composed of four, namely,
carbon, oxygen, hydrogen, and nitrogen.

In reference to the above distinctive characters, it must be
particularly remarked that they are only general, namely, those
derived from comparing together, as a whole, the members of the
animal and vegetable kingdoms. To all of the above characters
there may be found some exceptions when we compare particular
individuals.

It was formerly believed that an absolute distinetive ¢haracter
existed between plants and animals, in the cell-walls of the
former being composed essentially of cellulose, and those of the
latter of gelatine. The researches of Schmidt, Lowig, Kélliker,
Schacht, Virchow, Huxley, and others, of late years, have, how-

ever, shown that cellulose also exists as a constituent of several
B 2
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molluscous and other animals. The presence of starch was also
formerly considered as a certain characteristic of a plant, but
recent investigations have also shown that this substance, or at
least one isomerie with it, is also to be found in the tissues of
animals, Neither the presence of cellulose or starch can be now
considered, therefore, as presenting any absolute marks of dis-
tinction between plants and animals. We arrive accordingly
at the conclusion that it is impossible to give a complete and
perfect definition of a plant, in contradistinetion to what is, to
be regarded as an animal.



BOOK 1.

ORGANOGRAPHY; OR STRUCTURAL AND MORPHOLOGICAL
BOTANY.

Tue most superficial examination by the unassisted eye of any
of the more highly developed and organized plants enables us to dis-
tinguish various parts or organs, as root, stem, leaves, and the
parts of the flower. A similar examination of plants of lower
organization and development presents to our notice either the
same organs, or organs of an analogous nature to those of the
higher plants. By a more minute examination of these several
organs by the microscope, it will be found that they are made
up of others of a simpler kind, in the form of little membranous
closed sacs, called cells, and tubular bodies, of various forms,
sizes, and appearances, and combined together in various ways.
Hence, in deseribing a plant with reference to its structure, we
have two sets of organs to allude to, namely, the compound
organs or those which are visible to the naked eye, and the
elementary organs or structures of which they are composed. A
knowledge of these elementary structures, or building materials
of the plant, is absolutely essential to a complete and satisfac-
tory acquaintance of the compound organs, but, previous to de-
seribing them, it will materially assist our investigations if we
give a general sketch of the compound organs, and of the plants
which are formed by their union. According to the number
of these compound organs, and the greater or less complexity
which they exhibit, so, in a corresponding degree does a plant
vary in these particulars. Hence, we find plants exhibiting a
great variety of forms. That part of Botany which has for its
object the study of these forms and their component parts is
called Morphology.
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CHAPTER 1.
GENERAL MORPHOLOGY OF THE PLANT.

Tur simplest plants, such as the Red Snow (Profococcus) and
Oscillatoria, consist merely of a single cell. This cell may, how-
ever, vary much in its form ; thus in the Red Snow-plant ( figs. 1

and 2), it is rownd ; in the Oscillatoria (fig. 8) lengthened ; in

Fig. 1.

Fig. 2.
P
! ' Fig. 1. Several Red Snow-plants (Protococens ( Palmella) ni-
*.D valis), enclosing minute bodies called spores, magnified
{:‘;\"‘\ ——Fig. 2. One plant still more highly magnified.
s Fig. 3. Two plants of Oscillatoria spiralis.

Fig. 6.

. 4. A species of monld (Mucor), with mycelium below, from which
two stalks are seen to arige, each "of which is terminated by a sac (cysti-
diwm), from which a number of minute bodies (spores) are escaping.
——Fig. 5. Another mould (Penicillivm), with mycelium and stalk bear-
ing several rows of cells, which are the germinating spores.——Fig. 6.
Another mould (Bofrytiz), with mycelium and stalk, which branches
above, and each ramification bears a ronnded spore.
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others branched in various ways (fig. 33). In these simple plants
we are unable to distinguish any separation of the nutritive and
reproductive functions, which is so evident in the higher plants,
but the cell of which they are composed is capable of performing
both these functions. y The plants immediately above these con-
gist of numerous ccfls combined in a single row, and either
simple (fig. 4), or branched in a variety of ways (figs. 5 and 6). 5,
In these plants we frequently find one or more of the cells ac-
quiring a special development, and producing in their interior a
number of others of a smaller size (fig. 4). Here we have the
first trace of a separation or distinction of the cells of a plant
into those adapted for nutrifion, and
those for reproduction, as the smaller
cells thus developed in the interior of
the larger ones are especially designed
for reproducing the plant, in the same
manner as the seeds of Flowering
Plants are adapted for that purpose.
These reproductive particles are termed
spores or sporules (fig. 4).

In the plants above these we find
the cells combined in various ways, so
as to form flattened leaf-like expan-
sions (fig. 7), or solid axes, as well
as special organs of reproduction (fig.
T 1)

Up to this point, however, although
we have, as just noticed, certain cells
containing reproductive particles, yet
we have no examples of plants present-
ing any distinet axis bearing leaves,
Such plants are therefore called Thallo-
gens or Thallophytes, that is plants
consisting of a thallus, because the latter L e
term 1s applied to any cellular filamen- = nion Bladder Sea-weed (Fucus
tous or flattened leafy expansions, of Ygsiculosue). & The fructiics-
whatever form, which have no axis or Dok 1
stem distinct from a leaf, but the two combined as it were
together, and performing the office of both. Under the head of
Thallogens we comprise those simpler forms of plants which are
commonly known as Algw, Fungi, and Lichens.

By various intermediate stages through an order of plants
called the Liverworts, we arrive at a series of plants, viz. the true
Mosses (figs. 8 and 9), which present us with an evident stemn,
bearing leaves. In these also we find the first trace of roots, in
the form of little tubular prolongations composed of cells pro-
ceeding from the lower part of the stem. In the Mosses, there-
fore, we have first distinetly shadowed forth the three essential

—
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organs of the higher plants, namely the roof, stem, and leaf. All
plants, frqm the Mosses upwards, are presented to us under
ordinary circumstances with a distinet axis, commonly bearing
leaves. Such are therefore termed Cormogens or Cormophytes,
signifying stem-producing plants, to distinguish them from the
thallus-forming plants or Zhallogens just alluded to.

Fig. 8,  Fig.10. Fig. 11.

=ar

Fig. 8.

Hair-moss ( Polytrickum),
with its leaves, stem,
and fructification.

Fig. o,

The male plant, as it
is eommonly termed,
of the Hair-moss, with
its stem and leaves,
and terminated by the
male organs (anfheri-
dia),

Fig. 10.

The common Club-moss
{Lycopodiim clavatum).

Fig. 11.
Fructification of the
Great Water Horse-tail
(Egquisetum Telmateia),

All the plants previously noticed, including the Mosses, are
composed of short, or, as they are technically termed, parenchy-
matous cells, without any trace of the elongated pointed tubular
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Fﬁ'lg. 12. The Male Fern (Lastrea Filiz-mas).——Fig. 13. A Tree-fern show-
ng a tuft of leaves or fronds at the apex of a eylindrical stem, which is

eni::aged at its base, ra, by the development of a mass of adventitions
roots.

bodies known as wood-cells and vessels, except in a very few in-
stances. These, therefore, are frequently known asCelludar Plants,
in order to distinguish them from all other plants placed above
them, which from being generally furnished with both wood-cells
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a}nd vessels, as well as parenchymatous cells, are called Vascular
Hants,

The lowest orders of Vascular Plants, like the true Mosses,
are comparatively insignificant in appearance, such as the Club.
mosses (fig. 10); the Horse-tails (fig. 11); and even generally
the Ierns so far as they are natives of eold and temperate regions
(fig. 12), but in the tropies and warmer parts of the globe the
latter plants frequently grow to a considerable height, and form
handsome trees (fig. 13). These plants, however, like the Mosses
and the Thallogens, are all repm(ﬁlcad by Spores, and never pro-
duce evident flowers like the higher kinds of plants, hence, such
are denominated Flowerless or Cryptogamous Plants, that is to
say, plants with concealed or invisible reproductive organs. The
Cryptogamous plants are again divided into two groups called
Acrogens and Thallogens ; the latter comprising the simpler
forms of plants, which, as previously noticed, are commonly
known as Algzm, Fungi, and Lichens, and which present no dis-
tinetion of stem and leaf (figs. 4—T7); and the former group, those
plants, such as the Mosses (figs. 8 and 9), and the Ferns (figs.
12 and 13), which present us with an evident stem, bearing leaves.
All plants above the Cryptogamous ones, from possessing evident
flowers or reproductive organs, are termed Phanerogamous, Phe-
nogamous, or Flowering. These latter plants are reproduced by
true secds instead of spores: a seed being essentially distin-
guished from a spore, from containing within itself in a rudi-
mentary eondition all the essential parts of the future plant in
the form of an embryo ( fig. 14); while a spore merely consists
of a single cell, or of several
united, and never exhibits any
distinction of parts until it begins
to develop in the ordinary pro-
cess of vegetation, and then only
in certain cases. The Phaneroga-
mous plants are those, therefore,
in which we have the highest and
most perfect condition of vegeta-
_ tion, and to these our attention
T L Dleovnielonoun e will be more particularly directed

axis (tigelle), terminated by the in the following pages. Before

D Lo ; 6 ¢ the cotyledons or proceeding, however, to describe

in detail the elementary structure
of plants and the different parts or organs which they form by
their combination, it will be more convenient and intelligible to
take a brief review of these compound organs.

We have just stated that a seed contains an embryo, in which
the fundamental organs of the future plant are present in a rudi-
mentary state. The embryo of a common pea may be taken
for the purpose of illustration (fig. 14). Here we find a distinet

Fig. 14.
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central axis, ¢, the lower part of which is called the radicle, r;
and its upper extremity, which is terminated by two or more
rudimentary leaves, is termed the plumule or gemmule, n, This
axis is united to two fleshy lobes, ¢e, whose office is of a
temporary nature, and to which the name of cofyledons or seed-
leaves has been given, Some seeds only contain one cotyledon
in their embryo (fig. 16, ¢), instead of two as just described in
the pea (figs. 14 and 15, ¢ ¢); hence we divide Phanerogamous
plants, or those which are reproduced by seeds, into two great
classes, called, respectively, Dicotyledons (fwo cotyledons), and
Monocotyledons (one cotyledon).

When a seed is placed under favourable circumstances (which
will be treated of hereafter in speaking of the process of germi-
nation) the embryo that it contains begins to develop ( figs. 15 and
16) ; the lower part of its axis or radicle, or one or more branches

Fig. 1. Fig. 16.

"

AN

Fig. 15. Germination of the Haricot or French Bean, a Dicotyledonous
plant. 7. The roots epringing from the lower end of the axis, ¢
(tigelle). c¢,c. The cotyledons. d. The leaves——Fig. 16, Germination
of Maize, a Monocotyledonous plant. £, The axis giving off roois
!mﬂi its lower extremity. c¢. The cotyledon, g. The leaves and young
B

from it, growing in a downward direction, while the upper part
elongates upwards, carrying the plumule with it, while at the
game time the cotyledonary portion becomes developed and
forms the first leafy organs. We have thus produced a central
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axis developing in two opposite directions; the lower part is
called the descending axis or root (/fig. 15, 7), and the upper the
ascending axis or stem, t. Upon this axis or its divisions all the
future organs of the plant are arranged ; those which immedi-
ately succeed the cotyledons e, constitute the true leaves of the
plant, dd; and all which succeed the leaves in the order of
development, such as the flower and its parts, are merely
modifications designed for special purposes of those Organs
which have preceded them. Hence the three organs, namely,
stem, root, and leaves, which originally exist in the embryo
in a rudimentary state, or are developed as soon as germina-
tion commences, are called the fundamental organs of the

lant. They are also called argans of nutrition or vegetation,
gecause they have for their object the nutrition and develop-
ment of the plant to which they belong: while the flower and
its parts have assigned to them the office of reproducing the
plant by the formation of seeds, and are hence termed organs
of reproduction.

In like manner, when a spore germinates, it either simply
developes parts which perform equally both nutritive and re-
productive functions ; or a certain special apparatus is designed
for the latter purpose, as is the case in all the higher Cryptoga-
mous Plants. We have here, therefore, as in Phanerogamous
Plants, two manifestly distinet series of organs, one adapted for
nutrition, and another for reproduction. Hence in treating of the
different organs of the plant, both in reference to their strue-
ture and funetions, we arrange them into two divisions : namely,
1. Organs of Nutrition or Vegetation, and 2. Organs of Repro-
duction,

Having now given a general sketch of plants in different
degrees of organization, and of the compound organs which
they respectively present, we proceed to describe in detail the
elementary structures or building materials of which they are
composed,
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CHAFTER 2.

ELEMENTARY STRUCTURE OF FLANTS, OR VEGETABLE
HISTOLOGY,

Section 1. Or THE CELL AS AN INDIVIDUAL.

Tae deseription of the elementary structure of plants is termed
Vegetable Histology

All plants in their earliest condition are composed of one (figs.
1-3), or more (figs. 4-6), delicate membranous closed sacs, called
eells or wiricles. All the organs which afterwards make their
appearance in the plant are also made up of these little bodies,
variously modified according to ecircumstances. The simple cell
presents itself, therefore, as the first and most important organ
of the plant—that from which all the others are developed ; and,
consequently, the only real elementary organ possessed by it.
It demands therefore our particular investigation. In treating
of it, we shall first describe its form and size; then proceed to
investigate the nature of the membrane of which 1t is composed ;
and lastly, its contents,

1. Form oF TuE Cerr.—The cell in its earliest condition eon-
sists of an exceedingly thin structureless membrane, enclosing
various substances. When developed in a space where it is per-
fectly free from the pressure of surrounding bodies, and when
equally nourished at all parts of its surface, it assumes a more
or less rounded form (fig. 17) ; the sphere is, therefore, to be con-
sidered as the typical form of a cell. This tendency, however,
of cells to assume a spherical form must be received with some
limitation, it being distinetly understood that such will be the
case only when they are developed under the above conditions.
But in the great majority of cases, as cells are formed by the
division of older cells (as will be hereafter seen), it must neces-
garily happen, that when first developed they will have the
shape of the half, the quarter, or some other section of the parent
eell, according to the number of parts into which it may be
divided, Such cells, however, if unrestriected in their after
development, will then tend in the majority of cases to assume
a spherical form. DBut, in consequence of cells being usually
developed in a confined space, a number of other forms are pro-
duced, all of which depend upon two circumstances. In the first
place, the form is determined by the unequal nutrition to which
the different parts of the cell-wall are subjected, thus causing a
corresponding irregular growth; and secondly, from the varying
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pressure of the surrounding organs. We shall now allude to a
few of the more common forms which cells assume.

First, when the nutrition is uniform, or nearly so, on all points
and sides of the cell-wall, we have a spherical or slightly elliptic

Fig. 17, Fig. 18. Fig. 19, Fig. 20.

Fig, 17. Rounded cells,
Fig. 18. Elliptic or oblong cell.
Figs, 19, 20, 21. Polygonal cells.

cell (fig. 17): when it is greater at the two extremities than at

the sides, the form is truly elliptic (fig. 18). In the above cases,

also, the cells are almost free from pressure. Under other cir-

cumstances, in consequence of the mutual pressure of surround-

ing cells, they assume a polygonal form (figs. 19, 20, and 21), the

number of the angles depending upon the number and arrange-

ment of the contiguous cells. Thus, in a perfectly regular ar-

rangement, when the contiguous cells are of equal size, we have

dodecakedral cells, resenting, when eunt transversely, a hexa-

gonal appearance (fig. 21). It is rarely, however, that we find

cells of this regular mathematical form, since, in consequence of

the unequal size of the contiguous cells, the polygons which re-

, sult from their mutual pressure must be more or

Fig. 22.  less irregular, and exhibit a variable number of
sides (generally from three to eight) fig. 20.

Secondly, when the nutrition is nearly uniform

on all sides of the cell-wall, but ot equally so at

all points of its surface, we have cells which

maintain a somewhat rounded form in the centre,

but having rays projecting from them in various

Fig. 22. Stellate  directions, by which they acquire a somewhat star-

s like appearance (fig. 22); and hence such cells

are called sfellafe. These rays may be situated in one plane, or

project from all sides of the cell. It is rarely the case that
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such cells have the rays at regular intervals, or all of one length,
but various degrees of irregularity occur, which lead to corre-
sponding irregular forms in such stellate cells.

Thirdly, when the nutrition occurs chiefly in one direction we
have cells which are elongated, either horizontally or vertically.
Among the forms resulting from an extension of the cell in
a horizontal direction, we need only mention Zabular cells (fig.
23), that is six-sided flattened cells, with the upper and lower
surfaces parallel, or nearly so, Of those cells, which are extended
in length or vertically, we have various forms, as eylindrical

Fig. 25,

Fig. 23. Tabular cells.— Fig. 24, Oylindrical cells. The small or rounded body
in the interior of three of these cells is called a nucleus or cytoblast.
——Fig. 25. Elongated fusiform cells.— Fig. 26. Fibrilliform cells,

(fig. 24), fusiform (fig. 25), fibrilliform (fig 26); the two former,
by the mutual pressure of contiguous cells, often become pris-
matic.

From the above description of the forms of cells it will be seen
that they may be divided into the short and elongated, although,
as various intermediate forms occur, this division cannot be
strictly adhered to.

The cells, when in combination with other cells so as to form
a tissue, are generally bounded by plane (figs. 20 and 21), or
rounded surfaces (figs. 17 and 27); but when in combination
also with the vessels of the plant, so as to form what are called
the vascular bundles, they are elongated, and have pointed extre-
mities (fig. 25). These differences in the condition of the cells
lead to corresponding differences in their arrangement ; thus, in
the former ease, the cells, when arranged in lines, are placed one
upon another, the ends being usually flattened (fig. 24); while
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in the latter their tapering extremities overlap one another, and
become interposed between the sides of the cells which are placed

Fig. 27. A portion of the frond of Nitophyllum laceratum, a, a. Cell walls
b, b Contents (endochrome) of the cells.—H, B. Brady.

above and below them (fig. 25). From this circumstance cells
have been divided into parenchymatous and prosenchymatous ;
parenchymatous being the term applied to those eells which are
placed end to end ; and prosenchymatous to those which are at-
tenuated, and overlap one another when combined together to
form a tissue. Another distinetion commonly observed between
parenchymatous and prosenchymatous cells arises from the con-
dition of their cell-walls ; thus, those of parenchymatous cells
are usually thin and but little inerusted ; while those of prosen-
chymatous cells are more or less thickened by the deposition upon
their inner surfaces of various incrusting matters. The above
distinctions between parenchymatous and prosenchymatous cells
are evident enough in the extreme forms of the two divisions,
but various transitional states occur which render it impossible
to draw, in many cases, a distinct line of demarcation between
them. -

When cells are so placed as to be uncombined with others, or
with the vessels of the plant, or but partially so, they are more
or less unrestrained in their development; but even in such cir-
cumstances, as in their combined state, the typical form is to be
more or less rounded. This form is, however, rarely maintained
as they grow older, although instances of such occur frequently
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in the lower Algm, as Profococcus (figs. 1 and 2); in pollen
(fig. 28); and in spores (fig. 6); more fre- g og
quently, however, the cells assume a more or less A
elongated form and become oblong (fig. 32), or o
cylindrical (fig. 29). In other cases again, we ié ° °

find that certain points of the cell-wall acquire a o %
special development, and become elevated from

its general surface as little papille (fig. 28), Fig. 25. Spherical
warty projections (fig. 29), or cilize ( figs. 30, 31,  pollen cell.
and 32), or are prolonged into tubular processes, or branched in
various ways. The hairs which are produced on the surface of
plants afford good illustrations of cells which are more or less

Fig. 30. Fig. 31.

Fig. 29, Fig. 32. Fig. 33.

Fig. 20. Elongated cell covered with warty projections.— Figs, 30, 31,
and 32. Ciliated cells.——Fig. 33. Branched cell (Botrydiunt granulatum),

unrestrained in their development (figs. 112-125) ; other instances
oceur in the germination of most spores, and strikingly so in
those of many Algze, as Bofrydiuwm (fig. 33) ; also when the pollen
cells fall upon the stigma ; and numerous other illustrations will
be observed as we proceed with our subject.

2. Size or THE CeLn.—The cells vary much in size in differ-
ent plants, and in different parts of the same plant. The par-
enchymatous cells, on an average, vary from about ;1; to - of
an inch in diameter ; others again are not more than ;- ; while
In some cases they are so large as to be visible to the naked eye,
being as much as ;% or even . of an inch in diameter. The
largest oceur in the pith of plants, in suceulent parts, and in water
plants,

c



18 ORGANOGRAPHY.

The dimensions of prosenchymatous eells generally afford a
striking contrast to those of the parenchymatous, for while we find
that their transverse diameter is commonly much less, averaging
about 1% of an inch, and frequently not more than ;2. they be-.
come much more extended longitudinally, some having been |
measured as much as § of an inch long, and according to Schleiden,
those of the inner burk are often four, five, or more inches in
length. The prosenchymatous cells of the wood and inner bark
of trees generally vary, however, from about the L to the L of
an inch in length.

Those cells again which have an unrestrained development are
frequently also far more extended in length. Thus, the cells of
which cotton is formed (fig. 132, a) are sometimes as much as one
or two inches long, while in some of the Cryptogamous water
plants, as Chara, cells oceur several inches in length.

3. THE CELL-MEMBRANE OR CELL-WALL.—a. Its Chemical Pro-
perties.—The membrane of which the cell is composed consists of
the substance called cellulose or cellulin, and as all plants and all
parts of a plant are formed essentially of cells variously modified
and combined, this substance must be considered as the funda-
mental material of the plant. When pure it is a ternary com-
pound of carbon, kydrogen, and oxygen ; of which the latter two
exist in the same proportions as in water. Hence it may be
considered as consisting of carbon and the elements of water,
Some observers deseribe the cell-wall as formed of two mem-
branes, the outer having the composition as just deseribed, and
the inner, which is termed the Primordial utricle, containing
nitrogen, in addition to carbon, oxygen, and hydrogen. In ae-
cordance with the views generally entertained, we have deseribed
the so-called primordial utricle as one of the contents of cells.
« (See p. 26.)

Cellulose is insoluble in both eold and boiling water ; also in
aleohol, ether, and dilute acids, and almost insoluble in weak al-
kaline solutions. By the action of cold concentrated sulphurie
acid upon cellulose a treacly-looking liquid is produced, which is
converted, after dilution and boiling, first into dextrin, and then
into grape sugar. When iodine and sulphuric acid are applied
to eellulose, it assumes an indigo blue colour, which is rendered
more evident if the sulphuric acid be previously diluted with
water (the best proportions being one part of the latter to three
of the former). A similar blue colour is also produced when
cellulose is moistened with a solution of chloride of zine, iodine,
and iodide of potassium. Mohl has also shown that cellulose
will assume a blue colour if it be thoroughly imbued with iodine,
and afterwards moistened with water. The blue ecolour will
not be produced however, under such circumstances, when we
operate upon the cell-membrane of very young cells; hence it
1s probable that the young cell-membrane may be composed of a
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substance differing from cellulose, and which afterwards becomes
changed into it.

It rarely happens that cellulose can be found pure in any cell-
membranes ; it is usually combined with various organic and in-
organie substances, which modify the action of the above reagents,
and thus explain the differences which we find to exist in the
chemical properties of the membranes of the cells of different
plants, as well as those exhibited by the same cells at different
periods of their age.

Cellulose was formerly thought to be a substance peculiar to
plants, but it has now been found, as already noticed (page 3),
by several observers, in the tunies of some molluscous animals,
and in some of the organs of the higher animals,

b. Its General Properties and Structure.—The membrane con-
stituting the walls of young cells is transparent, and generally
colourless, although execeptions to this latter condition occasion-
ally oceur, especially in the lower orders of plants. Asthe cells
increase in age, they frequently assume a yellow, red, or brown
tint, in consequence of their walls absorbing these different
colouring matters. When the cell-walls become thus coloured,
they commonly lose in a great degree their transparency. The
various colours which the different parts of the plant assume, as
the vivid tints of certain parts of the flower, and the green of
the young bark and leaves, are not owing, therefore, to original
differences in the colour of the membranes of the cells of which
such parts are composed, but to the different colouring matters
which those cells contain.

The cell-membrane of young cells is very thin, smooth, and
free from any openings or visible pores, so that each is a per-
fectly closed sac. The membrane, however, although free from
visible pores, is readily permeable by fluids.

As the cell-membrane inereases in age itbecomes thickened, and
the cells which are composed of it increase in size. This thickening
takes place at first by the incorporation of new matter in its sub-
stance, or interstitially ; but after the cells have arrived at a de-
finite size, in all cases where they form parts of the permanent
structure of plants, their membranes increase in thickness, not
however as at first by interstitial deposition, but by the successive
deposit of new matter upon their inner surface. This new matter
is generally deposited in layers proceeding from without inwards
(figs. 34 and 35), by which the cavity of the cell is gradually
diminished, and even in many cases nearly or entirely filled
up. This increase in thickness may be especially observed
in the cells of the wood and inner bark, and in the hard cells of
the stone of the peach, cherry, and other similar fruits. This
thickening however of the cell-membrane, by successive layers of
deposit in its interior, is by no means confined to the cells of
the wood, or the other cases above mentioned, but it may be
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observed more or less in all cells where active chemical changes
are going on; thus it may be especially seen in those of the

F?E:gl 34&

Fig. 34. Traneverse section of
the testa of Datura Stranto-
nium. H. B. Brady,

Fig, 35, Transverse section of
A thick-walled cell of the
pith of Hoya carnesd. From
Mohl,

pith of Hoya carnosa (fig. 35). These thickening layers are
commonly called secondary luyers or deposits. It is these de-
posits which give hardness and firmness to the wood of plants
and to the stones of fruits, and hence the name of Sclerogen
(from a Greek word signifying hardness) has been given to them,
The term Lignin is also frequently applied to them from their
common occurrence in wood. Lignin is said to be a mixture of
several proximate principles. Like cellulose, however, it is com-
posed of three elements, carbon, oxygen, and hydrogen, but the
proportion of hydrogen is greater in it than in cellulose. Lignin
15 insoluble in water, but always soluble in alkaline liguids. Tt
is rarely, or ever, deposited in a pure state.

Pitted or Dotted Cells—In almost all cases when the cell-
membrane has thus become thickened by secondary layers, it
presents (instead of the smooth and homogeneous appearance, as
1s the case, as we have seen, when it is in a young condition) a

ter or less number of dots, pits, or slits of various kinds (figs.
36 and 37, ¢). These dots, &e. were formerly considered as actual
openings in the walls of the cells, and hence such cells were
called porous cells; but, when carefully examined, it may be readily
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discovered that these markings are caused by canals which run
from the outer or primary cell-membrans (fig. 37, a), through the
layers of thickening (), into the cavity of the cell (), and thus give

Fig. 36, Pitted cells——Fig. 37. Thick-walled cells from the fruit of a
Palm. «a,a. Original cell-walls, b, b SBecondary layers. e¢. Pit capals,
d. Cavity of the cell. e,e External pitted appearance. From Unger.

to the parts of the cell-membrane in which they are found,
when viewed by transmitted light under the microscope, a more
transparent appearance than that possessed by the thickened
membrane surrounding them. We arrive therefore at the con-
clusion, that the successive deposits of thickening layers take
place, not as imperforate membranes, as is the case with the
primary cell-membrane, but as perforated ones, which are de-
posited in succession from without inwards, in such a manner
that the openings in each of them shall exactly correspond the
one to the other, so as to form continuous canals from the cavity
of the cell towards, or to, the primary cell-membrane which
bounds these canals on the outside. Such cells are therefore im-
properly called porous, and hence are now commonly and cor-
rectly termed pitted or dotted cells. The pits or canals of con-
tiguous cells generally accurately correspond, so that however the
cell-walls may become thickened, their cavities are only separated
from each other at such spots by their primary thin walls (fig.
87, a), a contrivance especially designed to admit of a free com-
munication between the cells, notwithstanding the thickening
which their walls have undergone. It frequently happens that
two or more canals unite together at varying distances from the
walls of the cell, and thus form a common opening into its
cavity (fig. 35).

Although, as thus shown, the dotted appearance is not caused
by external holes or perforations in the primary wall of the cells,
yet as the latter advance in age, and lose their active vitality,
they frequently become perforated, in consequence of their thin
primary membrane becoming absorbed or breaking away., Such
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perforations are well seen in the Sphagnuwm, where they are suffi-
ciently large as to allow of the passage through them of animal-
cules and minute granular matters,

Cells with Bordered Pits.—In the “cell-walls of the wood-cells
of certain trecs we find, in addition to the ordinary pits, large
circular dises which encircle them, so that each pit looks as if it
had a ring surrounding it (fig. 38); hence such cells have been
termed cells with bordered pits, or disc—bﬁariﬂg wood-cells, or
punctated wood-cells, Such an appearance 18 produced by the
walls of the cells having a number of circular depressions on
their outside, each of which is shaped like a watch-glass (fig. 39).

Fig. 38 Fig. 39. Fig. 40,

Fig. 38. Disc-bearing wood-cells of the Pine, with a single row of dises o1
each eell.— Pig, 20, Diagram showing the watch-glass depression on
the ontside of a wood-cell of the Pine.— Fig, 40, Diagram showing
dise-bearing wood-cells in combination,

When two cells lie side by side, the depressions on the one accu-
rately correspond to those upon the other (fig. 40), by which a
number of lenticular cavities are formed between them, so that
when viewed by transmitted light they appear like discs. The
central pit is formed in the same manner, and owes its appear-
ance to the same cause which leads to the ordinary pit of cells.

Cells presenting such an appearance appear to be of universal
occurrence in the wood of the Conifers, and in other Gymno-
Spermous plants (see Ovule), where they-are also most distinetly
observed. It was formerly supposed that dise-bearing wood-
cells were confined to such plants, but it has now been proved
that similar discs also exist in the wood-cells of some other
trees; thus in the Winter's Bark Tree (Wintera aromatica) and
in the Star Anise (Iicium antsatum) such dises may be observed
(fig. 41), but the central pit is in these cases absent,
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These discs occur either in single rows (fig. 38), or in double
(figs. 42 and 43), or in triple rows (fig. 44). In those cases
where there is more than one row of disecs, the dises in each row
may be either on the same level, as is more eommonly the case
(fig. 42), or at different levels, and hence alternate to each other,
as in the Araucarias and allied trees (figs. 43 and 44).

Fig. 41. Wood-cells from [licium anisafum. From Gray.——
Fiyg. 42. Dise-bearing wood-cells of the Pine, with a double

row of dises, which are on the game level, or apposite vo
i each other. After Nicol.——Fig. 43. Dige-bearing wood-cells
of Alfingia excelsa, with double rows of discs, which are
alternate with each other.——Fig. 44, Disc-bearing wood-
cells of Araucaria, with double and triple rows of alternate
dises. After Nicol

The cause which leads to the formation of these lenticular
cavities has not yet been clearly proved. According to Schleiden,
they arise from the occurrence of bubbles of air between the walls
of the cells: but this must be incorreet, for such cavities, as first
shown by Mohl, are filled with sap in the young condition of the
cells.

Fibrous Cells.—It frequently happens that the secondary layers
(instead of being deposited in the form of perforated membranes,
which give rise to the pitted cells just deseribed), consist of delicate
threads or bands of varying thickness called fibres, which assume
a more or less spival direction upon the inner surface of the pri-
mary cell-membrane (figs. 45-47), and thus aive rise to what are
ealled fibrous cells. Such fibrous cells occur in various plants and
parts of plants; thus in the leaf of the Sphagnwin, the hairs of
many Cacti, in some of the membranes of many seeds, as those
of Sulvia and Collomia; in the spore-cases of some of the Flower-
less Plants, in the inner lining of all anthers, in the outer rind of
the aerial Toots of many Orchids, and in several other instances.

These fibrous cells also present some differences of appearance
as regards the distribution of their fibres. Thus, in some cells
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the fibre forms an uninterrupted spiral from one end to the
other (fig. 45): such are termed spiral cells. In other cases the
fibre is interrupted at
various points, and as-
sumes the form of rings
upon the inner surface
of the cell-wall (fig. 46),
and hence such eells are
called annular or ringed.
Instances also oceur even
more frequently, in which
the fibres are so distri-

buted as to produce a
Fig. 45. 8piral cell.— Fig. 46, Annular or ringed 1 tt =
cell.— Fig. 47. Ramified or reticulated conts. Pranched or netted ap
pearance (fig. 47); such

cells are termed ramified or reticulated, These annular and reti-
culated cells are merely modifications of the spiral, as is shown
by the eircumstance of our frequently finding in the same cell
intermediate conditions of all these forms, (For further parti-
culars on this head see Annular and Reticulated Vessels.)

The fibres in most cases are wound from left to right, although
instances occur where they turn in a contrary direction. The
turns of the fibre, or the rings, may be nearly in contact, or more
or less separated by intervals of cell-membrane; which latter
appearance 1s probably due to the growth of the membrane after
the deposition of the fibre. The turns of the fibre, or the rings,
again, may be either intimately attached to the cell-membrane,
or but slightly adherent, or altogether free. As a general rule,

: o8 the less the cell-membrane grows
Fig. 48. Fig. 49. after the deposition of the fibre, the
! \\\@ | more firmly is it attached to it.
=
F that the secondary layers which
\_/f give rise to the latter structures
are also deposited originally in a
the secondary layer has been deposited, by which the latter is
stretched and ultimately broken into little holes or slits at
various points.

These different kinds of fibrous
Fig. 48. Pitted and reticulated eell. Spil'al directian, and n fact that all
In some cases, as in the Yew (fig. 49), in the Mezereon, and in

Fig. 45. Fig. 46.  Fig. 47,

cells are connected by a number of
intermediate forms with the pitted
cells already treated of (fig. 48);
henceit has been supposed by many

Fig an. Woodecells of the Yew gosondary deposits have a tenden
S et g to assu:tr‘ﬂ}'e 'apspiral arrangemen?;
others, however, explain such a formation by supposing a slight
enlargement of the primary cell-membrane to take place after
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the Lime, &e., we find a spiral fibre or fibres developed in addi-
tion to the pits, which appearance also must be considered as
another proof of the common origin of fibres and pits.

4, ContenTs oF CELLs.—Under this head are included nearly
all the substances which are formed in the plant, or which have
been absorbed by it from the soil. We only propose at present
to treat of those contents of cells which are more eommonly
found, and which have an especial importance at this stage of
our inquiry. The more particular description of many of them
will be given under the head of Physiology, or, when treating
of the plants which yield them, in Systematic Botany. The de-
tailed account of others, again, belongs to Chemistry, and the
applications of Botany to Medicine, the Arts, Domestic Economy,
and Manufactures. By some authors the term endochrome ( fig.
27,5,5.) is used to indicate the whole contents of the cell;
it is chiefly so employed in deseribing the Alge. We shall first
describe those contents which are more especially present in
very young cells; these are the Profoplasm, Primordial Utricle,
and Nucleus.

Protoplasm.—This substance, which is abundant in all young
cells, 1s a white or yellowish opaque viseid fluid, either perfectly
smooth, or of & more or less granular nature. It may be detected
by the applieation of sugar and sulphuric acid, when it assumes,
more or less rapidly, a pink or rose colour. lIodine colours it
yellow or brown. It is also coloured by carmine and some other
alkaline colcuring matters, while the cell-wall, under such circum-
stances, is not coloured at all, or only very slightly tinted. It is
coagulated by acids and aleohol. It eontains nitrogen as an
essential ingredient, in addition to the three elements—carbon,
oxygen, and hydrogen, of which we have seen the primary cell-
membrane is alone composed. The protoplasm is called by some
German writers ‘ schleim,’ and in some Fia. 50
English works ‘mucug, or * mucilage.’ s
It is the germinal matter of Beale, who
regards it as composed of minute sphe-
rical particles, and these, again, of
smaller spherules,

Primordial Utricle,—When a cell
containing protoplasm is placed in
water, or allowed to remain for some
time in aleohol, or is exposed to the
action of iodine, the contents separate
from the wall (fig. 50), and are then

Fig. 50. Cell of the leaf of
geen to be bounded by a more or less Jungermannia Taylors,

defined portion of protoplasm, having After Mohl.

the appearance of a membrane, and which by its contraction has
removed all theother contents of the cell from the wall. This mem-
brane is readily distinguished from the cell-wall formed of cellulose
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by the action of earmine, as just noticed in reference to proto-
plasm. Mohl, who first discovered this structure, and who believed
1t to possess all the characters of an inner cell lining the outer
one, called it the Primordial Utricle, from the fact of its existi ng
previous to the cell-wall formed of cellulose. By some observers,
as already noticed (see page 18), the primordial utricle is re-
garded as a portion of the cell-wall, and not as one of the
contents of the cell. Whether such an appearance as that just
described, can be considered as owing to the presence of a distinet
membrane having the characters of an inner cell, as supposed by
Mohl ; or whether it should not be rather regarded as due to a
film caused by the coagulation of the surface of the protoplasm
by the action of the reagents applied, is by no means clear, for
when a cell containing protoplasm is examined without the aid
of reagents, no membrane thus bounding the contents of the cell
can be clearly distinguished. It would appear, therefore, far
more probable that this so-called primordial utricle is merely a
thickened layer of the protoplasm lining the cellulose-wall,
which has assumed the character of a true membrane under the
action of reagents, just in the same way as any thickened
gelatinous matter, when exposed to the air, would become in-
vested as it dried up by a more or less evident pellicle. This
thickened layer of protoplasm, or primordial utricle, performs,
as we shall afterwards find, a very important part in the pro-
cess of cell-development ; it may be, therefore, always observed
in young and vitally active cells. Its existence is in most
cases but transitory, disappearing when the secondary layers are
being deposited. It is, however, a permanent formation in cells
containing chlorophyll (the green colouring
matter of plants), as, for instance, in the cells
of leaves, and in many of the lower kinds of
plants,

Nucleus or Cytoblast.— Almost all young cells
contain one or more bodies ecalled Nuclei or
Cytollasts, which are always in intimate con-
nexion with the primordial utricle. In the
cells of the more highly organized plants the
nucleus consists of a rounded or lenticular
Fig.51. cellwith granular-looking body (figs. 24 and 51), which

nuclens and nu-  is generally more transparent than the pro-

S toplasm in which it is placed, and containing
almost invariably in its interior one or more usually sharply
defined bright points ecalled Nucleoli (fig. 51). These nucleoli
vary somewhat in their appearance ; more commonly they seem
to be formed of solid transparent granules, while in other cases
they appear like small cavities in the interior of the nucleus.
Nueclei are generally regarded as solid granular structures ; but
Niigeli and others deseribe them as vesicles. The nueleus and

Fig. 51.
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the nucleolus are best observed under the action of iodine, which
colours them yellow or brownish. The size of the nucleus in
proportion to the cavity of the cell varies greatly; thus in
a very young cell of newly-formed parts the nucleus occupies
nearly, or entirely, the whole cavity; while in the cells of other
g it is of but small size in proportion to the cavity. As
eells increase in age the nuclei commonly disappear ; but in some
eases they remain as long as the cells retain their vitality; while
in others they appear to be converted into chlorophyll or starch
ules.

It will afterwards be shown, when treating of cell-develop-
ment, that the substances just described under the names of
Protoplasm, Primordial Utricle, and Nueleus, and which are
especially present in very young cells, are actively concerned in
the origin and development of new cells. As the cells increase
in age, and when mature, a great variety of other substances are
found in them, which have been either formed in the plant;
or have been obtained from the soil, or substance upon, or in
which the plant grows. They are all dissolved, or float in a
watery liquid, which is commonly called sap.

Sap.—This liquid may be first observed in small vacuoles or
cavities existing in the protoplasm, and it then constitutes but a
small portion of the cell contents; but as the cells become ma-
ture, it continues to increase in quantity until it ultimately fills
their cavities. The amount of sap will necessarily vary accord-
ing to the conditions under which the plant is placed, especially
as regards the amount of water it can absorb or exhale; but
as a rule, with but few exceptions, it cannot altogether dis-
appear from the cells of the different organs of the higher
plants without destroying the life of those organs. Many of the
lower kinds of plants may, however, become complétely dried
up, but will still retain their vitality.

The sap is in rare cases coloured by substances which are dis-
solved in it, but commonly it is colourless, and resembles com-
mon water, It contains, as we have seen, various substances
dissolved or floating in it. Three of these we shall now desecribe,
namely, Chiorophyli, Starch, and Raphides.

Chiorophyll— This name is applied to the green colouring
matter of plants. It is especially abundant in the cells which
are sitnated just beneath the surface of leaves. It oceurs either
as an amorphous substance, or far more generally under the
form of granules, which float in the sap, or are more or less
adherent to the wall of the cell (fig. 62).

The nature of chlorophyll granules is by no means well ascer-
tained. Some observers deseribe them as consisting of soft mu-
cilaginous solid matters; while others define them as small
vesicles containing a green liquid. When they are acted upon
by aleohol or ether they retain their former size, but lose their
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green colour, hence it is clear that they consist of a substance
which is coloured green by the presence of colouring matter
diffused through them which is soluble in aleohol or ether. The
Farxules when thus freed from green colouring matter are co-
oured yellow by iodine, and therefore contain nitrogen. It
would seem probable from this, as well as from their common
occurrence around the starch granules (which, as we shall find
in speaking of starch, are developed from protoplasm), that they
are simply granules of protoplasm permeated by a green colour-
ing matter to which the name of chlorophyll is alone properly
applied. ~ Chlorophyll eonsists of carbon, oxygen, hydrogen, and
nitrogen, but the proportion of these has mot been accurately
ascertained. It appears to be of a resinous nature. According
to Frémy, chlorophyll is composed of two colouring principles,
one blue, called phyllocyanin, and the other yellow, termed phyi-
lozanthin, Chlorophyll is only formed under the influence of
light ; it never oceurs therefore in structures removed from that
agen®, but exclusively on the parts of plants near the surface.
In the autumn it undergoes certain changes which are not well
understood, by which it loses its green colour, and assumes
various shades of red or yellow. Frémy attributes the yellow
colour of fading autumnal leaves to the gradual destruction of
phyllocyanin.
All" the eolouring matters contained in the cells which are not
Fig. 52. &reen, and to which the peculiar tints of the petals
and other parts are due, are frequently comprised
under the common name of chromule. These are
of various natures, although, according to Frémy
and Cloez, all the colours assumed by flowers may
be referred to three separate principles, one of
which is of a blue or rose colour, and is named
cyanin ; while the other two are yellow. and termed
F '-‘E';-Iér"f;“tlﬁﬁt}m?: xanthin and xanthein.
taining starch-  Starch.—There is no substance contained in the
BTROULES. cells which has given rise to more discussion as to
its origin and nature than starch. It is, with the exception of
protop'asm, the most abundant and universally distributed of all
the cell-contents, occurring as it does, more or less, in all pa-
renchymatous cells ( fig. 52), except those of the epidermis. It
1s, however, most abundant in the matured structures of a plant,
as in the pith of stems, seeds, roots, and other internal and
subterranean organs which are removed from the influence of
light. In these respects it presents a marked contrast to chlo-
ryphyll, which oecurs only in young and vitally active structures,
which are placed near the surface of plants, and directly ex-
posed to light. When starch occurs in the active vegetating
parts, it is then commonly invested by chlorophyll granules.
Starch is not only widely distributed through the different
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parts of a plant, but it also occurs in varying quantity in all
classes of plants. Arrow-
root (fig. 53), sago,
(fig. 54), tous-les-mois
55), and potato
starch (fig. 56) may be
mentioned as familiar
examples of starches
derived from different
plants. In all cases
starch is a transitory
product stored up for
future use, resembling
in this respect the fat
of animals. When thus Fig. 53. West-India Arrow-ront.— Fig. 54. Sago
required for the nutri- meal. Both magnified 250 diameters.
tion of the plant, it is converted previously, as will be afterwards
seen, into dextrin and sugar, which are soluble substances, and
can be at once ap- St tr E
plied to the purpasgs £57.90. £5g. 26
of nutrition, which
is not the case with
starch in its un-
altered condition, as
it is then insoluble.
Starch is composed
chemically of earbon
and the elements of
water, Starch, how-
éver, mnever occurs
naturally in a per- %
fectly pure condition, Fig. 55. Tous-les-mois.— Fig. 56. Potato starch,
but it alwavs con- Both magnified 250 dinmeters.
tains a certain proportion of the peculiar secretions of the plant
from whence it is derived. These impurities can never under
ordinary circumstances be entirely removed, and hence arises the
difference in the value of the various starches used for food and
other purposes. Starch is insoluble in cold water, aleonol, ether,
or oils. By the action of boiling water it swells up and forms
a gelatinous mass, Jodine when applied to it gives a blue
colour or some shade of violet, the distinguishing character of
starch and some other matters closely allied to it, as cellulose
and amyloid ; which latter is a substance found occasionally in
the secondary deposits in the albumen of some seeds. The blue
colour is at onee destroyed by the application of heat and
alkalies. If starch be exposed to heat for a prolonged period,
it is converted into a soluble gummy substance, called dextrin
or British gum. A similar change is produced in starch by the
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action of diluted sulphuric acid, and diastase, a peculiar nitro-
genous substance occurring in germinating seeds. Starch was
formerly considered as peculiar to plants (see page 4), and its
presence therefore was regarded as an absolute distinetive mark
between them and animals. Of late years, however, a sub-
stance presenting the chemical reactions and general appearance
of starch has been found in some animal tissues. Sunch a dis-
tinetive character, therefore, can be no longer absolutely de-
pended upon.

Starch oceurs in two states, either in an amorphous condition,
or in the form of distinetly defined granules. Its existence in
an amorphous state has been detected by Schleiden in the bark
of the Jamaica Sarsaparilla, in the seeds of Cardamomum minus,
and in the underground stem of Carex arenaria; also by Currey
and Tulasne in certain Fungi ; and by Schenck in Ornithogalum
nutans and 0. lanceolatwn. Siarch commonly occurs in the
form of colourless transparent granules, varying in size ; which
are either distinet from each other as is generally the case (fig.
52), or more or less combined so as to form eompound granules
(fig. 57). When fully formed the granules are usually found float-
ing in the cell-sap, but in a young state each granule is attached

Fig. 57. Fig. 59.
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Fig, 57, Compound starch granules of West-India Arrow-root. After

Schleiden.—— Fig. 58. Wheat starch : magnified 250 diameters.— Fig.
59, Ricostarch : magnified 250 diameters,

at one point of its surface to the protoplasm or primordial
utricle, from which structures, as will be presently seen, it is
believed to be developed. In form the granules are always
spherical or nearly so in their earliest condition. In some cases
this form is nearly maintained in their mature state, as in wheat
starch (fig. 58), but the granules frequently assume other
forms, as ovate, elliptical, more or leéss irregular, club-shaped,
or angular (see figs. 53-59). Such forms arise from the un-
equal development of the sides of the granules, or from mutunal
pressure, the same causes indeed which give rise in a great
measure to the varying forms of the eells in which they are
contained. Starch granules vary also extremely in size in dif-
ferent plants, and even in the same cell of any particular plant.
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The largest granules known appear to be those of Canna starch,
or, as it 18 commonly termed, * Tous-les-mois,” where they are
sometimes as much as the g55 of an inch in length (fig. 55);
while the smallest granules, among which may be mentioned
those of Rice starch (fig. 59), are frequently under .= of an
inch in length.

Starch granules, when fully formed, usually present a small
rounded spot, which is commonly situated at one end, and which
is generally regarded as the original nucleus upon which after-
development has taken place; this is ealled the Ailwmn or nucleus.
Some observers, however, as Carpenter, regard the hilum as
marking the point at which the granule in its early state is
attached to the cell-wall, Surrounding this spot a number of
fine lines may be also commonly observed, which completely
encircle it, so as to present the appearance of a succession of
irregular concentric shells placed around a common point. The
cause of these appearances has given rise to much discussion, and
cannot be said, even at present, to be completely understood.
By some observers, as Nigeli, Martin, and Busk, the starch
granule is supposed to be a cell, having a wall of a different
nature to that of its contents; the appearance of the concentrie
strie being then supposed to be due, either to successive layers
of deposit in its interior, the boundaries being thus visible as
coneentric lines, as is supposed by Négeli ; or to the inrolling or
involution of the starch cell, as maintained by Martin ; or to the
doubling inwards of the wall, so as to form rugwe or folds, as
believed by Busk. By those who thus maintain the cellular
nature of the starch granule, the hilum is supposed to be a cavity
in the cell, or a pore or funnel-shaped aperture leading into it.
The more commonly received opinion of the development and
the structure of the starch granule, and that which seems to
me to be the correct one, is as follows: —the starch granule
appears at first in the form of a minute rounded body, which
constitutes the Aidlwm, but whether this be solid or hollow cannot
be positively stated :—around this hilum, as a starting-point,
there is deposited in the course of growth a sueccession of con-
eentric shells or layers, so that the innermost layers are the
first, and the ontermost the last layers which have been formed.
These layers are of a like chemical nature, but vary in thickness
at different parts of their circumference, showing that deposit
of starchy matter has been more rapid at one part than another;
they also vary in the amount of water they contain, the outer-
most layers being harder, firmer, and eontaining less water than
those in the interior. Other observers again maintain that each
layer is deposited inside its predecessor, That the different
layers of the starch granule vary in density may be at once
proved by the action of polarised light, when each granule
usually exhibits a black cross, Those who adopt this view of
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the structure of the starch granule explain the appearance it
commonly presents thus; the rounded spot or hilum being the
nuecleus of growth, and the concentric lines representing the
boundaries of the successive layers of deposit.

Starch granules vary very much in the distinetness and general
appearance of their concentric lines, in the same way as they
differ exceedingly in form and size when obtained from different
sources : those, however, which are obtained from the same plant
are more or less uniform in appearance, so that we may distin-
guish under the microscope the different kinds of starch, and
refer them to the particular plants from which they have been
derived.

With regard to the origin of starch granules, it would ap-
pear from the researches of Criiger that they are secreted on the
inner surface of cavities or vacuoles formed in the general proto-
plasm of the eell, in the same way as will be hereafter seen, the
primordial utricle or superficial pellicle of the protoplasm secretes
cellulose on its outer surface (see Cell-development). Hence
we find a ready explanation of a cireumstance already noticed
when treating of chlorophyll, namely, the common occurrence of
starch granules imbedded in it: for chlorophyll, as we have seen,
is probably nothing more than granules of protoplasm containing
a substance coloured green under the action of light, so that
starch granules may as readily be formed in cavities of this co-
loured protoplasm as in any other.

Raphides.—This name is now commonly applied to erystals
of any form found in the cells of plants, although the term ra-
phides (which is the Greek for needles) was originally given to
those only which were shaped like a needle (fig. 62). Raphides
may be found more or less in all classes of plants, and in all
their organs ; generally, however, they are most abundant in the
stems of herbaceous plants, in the bark of woody plants, and in
leaves and roots. In some plants they occur in such €normous
quantities that they exceed 1n weight the dried tissue in which
they are deposited; this may be especially observed in some
Cactaces ; thus Edwin Quekett found in the dried tissue of the
stem of the Old-man Cactus (Cereus senilis), as much as 80 per
cent. of erystals. Professor Bailey also found in a square inch
of Locust-bark of the thickness of ordinary writing-paper, more
than a million and a half of these crystals. The root of Turkey
or Russian rhubarb commonly contains from 35 to 40 per cent.,
hence when chewed it appears very gritty ; and, as this kind of
rhubarb usually contains a larger proportion of raphides than
any other, this grittiness has been employed as a means of
distingunishing it from them. The raphides are commonly con-
tained in cells, in which starch, chlorophyll, and other granular
structures are absent, although this is by no means necessarily

the case,
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The raphides occur either singly in the eells in which they
are found, as in the inner bark of the Locust-tree (fig. 60); or
far more commonly there are a number of crystals in the same
cell, in which case they are usually arranged in one of two ways,
that is—either placed side by side as in the stem of Rumex (fig.
62); or in groups radiating from a common point, and assuming

Fig. 60. Fig. 61. Fig. 62.

Fig. 60. Raphides in the cellz of the inner bark of the Loenszt tree.  After
Gray.— Fig. 61. Conglomerate raphides of the Beet.— Fig. 82, Acicu-
lar raphides, Two cells contain raphides, and three of them chlorophyll.

a clustered or conglomerate appearance, as in the cells of the
stem of the common Beet (fig. 61). The former are usually
termed acicular raphides, and the latter conglomerate raphides.

In some interesting researches into the nature of raphides
which have been made of late years by DMr. Gulliver he has
distinguished the acicular erystals, which he has called &rue
raphides, from those which occur either singly (fig. 60), or in
more or less globular or conglomerate masses (fig. 61), which he
has termed Spheraphides. He believes that the presence or
absence of the former or frue raphides, and their comparative
abundance, afford characters by which the species of certain
orders may be distingunished at once from the allied species
of neighbouring orders. He has instanced the plants of the
Onagraces, especially, as being in this way readily distinguished
from the plants of allied orders. DMr. Gulliver speaks verv
strongly upon this point as follows :—* No other single diagnosis
for the orders in question is so simple, fundamental, and uni-
versal as this; and the orders to which it applies should be
named raphis-bearing or raphidiferous’ Besides Onagracese,
Dioscoreace®, Aracer, and Asparagaces, are spoken of as truly
raphidiferous orders.

With regard to Sphaeraphides, Gulliver believes that there are
few, if any, orders among Phanerogamous plants in which they
do not exist; hence it is questionable how far their distribution

D
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might be rendered available as a means of distinguishing plants
from one another. Their presence, however, he finds universal in
every species of the orders Caryophyllaces, Geraniaces, Parony-
chiacem, Lythracem, Saxifragraces, and Urticacese; hence he
regards the presence of Spheeraphides as especially characteristice
of these orders.

In the common Arum and some other Aracese, the cells which
contain the raphides are filled with a thickened sap, so that
when they are moistened with water, endosmose takes place, by
which they are distended and caused ultimately to burst and
discharge their erystals from an orifice at each end (fig. 63).
Such cells have been called Biforines.

In many plants belonging to the families of the Urticacesm,
Moraces, and Acanthacew, there may be frequently observed

Fig. 64. Fig. 65,

Fig. 63. Raphides of an Arom being discharged under th
water.— Fig. 4. Oystolithe, from Parietaria officinalis, ..Ef li-::]:l ﬂ?:ﬁ’ere;f
——Fiig. 65. Cystolithe, from the leaf of Ficus elastica. After Henfrey,

situated generally just beneath the surfaces of the leaves, or
sometimes more deeply, peculiar crystalline structures, to which
the name of Cysfolithes has been applied by Weddell. These
consist of an enlarged cell containing commonly a globular or
club-shaped mass of crystals (figs. 64 and 65), suspended from
the top by a kind of stalk formed of cellulose, upon which the
crystals are deposited as upon a nueleus. Crystals are also
found of other shapes besides the globular and clavate in these
Cystolithes. All crystals found in these structures consist of
carbonate of lime.

The ordinary acicular or true raphides of Gulliver, and con-
glomerate raphides (Spheeraphides), appear to be simple chemical
combinations of the organic and inorganic acids and bases (com-
monly lime) which are contained in the fluids of the plant. Such
crystals, therefore, vary in composition, those of most frequent
occurrence consisting of oxalate of lime, as in Rhubarb root,
The acicular raphides appear to vary in composition in different
plants, for while some observers have described them as com-
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posed of oxalate of lime, others state them to be phosphate of
lime. Carbonate of lime crystals also frequently occur in plants,
as in many of the Cactacem. Crystals of tartrate of lime are
found in the old stems of some Cactacem; those of sulphate of
lime in the Musacez ; and those of other composition occasionally
oceur.

Raphides, as might be supposed from their varying composi-
tion, ussume different crystalline forms; thus some are acicular
or needle-shaped (as we have already seen), with pyramidal
ends ; others, as those of oxalate of lime, crystallize in octahedra,
and in right-angled four-sided prisms; carbonate of lime erystals
assume a number of forms, but most commonly that of the
rhombohedron; and other erystals assume a variety of other
forms according to their composition,

Section 2. OrF THE Kinps oF Ceris AxD THEIR CoNNEXION
WITH EACH OTHER.

WEe have already seen that when cells are of such forms that
combined together they merely come in contact without percep-
tibly overlapping, they are called parenchymatous ; but that when
elongated ang ointed at their ends, so that in ecombination they
overlap each other, they are termed prosenchymatous. We have
also seen that such extreme forms are connected by all sorts of
transitional ones. Formerly, all elongated organs found in
plants were supposed to have an entirely distinet origin from the
eells, and were described under the names of Woody Fibres, and
Vessels or Ducts, but it is now known that these are all derived
originally from ordinary cells, and owe their peculiar appear-
ances, either to various modifications in shape, which the latter
undergo in the course of growth, or to their combination and
union with each other. This common origin of the Woody Fibres
of old authors and the Vessels or Ducts, with the cells, is proved
by the fact, that gradual transitional forms from the one to the
other may be commonly observed ; and also by tracing their de-
velopment, when it will be found that all these organs, however
modified in shape and appearance, are derived originally from
the ordinary cell. All the observations made previously, there-
fore, as to the chemical and general properties of cell-membrane,
as well as to the mode of growth and deposition of secondary
layers, apply equally to the Vessels or Ducts. We have already
stated this to be the case with regard to the Woody Fibres,
which we have spoken of under the name of Wood-cells. By
the combination of the different kinds of cells, we have various
compound structures formed which are called Tissues: these we
now proceed to deseribe. The most important and the most
abundant of them all is

1. ParencEyma.—This is composed of comparatively thin-
D2
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walled eells, whose length does not exceed their breadth, or in
which the proportion of the two diameters does not vary to any
remarkable extent. Parenchyma has been divided in various
ways by authors, the divisions being founded upon the forms of
the component cells, their modes of cohesion, and other pecu-
liarities. It will be sufficient for our purpose to adopt the simple
arrangement of Schleiden, which is as follows : —

1. Incomplete Parenchyma is that in which the component cells
are in contact only at a few points, so that numerous in-
terspaces are left between their walls; of this there are
two varieties.

a. Round or elliptical Parenchyma. (Figs. 17 and 66.)—This
is formed of rounded or more or less elliptic cells; it com-
monly occurs in succulent plants, and in those parts where
the tissues are of a lax nature, as in the pulpy portions of
leaves and fruits, The name of merenchyma is frequently
applied by authors to this form of parenchyma. It is con-
nected by various transitional forms with

b. Spongiform Parenchyma, which consists of stellate cells
(figs. 22 and 67), or of cells with an irregular outline pro-

Fig. 67.

Figr. 66.
Eound or elliptical
parenchyma,

Fig. 67.
Bpongiform or stellate
parenchyma,
compozed of stellate cells
with thres-cornered
intercellular epaces,

duced by projecting rays, and in contact only by the extremi-
ties of such rays, so as to leave large irregular spaces between
them (fig. 96,¢). This occurs commonly in the tissue at the
under surface of most leaves, and frequently in the air-
passages of plants.

2. Complete Parenchyma.—This includes all those forms which
are composed of cells in perfect contact on all sides, so
that no interspaces are left between them. Of this there
are three varieties.

a. Regular Parenchyma.—This is formed of dodecahedral or
polyhedral cells, the faces of which are nearly equal ( figs. 20
and 21). It commonly occurs in the pith of plants.

b. Elongated Parenchyma.—This is composed of cells elon-
gated in a longitudinal direction so as to become fusiform,
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cylindrical, or prismatic. It occurs frequently in the' cellular
tissue of Monocotyledonous Plants.

e. Tabular Parenchyma is that which consists of tabular
cells. It is found in the epidermis and other external parts
of plants (figs. 96 and 97). A variety of this kind of parenchyma
is called smuriform, because the cells of which it is composed
resemble in their form and arrangement the courses of bricks

in a wall (fig. 68). This variety occurs ’

in the medullary rays or the silver grain hﬂi’, i

of wood. oms o
) il e

Such are the commoner varieties of =
parenchyma, all of which are connected in =2 &==3
various ways by transitional forms which = s =
it is unnecessary 1:{} describe here. When .
ordinar renchymatous cells become i, 63,
much t‘ji:lifﬁﬂnﬁd :i)y soft secondary de- S i
posits, as in the fronds of many Algw, &c., the tissue formed
by them is called by some authors collenchyma; or if the
secondary deposits are of bony hardness, as in the stones of
fruits, Henfrey has proposed the term sterenchyma.

It frequently happens that ordinary parenchymatous cells
become thickened by secondary deposits, in such a manner as to
form pitted cells, or some variety of fibrous cells. The combina-
tion of these so as to form tissues, constitute, respectively, Pitted
Cellular Tissue, and Fibro-cellular Tissue. These tissues are,
however, but slight modifications of true parenchyma, and are
frequently included by authors with the other varieties under
that name,

In some of the lower orders of plants there is a kind of tissue
present, which is quite as distinct from parenchyma, as this is
tfrom prosenchyma and the tissues formed by the vessels of
plants. To this the names of Tela contexta and Interlacing fibrid-
liform Tissue have been given. It occurs especially in Fungi and
in Lichens (fig. 26), and consists of very long thread-like cells,
or strings of ecells, simple or branched, with either thin, soft,
readily destruetible walls, as in Fungi; or dry and firm ones, as in
Lichens: the whole inextricably interwoven or entangled with
each other, so as to form a loose fibrilliform tissue.

The tissues above described constitute the entire structure of
the lower orders of plants, such as the Alge, Fungi, and Lichens,
which are hence frequently termed Cellular plants; while those
orders above them, which contain commonly, in addition to cells,
vessels, and prosenchymatous wood-cells, are called Vascular
Plants (see page 9). In these higher orders of plants, paren-
chymatous cells constitute all the soft and pulpy parts; and
in cultivating plants or parts of plants for culinary purposes
and for food generally, the great object aimed at is to develop
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this kind of tissue as much as possible. Parenchyma is con-
nected by various intermediate conditions with prosenchyma,
which we now proceed to notice.
: : ; 2. ProsexcEYMa.— The
fig. 69, Fig. 70. Jig. 71. most perfect form of pros-
i i enchyma is that common-
e h"’x n ly termed Woody Tissue,

E ;\ (Woody Fibre of the old
[ifl||  writers).
A This tissue consists of

\ : very fine cells, elongated and
'.\"'| tapering to a fine point at

. /n each of their extremities,
- i

their inside being much
thickened by secondary de-
;] posits (fig. 69), and when
\ |1} in contact with each other,
|1.I}[|  overlapping by their pointed
\ {lj ends, so that they are firmly
‘ compacted together and leave
Fig. 60. Prosenchymatous cells.——Fig. RO 1nterspaces (fig.71). The

70. ,H"mi';s':m 5};?5111111 (fﬁfmgtl{:iﬁfﬂiit W{}U@y portions of all planl';s

tons selle in somblaation, consist in a great part of this

form of tissue. It is also
found in the liber or inner bark mixed with parenchyma, and
in the veins of leaves and those of other expansions of the stem
and its divisions.

We distinguish three kinds of cells which enter into the com-
position of Woody Tissue; namely, the ordinary Wood-cells, Disc-
bearing or Punctated Wood-cells, and Liber-cells ; these form
respectively, by their combination, the ordinary Woody Tissue,
the Disc-bearing or Punctated Woody Tissue, and Woody Tissue
of the Liber.

a. Woody Tissue—This, the ordinary kind of woody tissue, is
composed of cells the walls of which, although thickened by
secondary layers, either present a homogeneous appearance, as is
more commonly the case, or are marked with little dots or pits,
as in pitted cells. The occurrence of spiral fibres, or rings, or
reticulations, is exceedingly rare in wood-cells. The secondary
deposits are arranged in conecentric layers, which increase in
number as the cells progress in age, so that in old wood their
cavities are often nearly obliterated (fig. 70). This kind of tissue
occurs in the wood of most trees, except that of the Coniferse
and allied orders: and in the veins of some leaves, and those
of certain parts of the flower. The peculiar manner in which
these wougf::ells are arranged with respect to each other, over-
lapping at their pointed extremities, and thus becoming firmly
cemented, as it were, together, combined with the thickness of
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their walls, renders this tissue very strong and tough, and thus
admirably adapted for those parts of plants in which it is found,
and where such qualities are especially required.

b. Disc-bearing Woody Tissue.—This tissue is composed of those
wood-cells called Disc-tearing Wood-cells, which have been already
described. This tissue’ constitutes generally nearly the whole
of the wood of the Coniferse and other Gymnospermous plants,
as well as a portion of the wood
of some other plants, as Wintera Fig.72. Fig.73. Fig. T4
aromatica, Hllicium anisatumn, &e.
The dise-bearing wood-cells, how-
ever, in the latter cases, are some- ﬂ
what modified, the dises being
here found without the eentral
pit or dot (fig. 41). These disc- J
bearing wood-cells are much {
larger than the other kinds of
wood-cells, being often as much ’
as zl- or ;1= of an inch in dia- /
meter, while the latter are fre- |'I
quently not more than 757, or on
an average about —— of an inch
in diameter,

e. Woody Tissue of the Liber.—
This consists of cells much longer
than ordinary wood-cells ( fig.72),
with very thick walls (fig. 74), _.

Boi Conghor, bt ot the same 778, Tvper end of a herll
time softer and more flexible;  After Schiciden. —— Fig. T4,
henes thoso are & peculiar kind  aaiqyerss seetionof libercals
of cells, and have received the  walls

distinctive name of Liber-cells,

from their common oceurrence in the inner bark or liber of Dico-
tyledonous stems. This inner bark is also commonly termed
bast, hence the tissue formed by the combination of such cells is
also called Bast Tissue. The liber-cells are sometimes branched
(fig. 73). Besides the common oceurrence of this tissne in the
liber, it also occurs as a constituent of the wascular bundles of
Monocotyledonous stems, and also on the outside of many stems
in the same class of plants, and in the stems of Mosses. The
veins which form the framework of all leaves are also in part
composed of this kind of tissue.

From the peculiar qualities of woody tissues or fibres, and
especially of the woody tissue of the liber, the latter is admirably
adapted for various manufacturing purposes ; thus, Hemp, Flax,
New Zealand Flax, Pita Flax, Sunn, Jute, and Chinese Grass
Fibre, are all composed of the liber tissue of different plants,
and will afford good illustrations of the value of such liber
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fibres. DeCandolle has given the following Table of the relative
strength of some of these fibres as compared with silk, thus:—

Silk supported a weight of . o : 34

New Zealand Flax . : i : s 23%
Common Hemp . 4 ; A \ , 164
Common Flax . : ‘ . : : 114
Eita Flax * ; : : 3 - . 7

Other fibres brought recently from India and other countries are
even stronger than the above. While woody tissue is thus
shown to possess great strength when used in the form of what
are called fibres, these also, when macerated sufficiently, form a
pulp from which paper is chiefly manufactured.

All articles manufactured from cotton, which is composed of
long tubular parenchymatous cells placed end to end, with very
thin walls, are by no means so strong as those made from woody
tissue,.

The different kinds of woody tissue ave commonly associated in
the plant with other organs, which are also of an elongated tubu-
lar character, but larger than the prosenchymatous cells of which
the woody tissues are composed. These constitute the

3. Vessers or Vascurar Tissue.—These names were origi-
nally given to these organs from an erroneous idea of their re-
semblance to the vessels of animals, with which, however, they
have no analogy. The name of duct is also frequently applied to
them by authors. There are several varieties of vessels or duets,
the nature of which depends upon the modifications which their
walls undergo by secondary deposits in their interior. Thus we
have pitted, spiral, annular, reticulated. and scalariform ducts,
or vessels as we shall in future call them, as more in accordance
with general custom.

a. Pitted or Dotted Vessels.—These constitute by their com-
bination Pitted Tissue, the Porous Tissue of some authors, or the
Vasiform Tissue, Bothrenchyma, or Taplrenchyma of others ; the
two latter names being derived from Greek words signifying pits.
They either consist of elongated pitted cells with pointed ends
(fig. 25); or, as is generally the case, of a row of eylindrieal
pitted cells placed end to end, the intervening partitions of which
have become more or less absorbed, so that their cavities form a
continuous canal (figs. 75 and 76). The origin of pitted vessels
from a row of cells of a similar pitted nature, is clearly shown
in many instances by the contractions which their sides exhibit
at various intervals, by which they acquire a beaded or jointed
appearance (figs. 75 and 76); for these joints evidently corre-
spond to the points where the component cells come in contact,
and in some cases even we find the intervening membrane not
completely absorbed between the cavities, but remaining in the
form of a network or sieve-like partition (fig. 77). Pitted vessels



ELEMENTARY STRUCTURE. 41

generally terminate obliquely (fig. 77), and, when they combine
with neighbouring vessels, the oblique extremities of the latter

Fig. 75. Fig. 76. Fig. T1.

Figs. 75 and 76, Beaded pitted vessels.— Fig. 77. Pitted
vessel terminating obliquely, and showing that the
partition wall by which it was separated from the ad-
joining vessel has been incompletely abzorbed.

are so placed as accurately to correspond with the former. In
some cases, however, where the pitted vessels are pointed at the
ends, they overlap more orless by these points (fig. 25). Pitted
vessels may be commonly found in the wood of Dicotyledons ;
they are mixed here with the ordinary wood-cells, but are much
larger than these, as may be seen by making a transverse
section of the wood of the Oak, Chestnut, and other trees, when
the holes then visible to the naked eye are caused by their
section (fig. 161, v). The pitted vessels are g 9.78. Fig.79.
generally among the largest occurring in any
tissue. iy A

b. Spiral Vessels.—This name is applied 5.2
to lengthened cylindrical cells with tapering E=—=
extremities, having either one continuous
spiral fibre running from end to end, as is
commouly the case (fig. 78), or two or more
fibres ( fig. 79) running parallel to each
other. Those with only one spiral fibre are
termed Simple Spiral Vessels; those with
more than one, Compound Spiral Vessels.
The latter kind are well seen in the stem of
the Banana and allied plants, in the young
shoots of the Asparagus, and in the Pitcher
Plant. The fibre contained within the spiral Fig. Fﬂi Simple spiral
vessel is generally so elastic as to admit of Ef,f.?gﬂsﬁn}_wﬁﬂi s
being uncoiled when the vessel is pulled el
asunder, in which case the wall 18 ruptured between the coils.
This may be commonly seen by the naked eye by partially
breaking the young shoots or leaf-stalks of almost any plant,
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or the leaves of the Hyacinth, Banana, and others, and gently
pulling asunder the two ends, when the uncoiled fibres appear
like a fine cobweb. In most cases the coils of the fibre are
close together, so that the primary membrane cannot be ob-
served between them; in other cases, however, they are more
or less separated by portions of membrane (fig. 78). The latter
appearance is probably caused by the growth of the primary
membrane after the fibre has been deposited, by which the coils
become extended and separated from each other. The fibre is
generally turned to the right as in the ordinary spiral cells,
although instances occur in which it is wound in the opposite
direction. When spiral vessels come in contact they overlap
more or less at their ends (fig. 78), and frequently the membrane
between their cavities then becomes absorbed so that they com-
municate with each other. Spiral vessels sometimes present
a branched appearance, which is generally occasioned by the
union of separate vessels in a more or less oblique manner (fig.
81); or occasionally, it is said, as in the Gourd and some other
plants, by a division of the fibres of distinct vessels (fig. 80).
Spiral vessels occur in the sheath surrounding the pith of the
stems of Dicotyledons ( fig. 163, d), in the vascular bundles of
Monocotyledons ( fig. 159, sv), and in some of the higher Acoty-
ledons.. They also exist in the petiole and veins of leaves, and
of all other organs which are modifications of them, as bracts,
gepals, petals, &c. They may be also frequently found in roots.
: i In size they vary from the ;j7 to
Fig. 80, Fig. 81. Fa50 0f an %Fm:h i::n diameter.  The
) average size is about the 5755
Spiral vessels are sometimes called
Trachee or Trachenchyma, from
their resemblance to the trachee
or air-tubes of insects.

e. Annular Vessels—In these
vessels the fibre is arranged in
the form of rings upon their inner
surface ( figs. 82 and 83). Some-
times the whole of the vessel pre-

-8 sents this ringed appearance ( figs.
& 82 and 83); while in others, we
Fig. 80, Branched spiral vessel. find two rings connected by one
Fig. 81, Union of spiral vessels O more turns of a Epll"al, the two

L e L forms irregularly alternating with
each other (fig. 84). These vessels are of rarer occurrence than
the other modifications of spiral vessels. In size they vary
from about ;1 to 515 of an inch in diameter. Annular vessels
oecur especiﬂfily in the vascular bundles of the stems of soft
rapidly growing herbaceous plants among Dicotyledons also
in those of Monocotyledons; and in Flowerless Plants. In
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Fig. 82. Fig. 83, Fig. 84,

Figs. 82 and 83, Annular vessels,—— Fig, 84, Veszsel
ghowing a combination of rings and spiral fibre,
—— Fig. 85. Reticulated ves=sel,— Fig, 86, Pris-
matic sealariform vessels of a Fern. —- g, 87,
Cylindrical scalariform vessels of the Vine,

the latter they exist especially, and of a very regular character
in the Equisetaceze.

d. Reticulated Vessels.—In these vessels the spiral convolutions
are more or less irregular, and connected in various ways by cross
or oblique fibres, so as to form a branched or netted appearance
(fig. 85). These vessels are generally larger than the annular,
and of much more frequent occurrence, They are found in simi-
lar situations.

e. Scalariforn Vessels.—These are but slight modifications of
the reticulated vessels, and owe their peculiarity to the walls
being marked by transverse bars or lines, arranged over one-
another like the steps of a ladder, whence their name ( figs. 86
and 87). It is frequently difficult to determine whether this ap-
pearance of lines or barsis caused by the secondary deposits or by
fibres, or whether it is not owing to the presence of spots which
are thinner than the surrounding parts of the wall, as is the
ease with the pits of pitted vessels, Probably in most instances
at least, this is true; while in others, it would appear to be
caused by the fibre, as it sometimes happens that scalariform
vessels may be unrolled like the true spiral vessels. Secalariform
vessels thus appear to form an intermediate stage between pitted
and spiral structures. These vessels are sometimes eylindrical
tubes like the other kinds, as in the Vine (fig. 87) and many
other Dicotyledonous Plants, in which condition they are appa-
rently but slight modifications of reticulated vessels; but in their
more perfect state, scalariform vessels assume a prismatic form,
as in Ferns ( fig. 86), of which they are then especially charac-
teristic.

The annular, reticulated, and scalariform vessels constitute the
| spurious trachew of some authors., These vessels have com-
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monly tapering points like the true spiral vessels, and thus over-
lap at their extremities when they come in contact (fig. 86), in
which case they appear to be nothing more than elongated tubular
cells. In some other instances they terminate more or less
obliquely, or by flattened ends, as if formed of rows of cells like
most pitted vessels, and that this is their real

Fig. 88 origin in such cases is proved also by the oe-
currence occasionally of contractions on the
sides of their walls, so that they assume a
Al beaded appearance, such contractions indica-
showing ting the points where the component cells
i come in contact (figs. 82 and 87). In rare
spiral instances the true spiral vessels also present
2:}?;’:&' gimilar contractions on their walls.
fibres, These vessels are but slight modifieations
it ks of the true spiral. This is proved by the fact
mark- that we frequently find in the same vessel

one or more of the above forms combined
with the spiral (figs. 84 and 88), and thus
forming intermediate states of each other.
Aceording to Schleiden and others, they are not only slight mo-
difications of spiral vessels, but are actually produced from them
in consequence of certsin alterations which take place in the
course of their development. Thus, annular vessels according to
this view, ave formed by the growing together of portions of the
original spiral fibre into rings, the intermediate portions between
such rings becoming ultimately absorbed. Reticulated and
scalariform vessels again, are said to be formed by the for-
mation of cross fibres in various directions between the coils of
the spiral fibre, so that the spiral is converted into a reticulated
or scalariform vessel. Other observers, especially Mohl, state
positively that there is no change produced in the condition of the
fibre within these vessels by age, but that it is always deposited
originally in the same condition which it ultimately assumes,
and that the seeming transitional stages from spiral vessels
into annular and reticulated, are permanent intermediate forms
between them.

f. Laticiferous Vessels or Tissue—These constitute the Milk-
vessels of the old authors. They consist of long branched tubes
or passages, lying in no definite position with regard to the
other tissues (figs. 89 and 90), and -anastomosing or uniting
freely with each other like the veins of animals, from which
peculiarity they may be at once distinguished from other vessels.
When first formed these vessels are exceedingly minute and
their walls are very thin, but they become large and thick-sided
as they increase in age, but even then rarely present any pits or
spiral deposits in their interior, as is the case in the thickened
cells and vessels already described. A common size is the 1355
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. of an inch in diameter. They derive their name from containing
a watery fluid called lafer, which when exposed to the air be-

Fig. 89. Fig. 90,
]

comes milky, and is either white,
as in the Dandelion, Spurges,
Poppy. India-Rubber, Lettuce, &e.;
or coloured; thus yellow latex is
well seen in the Celandine. The /95
latex has a number of granules or [
globules floating in it, which are
composed of caoutchoue, or analo-
gous gum-resinous matters, and, oc-
easionally, mixed with them may
be observed peculiar-shaped starch
granules, as in Euphorbia (fig. 91).
Frémy states that in certain plants
he has found a kind of latex as
albuminous as the serum of the
blood or the albumen of the egg,
and to which he has given the name Figs. 89 and %. Laticiferous
of albuminous latex. Laticiferous i

vessels were first discovered by Schultz, who also described the
latex as constantly circulating in them, and hence the term
Cinenchyma or moving tissue has been applied to them. Lesti-
boudois has also, within the last few .
years, made out a circulation of the con- Fig. 91.
tents of laticiferous vessels. Tréeul has e
endeavoured to provethat the laticiferons —f sil
vessels are in direct connexion with
the spiral and other vessels, and he °
concludes that they act as venous reser-

Fig. 91. Latiei-
Terons vessels
from a species
of Kuphorbie;
the latex con-

taining starch

I i
AL_J)
M L T T LTI e

; . . . - . ranules of
voirs to the circulating fluid. These =i E,“,'f_u“ar
vessels occur especially in the inner 1 inrm. From

Henfrey,

bark of Dicotyledons, in the pith, and
in the stalks and veins of leaves. They
are also to be found in the vaseular bundles of Monocotyledons
and all parts which are prolonged from them. In Acotyledons
they exist only in the higher orders.

Their nature or origin is not we'l ascertained. By some vege-
table anatomists they are considered to be formed, like the
ordinary pitted vessels, from rows of cells arranged in various
directions with respect to each other, the partitions between their
cavities being more or less absorbed, so that they communiecate
freely together. There can be little doubt, however, that they
are simply Intercellular passages, which form a network of canals
(see Intercellular System), and which have originally no proper
membrane, but appear to acquire one subsequently by the depo-
gition of matter of varying thickness from the secretions which
they contain.
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We have now deseribed all the different forms of cells, and
the modifications they undergo, and the combinations of them
which take place, so as to form vessels. The different kinds of
vessels and woody tissues or fibres are more or less combined
together, and have always a tendency to develop and arrange
themselves in longitudinal or vertical bundles in the parts of the
plant where they are found, and thus they may be readily distin-
guished from the ordinary parenchyma in which they are placed,
both in their forms and mode of elongation. We thus find it
very convenient to speak of the bundles formed by the combina-
tion of the woody tissues or fibres and vessels, under the col-
lective name of Fibro-vascular Tissues, or the Fibro-vascular, or
Vertical, or Longitudinal System, to distinguish them from the
ordinary cellular tissue, which constitutes the Parenchymatous,
or common Cellular, or Horizontal System.

4, Epmermar Tissve.—In the higher Flowerless, and gene-
rally in Flowering Plants, the cells situated on the surface of the
different organs vary in shape and in the nature of their con-
tents from those placed beneath them, and form a firm layer
which may commonly be readily separated as a distinct mem-
brane. To this layer the term Epidermal Tissue is given. It
is generally described as consisting of two parts; namely, of
an inner portion called the Epidermis, and of an outer thin pellicle
to which the name Cuticle is given. By Carpenter, however, and
some other authors, these terms are used in precisely the reverse
sense; thus Cuticle to indicate the Epidermis, and wvice versd.
We use the term as first mentioned, because more in accordance
with general usage, although it must be admitted that the name
Epidermis, signifying, as it does, a membrane lying upon the
dermis or skin, would be more appropriate if applied in the latter
sense.

a. Epi s —This consists of one (fig. 95, a) or more ( figs.
96, a anc ayers of cells, firmly united together by their sides,

and forming a continuous membrane, except at the points where
it is perforated by the Stomata, presentlytobe described (fig. 107, 5).
These cells are generally of a flattened tabular character (figs.
95-99), the sides of which vary much in their outline; thus in
the epidermis of the /ris, and many other Monocotyledons, they
are elongated hexagons (fig. 92, ¢); in that of the Maize they are
zipzag (fig. 93, b); whilst in the Madder, the common Polypody,
&e., they are very irregular or sinuous (fig. 94); and in the epi-
dermis of other plants we find them square, thomboid, &e.
Ordinarily in European plants and others of cold and temperate
climates, the epidermis is formed of but one row of cells (figs.
95, a and 99), but in tropical plants we frequently find two (fig.
96), three, or more, as in the Oleander (fig. 97), by which pro-
vision such plants are admirably adapted, as will be afterwards
explained, for growth in hot dry climates. The upper walls of
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Fig. 93,

Fig. 92. Epidermal tiszue from the leaf of the Iris (Fris germanica), P
Cuticle, s, 5, Stomata. e, e Epidermal cells., After. ussien.— Fig, 9.
Epidermis of the Maize. a, o. Stomata. b, b, Zigzag reticunlations

formed by the sides of the cells.— Fig. ™. Sinuous epidermis with
gtomata, from the garden Balsam,

the epidermal cells are generally much thickened by layers of
secondary deposits, which gradually become thinner, and termi-

nate on the side walls (fig. 98). This thickening of the upper

Fig. 95. Vertieal section of the leaf of the

Maize, showing the epidermis, a, a,
formed of one row of celis,

with projecting hairs, g, g.

Fig. 9T

i
il

Fig. 96. SBection thromgh the leaf of a Banksia. it, @. Epldermis with two
rows of cells, e. Spongiform parenchyma, b, Hairs which are contained
in little depressions on the under surface of the leaf. After Schleiden.

Fig. 97. Beetion through the leaf of Oleander, showing the epidermis com-

posed of three layers of thick-sided cells, and placed above g compaoct
parenchyma of vertical cells. After Brongniart,
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walls of the epidermal cells may be especially observed in leaves
of a leathery or hardened texture, as in those of the Oleander
fig. 97), Aloes, Hoya (fig. 98), Box, Holly, &c.,and in the stems
of Cactacez (fig. 99). These thickening layers upon the inner

Fig. 98.

Fig. 98, The epidermizs of Hoyn rarnosa treated with caunstic alkali. a.
The enticle separating., b. The swollen, laminated, cuticular lavers of
the epidermal cells. After Mohl.—Fig. 99 Thickened epidermal cells
of a Cactus. Afcer Bchleiden.

walls of the npper or external surface of the epidermal cells
were formerly confounded with the Cuticle or thin pellicle which
is situated on the outside of the epidermis (fig. 98, @). Mohl, to
whom belongs the merit of first establishing this point, has pro-
posed the name of cuticular layers of the epidermis (fig. 98, b),
for these secondary deposits in the epidermal cells.

The cells of the epidermis are always filled with colourless
fluids ; the green or other colours which leaves and other organs
assume is due therefore to colouring matters of various kinds
which are situated in the subjacent parenchymatous cells, and
which show through the transparent epidermal cells. In the
epidermal cells of many plants, waxy matter i1s contained ; in
those of Chara, carbonate of lime; and in those of Eguiseta and
the Grasses, silica is met with in such abundance that, if the
organic matter be removed by the agency of heat or acids, a
perfect skeleton of the structure will be gbtained. These sub-
stances are probably deposited in the walls of the cells.

The epidermis covers all parts of plants upon which it is found
that are direetly exposed to the air except the stigma. and it 1s
in all cases absent from those which live under water. In the
Fungi, Algee, and Lichens, it is altogether wanting. The young
branches of trees are always covered with epidermis, which
is replaced at a subsequent period by epiphleeum. The roots of
plants are invested by a modified epidermal tissue to which the
term Epiblema has been given by Schleiden. This consists of
cells with thin walls, without stomata, but possessing cellular
prolongations externally, called Hairs, which will be described
hereafter. The inner surface of the ovary, the canal of the
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style, and the stigma of Flowering Plants are also covered by a
modified epidermis, resembling epiblema in its general characters,
to which the name of Epithelium has been given by Schleiden.

b. Cuticle—This consists generally of a thin transparent pellicle,
. which covers the entire surface _
of the epidermal cells( figs. 98, a. Fig. 100.
and 100), with the exception
of the openings called stomata.
It forms a sheath also over the
hairs (fig. 100). The ecuticle
has no cellular structure, orin-
deed any evident organization, Fig.100. Cuticle of the Cabbage, showing
although in certain cases it pre-  {hatitls berforted by the stomata, and
sents a somewhat granular ap-
pearanee, and is marked by lines formed evidently by the epidermal
cells withwhichit was in contact, Itis frequently prolonged into the
openings of the stomata, and from thence into the passages which
commonly exist between the sides of the cells below the epidermis

Fig. 102.

Fig. 101. Clstome from Cerews peruvianus, After Gasparrini.—— Fig. 102,
Clstomes of Oraithogalem nutens, ramifying in the intercellular passages
beneath the epldermis. Afver Gasparrini,

(fig. 102), and may then be separated by boiling in nitric acid as
a somewhat funnel-shaped bag (fig. 101). To this prolongation
of the cuticle, which Gasparrini first Fins. 108

described, and which he wrongly re- Wil ’
garded as a peculiar organ, he gave
the name of Cistome.

In rare cases, the cuticle, which
18 generally a very thin pellicle, be-
comes of considerable thickness, as
in the upper surface of the leaves
of Cyeas, (fig. 103). The nature Fig. 108. Secticn of a leaf of Cycas
of cuticle has given rise to much T, E?‘L“i'ﬂiﬂi@&"iﬁ‘iﬁiﬁ 4
discussion, and cannot be said to be After Schleiden.
as yet accurately determined. By most observers it is regarded
as an excretion from the epidermal cells, which has become

E
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hardened on their surface ; while others again regard the cuticle
as the permanent original outer wall of the parent cells of the
epidermis, which has become chemically altered by the action
of the air. It appears to be of the same nature as the /nfer-
cellular substance which will be described hereafter. A homo-
geneous membranous layer resembling, if not actually identical
with cuticle, is found upon the surface of plants living under
water ; and upon that of the Algee, Lichens, and Fungi, which
have no true epidermis.

c. Stomata or Stomates—These are orifices situated between
somo of the epidermal cells, opening into the intercellular cavities
beneath, so as to allow a free communication between the internal
tissues and the external air (figs. 106, s and 107, s); hence they
are also commonly called breathing pores. These orifices are
surrounded by cells of a different form from those of the epi-
dermis ; and they algo usnally contain some chlorophyll granules.
There are generally but two cells surrounding the orifice, which

Fig. 104. Fig. 105.
e
: q [
A

Fig. 104. Epidermis of the Lily, with stomata,— Fig. 105, Vertical section
of a portion of the frond of Marchantia polymorpha. g, ¢. Stoma divided
perpendicularly. &, h. Rings of cells forming its walls. After Carpenter.

are commonly of a more or less semilunar form (figs. 92 and
104), so that the whole has some faint resemblance to the lips
and mouth of an animal, and hence the name Stomata applied to
such orifices (oréua, a mouth). The bordering cells of the
orifice have been called ¢ stomatal cells,” or ‘ pore eells,” or ¢ guard-
cells,” and have the power of opening or closing the orifice which
they guard according to circumstances, as will be explained when
treating of the functions of stomata. Instead of two stomatal
cells, we sometimes, although but rarely, find four, or even more ;
thus, in some of the Liverworts (Hepaticace), the stomata are
rounded apertures between the epidermal cells, surrounded by
three or more tiers of stomatal cells, each tier being itself com-
posed of four or five cells, the whole forming a kind of funnel
or chimney ( fig. 105).

Upon making a vertical section through the stomata, we
usually find that the stomatal cells are placed nearly or quite
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on a level with those of the epidermis. In other cases, however,
and especially when situated upon leaves of a leathery or hard-

Fig. 106. Fig. 108. Fig. 109.

Fig. 107.

Fig. 106. Vertical section of the epidermis of Leucodendron decorum, show-
ing e, e, the epidermal cells, with the stomatal cells, &, with elevated
margins, m, m.— Fig. 107. Vertical section of the epidermis of the Iris.
8, The stomate, e, Epidermis. p. Parenchyma beneath the epidermis,
L. Intercellular space into which the stomate opens,—. Fig, 108, Eplder-
mis of Rumer acetosa, with rounded stomata, a.—Fig, 109, Square
stomate of ¥Fueca gloriosa. J

ened texture, the stomatal cells are below the epidermal ones,
while in some rare instances again they are above them (fig. 105).

The stomata vary in form and position in different plants
and in different parts of the same plant, but they are always the
same in any particular part of a plant. The most common
form is the oval (figs. 92, 93, and 104); in other instances they
are round (fig. 108, a) or square (fig. 109). They are either
placed singly upon the epidermis, at regular (fig. 92), or irregu-
lar intervals (fig. 108); or in clusters, the intervening epidermis

Fig. 110. Fig. 111,

)| A
R

Fig. 110. Epidermis of the leaf of a species of Saxifrage, showing clustered
Btomata, s, with intervening spaces, e, ¢, in which they are ahsent,— —
Fig. 111. Vertical section of the leaf of Oleander. e Cavity filled with
hairs, with stomata at their sides. p. FParenchyma. e Epidermis.

ﬁaving none (fig. 110). In the Oleander (Nerium Oleander) we

find little pits beneath the epidermis of the under surface of the
E2
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leaves which contain a number of hairs, and very small stomata
on their sides (fig. 111, ¢).

The number of stomata also varies considerably. The follow-
ing table will give some idea of their abundance in leaves,
and it will be observed that the number of stomata 1s always
greatest in those leaves where they are entirely absent from the
upper surface of these organs.

Stomata in one square inch of surface.

Upper surface. Lower surface.
Mezereon 5 a none ; ‘ 4,000
Pxony . . . none . . 13,790
Vine . : ‘ none . : 13,600
Olive : ; . none . ; 07,600
Holly : » none ; : 63,600
Laurustinus ; : none % . 90,000
Cherry-Laurel . ‘ none : : 90,000
Lilac : : ; none i . 160,000
Hydrangea . . none . . 160,000
Mistletoe A ‘ 200 . ; 200
Tradescantia . : 2,000 & ; 2,000
House-Leek ; v LETIO - : 6,000
Garden Flag . : 11,572 ; 11,5672
Aloe ; . 25,000 ; 20,000
Yueea : i ! 40,000 " h 40,000
Clove Pink . ; 38,500 : ; 38,600

Stomata are not found upon all plants. They are absent
from the lower orders of Flowerless Plants, as the Algee, Fungi,
and Lichens. In the higher orders of Flowerless Plants they
abound, as in Ferns and their allies, while in Liverworts and
Mosses they appear to be confined to certain organs. They
exist more or less upon all Flowering Plants and their organs.
They are, however, far more abundant upon those organs which
are green, thus occurring especially upon leaves as we have
seen, and particularly on their under surface. On floating leaves,
however, we find them only on the upper surface. They occur
also on the young green shoots of plants and on the parts of
the flower, and in the interior of the fruit of the Wallflower, and
on the seed of the walnuf. In such plants as have no true
leaves, as the Cactaces, they abound upon the green succulent
stems. They are commonly only found on those parts which
are furnished with a true epidermis, and are accordingly absent
in roots and all submersed parts of plants. They are also
absent in pale parasitical plants, from the epidermis of plants
Frowing in darkness so as to be blanched, and from the ribs of
eaves.
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5. ApPENDAGES OF THE EripErmis.—Upon the surface of the
epidermis, or in the sub-epidermal tissue, there are frequently
to be found certain structures consisting of cells variously com-
bined, and containing various substances, which are termed col-
lectively Appendages of the Epidermis. We shall treat of them
under the two heads of Hairs and Glands.

1. Hairs.—These are thread-like prolongations externally of
the epidermal cells covered by cuticle (figs. 95, g, and 100).
They may either consist of a single cell, when they are called
simple ( figs. 112-116), or of several cells, when they are compound
(figs. 119 and 120). Simple hairs may be undivided (fig. 112),
or forked (fig. 113), or branched (fig. 114). A very beautiful
form of a simple hair is that called Stellate, as seen in Dewtzia
seabra, Alyssum, &e. (fig. 115) ; this is formed by a eell dividing
horizontally into a number of parts which are arranged in a star-
like form ( fig. 116).

Fig.112.  Fig. 113. Fig. 114.

Fig. 116.

Fig. 117. Fig. 118.

Fig. 112. 8imple unbranched hair of the common Cabbage. Fig. 118.
Forked hair of Whitlow-grass (Draba).—— Figs. 114 and 115. Branched
stellate hairs of Alyssum,— Fig. 118, Stellate hairs from Althea offici-
nalis,—Fig. 117, Branching hair of a species of Marrubium,-—Fig. 118,
Branched hair of Alternanthera axillaris, From Henfrey.

Compound hairs may be also undivided, as is more frequentl
the case (figs. 119 and 120), or branched (figs. 117 and 118), The
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component cells of compound hairs may be also variously ar-
ranged, and thus give a variety of forms to such hairs. Com-
monly their cells are placed end to end in a single row, so that
the hairs assume a more or less eylindrieal form ; but when the
component cells are contracted at the points where they come in
contact, they become moniliforin or necklace shaped (figs. 119
and 120). When the cells below are larger than those above, so
that the hairs gradually taper upwards to a point, they become co-
aical ; or when gradually larger from the base tothe apex, the hairs
are clavate or club-shaped (fig. 121); or when suddenly enlarged,

Fig. 119. Fig. 121. Fig. 122. Fig. 123,

Fig. 120. Fig. 124,  Fig. 125,

Fig. 126.

Fig. 119, Moniliform_hair of Virginian eplderwort (Tradescantic virgi-
nica).——Fig. 120. Moniliform hair of Marvel of Peru (Mirabilis Jalapa).
— Fig. 121, Clavate hairs.—Fig, 122. Capitate hairs.— Fig. 123,
Hooked hairs.— Fig. 124, Glochidiate or barbed hafrs.—Fig. 125. Stel-
late hair from the Ivy.——Fig. 126, Peltate hair from Malphighia urens,

at their apex into a rounded head, capitate (fig. 122). When the
terminal cells of hairs are terminated by a hook on one side
pointing downwards, such hairs are termed wncinate or hooked
(fig. 123) ; or if ending in two or more hooks at the apex, they
are glochidiate or barbed (fig. 124). Such hairs again, instead
of being erect, or more or less oblique upon the epidermis, may
develop horizontally in a more or less cireular manner, and
form stellate hairs, as in the Ivy (ﬁ‘q 125); or two of the com-
ponent cells may develop in opposite directions from another
cell raised above the level of the epidermis, so as to produce
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what is termed a shield-like or peltate hair (fig. 126). - Many of
the above forms oceur equally in simple hairs, as in compound
ones, and the figures are taken indifferently from either. Many
| hairs have one or more spiral fibres in their interior, as those

on the seeds of Acanthodium, &e. (fig. 127).
Fig. 127. Fig. 128. Fig. 129.

Fig. 127. Hairs with spiral fibre in their.
interior, from the skin of the fruit of
Salvia Horminum,——Fug. 128. Beale or
radiating hair of the Oleaster (Eloag-
nus). — Fig, 120, Ramenta from the rachis
of a Fern.

Fig. 130. Ramentaceons hair,
——Fig. 131. Prickles on
Rosze-branch,

Fig. 131,

When the divisions of stellate hairs are closely connected, by
euticle or otherwise, they form scales or scunf; such epidermal
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appendages are, therefore, simply modifications of stellate hairs.,
A scale may be defined as a flattened membranous more or less
rounded plate of cellular tissue, attached by its ecentre, and
presenting a more or less irregular margin from the unequal
prolongation of its component cells (fig. 128). These scales are
particularly abundant on the surface of some plants, to which
they communicate a scurfy or silvery appearance, as in the
Eleagnus, &e. Such a surface is said to be lepidote, from lepis,
the Greek term for a scale.

Other modifications of hairs which are allied to the above, are
the ramenta or ramentaceous hairs so abundant upon Ferns ( fig.
129). These consist of cells (fig. 130) combined so as to form a
brownish flattened scale attached by its base to the surface of the
epidermis from whence it grows,

When the hairs are composed of cells which are short, and
have their sides thickened by secondary deposits so that they
form stiffened processes, they are then ealled sete or bristles, and
the surface is then termed sefose or setaceows. These slightly
modified, form prickles, which may be defined as large hardened
processes terminating in a sharp point and springing from the
epidermis or the bark of plants (fig. 131). They are especially

abundant on the stems of the Rose and Bram-

Fig. 132. ble. These must be distinguished from spines,

to be hereafter described when speaking of
branches.

The hairs above deseribed commonly contain
fluid of a watery nature, which may be colour-
less or coloured. Such have been termed /
phatic hairs, to distinguish them from other hair-
like appendages which are filled with special se-
cretions, and which have been called glandular
hairs. 'The latter will be again alluded to under
glands, to which variety of epidermal appendage
they more properly belong.

Hairs oceur upon various parts of plants, and,
according to their abundance and nature, they
give varying appearances to their surfaces, all
of which are distingnished in practical botany
by special names. The more common position
of hairs is upon the leaves and young stems, but
they are also found on the parts of the flower, the
5/ frut, and the seed. The substance called cow-
1 e hage or cowitch consists of the hairs eovering
‘ 5 the legumes of Mucuna pruriens; while cotton
Fig.132. a. Cotton. js the hair covering the seeds of various species

: of Gossypium. Cotton may be readily dis-
tinguished under the microscope from the liber-cells already
described, from its component cells not possessing any stiff
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thickening layers, and thus collapsing when dry, so that it thex
resembles a more or less twisted band with thickened edges ( fig.
132, a): while liber-cells from containing thickening material in
their interior, always maintain their original eylindrical forms
and tapering extremities ( fig. 132, ).

On young roots we find cells prolonged beyond the surface
which are of the nature of hairs, and have therefore been termed
radical hairs ( fig. 224). The hairs which occur on the parts of
the flower frequently serve an indirect part in the process of fer-
tilization by collecting the pollen or fruetifying powder which
falls from the stamens; hence such are termed collecting hairs
(fig. 133). The collecting hairs which oceur on the style of the
species of Campanula ( fig. 134, a) are peculiar from their upper
end ( fig. 134, &) retracting within their lower at the period of fe-
cundation. In some cases we find different parts of the plant
becoming transformed into hair-like appendages; thus in the
Wig-tree (Rhus Cotinus) ( fig. 135) the flower-stalks become con-

Fig. 133.  Fig. 134. Fig. 135,

Fig. 133, Pistil of Bell-flower (Campanula), with its gtyle
covered with collecting hairs.— Fig. 134. Magnifled repre-
sentation of two of the collecting hairs of the Bell-flower,
a.The hair in its normal position. b The hair with the
upper part partially drawn within its lower, From Schleiden,

——Fig. 135. Flowering branch of the Rhus Cotinus, or Wig-tree, with

one branch bearing fruit and the others covered with hair-like ap-

pendages and sterile,

verted into hair-like prolongations, and in many cases the ecalyx
of the Composite and allied orders presents a hairy character.
Such hair-like processes have, however, a different structure
from the hairs just described.

2. Glands.—This name properly applies only to cells which
secrete a peculiar matter, but it is also vaguely given to some
other epidermal or sub-epidermal appendages., Glands have
been variously divided by authors ; thus by some, into external
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and internal ; by others, into simple and compound ; while others
again have adopted different classifications. The simplest ar-
rangement is into external and internal glands,

a. External Glands.—These may be again divided into stalked,
and sessile or not stalked. The stalked glands are those which
are frequently called glandular hairs. They are formed of a single
cell, dilated at its apex by the peculiar fluid it secretes ( figs. 136
and 137); or of two ( fig. 140) or more secreting cells (fig. 141)
placed at the end of a hair; or they consist of a mass of secreting
cells (figs. 138 and 139).

Sessile Glands present various appearances, and consist, like
the former, of either one secreting cell ( fig. 143), or of two or
more (fig. 142). Those with one secreting cell placed above the
level of the epidermis are frequently termed papule or papille.

Fig. 136. Fig.137. Fig.138.  Fig. 139.

Fig. 141. Fig. 142.  Fig. 143.

Fig. 126. Stalked unicellnlar gland of Salvia.— Fig. 137. Btalked nni-
cellular glandg'of Frogsmouth (Antirrhinum majus).—Fig. 138, Stalked
many-celled gland of Adilanthus glandulosa. From Meyen,.— Fig. 130.
Stalked many-celled gland from Begonie platanifolia. From Meyven.
— Fig. 140, Many-celled hair of Frogamounth, terminated by a glandular
guminit, which consiste of two secreting cells.——Fig, 141, Stalked gland
with four secreting eells, From Meyen. — Fig. 142, Sessile many-celled
gland from the common Hop (Humulus Luplis), and commonly termed
a Iupﬂ:‘;lrﬁ gland.— Fig, 143. One-celled sessile glands, termed papule
OF paprelii.

Tt is to their presence upon the surface of the ice-plant that the
peculiar crystalline appearance of that plant is due. When
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sessile glands are composed of cells containing solid secretions so
that they form hardened spherical or other shaped appendages
upon the surface of the epidermis, they are termed verruce or
warts.

When a sessile gland contains an irritating fluid, and is elon-
gated above into one or more hair-like processes, which are
placed horizontally ( fig. 144), or vertically (fig. 145), we have a
sting formed. Stings are sometimes arranged under the head of
stalked glands ; we place them here because their secreting ap-
paratus is at the base, and not at the apex, as in stalked glands.

In the Nettle ( fig. 145), the sting consists of a single cell, en-
larged at its base b, by the irritating fluid £, which it contains,
and tapering upwards to near the apex, when it again expands
into a rounded head s. The enlarged base is closely invested by
a dense layer of epidermal cells, w ¢, which forms a kind of case
to it. In touching a nettle lightly, the knob-like head is broken
off, and the sharp point of the sting enters the skin, while the
irritating fluid is pushed up at the same time into the wound by
the pressure thus occasioned, and by the elastic force of the sur-
rounding epidermal cells. If a nettle, instead of being thus

| touched lightly, be grasped firmly, the sting becomes broken,

and as the sharp point does not then enter the skin, no irritation
18 produced,

Fig. 144,

b b
w

Fig.144. 8ting of a species of Malpighia,
¢. Epldermis. b, b, g. Glandular appa-
ratngs.— Fig, 145, Sting of the com-
mon Nettle { Urtica dioica), consisting
of asingle cell with a tulbous expan-
glon at its base, b, and terminated
above hy a ewelling, &, and containing
a granular irritating fuid, f, f. we,
Epidermal cells surrounding its base.

b. Internal Glands.—These are cavities containing seeretions
situated below the epidermis, and surrounded by a compact layer
of secreting cells (figs. 146 and 147). They are closely allied in
their nature to receptacles of secretion (see page 62) from
which, in fact, in many cases, it is difficult to distinguish them.
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Fig. 146, Gland from the leaf of the common Rue (Ruta graveolens).
g. Gland surrounding a cavity, I, and itself surrounded by the epider-
mis, €, and the ordinary cells of the leaf, we——Fig.147. 77. Internal
glands from the rind of an orange.

In some cases they are of small size, as in the leaves of the
Rue, (fig. 146), Myrtle, Orange, Lemon, and St. John's Wort.
They may be readily observed by holding such leaves up against
the light, when they appear as little transparent spots. This
dotted transparent appearance is due to the oily matters they
contain refracting the light in a different manner to the parts
surrounding them. In some instances these glands are of large
size, and project more or less beyond the surface of the epidermis
in the form of little tubercles, as on the rind of the Orange (fig.
147), Eemon, and Citron. Internal olands are very common 1n
many plants, besides those above mentioned : thus in all the
Labiate Plants, as Mint, Marjoram, Thyme, Rosemary, Sage, &e.:
and it is to the presence of the secretions they contain that such
plants owe their value as articles of domestic economy oOr &s
medicinal agents.

Flig. 148. Fig. 149. Fig. 150.

Fig. 148, Petal of the Ranunculus with a nectary at ¥
its base, — Fig. 149, Petal of Crown Imperial (Fri-
tillarin imperialis), with a nectariferous gland at
its base™ . Fig, 150. Branch of a species of Wil-
low. I, l. Leuticels. ¢,c. Buds.
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Holding a sort of intermediate position between the internal
and external glands as above described, are the true nectaries of
flowers, which being strictly of a glandular nature will be most

roperly alluded to here under the name of nectariferous glands.
E,)Ehey are well seen at the base of the petals of the common But-
tercup (fig. 148) and Crown Imperial (fig. 149). These glands
consist of a depression into which a honey-like fluid or nectar
is secreted by the surrounding cells. The tissue of the stigma
of Flowering Plants is also covered by a viseid secretion at
certain periods, and may be considered therefore as of a
glandular nature.

On the yonng bark of most plants may be observed little brown,

enerally oval projections, which have been called lenticels, or
enticular glands from their supposed glandular nature (fig.
150 7, ). They have, however, no analogy with glands, but
are merely prolongations externally of the cellular envelope of
the bark. Their use is altogether unknown, although various
functions were ascribed to them at different periods before their
structure was properly understood. Adventitions roots, however,
come off from these points when a branch of a willow, upon
which they are very numerous, is placed in moist soil.

6.— INTERCELIVLAR SysTEM.—Having now described the dif-
ferent varieties of cells, and the modifications which they undergo
when combined so as to form the tissues, we have in the next
place to allude to certain eavities, &e., which are placed between
their sides. These constitute the infercellular system.

Intercellular Canals and Intercellular Spaces.—The cells being,
in the greater majority of cases, bound«d by rounded surfaces, or
more or less irregular outlines, it must necessarily happen that
when they come in contact they can only touch at certain points,
by which interspaces will be left between them, the size of which
will vary, according to the greater or less roundness or irregu-
farity of their surfaces. When such spaces exist as small angular
eanals running round the edges of the cells and freely communi-
cating with each other, as is especially evident in round or
elliptical parenchyma( ﬁ}q]r. 17), they are called intercellular passages
or canals: but when they are of large size, as in spongiform
tissue, intercellular spaces (figs. 67 and 96, ¢). In most cases
these spaces and canals are filled with air, and when they oceur
in any organ exposed to the atmosphere which possesses stomata,
they always communicate with them (fig. 107), by which means
a free passage is kept up between the atmosphere and the air
they themselves contain. The laticiferous vessels, as we have
already seen, appear to be formed out of the intercellular canals.

Air Cavities.—In water plants the intercellular spaces are
commonly of large size, and bounded by a number of small cells
regularly arranged, by which they are prevented frofi communi-
cating with each other or with the external air (fig. 151): they
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are then commonly termed air-cells or
cavities. In such plants these cavities fulfil
the important services of enabling them
to float, and of supplying their interior
with air. In other instances we find large
air cavities, as in the stems of Grasses,
Rushes, and Umbelliferous Plants; these,
which have been formed by the destruction
of the internal tissue by the more rapid
growth of their outer portions, have no
direct funetions to perform.

Fig. 151 Aircells or  lieceptacles of Secretion.—In many plants
cavities from the stemof again, we find that the intercellular
Limnocharis Plumierl. — aanals or spaces act as receptacles for the
peculiar secretions of the plant; in which case they are termed
Receptacles of Secretion. In many instances these are closely allied
to the internal glands already described (figs. 146 and 147),
and are frequently confounded with them ; but properly speak-
ing, an internal gland is a secreting organ in itself, while a
receptacle of secretion is merely a eavity containing a secretion
which has been formed in other parts and deposited in it.
These receptacles vary much in form, but are usually more
or less elongated. In the Coniferse they contain turpentine, and
have therefore been termed furpentine vessels. In the plants of
this order they occur especially in the wood and bark ; those in
the wood forming elongated tubular passages. In the rind of the
fruit of Umbelliferous Plants they form club-shaped receptacles
of oil, which are commonly termed wvitfe (fig. 152). These re-

A Fig. 152,

Fig. 152, Fruit of Parsnip (Pastinica sativa), A. Dorsal surface. B. Hori-
zontal section of the fruit. @, b, 2, ¢, c. Primary ridges. 1,%2.%. 4. 5.6
Vitte, il B A

ceptacles are found especially in certain-orders of plants, to which
from the nature of their contents they communicate important
properties.

_ Intercellular Substance—The spaces above described as oceur-
ring between the sides of cells, appear in some few cases to be
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filled up by solid matter, to which the name of inéercellular sub-
stance has been given, ; :

This appears to be of Fig. 153, Fig 3 1?4‘
the nature of the 5
euticle, and in some
instances, as we have
seen, it is in connexion
with that structure
through the orifices of
the stomata, forming
with it the so-called

cistome. Formerly
this intercellular sub- Fig. 153. Bection of the albumen of the seed of

Betel-Nut Palm (Areca Catechu).
stance was suppnsed Fig. 154. The same, after treatment with sulphuric
to be universall}' dis- acid and iodine. After Henfrey.
tributed between the cells, glueing them together as it were, and
in some plants occurring in great abundance, as in many Algse,
the horny albumen of seeds, between the collenchymatous cells
of the common Beet, &c. In these cases the intercellular sub-
stance has now been proved to consist really of secondary
deposits inside the cells, as may be seen after the application
of iodine and dilute sulphuric acid to such tissues (figs. 153
and 154).

CHAPTER 3. Y
DRGANS OF NUTRITION OR VEGETATION.

Havixe now fully considered the elementary structures of
plants, we proceed to describe in detail the various compound
organs which they form by their combination. These com-
pound organs, as already noticed (page 12), are arranged in two
divisions, namely: 1. Organs of Nutrition or Vegetation, and
9. Organs of Reproduction. The root, stem, and leaves, form
the organs of nutrition ; and the flower and its parts the organs
of reproduction. Upon the whole, it is most convenient to com-
mence our notice of the organs of nutrition with the stem, which
we now proceed accordingly to describe.

Section 1. THE STEM orR ASCENDING AXIS.

The stem may be defined as that part of the axis which at its
first development in the embryo takes an opposite direction to the
root, (henece it is termed the ascending axis), seeking the light
and air, and bearing on its surface leaves and other leafy appen-
dages (fig. 15). This definition will, in numerous instances, only
gtrictly apply to a stem at its earliest development, for it frequently
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happens that, soon after its appearance, instead of continuing to
take an upward direction into the air, it will grow along the
ground, or even bury itself beneath the surface, and thus by
withdrawing itself from the light and air it resembles, in such re-
spects, the root, with which organ such stems are, therefore, by the
common observer confounded. In these cases, however, a stem
is at once distinguished from a root by bearing modified leaves,
each of which has also the power of forming a leaf-bud in its
axil (that is, in the angle produced by the junction of the base of
the upper surface of the leaf with the stem). The presence of
leaves with leaf-buds in their axils is therefore the essential
characteristic of a stem, in contradistinetion to a root in which
such organs are always absent.

All Flowering Plants, from the mode in which their axis is
developed in the embryo ( p. 11), must necessarily have a stem,
although such stem may be very short. Those which have this
organ clearly evident are called caulescent, while those in which
it is very short or inconspicuous are termed acaulescent or stem-
less. In Flowerless Plants the stem is not necessarily present;
thus it is absent in all Thallogens, as already noticed (page 7).

1. INTERNAL STRUCTURE OF THE STEM IN GENERAL.—A stem
in its simplest condition consists merely of parenchymatous cells,
with oceasionally a central vertical cord of liber-cells. Examples
of such a stem may be seen, with few exceptions, in the Mosses
(figs. 8 and 9) and Liverworts. Such a structure however would
be unsuited to plants in which great strength is required, and we
accordingly find that in all plants above the Mosses the stem is
made up partly of parenchymatous cells, and partly of woody
tissue and vessels of different kinds, by which the requisite
strength and toughness are produced. In these stems therefore
we distinguish two systems as already noticed (p. 46), namely, a
Parenchymatous, or common cellular system, and a Fibro-vascu-
lar. The parenchymatous system grows in any direction accord-
ing to circumstances, either longitudinally, by which the stem is
inereased in length, or horizontally, by which it is increased in
diameter. The fibro-vascular system only grows longitudinally, and
thus forms cords or bundles which are distributed vertically in the
midst of the parenchymatous. The parenchymatous system is
therefore also termed the horizonial system of the stem, while the
fibro-vascular is likewise called the longitudinal or vertical system.

The differences which are found to exist in the internal struc-
ture of the stems of plants, are in a great measure owing to the
different ways in which the fibro-vascular system is distributed
in the parenchymatous, All these modifications may be, how-
ever, in their essential particulars, reduced to three great classes,
two of which are found in Flowering Plants, and one in Flower-
less. As illustrations of the two former we may take an Oak and
a Palm stem; of the latter, that of a Tree-fern.
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Upon making a transverse section of an Oak (fig. 155) we
observe that the two systems of which the stem is composed are
so arranged as to exhibit a distinet separation of parts. Thus
we have a central one, m, called the pith; an external one, ¢ ¢, or
bark; an intermediate wood, r, dispersed in concentric layers;
and little rays, b, connecting the pith and the bark, termed
medullary rays. Such a stem grows essentially in diameter by
constant additions of new matter on the outside of its wood, and

 hence it is called Exogenous (from two Greek words signifying
outside growers). In a Palm stem no such distinction of parts

Fig. 155. Fig. 156.
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Fig. 155. Transverae section of an Oak-branch six years old. m. The me-
dulla or pith, e¢e. The bark. r. The wood. b, Medullary rays.— Fig.
156. Transverse gection of the stem of n Palm, m. The cellular sub-
stance. f. The fibro-vascular bundles. The whole being invested by a
rind or false bark, b,

ean be noticed (fig. 156), but upon making a transverse section
we observe a mass of cellular substance, m, distributed through-
out it, and the fibro-vascular system arranged vertically in this
in the form of separate bundles, f, which have no tendency to
form layers of wood; and the whole covered externally by a
fibrous and cellular layer, », which, as will be hereafter seen,
1s formed essentially by the ends of the vascular bundles, and
which is termed the false bark or rind. This structure is called
Endogenous (from two Greek words signifying insid: growers),
as such stems grow by the addition of new fibro-vaseular bundles
towards their interior. These two structures, the Exogenous
and Endogenous, are characteristic of Flowering Plants.

If we now turn our attention to Flowerless Plants, and make
a transverse section of a Tree-fern (fig. 157), we observe the
centre, m, to be either hollow or filled with parenchymatous
cells, the fibro-vascular system being arranged in irregular
ginuous plates around this, v, v, v, and forming a continuous or
interrupted circle near the circumference, which consists of a
rind ¢, inseparable from the wood beneath. This structure is

F
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termed Acrogenous (from two Greek words signifying sumimit
growers), because such a stem
grows only by additions to its
summit.

According to the views first
propounded by Schleiden, the
differences thus found to exist
in the appearance and growth
of these three kinds of stem
are due to corresponding dif-
ferences in their fibro-vascular
systems, or as they are com-
monly called, fibro-vascular or
vascular bundles. Thus the
vascular bundle of an Exo-
genous stem ( fig. 158) consists
in the first year of growth of

PFig. 157. Transverse section of the stem of a layer -:_:i' splral_mssels, 3%,
a Tree-fern. m. Parenchymatous ceils, surrounding the Pﬂ;h p; on the

which aro wanting in o centee, 510 outsido of this layer thero
are subsequently developed in
perennial plants, pitted vessels and wood-cells, which together
form the wood, . In herbaceous plants, annular and reticulated
vessels are also found with the wood-cells. In thiscase the growth
of the different parts of the bundle is progressive, and the whole
is covered externally by a layer of vitally active cells called the
cambiwm layer, ¢, on the outside of which is the liber, I, and the
other parts of the bark, ce. It is from the cambium layer that
new layers of wood are formed, and from its position therefore on
the outside of the vascular bundles, their arowth is indefinite, as
they are deposited in succession on the outside, and in eontinuity
with the previous ones, as long as life continues, Henca such are
called indefinite or continuous vascular bundles.

In Endogenous stems the vascular bundles ( fig. 159) consist
internally of wood-cells, w, and gpiral vessels, s v; on the outside
of which other spiral vessels are formed, as well as pitted, &, and
other vessels: these are bound together and succeeded by a number
of delicate parenchymatous cells, d, and on the outside of these
come laticiferous vessels, { ¢, and at first a cambium region, ¢,
which is gradually converted into thick-sided prosenchymatous
cells, 1, resembling those of the liber of Ixogens. In this case
the development of the vascular bundles, like those of Exogenous
stems, is gradual, the inner part of each being first formed, and
growth proceeds progressively to the outside; hence such are like-
wise progl'essiva bundles, but, as such bundles have no external
layer of growing cells resembiing the cambium layer, no increase
in size takes place in them in successive seasons. Hence the new
vascular bundles are not developed in continuity with the old,
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but remain distinct and of a limited size. Such vascular bundles
are therefore named definite or closed vascular bundles,

Fig. 158.

Fig. 158, Transverse section of a fibro-vascular bundle of an Exogenoua
stem (Melon). p. Pith. sv. Spiral vessels. mr. Medullary rays, w,
Wood. d. Pitted vessels. ¢ Cambium layer. [ Liher. le. Latici-
ferous vessels. ce. Cellular portion of the bark. e. Epidermal tissue,
——Fig. 159. Transverse section of a fibro-vascular bundle of an Endo-
genous stem (Palm), the upper portion being directed to the centre,
w. Wood-cells. sv. Spiral vessels, ¢. Cambium layer. d. Pitted
vessels. p. Parenchyma. [ Liber-cells. e, Laticiferous vessels.

In Acrogenous stems the vaseular bundles are chiefly made up
of vessels of the scalariform, annular, or spiral type, according
to the different orders of Acrogenous plants from whence they
have been derived; these are surrounded by delicate tubular
cells, and the whole is enclosed by a firm layer of wood-cells.
Such bundles only grow by additions to theis summits, and as
the elements of which they are composed are not formed in sue-
cession like those of indefinite and definite vaseular bundles, but
simultaneously, they are called stmultancous vascular bundles,

The distinctive appearances which we have thus seen to oceur in
the stems of the three plants above noticed aro also accompanied
by certain differences in the structure of their embryo. Thus

lants with Exogenous stems have an embryo with two cotyle-
ons (figs. 14 and 15, ¢ ¢); those with Endogenous stems have
but one cotyledon in their embryo (fig. 16, ¢); while those with
Aerogenous stems have no proper embryo, and consequently have

no cotyledons. Hence exogenous stems are also termed Dicotyle-
F2
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donous; endogenous stems Monocotyledonous; and acrogenous
stems Acotyledonous. For reasons which we shall describe here-
after, the latter terms are in some cases to be preferred to the
former. In the succeeding pages we shall use them indiserimi-
nately. With these general remarks on the structure of the three
kinds of stems we now proceed to
describe them respectively in detail.

A. Exocexovs or DicorYLEDO-
Nous Stem.—Plants with exogenous
stems are far more abundant in all
parts of the globe than those of
endogenous and acrogenous growth.
This kind of stem is alone found in
the trees and large shrubs of this
country, and of all the colder regions
of the earth. In warmer climates it
occurs associated with others pos-

sessing endogenous and acrogenous

Fig.160. Horizontal section of the gtrcture.
first year's shoot of an Exoge- :
nous or Dicotyledonous stem. In the embryo state, the exXogenous

gﬁjg;ilt':ﬁ:-ﬂgiggﬂm rays. & stem is entirely composed of paren-
dullary sheath, on the outside of ¢hyma, But as soon as growth ecom-
niich are the other elements of mences, some of its parenchymatous
T ARRID: S5 AL Hesa e developed into vessels
and wood-cells, so as to form the indefinite vasenlar bundles
which are characteristic of such a stem. These bundles are at
first separated from each other by large intervening spaces of
parenchyma (fig. 160), but as growth proceeds they continue
to enlarge, while at the same time new vascular bundles are
formed between them, so that they ultimately form at the end
of the first year's growth a zone of vessels and wood-cells round
the central mass of parenchyma, interrupted only at certain
points by projections of this parenchyma in the form of radi-
ating lines. This zone is also surrounded by an external layer
of parenchymatous tissue which is connected with the central
parenchyma by the radiating lines already alluded to. The
stem then presents the following parts (fig. 160). 1. A central
mass of parenchyma, m, which is called the Medulla or Pith;
2. An interrupted zone or ring of wood-cells and vessels, form-
ing the Wood, t; 3. An external zone of parenchyma, or Bark, b;
and 4. The radiating lines,#, connecting the pith and the bark,
called the Medullary rays. On the outside of the wood is the
cambium layer; and the bark is also invested by the epidermis
already fully described. Such is the structure of all exogenous
stems which die annually.
The stems of plants which live more than one year, as those
of trees and shrubs, at first resemble those which are herbaceous
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or die yearly, except that the wood in such plants is generally
firmer and in larger proportion. As growth proceeds in the

Fig. 161.

Fig. 161, Horizontal section from the centre to the circumference of the
stem of the Maple, three years old. m. Pith. . 8piral vessels. ¢ Pitted
vessele. f. Fibres or wood-cells, ¢ Cambinm layer. s Epiphleeam ;
within which may be obzerved threée cortical layers, marked Ip I, p I,

I, corresponding to the three years' growth, m c. Newly forming
ﬁark. The figures 1, 2, 3, refer to the three successive years' growth
of the wood.

second year, a new zone of wood is formed on the outside of the
one of the previous year (fig. 161, 2), while at the same time
a new fibrous layer is added to the inside of the bark,/. These
layers are developed out of the vitally active cells of the cam-
bium layer ¢, already alluded to as being situated on the out-
side of the indefinite vaseular bundles which form the wood of
Exogenous plants. The medullary rays (fig. 163, A, 7), at the
same time increase by addition to their outside, and thus con-
tinue to keep up the connexion between the pith and the bark.
In succeeding years we have in like manner new layers of wood
and fibrous bark, one of each for every year's growth (fig. 161),
while the medullary rays also continue to grow from within
outwards. Each succeeding year's growth is therefore essentially
a repetition of that of the first year, except as regards the pith,
which does not increase in size after the first year, so that in old
stems we have no more distinet regions than in those of the
first year. We have therefore in all exogenous stems but four
separate parts, namely, pith, wood, medullary rays, and bark ;
which we shall now deseribe in the order in which they are placed.

1. Pith or Medulla. (Figs, 161, m, and 163, @,a.)—This consists
essentially of ordinary parenchyma, and it forms a more or less
cylindrical or angular column which is situated commonly at, or
towards the centre of the stem. Under ordinary circumstances
the pith is not continued into the root, but it is always in con-
nexion directly with the terminal bud of the stem, and also at
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first indirectly by the medullary rays with all the lateral leaf-
buds ; as the latter, however, continue to develop, their connexion
with the central pith is cut off, as will be explained hereafter in
Fig. 162. speaking of their structure and origin. The
parenchyma of which the pith is composed is
generally that kind which is known as regular
or dodecakedral (fig. 20), so that when a sec-
tion is made of it, and examined microscopi-
cally, it presents a hexagonal, or polyhedral ap-
pearance ( fig. 21). When first formed, the pith is
commonly of a greenish colour, and the cells of
which it is composed are filled with fluid con-
taining nutrient substances dissolved in it. At
this time it appears, therefore, to be in an active
condition, and that such is the case i still fur-
ther proved by the fact that its cells are often
pitted from the deposition of secondary layers
in their interior. Its activity, however, soon
ceases, so that commonly after the first year it
becomes nearly dry and colourless, and its cells
filled with air. The pith also, then, instead of
forming as at first a continuous column, becomes
e broken up at various points, so as to form ir-
boanch of Wainut regular cavities in its tissue, This disruption
(Juglans regia) cut ;ay be especially seen in certain herbaceous
vervically to show g : SrEE 3
{ts disesid pith,  plants which grow with great rapidity, as in the
common Hemlock and others of the sume family.
In such plants it is almost entirely destroyed, merely remaining
in the form of ragged portions attached to the interior of the
stem. In some plants, such as the Walnut (fig. 162) and Jessa-
mine, the pith is broken up regularly into horizontal cavities
separated only by thin dises of its substance. It is then termed
discoid.

The diameter of the pith varies much in different plants. Ttis
generally very small in hard woody plants, as in the Ebony, and
Guaiacum. In the Elder it is large, and also in the Rice-paper
Plant ( Didymopanax ( Aralia) papyrifera). The diameter not only
varies in different plants, but also in different branches of the
same plant; but when once the zone of wood of the first year is
fully perfected, the pith which it surrounds can no longer increase,
and it accordingly remains of the same diameter throughout the
life of the plant,

The pith, as we have seen, is essentially composed of paren-
chyma. It also frequently contains laticiferous vessels, as may
be readily observed by breaking asunder a young branch of the
Fig-tree, when a quantity of milky juice at once oozes out from
their laceration. In rare cases it also contains wood-cells, and
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in certain plants, as the large Umbellifers, we find spiral vessels
in it. The latter however are probably only detached portions
of the medullary sheath, separated in consequence of the great
horizontal distension to which such stems are liable from the
rapidity of their growth.

9. The Wood.—This is situated between the pith on its inside
and the bark on its outer (fig. 155, #), and it i1s separated into
wedge-shaped bundles by the passage through it of the medul-
lary rays. We have seen that in the first year's growth of an
exogenous stem the wood is deposited in the form of an inter-
rupted zone immediately surrounding the pith (fig. 160). That
portion of the zone which is first developed consists chiefly of
spiral vessels (figs. 160, ¢; 161, ¢; and 163, ), which form a
thin sheath, to which the name of medullary sheailh is commonly
applied. This sheath does not however completely invest the
pith, as its name would lead us to believe, but it is interrupted
at certain points by the passage through it of the medullary
rays ( figs. 165, b, 160, ). This is the only part of an exogenous
stem in which spiral vessels normally oeeur.

On the outside of the medullary sheath, the zone of wood
firming the first year's growth (fig. 163, 1), consists of woody
tissue (¢), among which is distributed, more or less abun-
dantly, some vessels (4), chiefly of the kind called pitted in
perennial plants; although in herbaceous plants we have also
annular and other vessels. When the stem lasts more than one
year a second zone of wood is formed, as we have seen, from the
eells of the ecambium layer which are placed on the outside of
the first zone. This second zone ( fig. 163, 2), resembles in every
respect that of the first year, except that no medullary sheath is
formed ; it consists therefore entirely of woody tissue and pitted
vessels (¢, #). In the third year of growth another zone of wood
is produced precisely resembling the second ( fig. 163, 3), and the
same is the case with each succeeding annual zone as long as the
plant continues to live. It is in consequence of each succeeding
layer of wood being thus deposited on the outside of those of the
previous years, that such stems are called exogerous. In the
stems of Gymnospermous Plants, as those of the Fir, Yew, Cy-
press, the annual zones, which are well marked ( fig. 164), consist
chiefly of dise-bearing woody tissue, with occasionally a few
pitted vessels intermixed.

The pitted vessels, which we have seen form a portion of each
annual layer of the wood, are so large in the Oak, Ash, &e., that
they may readily be seen by the naked eye upon making a trans-
verse section of such trees ; and in all cases, upon examining
under the microscope a transverse slice of any common exogenous
stem, the pitted vessels may be at once distinguished from the
wood-cells by the larger size of their openings (fig. 161, v). In
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the Coniferw, where but few if any pitted vessels occur, a trans-
verse section shows the orifices nearly all of equal size, with

Fig. 163.
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Fig. 163, Diagram showing the structure of a Dieotrledonons stem three
years old. A, Horizontal section. B. Vertical section. The figures
1, 2, 3, refer to the years of growth, and the letters mark similar parts
in both sections. a, a. Medulla or pith. 4. Spiral vessels, b, b, b, Pitted
vessels, ¢, ¢, ¢. Wood-cells, e Cambium laver. f. Inuer layer of bark,
or liber (endophleeum), g. Middle layer of bark (mesophleum)., k. Outer
laver of bark (epiphieum). 1,1 Medullary rays. After Carpenter.

oceasionally a pitted vessel intermixed. These pitted vessels
in ordinary trees are also commonly more abundant on the inner
part of each annual zone, the wood-cells forming a compact
layer on the outside (fig. 163). In such cases the limits of each
zone are accurately defined. In those trces which have the
pitted vessels more or less diffused throughout the woody tissue,
as in the Lime, Maple, &e., the zones are by no means so evident
(fig. 161), and can then only be distinguished by the smaller size
of the wood-cells on the outside of each layer, which appearance is
caused by their diminished growth towards the end of the season.
The distinction between the annual zones 1s always most evident
in trees growing in temperate and cold climates, where there is a

more or less lengthened winter in which no growth takes place,
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followed by rapid vegetation afterwards. In the trees of tropical
climates the zones are not so clearly defined, because there is no
complete season of repose in such regions, although to a certain

Fig. 164.
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Fig. 164, Horlzontal section of the stem of a Fir three years nld. The
figures 1, 2, 3, refer to the aunual layers of wood. la. Cavities con-
taining resinous secretions,

extent the dry season here leads to a cessation of growth, but
the alternation of the growing season and that of rest is not so
well marked as in colder elimates. As alternations of growth and
seasons of repose may thus be shown to produece the appearance
of annual zones, we can readily understand that if a plant were
submitted to such influences several times in a single year it
would produce a corresponding number of zones; and this does
really occur in some plants of temperate climates, particularly in
those which are herbaceous, where growth is more rapid than in
hard-wooded perennial plants, so that the influence of such
alternations is more evident. In tropical climates the production
of two or more zones in a year is probably even more frequent
than in temperate regions, In other trees again, we have only
one zone produced as the growth of severai years, as in the
Cycas ; and lastly, there are instances occurring in which no
annual zones are formed, but the wood forms a uniform mass,
whatever be the age of the plant, as in certain species of Cacti.
Such appearances as the two latter are however totally independent
of climate, but are the characteristic peculiarities of certain
plants, and even of entire families,

The annual layers of different trees vary much in thickness,
thus they are much broader in soft woods which grow rapidly,
than in those which are harder and of slower growth. The in-
fluence of different seasons again will cause even the same tree
to vary in this respect, the zones being broader in warm seasons
than in cold ones, and hence we find the trees as we approach the
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poles have very narrow annual zones, The influence of soil and
other circumstances will also materially affect the thickness of the
annual zones in the same tree. We find also that the same zone
will vary in diameter at different parts, so that the pith, instead
of being in the centre of the wood, is more or less eccentric,
owing to the zones being thicker on one side than on the other.
This irregular thickness of the different parts of the annual
zones is owing to several causes, but the greater growth on one
side is chiefly due to the fact of its being more exposed to light
and air than the other.

The annual zones also vary in thickness in the same tree, ac-
cording to the age of that tree. Thus when a tree is in full
vigour it will form larger zones than when that period is past,
and it begins to get old. The age in which trees arve in full
vigour varies according to the species ; thus the Oak, it 1s said, will
form most timber from the age of twenty to thirty, and that after
sixty years of age the amount formed will be much less consider-
able. Again, in the Larch, the vigour of growth appears to
diminish after it is forty years of age; in the Elm after fifty
years; in the Beech after thirty years; in the Spruce Fir after
forty ; and in the Yew after sixty years. Further observations
are required however upon these points, which are of great prac-
tical importance so far as growing trees for timber is concerned.

Duramen and Alburnum.—When the annual layers are first
formed, their walls are pervious to fluids; their component
wood-cells and vessels are then also very thin and their cavities
gorged with sap, which, as will be afterwards seen, they are the
chief agents in transmitting upwards from the root to the leaves.
Their walls, however, as they increase in age, become thickened
by various deposits from the contained sap, by which their
cavities are ultimately almost obliterated, and they are thus
rendered nearly impervious to fluids. This change is especially
evident in the wood of those trees in which the incrusting
matters are of a colonured nature, as in the Ebony (Diospyros
Fenus), Mahogany (Swietenia Mahagoni), Rose-wood (Tripto-
lemea species), Lignum Vite (Guaiacum officinale), &e. Such
coloured deposits are generally more evident in tropical trees,
although they oceur more or less in most of the trees of cold
and temperate regions. In some of the latter, however, as the
Poplar and the Willow, the whole of the wood is nearly colour-
less, and exhibits no difference in the appearance of the internal
and external layers. The value of wood as timber depends
npon the nature of this incrusting matter, and is commonly in
proportion to its colour ; hence those woods, as Ebony, Iron-
wood, Mahogany, &e., which are deeply coloured, are far harder
and more durable than the whife woods, such as the Poplar, &e.

From the above characters presented by the wood according
to its age, we distinguish in it two parts: namely, an internal or
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central one, in which the wood-cells and vessels have thickened
walls, are impervious to fluids, hard in texture, of a dry nature,
and commonly more or less coloured, which is called the Duramen
or Heart-wood ; and an outer portion, in which the wood-cells
and vessels have thin sides, are pervious to and full of sap, soft
in texture, and pale or colourless, to which the name of Alburnum
or Sap-wood is given.

- When the internal part of the wood has become of the nature
of heart-wood it ceases to perform any active functions in the
plant, its office being then chiefly to act as a support to it. All
the vital and essential functions of the stem are then earried on
by the sap-wood. Hence we see the reason why a tree in which the
eentral part is completely destroyed, but with the outer part or
alburnum remaining, continuesto live, put forth new branches,
and add to its substance.

Age of Trees.—As each zone of wood in an exogenous stem is
pl‘ocﬂmed annually, it should follow that by counting the number
of zones in a transverse section of any tree we ought to be able to
ascertain its age, and this is true with a few exceptions, when
guch trees are natives of cold climates, because in these, as we
have geen, the annual zones are distinetly marked. In exogenous
trees, however, of warm climates it is generally difficult, and
frequently impossible, to ascertain their age in this manner, in
consequence of several disturbing causes ; thus, in the first place,
the zones are by no means so well defined ; secondly, more than
one zone may be formed in a year; thirdly, some trees, such as
Zamias, the Cycas, &c., only produce one zone as the growth of
several years; fourthly, some plants, as certain species of Caecti,
never form annual zones, but the wood, whatever its age, only
appears as a uniform mass; while lastly, in° some, such as
Guaiacum, the zones are not only indistinet, but very irregular
in their growth.

It is commonly stated that the age of a tree may not only be
ascertained by counting the annual zones in a transverse section
of the wood, but that the mere inspection of a fragment of the
wood of a tree of which the diameter is known, will also afford
data by which the age may be ascertained. The manner of pro-
eeeding in such a case is as follows:—Divide half the diameter
of the tree divested of its bark by the diameter of the fragment,
and then having ascertained the number of zones in that frag-
ment, multiply this number by the quotient previously obtained.

us: suppose the diameter of the fragment to be two inches,
and that of half the diameter of the wood twenty inches ; then if
there are eight zones in the fragment, by multiplying this number
by ten, the quotient resulting from the division of half the dia-
meter of the tree by that of the fragment, we shall get eighty
years as the supposed age. Now, if the thickness of the zones
| was the same on both sides of the tree, and the pith consequently
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central, such a result would be perfectly accurate, but it happens
from various causes, as already noticed, that the zones are
frequently much thicker on one side than on the other, and
the taking therefore of a piece from either side indifferently
would lead to very different results. A better way to calculate
the age of a tree by the inspection of a fragment is that first
employed by DeCandolle ; namely, to make two notches, or
remove two pieces from opposite sides, and then, having ascer-
tained the number of zones in each, take the mean of that number,
and proceed as in the former case. Thus, suppose two inches as
before, removed from the two opposite sides of a tree, and that in
one we have eight zones, and in the other twelve, we have ten
sones as the mean of the two. If we now divide, as before, half
the diameter, twenty inches, by two, and multiply the quotient
ten which results by ten, the mean of the number of zones in the
two notches, we get one hundred years as the age of the plant
under consideration. Such a rule in many cases will no doubt
furnish a result tolerably correct, but even this will frequently
lead to error, from the varying thickness of the annual zones
produced by a tree at different periods of its age.

Dr. Lindley believes that DeCandolle in calculating the ages
of different trees, was led into error from these causes—that is,
by not sufficiently taking into account the variations in the growth
of the annual zones at different periods of their age, and their
varying thickness on the two sides ; and, when we consider that
some trees were estimated by him to be more than 5000 years of
age, we cannot but believe with Dr. Lindley, that such calculations
oive an exaggerated result. However erroneous they may have
been, still there can be no doubt but that exogenous trees do live
to a great age ; in fact, when we consider that the new zones of
wood are developed out of the cambium cells which are placed
on the outside of the previous zones, and that it is in these new
layers that all the active funetions of the plant are carried on,
there ean be, under ordinary circumstances, no real limit to their
age. Mohl believes that there is a limit to the age of all trees,
arising from the increasing difficulty of conveying the proper
amount of nourishment to the growing point, as the stem elon-
oates from year to year. Thus, in some Coniferze, as, for instance,
Pinus Lambertii, which reaches the height of more than 200
feet, he believes the maximum height which the sap was capable
of rising to nourish the upper part of the plant was attained,
and the terminal shoot being then less perfectly nourished, became
every yéar more or less stunted, and the tree ultimately died from
want. of a proper supply of nourishment. We cannot however
attach much importance to this opinion, because it is now known
that a Coniferous tree exists in California ( Wellingtonia gigantea),
whieh has reached the height of 450 feet, and is still in full
vigour. ¢
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The following table is given by Lindley of the age of some
trees, all of which, he states, can be proved historically :—

An Ivy near Montpelier . . . . 433 years,
Lime trees near Friburg . " ; . 1280

i »» Neustadt . i ) . 800
Larch . ! . : - : 5 a76
Cedars, on Mount Lebanon . ‘ . 6—800
Oaks . ; : . . . at least 1000

There can be no doubt, therefore, but that such trees will live
beyond the above periods. Other trees, such as the Wellingtonia,
| Yew, and Olive, may be added to the above list; thus, it is probable
| that the former will live at least 3000 years ; and it seems certain
that the Yew will attain the age of 1200 years, and the Olive at
least 800 years.
Size of Trees—As there is no assignable limit to the age of
exogenous trees in consequence of their mode of growth, so in
like manner the same circumstance leads, in many cases, to
their attaining great size. Thus the Wellingtonia giganfea has
been measured 116 feet in circumference at the base ; the
Chestnut (Castanea vesca) of Mount Etna is 180 feet in cir-
cumference ; a Plane tree (Plafanus orientalis) near Constan-
tinople is 150 feet in circumference ; the Ceiba tree (Dombax
pentandrum) is said to be sometimes so large that it takes fifteen
men with their arms extended to embrace it; even Oaks in this
country have been known to measure more than 50 feet in cir-
cumference ; and many other remarkable examples might be
given of exogenous trees attaining to an enormous size, which
circumstance is of itself also an evidence of their great age.

Cambiwm-layer or Cambivm, (Figs. 158, ¢, and 163, e.)—On
the outside of each annual zone (as we have already seen), a
layer of vitally active cells is placed, to which the name of
eambivm-layer or cambium has been given. It is from these cells
that the new layers of wood and bark are formed, and from the
fact of the cambium layer being situated on the outside of the
vascular bundles of which the wood is composed, these bundles
owe their continuity and indefinite power of increase. The cells
of which the cambium layer is composed are of a very delicate
nature, and consist of a thin wall of cellulose, within which is
gituated a primordial utricle, a nucleus, and abundance of pro-
toplasm ; in fact, they contain all the substances which are
present in young growing cells. These contents were f rmerly
known under the name of cambium, and hence the origin of the
names cambivm-layer and cambivm apphed to this portion of
the stem. This layer is dormant during the winter, at which
time the bark is firmly attached to the wood beneath, but it is in
full activity in the spring, when it becomes charged with the ma-
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terials necessary for the development of new structures, and then
the bark may be separated from the wood beneath, but such
separation can only be effected by the rupture of the cells of
which it is composed.

3. Medullary Rays.—We have already seen that the stem at
its first development consists entirely of parenchyma, but that
in a short time fibro-vascular bundles are developed in this paren-
chyma, by which it becomes separated into two portions—an in-
ternal or pith, and an external or bark; the separation however not
being complete, but the two being conneected by tissue of the same
nature as themselves, to which the name medullary rays has been
applied. As new layers of wood are formed in successive years,
new additions are made to the ends of the medullary rays, by
which means, however large the space between the pith and the
bark ultimately becomes, the
two are always kept in con-
nexion by their means. Be-
sides the medullary rays which
thus extend thronghout the en-
tire thickness of the wood,
others are also commonly deve-
loped between them in each
succeeding year, which extend
from the zones of those years
respectively to the bark. These
are called secondary medullary
Fig185. Transverse section of a portion of rays., In the Cork-oak both

the stem of the Cork-oak, four years 1.:. .
old. m. Plth. 1, Medullary ray of the kinds may be well sCEn N a

first year's growth. 2, 3, 4. Me:ll.[ﬂ];;r.y transverse section (fig. 168,
Fush Gf mcoomvs detr po Liber 1’9’5, 4), Thomedullasy el

: are composed of flattened six-

sided ecells, which are placed one above the other in one or more
rows, like the bricks in a wall (fig. 163, B, 4, ¢; and Jig. 68),
hence the tissue which they form is termed muriform parenchyma.
It is a variety of tabular parenchyma as already noticed (p. 87).
The tissue formed by the medullary rays is rarely continuous
from one end of the stem to the other, but the rays are generally
more or less interrupted by the passage between them of the
fibro-vascular bundles, so that they split up vertically into a
number of distinet portions (figs. 166 and 167). This arrange-
ment may be observed by examining the surface of a stem from
which the bark has been removed ( fig. 166), or still better by
making thin sections of the wood perpendicular to the rays, that
is tangential to the circumference of the stem ( fig. 167). In
some stems, such as those of Aristolochia, the medullary rays are
very conspicuous, forming large plates between the wedges of
wood. In other plants, such as the Yew and Birch, they are
comparatively small. The medullary rays constitute the silver

Fig. 165,




ORGANS OF NUTRITION. i

in of cabinet-makers and carpenters, as it is to their presence
that many woods, such as the Plane and Sycamore, owe’their
peculiar lustre.

~ Fig. 166. Surface of the stem
of a Dicotyledonous tree
from which the bark has
been removed.—— Fig, 167,
Vercvical section of a branch
of the common Maple, per-
pendicalar to the medwilary
raye. M. Fibro-vascular
bondles.  rm. Medullary
rays.

i i

4. The Bark or Cortical System.—The bark is situated on the
outside of the stem, surrounding the wood, to which it is orga-
nically connected by means of the medullary rays and cambium-
layer. When the stem is first formed the bark 1s composed, like
the eYith’ of parenchyma, but as soon as the wood begins to be
developed on the outside of the pith, a layer of liber-cells is also
deposited on the inside of the parenchyma of the bark, so that
the latter, when fully formed, consists of two distinet systems;
namely, an infernal or fibro-vascular, and an exiernal or paren-
ehymatous. Further the
parenchymatous system
exhibits also in all plants
which are destined to live

for any period, a separa-
tion into two portions;
and the whole is covered
externally by the epider-
mis already described.
The fully developed bark
accordingly presents three
distinet layers, in addition
to the epidermis, which is
eommon to it and the
other external parts of
the plants. The three
layers proper to the bark
are called, proceeding

from within ontwards, 1. - -
il‘l'ﬁﬂ‘?' if. 168, Transverze section of a portion of the
! Tuner .B.‘.I?‘k, OT " bark of a Dicotyledonous stem. a. Epidermis.

Endophleum (figs. 168,d, b. Epiphleeum, ¢ Mesophleuw. d. Endo-
and 163, f); 2. Cellylar PUI®UW.




80 ORGANOGRATHY.

Envelope, Green Layer, ox Mesophleum ( figs. 168, ¢, and 163, g) ;
and 3. Suberous, Corky Layer, or Epiphlewn (figs. 168, b, and
163, k). We shall describe these layers in the order in which
they are here placed.

o The Liber, Inner Bark, or Endophleun. (Figs. 168, d, and
163, f.)—This is composed of that kind of woody tissue which
is called bast tissue or woody tissue of the liber, mixed with
some laticiferous vessels and parenchymatous cells. Some au-
thors confine the term liber to that part of the inner bark which
contains liber-cells, but it is best to extend this name to all that
portion of the bark which is situated between the cambium-layer
on the inside and the cellular envelope on the outside. It is
used in the latter sense in this volume. We have already,
under the head of Woody Tissue of the Liber, fully described
the general characters and nature of the liber-cells (see p. 39).

The liber-cells are sometimes placed side by side in a parallel
direction, and thus form by their union a continuous layer as in
the Horsechestnut ; but far more frequently they present a wavy
outline, and only touch one another at certain points, so that nu-
merous interspaces are left between them, in which the medullary
rays connecting the bark and the pith may be observed. From
this eireumstance the inner bark commonly presents a netted
appearance, and such is especially the ease in that of the Lace-
bark tree (Lagetta lintearia) of Jamaica, and of other plants be-
longing to the same natural order.

b.. The Cellular Envelope, Green Layer, or Mesophleum. (Figs.
168, ¢, and 163, g.)—This layer lies between the liber and epi-
phlewm, and hence the name Mesophleun, signifying middle
layer, which is applied toit. Itis connected on its inner sur-
face with the medullary rays. It consists of thin-sided, usually
angular or prismatic, parenchymatous cells ; these are loosely
connected, and thus leave between their walls a number of inter-
cellular eavities. The cells of which it is composed contain an
abundance of chlorophyll, which gives the green colour to young
bark, and hence the name of green layer, by which it is com-
monly distinguished. This is the only part of the bark which
usually possesses a green colour. In this layer also, as in the
liber, we generally find some laticiferous vessels.

¢. Suberous, Corky Layer, or Epiphleum. (Figs. 168, h, and
163, h.)—This is the outer layer of the bark proper, and is in-
vested by the epidermis (fig. 168, a). It has also received the
name of periderm; this term is, however, sometimes used to
indicate the dead portion of the bark, or that which has ceased
to perform any active part in the life of the plant ; which is com-
monly the case, as we shall presently see, in a few years with
the two outer layers. In this sense the periderm may consist
of epiphlceum alone, or of mesophleeum chiefly, or of portions
of both, or even in some cases of a portion of the liber. Those
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botanists who adopt this nomenclature, apply the term derin to
the inner living portion of the bark.

The epiphleeum consists of one or more layers of tabular or
cubical cells, which are generally elongated more or less in a
horizontal direction, and form by their union a compact tissue,
or one without interspaces. It is this layer which gives to the
young bark of trees and shrubs their peculiar hues, which are
generally brownish or some colour approaching to this; or some-
times it possesses more vivid tints. It is rarely coloured green,
which is the case in Negundo, according to Gray, from its inner
cells containing chlorophyll. In some plants, as in the Cork-
oak (Quercus Suber) (fig. 165, s), this layer becomes excessively
developed and forms the substance called cork, and hence the
name corky or suberous layer which is o
frEquentlysifa.pplifﬂ to it. ti:uge deve- .10
lopments of cork also occur on some o Sem e ——
other trees, as various species of Elm 1 D5 €D & G @)
(Ulmus alata, racemosa, &e.). It com- ~E%
monly happens that the cells of which === ==2
the epiphleeum is composed have not ﬁﬂ? ; P
%11 the same appearance and colour. b ==& @%%

hus in the Cork-oak some are more —— =
tabular or compressed and darker- — ===

1 e T2 ERED Ty G,
coloured than others which alternate E@m@ﬁ@
with them, so that the whole suberous —Ea—a——s
layer appears to be subdivided into VY=o
several secondary layers. In the Birch, D D
again, this distinetion into layers is
remarkably evident (fig. 169). Here . 1.0 miineverse AR
& number of layers of dark-coloured ° of a portion of Birch-bark,
firmly compacted tabular colls, ¢, a,may  AGCE Oy, o o Comiaet
be seen alternating with others of a  of loose thin-walled cells
loose nature and of a white colour, 4,4,  Blternating with the former.
. Growth of the Bark.—The bark developes in an opposite direc-
tion to that of the wood, for while the latter increases by ad-
ditions to its outer surface, the former increases by additions to
its inner. The bark is therefore endogenous in its growth ; while
the wood is exogenous. Each layer of the bark also grows sepa-
rately; thus the liber by the addition of new matter from the
cambium-layer on its inside ; the mesophleeum by the deposition
of cells next to the liber; and the epiphleum by addition of cells
next to the mesophleeum. The two outer layers, which together
constitute the parenchymatous system of the bark, rarely con-
tinue to grow after a few years, but become dead structures on the
surface of the tree. The inner bark, however, continues to grow
throughout the life of the individual, by the addition of annual
layers on its inner surface. In some trees these layers may be
readily observed, at least up to a certain period, as in the ocak

G
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(fig. 155, e, ). They are commeonly so thin when separated that
they appear like the leaves of a book, and henee the supposed
origin of the term liber applied to the inner bark. The name
liber is, however, sometimes considered to be derived from the
inner bark of trees having been formerly used for writing upon.
This distinction of the liber into layers is generally soon lost,
in consequence of the pressure to which it is subjected from the
growth of the wood beneath, which increases, as we have seen, by §
additions to its outer surface.

The outer layers of the bark, after a certain period in their
life, which varies somewhat in different plants, generally become
cracked in various directions in consequence of the pressure
which is exerted upon them by the growth of the wood beneath,
and thus assume a rugged appearance, as in the Elm and Cork-
oak. In some trees, as the Beech (Fagus sylvatica), the bark,
however, always retains its smoothness, which circumstance
arises, partly from the small development of the parenchymatous
layers, and partly from their great distensibility. Other smooth-
barked stems, such as those of the Holly and Ivy, owe their
peculiarities in this respect to similar eauses.

When the bark has thus become rugged, it is commonly
thrown off in large pieces, or in plates or layers of various sizes
and appearances. The epidermis in all cases separates early
from the epiphleeum, by which it is replaced. By this exfolia-
tion and peeling off of portions of the bark, its thickness is
continually diminished. This decaying and falling away of
the old bark does not in any way injure the tree: hence, it is
evident that the old layers of the bark, like the inner layers
of the wood, have pothing to do with its life and growth after
a certain period. The new layers of wood, the eambium-layer,
and the recently formed liber, are the parts of an exogenous
?bem which are alone concerned in its active development and

ife. . €
Having now described the different parts which enter into
the structure of an exogenous or dicotyledonous stem, we will,

in conclusion, recapitulate them, and place them in a tabulap
form :—

1. Pith or Medulla, belonging to the parenchymatous system.
2. Medullary Sheath, composed chiefly of
spiral vessels. These belong to the
3. Wood, composed of interrupted zones, | fibro- vascular sys-
one of which is formed annually on : tem, and tegether
the outside of the previous zones, and | form the wood pro-
consists ordinarilyin perennial plants | perly so called,
of Wood-cells and Pitted Vessels:

4. Medullary Rays, consisting of muriform parenchyma, con-
necting the pith and the bark,
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. Cambium-Layer, consisting of vitally active cells, from which
new layers of wood and liber are formed.

6. The Bark, composed of two systems,

1. Inner Bark, Endophlewm, or Liber, formed essentially of
liber-cells, and thus-belonging to the fibro-vascular sys-
tem ; increasing by the annual addition of new layers on
its inner surface.

2. Outer Bark, composed of parenchyma, and hence belonging
to the parenchymatous system, and consisting of

a. Cellular Envelope, or Mesophlewm, composed of more or
less angular cells, with interspaces ; and giving the
green colour to bark.

b. Suberous Layer, or Epiphlewm, composed of flattened
cells, forming a compact tissue, and giving the peculiar
hues to the young bark.

7. The Epidermis, which invests the epiphleeum in young stems,
and which is replaced after a certain age by the epiphleum.

B. Expocexous or MoNocoTYLEDONOUS STEM.—In this coun-
try we have no indigenous trees or large shrubs which exhibit
this mode of growth, althongh we have numerous herbaceous
. plants, such as Grasses, Rushes, and Sedges, which have this
structure. In our gardens again we have various kinds of Lilies,
Yuecas, Tulips, and other bulbous plants, which are also endo-
genous in their growth. But it is in the warmer regions of the
globe, and especially in the tropics, where we find the most striking
and characteristic illustrations of such stems, and of all such the
Palms are by far the most remarkable. The appearance of
such plants, even externally, is very different from those of exo-
genous trees, for the stems of Palms are commonly of the same
diameter throughout, being uniformly cylindrical from below
upwards, instead of conical, as is the case with those of exo-
genous stems, and frequently rise to the height of 150 feet or
more, commonly without branching, but crowned at their sum-
mit by an enormous tuft of leaves (fig. 170, 1).

When we make a transverse section of a Palm stem, it pre-
sents, as we have seen (page 65), no such separation of parts
into pith, wood, medullary rays, and bark, as we have deseribed
as existing in an exogenous stem; but the parenchymatous system
is diffused more or less over the entire surface of the section
(figs. 156, m, and 171, A, a), while the fibro-vascular system
1s arranged vertically in this, in the form of separate bundles,
which have no tendency to collect together so as to form zones
of wood, as in exogenous stems (figs. 156, f, and 171, b, ¢, d).
| The whole is covered externally by a fibrous and parenchymatous
| layer, which is called the false bark or rind (fig. 156,5); beecause

it is not a distinct and parallel formation to the wood, as is the
y G2
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case with the bark of Exogenous plants, but it is formed by the
ends of the vascular bundles, as will be presently noticed, and
cannot therefore be separated from the mass beneath. |

Fig. 170,

Fig. 170. 1. Unbranched stem of the Cocoa-nut Palm (Cocos nucifera), 9
Branched stem of Pandonus odoratissimus, The figures are placed at
the base to indicate the helght., From Jussien

In annual or herbaceous endogenous stems the parenchyma
between the vascular bundles is soft and delicate, but in trees
which grow to any height, as Palms, the cells become hardened
by the deposition of secondary layers, and thus form what has
been termed woody parenchyma, which ultimately binds the
ﬂrgglélnal separate bundles into a solid hardened mass resembling
wood.

The structure of the vascular bundles thus distributed in the
parenchymatous system has been already referred to under the




ORGANS OF NUTRITION, 85

name of definite or closed vascular bundles (page 67, and fig. 159);
but we have still to describe their origin and direction through the
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Fig. 171. Diagram of a Monocotyledonous stem. A. Transverse gection,
B. Vertical gection. a,a. Parenchymatous tissue. b, b, Pitted vessels,
€, ¢. Woody fibres or cells, d, d. 8piral vessels. After Carpencer.

stem. It was formerly supposed that these bundles, as they were
successively developed, were directed towards the centre of the
stem, and continued their course in the same direction towards
its base as seen in fig. 172, a, b, ¢, d, the last-formed bundles
being the most internal, and gradually pushing towards the cir-
eumference those which had previously been deposited. Hence
the origin of the name endogenous or inside growers, applied
to these stems. The researches of Mohl first showed that the
above mode of growth was not strictly correct, but that the fol-
lowing is that which really takes place :—The vascular bundles
have their origin in the punctum vegetationis of the stem, and
are fully developed with its growth upwards and outwards into
the leaves, and downwards and outwards towards the eircum-
ference. In other words, to render it more simple, the bundles
may be traced to the leaves, from which organs they are at first
directed towards the interior of the stem (fig. 173, a, D, e, d),
along which they descend generally for some distance, and then
gradually curve outwards again and terminate at the ecirenm-
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ference, or in young stems some of them would reach the roots.
When we make a vertical section therefore of an endogenous
stem, we find these vascular bundles interseciing each other in
various ways, as shown in fig. 174.

Fig.172. Fig. 173.

Figs. 172 and 173. IMagrams showing the conrse of the fibro-vascular
bundles of a Monocotyledonons stem. a, b, ¢, d. Fibro-vascular bundles,
——Fig. 172 exhibits the conrse of the bundles as formerly supposed,
— Fig. 173, according to Mohl's eystem, as now proved to be correct.
——Fig. 174. Vertical section of the stem of a Palm, showing (/)
the vascular bundles intersecting each other as they pass downwards,

The vascular bundles in their course down the stem generally
become more attenuated, which ecircumstance arises from certain
differences which take place in their structure as they descend.
Thus when they first originate they consist, as we have seen (see
p. 66), of spiral, pitted, and other vessels, mixed with paren-
chymatous and woody tissues, In their descent they gradually
lose the spiral and other vessels, so that when they terminate at
the cireumference they consist chiefly of liber-cells bound together
by parenchyma. The rind or false bark of endogenous stems
i8 thus chiefly formed of the ends of the vascular bundles which
originate in the leaves, and hence we see the principal reason
why the rind cannot be separated, as in exogenous stems, from
the wood beneath. _

It follows from the mode of growth of the vascular bundles,
as indicated above, that the term endogenous, commonly Ap-
plied to such stems, is not altogether correct, as the bundles
are only endogenous for a portion of their course, terminating.
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as they do ultimately at the circumference. On this account the
name endogenous has been altogether discarded of late years by
many botanists, who use instead that of monocotyledonous, a
term, as already noticed, derived from the embryo of plants with
such stems possessing but one cotyledon. In this volume we have
employed both terms, but more frequently that of endogenous,
because this is the one by which such stems have been known
for a long period, and is that therefore which is best understood.

As the vascular bundles of an endogenous stem, in the course
of their successive development, are always deposited at first
towards the centre, it must necessarily follow that those pre-
viously formed will be gradually pushed outwards, for which
reason the outer part of a transverse section will always exhibit
a closer aggregation of bundles than the inside (figs. 156 and
171,4). In such stems, therefore, the hardest part is on the out-
side, and the softest inside, directly the reverse of what oecurs in
those of exogenous growth. The lower portion of such stems
also, in consequence of the descent of the vaseular bundles, which
become, moreover, more incrusted by secondary deposits, will be
harder than the upper. The rind in like manner, at the lower
part, will become harder, from the greater number of liber-cells
which terminate in it. As endogenous stems increase in diameter,
partly by the deposit of vascular bundles in their interior, and
partly by the general development of the parenchymatous tissue
in which they are placed, it follows that as scon as the rind or
false bark has become thus hardened by the liber-cells, it is not
eapable of further distension; and the stem will consequently
become at length choked up by the bundles which continue to
descend, and further growth is then impossible. It is evident,
therefore, that endogenous stems, unlike those of exX0genous
growth, cannot increase in diameter beyond a eertain limit, and
that from the same causes also they eannot live beyond a certain
age.
Although, as a general rule, the stems of Palms and most
other monocotyledonous plants are thus limited in size and life,
there are some remarkable exceptions to this, as for instance in
Yuccas, and the Dracenas or Dragon-trees ( fig.178); in these the
rind is always soft and capable of distension, and the vascular
bundles, after having reached it, are eontinued downwards as
fibrous layers between it and the original vascular tundles, and
thus form a sort of wood beneath, in suceessive layers, somewhat
after the manner that layers of wood are produced by the eam-
bium-layer of an exogenous stem. Such endogenous stems, like
those of exogenous growth, have necessarily no limit either to
their size or age.

It is in consequence of the comparatively small increase in
diameter which most endogenous stems undergo after they have
arrived at a certain age that twining plants whieh encirele them
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after that period has arrived do them no injury, frequently not
even producing the slightest swelling on their surface; thus
proving incontestably that such stems do not increase in diameter
after a certain age. The effect of such climbers is well seen -in
fig. 176, If we compare this figure with that of an eX0genous
stem (fig. 175), with a woody twining plant encircling it, we
find a striking difference ; for here we observe extensive swellings

3 i produced, which exhibit a corresponding in=
Fig.175. Fig.176. crease of the diameter of the stem. Snch a

F7m  comparison shows, in a very striking and
conclusive manner, the characteristic pecu-
harities of the growth of exogenous and en-
dogenous stems,

In Palms, as we have seen, ( fig. 170, 1),
and commonly in other monocotyledonous
plants, there are no branches, the stems of
such plants having no power of formin
lateral buds, from which, as will be presently
noticed, branches can alone be produced.
These plants therefore grow simply by the
development of a terminal bud, which when

b * it unfolds erowns the summit with a tuft of
Fig. 175, Dicotyledo- foliage. Kndogenous stems are therefore in

nous stem, with a : .
woody twining plant [H1S Tespect exposed throughout their whole

L. =

Jaround it. length to, as far as possible, the same influ-
“ig. 176.  Monneotyle- . S C . ;
donoys stem, eneircled ©0CES a8 regards their increase in diameter,

by a woody twiner.  and we find accordingly, that, as a rule, such

stems are almost uniformly eylindrical from
below upwards, being of the same diameter thronghont (fig. 170).
In such a plant the destruction of the terminal bud necessarily
leads to its death, as it is then deprived of all mode of further
increase. Insome endogenous trees, however, more than one bud
is developed: thus in the Doum Palm of Egypt (Hyphane the-
baica), two buds are formed, so that the stem i% forked above (fig.
177); each branch again developes two other buds at jts apex in
like manner, and this mode of growth is continued with the
successive branches, which are therefore also forked. In other
monocotyledonous plants we have lateral buds formed as in those
of exogenous growth ; thus this is the case in the Asparagus, in
the Serew Pine (fig. 170, 2), in the Dracenas (fig. 178), &