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PREFACE

TO

THE FOURTH EDITION.

TaE author much regrets the inconvenience occasioned by the
unexpected delay which has taken place in the issue of the pre-
sent edition. That delay has, however, arisen from causes which
he could not foresee, and over which he had no control.

In the Preface to the First Edition of this work the author
fully explained the objects he had in view in its preparation,
and the principal sources from whence he had derived the
materials necessary for its compilation. That such a work was
needed is sufficiently proved by the sale of three very large
editions ; and in issuing the present edition, the author cannot
but express the great gratification he feels at the satisfactory
results which have attended his labours ; and he also takes this
opportunity of returning his sincere thanks to the many kind
friends and correspondents for the assistance they have rendered
him by the communication of many valuable facts and sugges-
tions.

The very great advances made within the last few years in
the science of Botany on the Continent of Europe, more
especially in Germany, have necessitated many important altera-
tions and additions in the text of the present edition, and
numerous new woodcuts ; 8o that, while the whole work has been
very carefully revised throughout, in some respects—as in the
subjects of elementary structure, reproductive organs of Acoty-
ledons, and in the physiology of plants—it may be almost
regarded as a new work. In these portions the author has
especially to express his great obligations to Professor Lawson,
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of Oxford, for valuable assistance rendered in the subject
of Histology; to Mr. J. W. Groves, Demonstrator of Phy-
siology in King’s College, London, for, in a great degree,
revising the Third Book on Physiology ; and to his pupil, Mr.
J. Mason Vann, of King’s College, for nearly writing afresh the
section on the Reproductive Organs of Thallophytes, and for
other assistance in reference to Acotyledonous Plants. In all
these portions the great work of Sachs, ¢ A Text Book of Botany,’
translated by Bennett and Dyer, has been constantly referred to,
and should be studied by all who desire to become more fully
acquainted with the progress of science in these particulars, than
is possible in this volume, consistent with the design of the
author. .

In the part which treats of the properties and uses of plants
very many additions and alterations have been also rendered
necessary by the progress of science. In this portion constant
reference has been made to Fliickiger and Hanbury’s ¢ Pharma-
cographia,’ and to Bentley and Trimen’s ¢ Medicinal Plants,’ both
of which works have been published since the third edition
of this Manual. The latter work contains full botanical de-
scriptions with original coloured figures of the principal plants
employed in medicine, and an account of the characters, pro-
perties, and uses of their parts and products of medicinal value ;
and is especially intended to serve as an illustrated botanical
guide to the ‘British Pharmacopeia’ the ‘Pharmacopeeia of
India,’ and the ¢ Pharmacopceeia of the United States of America.’
For figures, descriptions, and full particulars of these plants, all of
which are briefly noticed in this Manual in the part treating of
Systematic Botany, the author begs leave therefore to refer those
of his readers who are specially interested in the ofticial and other
more important medicinal plants.

In this part, although several minor changes have been made
in the arrangement and characters of the natural orders, it has
not been thought advisable to depart in any essential particulars
from the order followed in previous editions. The arrangement
here adopted, except in unimportant particulars, is that used
generally in our Floras, and that which is sanctioned by our
examining bodies. The present, so far as the classification of
plants is concerned, may be regarded as a transitional period
in this country; and important, therefore, as a knowledge of
other arrangements may be to advanced students, they are scarcely
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adapted for such a Manual as the present. Such students should
especially refer to the great work, now in course of publication,
Bentham and Hooker’s ¢ Genera Plantarum.’

The present work having been thus carefully revised and in
part rewritten, and supplemented by very carefully prepared and
copious indexes, the author confidently believes that it will, even
better than the preceding editions, serve as a convenient, intelli-
gible, and faithful as well as comprehensive manual for students ;
and also be very useful as a work of reference for those engaged
in commercial pursuits who, having counstantly to make use of
substances derived from the Vegetable Kingdom, require ac-
curate and condensed information on the Properties and Uses
of Plants,

Loxpox : February, 1882,



PREFACE

TO

THE FIRST EDITION.

TaF principal design of the author in the preparation of the
present volume was, to furnish a comprehensive, 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 introduction to works devoted
particularly to Materia Medica and Economic Botany, and thus
form a text-book of especial value to medical and pharmaceutical
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 poesible, 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 verynu-
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
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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 Structural, 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
valuable 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 Descriptive 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 credit 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, Berkeley, 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 and Henfrey’s ¢ Micrographic Dictionary,’ by the
lamented Henfrey, the author is more especially indebted. The
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last three works will always bear ample testimony to the great
research and abilities of their respective authors.

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 Botanique ;’ others
have been derived from the works of Schleiden, Mohl,* Hof-
meister, Lindley, Henfrey, Balfour, &c. ; and many are from
original sources. By the judicious use of these woodcuts 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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CORRECTIONS AND ADDITIONS.

Page 3, line 7 from the bottom, after starch, add (see page 822).

21, line 21 from the bottom, after for example, insert according to
Henfrey and others.

22, line 2 from the top, for mature, read perfect.

26, line 17 from the bottom, for Ceranium read Ceramium,

26, line 22 from the bottom, qffer those above mentioned, add
(For further particulars on Chlorophyll see page 781.)

27, line 12 from the top, ufter starch, add and some other carbo-
hydrates (see page 822).

35, line 5 from the top, after Forus AxD Sizes or CkLLs, erase AND
GENERAL PROPERTIES AND STRUCTURR OF THF CELL-WALL.

113, line 5 from the bottom, for sivlomferous, read stoloniferous.

251, line 12 from the bottom, affer infolding of the, add proto-
plasm, or, according to Mohl, of the

314, line 16 from the top, after others again, erase may.

428, line 13 from the bottom, qfter eaten. add (This must not be
confounded with the true Avocado or Alligator Pear, which
is in much repute in the West Indies, and is derived from
Persea gratissima.) (See Persea).

459, line 14 from the bottom, after Kola-nuts, add It has been re-
cently stated that the nuts have the power of staying for
even a prolonged period the cravings of hunger, and of
enabling those who eat them to endure continued labour
without fatigue.

520, line 212, from the bottom, after gum, add , known as Sarco-
col

520, line 23 from the bottom, after Astragalus, add , or from one
nearly allied to that genus. (See Penea).

536, line 8 from the bottom, affer Alum-root. add Sarifraga
sibirica is said to contain a crystalline bitter principle,
which has been termed bergenin, and is reputed to be a
powerful tonic, ranking in its action between salicin and
quinia.

598, line 9 from the top, after Curare; add Planchon, however, has
recently modified this opinion, and now refers to a species
closely allied to 8. toxifera, Benth., as the chief element
of this kind of Curare;

””

”
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1

”



xxxii CORRECTIONS AND ADDITIONS.

Page 754, after line 3 from top, insert the following notice of recent
investigations :—

On the Structure of the Protoplasm of Vegetahle Cells and the Structure
and Method of Division of the Cell Nucleus.

Professor F. Schmitz finds that the cells of plants contain intra-
cellular and intranuclear networks resembling those described by
Haustein, Heitzmann, Klein, and others as existing in the cells of
animals.

The intracellular networks consist of very delicate interlacing
threads of protoplasm, enclosing sgaces or lacune, which ave in inter-
communication with each other, and contain a homogeneous fluid.

The nucleus contains a similar reticular structure, and is bounded
by a denser substance, in which are embedded a number of closely-
packed granules, termed by Flemming  chromatin-granules,’ the larger
of which have been usually described as nucleoli.

Strassburger has described a curious method of division of the
nucleus in many vegetable cells, and a similar method has since been
shown by several observers to occur in animal cells. To this process
Flemming has given the name of karyokinesis, because a spontaneous
movement of the nucleus and its contents is of essential importance.

The first stage in the process is the separation of the fibrils
forming the intranuclear network, so that they become more distinet,
and make the nucleus appear larger. The fibrils then become thicker
and more separated, thus exaggerating the appearance produced during
the first stage. The fibrils pext acquire the form of long loops,
some of which appear to consist of two threads (Flemming); but
whether this is their true character, or they are thick fibrils which
have become hollowed out, is uncertain (Klein). In the next step the
loops cease to be single and are very long, each thread forming several,
and the whole producing a radiating, wreath-like appearance. The
loops then break so that their bends are central, the ends pointing
outwards and producing a star-like appearance, the aster or monaster.
The central mass and rays now appear to divide into two parts having
different planes one above the other, except at the periphery of the
loops, where for a time the two stars remain connected, though soon
they separate, producing the double star, or dyaster, which in many
cages is the only form of star that is seen, the moraster apparently not
occurring at all. The two stars of the dyaster then recede from each
other so that their centres cccupy opposite polrs of the nucleus; the
daughter-stars of the dyaster thus produce a double basket appearance.
The fibrils of these haskets next arrange themselves alternately, so that
they seem to be transversely striated. A membrane next forms be-
tween the two divisions of the former nucleus, t.e. between the two
daughter-baskets whose fibrils now become convoluted, thus producing
in the new nuclei an intranuclear network similar to that which
existed in the mother-nucleus.

These intracellular and intranuclear networks, as well as the divi-
sion of the nuclei, are well seen in rapidly forming cells, such as those
in the growing points of plants.

Page 797, line 12 from bottom, for three read two.



MANUAL or BOTANY.

INTRODUCTORY REMARKS.

NaturaL HisTory Has for its object the investigation of every-
thing that relates to the bodies placed on the surface of the
globe ; or combined so as to form its substance. These various
bodies have been, both by the common observer and scien-
tific investigator, arranged in three great divisions, called, re-
spectively, the Animal, Vegetable, and Mineral kingdoms : those
comprised in the two former, being possessed of life, form
the Organic creation ; while those of the latter, not being en-
dowed with life, constitute the Inorganic creation. It is our
province in this work to treat of the lower members of the or-
ganic world, called Plants or Vegetables. The science which
investigates these is termed Botany, from the Greek word Bordwy
signifying an herb or gﬁus

DEPARTMENTS OF BoraNy.—Botany in its extended sense
embraces everything which has reference to plants either in a
living or fossil state. It investigates their nature ; their in-
ternal organisation ; 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 is of vast extent,
and one which requires for its successful prosecution the most
careful and systematic study. It may be divided into the
following departments :—1. Organography : this comprises every-
thing which relstes to the internal organisation and ex-
ternal configuration of plants, and their various parts or
organs : that portion which ireats of their structure, including
the description of the elementary structure, or Vegetable
Histology, is commonly termed Structural Botany ; and that
which has reference to their forms is called Morphological
Botany, or the Comparative Anatomy of plants. 2. Physioloyical

8



2 DISTINCTIONS BETWEEN

Botany : this treats of plants, and their organs, in a state of life
or action. 3. Systematic Botany : this considers plants in their
relations to one another, and comprehends their arrangement
and classification. 4. Geographical Botany is that department
which explains the laws which regulate the distribution of
plants over the surface of the globe at the present time.
And 5. Palzontological or Fossil Botany is that which investi-
gates the nature and distribution of the plants which are found
in a fossil state in the different strata of which the earth is com-
posed. The first three departments are those only that come
within the scop? of the present work ; the two latter being of
too special and extensive a nature to be treated of in this
manual.

DISTINCTIONS BETWEEN ANIMALS, PLANTS, AND MINERALS. —
Botany being the science which treats of plants, it would natu-
rally be expected that we should commence our subject by
defining a plant. No absolute definition of a plant can, how-
ever, be given in the present state of our knowledge of the
organic world, neither is it probable that, as our knowledge in-
creases, such will ever be the case ; for hitherto the progress
of inquiry has shown that there is no distinct line of demarca-
tion between plants and animals, the one passing gradually and
imperceptibly into the other. Indeed, until quite recently it
was believed by many that there existed certain organisms which
were plants at one period of their lives and animals at another.
Thus De Bary, in the year 1859, described the germinating
spores of Athalium as producing naked, motile, protoplasmic
bodies, which eventually coalesced to form amceboid masses of
protoplasm (plasmodiwm), which were destitute of a cell-wall,
were able to creep over the surface of the substance upon which
they were growing, and to take into their interior and digest
solid matters, after the fashion of a true Ameba, of the animal
nature of which there can be no doubt; and so while in this
stage he regarded Athalium as an animal. After a time, how-
ever, the plasmodium becomes quiescent, divides into an im-
mense number of small portions, each of which clothes itself with
a wall of cellulose and becomes a spore ; and in this later stage
he regarded Athalium as a plant. But as the more recent
researches of De Bary and others show that this amoeboid condi-
tion is of frequent recurrence in certain stages of many organ-
isms, of the plant nature of which there can be no possible
question, Athalinm is now relegated to the Vegetable Kingdom
alone. Nevertheless, even if the belief in the double nature
(plant and animal) of certain organisms does not now exist,
naturalists are far from agreeing as to what in all cases shall be
regarded as a plant or as an animal. Thus, while Stein looks
upon such acomplex structure as Volvox asundoubtedly animal,
other authors of equal repute acknowledge it as a plant.

There are, indeed, even some naturalists who believe that



ANIMALS, PLANTS, AND MINERALS. 3

there is no line of demarcation between plants and minerals,
but that simple organisms can be, and are, formed out of in-
organic matter ; but notwithstanding the ability and ingenuity
with which these views have been supported, we hold such
notions to be purely speculative, and continne to maintain that
the possession of individual life and power of reproduction in
the former, constitute at once, without further investigation, a
broad and well-marked line of demarcation from the latter.
Even when we compare plants with animals, so long as we
confine our researches to the higher members of the two king-
doms, the distinctions are evident enough ; difficulties only
occur when we look deeply into the subject 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 king-
doms. Tt is then that we find the impossibility of laying down
any certain characteristics by which all the members of the two
kingdoms may be absolutely distinguished. We shall at present,
therefore, confine our attention to those characters by which
plants may in a general sense be distinguished from animals,
leaving the more extended investigation of the subject to the
fature pages of this volume.

In the first place, we find that plants hold an intermediate
position between minerals and animals, and derive their nourish-
ment from the earth and the air or water by which they are
surrounded, and that they alone have the power of canverting
inorganic or mineral matter into organic. Animals, on the con-
trary, live on organic matter, and reconvert it into inorganic. In
other words, plants produce organic matter, and animals con-
sume 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 that 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 sensftion and power of voluntary motion,
and as being nourished from without ; while animals are pes-
sessed of such attributes, and are nourished from within.

Thirdly, during the process of assimilation plants decompose
the carbon-dioxide of the air or water in which they ave growing,
and, uniting the carbon, which is obtained from this decomnposi-
tion, with the elements of water, to form starch, restore to the
atmosphere or water the greater part of the oxygen. Animals,
on the contrary, during the process of respiration take into their
tissues free oxygen, and return, in its place, to the surround-
ing medium in which they live, carbon-dioxide, the result of
the combination of the superfluous carbon in the animal system
with the oxygen which has been2inhaled. Plants, therefore, in

B



4 DISTINCTIONS BETWEEN ANIMALS AND PLANTS.

assimilation absorb carbon-dioxide and eliminate oxygen; while
animals in respiration absorb oxygen and eliminate carbon-
dioxide. This process of assimilation in plants must not be con-
founded, as was formerly the case, with their respiration, as will
be described hereafter in treating of the Physiology of Plants.

Fourthly, while all plants and animals are made up of cells,
those of the latter do not develope upon their exterior any sub-
stance essentially differing from the more internal protoplasm ;
the whole substance of the cell is more or less homogeneous, and
consists throughout of matter which, when analysed, can be
shown to be made up chiefly of the four elements, Carbon,
Oxygen, Hydrogen, and Nitrogen. The protoplasmic mass
forming the cells of plants, on the other hand, invariably sooner
or later becomes changed on its outer surface ; a membranous
covering is developed which, as the cell grows older, may be-
come more or less thick, hard, tough or flexible, and which
in a pure condition is destitute of the element nitrogen. This
membrane is termed the cell-wall, and the substance of which
it is composed is called cellulose. Plants, then, are made up of
cells the protoplasm of which is enclosed in a cell-wall of cel-
lulose ; while animals are made up of cells which have no such
cell-walls.

In reference to the above distinctive characters, it should be
especially noticed that they are only general, namely, those de-
rived from comparing together, as a whole, the mombers of the
animal and vegetable kingdoms ; and that to all such characters
some exceptions may be found when we compare particular in-

- dividuals.

The presence of starch was also formerly considered as a
diagnostic character of plants, but more recent investigations
have shown that this substance, or at least one isomeric with,
and presenting the same general appearances as it, is also to be
found in the tissues of animals. The presence of starch there-
fore in any particular organism, can no longer be regarded as
forming an absolute distinctive character between a plant and
an animal. -

We arrive accordingly at the conclusion that it is impossible
to give a complete and perfect definition of a plant, or, in other
words, to lay down any single character by which plants can in
all cases be distinguished from animals. In determining, then,
whether an organism under investigation be a plant or an
animal, the naturalist must first take into his consideration, not
any one character alone, but the sum of all the characters which
it may exhibit.



BOOK 1.

ORGANOGRAPHY; OR, STRUCTURAL .\ND MORPHO-
LOGICAL BOTANY,

—_——

THE most superficial examination by the unassisted eye of any
of the more highly developed and organised plants enables us
to distinguish various parts or organs, as root, stem, leaves,
and the parts of the flower. A similar examination of plants of
lower organisation 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 all made up of others of a simpler kind, in the form of little
membranous closed sacs, called cells, and elongated tubular
bodies, of various forms, sizes, and appearances, which are com-
bined together in various ways. Hence, in describing 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 structures of which they
are composed. A knowledge of these elementary structures or
building materials of plants is absolutely essential to a com-
plete and satisfactory acquaintance with the compound organs ;
but, previously to describing them, it will materially assist our in-
vestigations 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 de-
gree, do plants vary in such 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
organs is called Morphology.



CHAPTER 1.

GENERAL MORPHOLOGY OF THE PLANT.

THE simplest plants, such as the Red Snow (Protococcus), or
Gleeocapsa, consist of a single cell, which in form is more or less
spherical or oval. In Protococeus (fig. 1) the cells separate
almost as soon as formed, while in Gleocapsa they remain
bound together by an environing capsule of gelatinous matter,

Fie. 1. Fic. 2.

Fiy. 1. Several Red Snow plants (Profococcus (Palmella) nivalis), enclosing
minute bodies called spores, magnified. — Fig. 2. Two plantsof Osctllatoria
spiralis.

formed from the cell-wall, for a longer or shorter period. As,
however, this matter absorbs more water, it is gradually dis-
solved away and the cells are set free. In plants immediately
above these in point of complexity we find the cells still all alike,
but instead of being separated, joined end to end and forming
a straight or curved rod, as in Oscillatoria ( fig. 2). All these
plants—so far at least as is known—multiply by divigion of their
cells only ; but a little higher in the scale we meet with plants in
which certain of their cells perform the function of nutrition,
while others are set apart for the purpose of reproduction.
Thus, in the Moulds, such as Mucor (fig. 3), or Penicillium ( fig. 4),
the cells which serve as organs of nutrition fcrm branched, jointed
filaments, which lie upon the surface of the substance furnishing
the plants with food ; while those destined to reproduce the
individual are developed in globular cavities (asci), as in Mucor ;
or are arranged in necklace-like branches at the end of specml
filaments, as in Penicillium.

Yet a little higher in the scale of vegetable life we find the
cells 8o combined as to forin leaf-like expansions ( fig. 5), er solid
axes, as well as special organs of reproduction (£g. 5, ¢, t). But
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these cells are all more or less alike, so that no true distinction
can be drawn between the often very different looking parts we
meet with in such plants as a sea-weed or a mushroom. Such a
combination of similar cells, whatever the precise form may be,
which presents no differentiation of leaf, stem, and root, is
called a thallus or thallome, and every thallus-producing plant
is therefore termed a Thallophyte or Thallogen. Under the head
of Thallophytes we comprise all those simpler forms of plants
which are commonly known as Algee, Lichens, and Fungi.

Fi6. 3. Fia. 4. Fia. 5.

3

below, from which two stalks are seen to arise,
each of which is terminated by a sac (ascus),
from which a number of minute bodies (spores)
are escaping.——Fig. 4. Another mould (Fenicil-
lium glaucum), with myocelium and stalk bearing
several rows of cells, which are the germinating
spores (coridia). —Fig. 5. Thallus or thallome
of the common Bladder Sea-weed (Fucus vesiculo-
sus). & t. The fructification. o,v. Bladdersof air.

Again, as all Thalloi’hytes are composed of cells which ap-
proach more or less closely to the spherical or oval form, or if elon-
" gated are thin-walled and flexible, they are also termed Cellular
Plants, in contradistinction to those which come above them which
are called Vascular Plants on account of their possessing, in addi-
tion to these cells which are termed parenchymatous, elongated
thick-walled cells, called prosenchymatous or wood-cells (see
page 37); and also, in most cases, except in the intermediate
orders of Liverworts and Mosses, variously formed tubular or-
gans which are known under the name of vessels.

From the Thallophytes, by various intermediate stages, we ar-
rive at an order of plants called Liverworts. In the lower forms
of this group, e.g. Marchantia (fig. 6), we have a green flat
thallus-looking stem bearing upon its under surface scale-like
appendages, the first representatives of true leaves. In the
higher forms, as Jungermannia (fig. 7), the stem and leaves are
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both more highly developed. In the Mosses, e.g. Polytrichum
(figs. 8 and 9), the stems often contain elongated cells, which are

Fi6. 6. Fi1a. 8. Fi6. 9.

Fig. 6. A portion of the flat thalloid stem of Marchantic Polymorpha,
fhowing an antheridial receptacle, r, supported on a stalk, s.— Fig. 7.
Jungermannia bidentata. The stem is creeping,and bears numerous small
imbricated leaves.——Fig. 8. Hair-moss (Pulytrichum), with it leaves,
stem, and fructification (archegoniwm).——Fig. 9. The male plant, as it
is commonly termed, of the Hair-moss, with its stem and lerves, and
terminated by the male organs (antheridia).

to a certain extent thickened, and differ little from the true
wood-cells met with in higher plants ; this tissue, too, is often
prolonged into the leaf, when it forms a midrib. Correlated with
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this greater development of the organs of nutrition we find
the reproductive apparatus similarly advanced in complexity of
structure. The female element, or oosphere, consists of a mass
of protoplasm situated in the interior of a flask-shaped cellular
organ, the archegonium (fig. 8), and this is fertilised by small
particles of motile protoplasm (antherozoids), which are de-
veloped in cells formed inside a bladder-like structure called the
antheridium (fig. 9).

All plants, from, and including the Liverworts and Mosses up-
wards, under ordinary circumstances, present us with a distinct
stem bearing leaves, and are therefore called Cormophytes (corma,
a stem), signifying that they are stem-producing plants, to distin-
guish them from the Thallophytes or thallus-forming plants, just
alluded to.

The Liverworts and Mosses are, how-  Fig. 10. Fic. 11.
ever, destitute of true roots and vessels,
such as exist in l:l';e next and all the

igher groups of ta. '
l'ngStill nsog:xdinl;, we find in the Club-
mosses ( fig. 10), Horsetails (fig. 11),
Ferns (fig. 12), a continued advance-
ment in complexity of structure, spiral
and other vessels make their appearance
for the first time, and the stems are fre-
quently of considerable magnitude. Ca-
lamites, an order of plants nearly allied
to the Horsetails, and which were ex-
tremely abundant during the formation
of our coal measures, would appear to
have reached the height of our loftiest
trees ; while at the present day in tropical
countries, Tree-ferns will frequently at-
tain the height of twenty feet or more
(fig. 13), and sometimes even as much
as forty feet. In these plants true roots
first also appear, but they are generally Fig. 10. The common Club-
broken up into numerous small fibres and s (L';,’{g"’f;""'h‘;"c";{;'
never become enlarged as in the tap-roots e of toe Great Water
(fig. 18, r) of the higher flowering plants.  Horsetail (Equisetum Tel-

Cryptogamous Plants.—In all the ™4
plants above mentioned we have no evi-
dent flowers as in the higher plants, hence they are called Flower-
less ; but their organs of reproduction are very small and incon-
spicuous, and therefore they are also termed Cryptogamous, that
is to say, plants with concealed or invisible reproductive organs.
These Cryptogamous plants are again divided into two groups,
called Cormophytes and Thallophytes ; the latter comprising the
simpler forms of plants, which, as previously noticed, are com-
monly known as Alge, Fungi, and Lichens, and which present
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no distinction of root, stem, and leaf (figs. 1-6); and the
former group those plants, such as the Liverworts (figs. 6-7),
Mosses (figs. 8 and 9), Club-mosses ( fig. 10), Horsetails ( fig.

Fic. 13.

Fia. 12,

Fig. 12. The Male Fern (Lastrea Filiz-mas). — Fiy. 13. A Tree-fern, show-
ing a tuft of leaves (fronds) at the apex of a cylindrical stem, which is
vnlarged at its base, ra, by the development of a mass of adventitious
roots. .

11), and Ferns (figs. 12 and 13), which present us with an evi-
dent stem, bearing leaves, and, except the Liverworts and
Mosses, also true roots and vessels of different kinds.
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Phanerogamous Plants.—All plants above those called Cryp-
togamous, from possessing evident flowers orreproductive organs,
are termed Phanerogamous, Phenog s, or Flowermg. These
latter plants are also reproduced by true seeds instead of spores, as
is the case in all Cryptogams ; a seed being essentially distin-
guished from a spore, from containing within itself in a rudi-
mentary condition 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 two or more united, and never exhibits
any distinction of parts until it begins to develope in the ordinary
process of vegetation, and then only in certain cases.

These Phanerogamous plants also present two well-marked
divisions, called respectively the Angivspermia and Gymnosper-
mia : the former including those plants in which the ovules.
are enclosed in a case called an ovary (fig. 32, o, 0); and the
latter, such plants as the Fir and Larch, in which the ovules

Fia. 15.

/

N
o

Fig. 14. Dicotyledonous embryo of the Pea. r. The radicle. ¢ The axis
(tigelle), termi d by the pl le, n. ¢, c. The cotyledons or secd-leaves,
—— Fig. 15. Bract or carpellary leaf, s, of a species of Pwius, bearing two
naked ovules, ov, at its base.

g

\

are naked (fig. 15, ov) or not enclosed in an ovary. In the
Phanerogamous plants we have the highest and most perfect
condition of vegetation, and it is to these that our attention
will be more especially directed in the following pages. But
before proceeding to describe in detail the elementary struc-
tures of these ang other plants and the different parts or organs
which they form by their combination, it will be more conve-
nient and intelligible to give a general sketch of the nature
and characters of these compound organs, and to explain the
meaning of the various technical terms which are employed for
their description.

We have just stated that a seed contains an embryo, in which
the essential parts or of the future plant are present
in a rudimentary state. e embryo of a common Pea may be
taken for the purpose of illustration (fig. 14). Here we find a
distinct central axis, t, the lower part of which is called the
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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, ¢, ¢, whose office is
of a temporary nature, and to which the name of cotyledons or
seed-leaves has been given. Some seeds only contain one coty-
ledon in their embryo (fig. 17, ¢), instead of two as just de-
scribed in the Pea (fig. 14, ¢, ¢); hence we divide Phanerogamous
plante, or those which are reproduced by seeds, into two great
classes, called, respectively, Dicotyledones (two cotyledons), and
Monocotyledones &.c;w cotyledon). As Cryptogamous plants have
no cotyledons, they are termed Acotyledonous ; hence we have"
two great divisions of plants, the Cotyledones and the Acoty-

ledones, the former being again divided into the Monocotyle-
dones and the Dicotyledones.

Fic. 16. Fie. 17.

Fig. 18. Germination of the Haricot or French Bean, a Dicotyledonous plant.
. The roots, springing from the lower end of the axis, ¢ (tigelle). c¢,c. The
cotyledons. d, d. The leaves.——Fig. 17. Germination of Maize, a Mono-
cotyledonous plant. ¢. The axis, gi off roots from its lower extremity.
¢. The cotyledon. g¢. The leaves and young stalk.

When a seed is placed under favourable circumstances (which
will be treated of hereafter in speaking of the process of germi-
nation), the embryo it contains begins to develope (figs. 16 and
17) ; the lower part of its axis, ¢, or radicle, or one or more
branches from it, growing in a downward direction, while the
upper part elongates upwards, carrying the plumule with it,
and at the same time the cotyledonary portion becomes deve-
loped and forms the first leafy organs. We have thus produced
a central axis developing in two opposite directions ; the lower
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part is called the descending axis or root (fig. 16, r), and the
upper the ascending axis or stem, t. Upon this ascending axis
or ita divisions all the future organs of the plant are arranged ;
those which immediately succeed the cotyledons, ¢, ¢, constitute
the first true leaves of the plant, d, d ; 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 these three
organs, namely, root, stem, and leaves, which originally exist in
the embryo in a rudimentary state, or are developed as soon as
germination commences, are called the fundamental organs of
the plant. They are also called organs of nutrition or vegetation,
because 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 orguns of
reproduction.

In like manner, when a spore germinates, it either simply de-
velopes parts which, as we have seen, perform equally both nutri-
tive and reproductive functions ; or a certain special a; iamtus is
designed for the latter purpose, as is the case in all the higher Cryp-
togamous plants. We have here, therefore, as in Phanerogamous
plants, two manifestly distinct series of organs, one adapted for
nutrition, and another for reproduction. Hence in treating of
the different s of the plant, both in reference to their
structure and functions, we arrange them in two divisions :
namely, 1. Organs of Nutrition or Vegetation ; and 2. Organs of

ion. But before proceeding to describe these in detail,
it is necessary that we should briefly define these organs, and
explain the terms used in describing their principal modifications.

1. OrGANS oF NUTRITION OR VEGETATION. a. The Root.—
The root (figs. 16 and 18, r) is that part of a plant which at
its first development in the embryo takes a direction oppo-
site to the stem, avoiding the light and air, and hence called
the descending axis, and fixing the plant to the soil or to the
substance upon which it grows, or floating in the water when
the plant is placed upon the surface of that medium. The divi-
sions of a root, which are given off irregularly and without any
symmetrical arrangement, are termed branches ( fig. 18, r), and
the hair-like prolongations found upon young growing roots
are called fibrils or root hairs (fig. 19).

b. The Stem or Caulome. —The stem (fig. 18,¢) is that organ
which at its first development passes upwards, seeking the light
and air, and hence termed the ascending axis, and bearing on its
surface leaves, f, f, and other leafy appendages. The leaves are
always developed at regular points upon the surface of the stem,
which are called nodes, and in the axil of every leaf (that is, in
the angle produced by the junction of the base of the upper sur-
face of the leaf with the stem) we find, under ordinary circum-
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stances, a little conical body called a leaf-bud (figs. 18, b, b, and
21, b). From these leaf-buds the branches are subsequently

Fi6. 19,

Fig. 18. Lower part of the stem and root of the common 8tock. . The
root with its branches. ¢. The neck or point of union between stem and
root. t. The stem. f, . Leaves. b, b. Buds.— Fig. 19. Fibrils or root-
hairs on the surface of a young root.

produced, and hence, in the stem, these are symmetrically
arranged, and not irregularly, as in the root, where there is no
such special provision for their formation. Itis in the presence

Fia. 20. Fre. 21.

Fig. 21. Leaf and portion of a branch
of Salixaurita. r. Branch. b. Bud.
1. Lamina with the upper portion re-
moved, and attached by a petiole, p,
to the stem. s, s. Caulinary stipules.

Fig. 20. Leaf and picce of stem of Polygonum Hydropiper.
1, Lamina or blade. p. Petiole. d. Sheath or vagina,

of leaves and leaf-buds that we find the essential characteristics
of a stem, as both these organs are absent in the root.
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¢. The Leaf or Phyllome.—The leaf is commonly a more or less
flattened expansion of the stem or branch (figs. 20 and 21). As
already stated, the point from which it arises is called a node ; and
the space between two nodes is therefore termed an internode. In
its highest state of development the leaf consists of three parts ;
namely, of an expanded portion, which is usually more or less
flattened (figs. 20 and 21, ), called the lamina or blade ; of a
narrower portion by which the lamina is connected with the
stem, termed the petiole or leaf-stalk ( figs. 20 and 21, p) ; and of
a third portion at the base of the leaf which exists in the form
of a sheath (fig. 20, d) encircling the stem, or as two little leaf-
like appendages on each side, which are called stipules (fig. 21,
3, 8). These three portions are by no means always present ;
but one or two of them may be absent ; and in such cases when
the petiole is absent the leaf is said to be sessile, and if the
stipules are wanting the leaf is described as exstipulate. When
a leaf becomes thick and fleshy, instead of presenting its ordinary
flattened appearance, it is termed succilent.

2. OrGANs oF REPRODUCTION.—AS already noticed, the parts
of a flower are only leaves in a modified condition adapted for
special p ; and hence a flower-bud is analogous to a leaf-
bhud, and the flower itself to a branch the internodes of which
are but slightly developed, so that all its parts are situated in
nearly the same plane.

a. The Flower-stalk or Peduncle.—The stalk which bears a
solitary flower or several sessile flowers (fig. 22, p), is called the
flower-stalk or peduncle; or if the stalk branches and each
branch bears a flower, the main axis is still called a peduncle,
and the stalk of each flower a pedicel (fig. 23, ped, ped); or
if the axis be still further subdivided, the general name of
peduncle is applied to the whole, with the exception of the
stalks immediately supporting the flowers, which are in all
cases called pedicels. The leaves which are placed upon the
flower-stalk, and from the axils of which the flower-buds arise, are
termed bracts or floral leaves (figs. 22 and 23, b, b). In some
cases these bracts are of a green colour, and in other respects re-
semble the ordinary leaves, but usually they are distinguished
from the leaves of a branch by differences of colour, outline, and
other peculiarities. The flowers are variously arranged upon the
floral axis, and to each mode of arrangement a special name is
applied ; the term inflorescence being used in a general sense to
include all such modifications.

b. The Flower.—A complete flower (fig. 24) consists of the
essential organs of reproduction enclosed in two particular en-
velopes which are designed for their protection. The essential
organs are called the Andracium (fig. 25, ec, ec), and Gynaecium or
Pistil (figs. 25,sti, and 31, 0, sti). The floral envelopes are termed
Calyz (fig. 24, c), and Corolla, p, p. Theextremity of the peduncle
or pedicel upon which the parts of the flower are placed, is called
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the Thalamus, or sometimes, but imnproperly, the Receptacle ( figs.
25, r, and 30, ). The floral whorls or circles are situated on
the thalamus, proceeding from without inwards in the following
order:—1. Calyx, 2. Corolla, 3. Andreecium, 4. Gyncecium.
The Calyx (fig. 24, c) is the whorl or circle of organs forming

Fia. 28.

Fic. 22

Fig. 22. Inflorescence of a species of Broom-rape (Orobanche Eryngti). p. Pe-
duncle. b, b. Bracts A. Flower.—— Fyg. 23. Infl of R i
(Ce la Rap ! )dp.}." le. ped, ped. Pedicels. b,b. Bracts.
—fiy.ﬂ. Flower of Wallflower (Cheiranthus Cheiri). c. Calyx, composed

of parts called sepals, the two lateral of which are prolonged at the base

into a little sac, and are hence said to be gibbous. p, p. Petals, of which
there are four arranged in a cruciform manner, the whole forming the
corolla. e. Summit of the st which enclose the pistil.

the outer envelope or covering of the flower. Its parts are
called Sepals, and these are generally n, and of a less deli-
cate texture than those constituting the corolla. In texture,
appearance, and other characters they bear commonly a great
resemblance to the true leaves.



PERIANTH.—ANDRECIUM. 17

The Corolla (fig. 24, p, p), is the whorl or whorls of leafy
organs situated within the calyx, and forming the inner enve-
lope of the flower. Its parts, which are called Petals, are fre-
quently decorated with the richest colours ; by which character,
and by their more delicate nature, they may be usually known
from those of the calyx. . )

The calyx and corolla are sometimes spoken of collectively
under the name of Perianth (fig. 27). This term is more
particularly applied to Monocotyledonous Plants, where the
floral envelopes generally resemble each other, and are usually
all coloured or petuloid in their nature. The Tulip, the Iris,
and the Crocus may be taken as familiar exawmples.

Fia. 25, FiG. 26.

Fig. 25. Flower of Wallflower with tne calyx and corolla removed, in order
to show the esscntial organs of reproduction. . Thalamus. gl. Glands.
ec, ec. Stamens, of which there are six, four long and two short, the whole
forming the andreecium. sfi. Stigma, the it of the gy I or
pistil.— Mig. 26. One of the stamens of the Wallflower. /. Filament.
a. Anther. p. Pollen, which is being discharged from a slit in the anther.
——Fig. 27. Flower of a species of Squill (Scilla i/alica). The parts com-
posing the floral envelopes here closely resemble one snother, and form col-
lectively a perianth.

The floral envelopes are also called the non-essential organs of
the flower, because their presence is not absolutely necessary
for the production of the seed. Sometimes there is only one
tloral envelope, as in the Goosefoot (fig. 28) ; this is then pro-
perly considered as the calyx, whatever be its colour or other
peculiarity, and the flower is said to be Monochlamydeous. Some
botanists, however, use the term perianth in this case, as will be
described hereafter in treating of the Calyx in detail. At other
times, as in.the Ash.( fig. 29), and Willow ( figs. 33 and 34), both
the flora] énvelopes are absent, when the flower is termed naked
or dchlamydeous. When both floral envelopes are present ( fig.
24), the flower is said to be Dichlamydeous.

The Andrecium constitutes the whorl or whorls of organs

c
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situated on the inside of the corolla (fig. 25, ec, ec). Its parts
are called Stamens. Each stamen consists essentially of a case
or bag, called the Anther (fig. 26, a), which contains in its inte-
rior a powdery, or more rarely waxy, substance, called the Pollen,
p. is pollen, the nature of which can only be seen when

FiG. 29.

Fig. 28. Flower of Goosefoot (Chenopodium), with only one floral envelope
(monochlamydeous).—— Fig. 29. Flower of the common Ash (Frazinus), in
which the floral envelopes are geth t (achlamydeous).

highly magnified, is found to be formed of an innumerable num-
ber of minute grains, or more properly cells, the pollen grains or
pollen cells, each of which resembles a double sac enclosing a

Fia. 30. Fic. 81. Fia. 82.

I

i

Fig. 30. Gyncecium of Columbine (Aquilegia rulgaris). p. Peduncle. z.
Thalamus. c. Carpels, each with an ovary, o; style, sty ; and stigma, stig.
—Fig.31. Gynceciom of Poppy (Papaver), with one stamen arising from
below it (hypogynous). o. United ovaries. ati. Stigmas, —Fig. 32.
Vertical section of the gynecium of the Pansy (Viola tricolor). c. Calyx.
d. Ovary. p. Placenta. o,0. Ovules, s. Stigma on the summit of a short
style.

granular fluid protoplasm, the fovilla, and which constitutes the
male fertilising element. The pollen when ripe is discharged, as
represented in the figure, through little slits or holes formed in
the anther. These are the only essential parts of a stamen ;
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but it generally possesses in addition a little column or stalk,
called the Filament, f, which then supports the anther on its
summit, When the filament is absent, the anther is said to be
sessile. The staminal whorl is termed the Andrecium, from its
constituting the male system of Flowering Plants.

The Gyncecium or Pistil is the only remaining organ ; it occu-
pies the centre of the flower ( fig. 25, sti), all the other organs
being arranged around it when these are present. It consists of
one or more parts, called Carpels, which are either distinct from
each other (apocarpous), as in the Columbine { fig. 30, c), or com-
bined into one body (syncarpous), as in the Poppy (fig. 31).
The pistil is termed the gynecium from its constituting the
female system of Floweri.ng Plants. Each carpel consists of a
hollow inferior part, called the Ovary ( figs. 30, o, and 32, d),

Fia. 33.

Fia. 34.

Fig. 33. Staminate amentum of Willow (8aliz).—

Fig. 34. Pistillate or carpellary amentum or cat-
kin of a species of Willow.

in which are placed one or more little bodies called Ovules (fig.
32, o, o), attached to a part called the placenta, p, and which
nltimately by fertilisation from the pollen become the seeds ; of
a Stigma, or space of variable size, composed of lax parenchyma-
tous tissue without epidermis, which is either placed sessile on
the top of the ovary, as in the Poppy (fig. 31, sti), or it is situated
on a stalk-like portion prolonged from the ovary, called the Style
(fig. 30, sty). The only essential parts of the carpel are the
o and stigma ; the style being no more necessary to it than
thv:%ament is to the stamen.

The andreecium and fvnoecium are called essential organs
becanse the action of both is necessary for the production of
the seed ; a flower, therefore, which contains both andrcecium
and gyncecium, is said to be perfect. It frequently happens,
however, that either the gyna;cium or andreecium is absent

c
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from a flower, as in the Willow (figs. 33 and 34), in which
case the flower is termed unisexnal ; and it is still further cha-
racterised as staminate or male (fig. 33), or pistillate, carpel-
lary, or female (fig. 34), according as it possesses ome or the
other of these organs.

c. The Fruit and Seed.—At a certain period the pollen is
carried to the stigma by insects (entomophilons), or borne by the
wind (anemophilous) ; this is called pollination, and is tobe distin-
guished from fertilisation, which consists in the commingling of
the fovilla with the female element of the ovule,—the germinal
vesicle. After fertilisation has been effected, important changes
take place in the pistil and surrounding organs of the flower,
the result being the formation of the fruit. Essentially the
fruit consists of the mature ovary or ovaries, containing the im-
pregnated or fertilised ovule or ovules, which are then termed
seeds. In some cases, besides the mature ovary or ovaries, other
parts of the flower, as will be explained hereafter (see Frurr),
also become a portion of the fruit. The fruit, when perfectly
formed, whatever be its compnsition, consists of two parts ;
namely, the shell or pericarp, and the seeds or seed contained
within it. At varying periods, but commonly when the fruit is
ripe, the pericarp opens 80 as to allow the seeds to escape ; or it
remains closed, and the seeds can only become free by its decay.
In the former case the fruit is said to be dehiscent ; in the latter,
indehiscent. Fruits with very hard or fleshy pericarps are usually
indehiscent.

The seed, as already noticed, is the fertilised ovule. It con-
sists essentially of two parts; namely, of a nucleus or kernel

(fig. 36, emb, alb), and infeguments, int.
Fic. 85. There are usually two seed-coats or integu-
ments, the external of which is commonly
designated as the testa or episperm, and the
inner as the teg or endopleura. The
nucleus or kernel may either consist of
the embryo alone, which is alone essential
toit (fig. 14), or of the embryo (fig. 35,
v emb) enclosed in nourishing matter, called
Fig. 35. Vertical section therf\;;do sm 0: :}llbum";; alb'hﬂ 3 be
¢ the e of the embryo having been
g; ﬂifo;e:; o:}:'me: already described, and th(:y mode in which
o praccgnmente emb. the fundamental organs of the plant are
or ehioperm. -n,,p.m'; developed from them, we have now finished
)

within the in ts in di
g:;‘:"" o integuments  our general sketch of plants in different

ink

ald.

cimnb.

degrees of organisation, and the compound
organs which they respectively present.
and are, therefore, able to proceed to describe in detail the
elementary structures or building materials of which they are
composed.
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CHAPTER 2.

ELEMENTARY STRUCTURE OF PLANTS, OR VEGETABLE
HISTOLOGY.

Section 1. Or THE CELL As AX INDIVIDUAL.

TaHE deaaimof the elementary structure of plants is termed
Vegetable Histology.

All plants, as we have previously seen (page 521,‘ are made up
of one or more membranous closed sacs called cells ; these vary
in form, size, and texture according to the different surrounding
conditions in which they are placed, and the functions which they
have to perform (see page 35). The cell is therefore the only ele-
mentary organ pocses% by a plant ; and hence cells, as the ulti-
mate elements of plants, necessarily demand our special attention.
We shall begin, tien, by first describing their general characters
and the nature of their contents ; and then pass on to a more
detailed examination of their various forms, sizes, and structure.

I. GENERAL CHARACTERS ; AND CONTENTS OF CELLS.—In the
very earliest stage of a plant’s existence—in, for example, the ger-
minal vesicle of the higher plants—the cell, then termed the pri-
mordial cell, consists only of a rounded mass of a semifluid sub-
stance to which Mohl has given the name of protoplasm. Very
shortly, however, this protoplasm surrounds itself on the outside
with a thin transparent skin of celluluse—the cell wall—and in
this condition three distinct parts can be observed in the cell
(fig. 36): 1. the cell wall, a ; 2. the internal protoplasm above
mentioned, b; and 3. the nucleus, ¢, which is a rounder, denser
portion lying in the midst of the protoplasm. At first the pro-
toplasm completely fills the cavity, but as the cell grows larger
it becomes insufficient, and hollow spaces or vacuoles ( figs. 37 and
38, ¢, &), make their appearance in it, which are filled with a clear
watery fluid called sap ; the nucleus, ¥/, is thensuspended in the
celland connected to the protoplasm lining its inner wall, by
slender threads or bands of the same substance ( fig. 38, p’, p’).
This watery sap in the very young cells is diffused generally
through the protoplasm. As the cell continues to enlarge, these
vacuoles run together so as to form one large hollow space ( fig.
38, s, ¢), and the protoplasm is then confined to a thin layer lining
the interior of the eeﬁ-wall—the primordial utricle, p, with the
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nucleus showing as a denser mass in an enlargement of the proto-
plasm on one side, k, k. In this mature cell, as it may be termed,
we distinguish, 1. the cell-wall, 2. the protoplasm, 3. the nucleus,
4. the cell-sap, which will now be described in order, as placed.

1. TreCELL-wALL( figs. 36, a, and 38, h).—We have just seen
that the original cell, from the after divisions of which the future
structure is built up, consists of protoplasm alone—that, in other
words, it has no cell-wall. Very shortly, however, this condition
of thin%a disappears. The protoplasm, having elaborated mole-
tules of cellulose (C,H,,0;), passes them to its outer surface,
where they form a thin, colourless, transparent, continuous mem-

Fic. 88.

FiG. 87.

Fig. 36. A cell from the root of the Lizard Orch!l (Orcln'{ hi"f‘!_l‘a). a. 'fh'e
cell-wall, consisting of oellulos'e. . The prot. b;

. The 1 with a 1 —Fig. 37. Cell with nucleus and nu-
2!:;1:- and vacuoles.—— Fig. 38. Cells from the root of Fritillaria imperi-
alis. A Cell-wall. 4. Nucleus. &,k Nucleoll. p. Primordial utricle.
o', 2. Protoplasmic threads. s, s. Cell-sap cavity. #,s'. Vacuoles. After
Sachs.

brane or skin. This membrane increases in thickness by the
intussusception of new molecules between the older ones, and
eventually there are generally developed upon it various mark-

, which may either be protuberances as in the case of some
glo%;en cells (fig. 70), and on the cells forming the hairs on the
surface of plants (fig. 71) ; or internal depressions, as may be
seen in spiral, annular, reticulated, scalariform, and pitted cells
(see pages 39-42). Those cells which are isolated, or on the sur-
face of the plant, have the various markings on their outer or free
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surface, while those that are united to form tissues have them
on the internal surface of their cell-wall. The former is termed
centrifugal thickening ; the latter centripetal thickening.

This cellulose is insoluble both in cold and in boiling water,
also in aloohol, ether, and dilute acids, and almost insoluble in
weak alkaline solutions. By the action of cold concentrated
sulphuric acid the cellulose is broken down, and when diluted

boiled, converted first into dextrin, and then into grape-
sugar. When cellulose is steeped in dilute sulphuric acid, and
then treated with a solution of iodine, or if it 18 acted upon by
Schultz’s solution, it is coloured bright blue. The cell-wall con-
tains in addition to the molecules of cellulose a small quantity of
mineral ash.

It rarely happens that cellulose can be found pure, as, in addi-
tion to the mineral ash above mentioned, it generally is rendered
more or less impure by the protoplasm which remains after the
death of the cell. That which i furnished by the cells of hairs,
such as Cotton, is generally the most free from extraneous matters.
The cell-wall is frequently hardened by the conversion of its
cellulose into a substance called lignin. This lignification takes
place where hardness or strength is required, as in the tissue
forming the shell of nuts, or in the wood-cells forming the stems
of trees. The walls of cells which lie on the surface of plants,
and are consequently exposed to more active chemical influ-
ences, usually become cuticularised, as in the epidermis of leaves
and in the cork cells of the bark ; the cell-wall in such cases
becomes thickened and impervious to moisture, and it is owin,
to this circumstance that delicate plants are enabled to withstan
the scorching and withering heat of the hot sun; it is also this
cuticularisation of the cork cells of the bark which protects the
internal living parts of trees from the damaging influence of
frost in winter.

Besides the above-mentioned changes which take place in
the cell-wall, others occur which are the result of degradation.
The mucilage of plants, as that of the Mallow ; or the slimy sub-
stance given off by Seaweeds, or the gelatinous matrix of such or-
ganisms as Nostoc and Gleeocapsa, are examples of this ; gums and
resins are also the products of the degradation of the cell-walls
of special cells of the wood of the trees in which they occur.

2. THE ProroPLAsM is the only part of the cell, and therefore
of the whole plant, which is possessed of life ; and the differences
in the form, size and nature of cells is due to the vital ene;
which it is capable of exerting. If this energy is exerted equally
in all directions, and there are no other counterbalancing forces,
such as pressure from neighbouring cells, the form which the
cell will assume will be one approaching to a sphere (fig. 69).
If, on the other hand, this energy is exerted in ome direction
only, the cell will assume an elongated form (fig. 67). If again
in two directions, flattened or tabular cells will be the result



24 THE CELL.—PROTOPLASM.

(fig. 66). This internal energy, which is peculiar to living pro-
toplasm, is frequently spoken of as vital force.

The appearance of protoplasm is as varied as is the form of
the cells which it produces. It may be granular and opaque, or
perfectly transparent ; it may be almost fluid, or of the consis-
tency of dough ; or again it may be hard or brittle : generally,
however, it is of a light grey colour and more or less granular.
According to Sachs, that matter only ought to be regarded as

Fia. 89. Fic. 40.

Fig. 39. Threecells of one of the hairsof the common Potato plant, showing
the circulation of the contents of each cell in reticulated currents. In the
central cell the direction of the currents is in part indicated by arrows.
After Schleiden.—— Fig. 40. Cells of the lcaf of Vallisneria spiralis, show-
ing the circulating current with its granular contents, passing up one side
of each cell, across, and down on the other side. The direction of the
currents is indicated by the arrows.—— Fig. 41. Cell of the leaf of Junger-
mannia Taylori,showing the protoplasm contracted by alcohol. After Mohl.

protoplasm which is perfectly transparent, and the granules
where they occur are to be looked upon as *probably finely
divided, assimilated food-material.’

The Movements of Protoplusm.—Doubtless during the whole
time that the cells are growing the protoplasm is in a constant
state of motion, although in many cases too slow to be observed ;
but in some cells, such as those forming the hairs of certain
plants—e.g. as in those of the Potato (fig. 39), those occurring
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on the filaments of Tradescantia, or in those forming the stings
of the Nettle, or again in the cells forming the leaves of many
water-plants, e.g. Vallisneria, fig. 40,—this motion is readily
observable. It would seem as though these movements existed
for the purpose of bringing every part of the living matter into
constant communication with the nutriment-bearing sac.

In most cases the presence of protoplasm may be readily de-
tected by the use of reagents. Alcohol and weak acids cause it
to shrink from the cell-wall (figs. 36 and 41); a solution of
iodine colours it brown ; while sugar and sulphuric acid cause
it to assume a pink colour.

Protoplasm is extremely rich in albuminoids, which chemically
consist chiefly of carbon, hydrogen, oxygen, nitrogen, sulphur
and phosphorus, the most distinctive element being that of
nitrogen. The gluten of Wheat is a good example of an albu-
minoid, and may be easily obtained by washing ordinary flour in
a coarse muslin bag till all the starch has been got rid of. It
then appears as a pale, grey, sticky substance, and when burnt
gives off anoffensive odour like that of burnt meat. Protoplasm
also frequently contains globules of oil, granules of starch, and
other similar substances.

The Primordial Utricle(fig. 38, p), as hasalready been observed,
is the thin layer of protoplasm which lines the cell-wall after the
cell has grown too large to be filled with the protoplasm alone.
It is frequently so thin and transparent that it cannot be detected
without the aid of reagents, which either colour it or cause it to
separate from the cell-wall as mentioned above. Whilst living
the primordial utricleisalways in organic connection with the cell-
wall, which latter indeed is only matter that has been manufac-
tured by the protoplasm, and then deposited upon its outer surface.

3. TeHE NucLEus or CyToBLAST, which exists in all the cells
of the higher plants, and is absent from only a few of the lower
forms, is differentiated from the surrounding protoplasm as a
denser portion of the same substance ( fig. 36). It usually pre-
sents a. more or less rounded outline, and contains one (figs.
36, ¢, and 37), or more (fig. 38, ¥, k'), much smaller bodies,
called nucleoli. It is always situated in, and more or less en-
closed by the protoplasm, as we have already seen, and never lies
loose in the oeﬂ cavity. It is the most vitally active part of the
living substance.

4. THE Sar is the watery fluid which is found in the interior
of the cell ; it contains dissolved or suspended in it all those food
materials which are necessary for the life and growth of the cell.
In the early stages of the cell’s life, before any vacuoles have ap-
peared, sap as a substance distinct from the protoplasm does not
oocur, as already seen, but only after the protoplasm has been
found insufficient to fill the cell cavity does it make its appear-
ance in these vacuoles. Besides containing substances which
are necessary to the life of the cell, it contains also many
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things which have been thrown out from the protoplasm as no
longer serviceable. Of this nature are the crystals of carbonate
and oxalate of lime ; hence the sap may be regarded from one
point of view as the food upon which the protoplasm lives, and
from another point of view as the reservoir into which it pours
out certain of its waste products.

Besides sap, cells g-equently contain other matters, the
chief of which are chlorophyll, starch, raphides, and aleurone

ains.

gr CHLOROPHYLL AND CHLOROPHYLL GRANULES. a. Chlorophyll.
—This is the colouring material which gives to leaves their
well-known green appearance. Its chemical composition, owing
to the great difficulty there is of obtaining it pure, is not
known ; but there seems much reason to believe that it is closely
allied to wax. It is not soluble in water, but is readily so in
alcohol, ether, or benzole. By soaking leaves in any of these
substances a beautiful green solution is obtained when viewed
by transmitted light, but which is red when observed by reflected
light. If a weak alcoholic solution of chlorophyll is shaken up
with an excess of benzole, the mixture separates into two dis-
tinct layers, the upper one of benzole which is coloured bright
green, and the lower one of alcohol which is coloured bright yel-
low ; by which it would seem that chlorophyll is not a simple sub-
stance, but is a mixture made up of two or more colouring prin-
ciples. It is possible however that the yellow colouring matter is
due to chemical changes set up by the action of the solvent. The
changes of colour of the leaves in autumn are due to changes in
the chlorophyll similarto those above mentioned. Inmany fruits,
suchas the Cherry, Tomato, or Arum, the chlorophyll of the peri-
carp becomes first yellow and then red, as the fruit approaches
maturity. Inmany plants, such asthebrown Seaweeds, e.g. Fucus,
the green chlorophyll is obscured by an olive-green pigment,
melanophyll ; or again in the red Seaweeds, such as Ceraniwum, by
a red pigment, phycoerythrin. In these cases the pigments are
more readily soluble in alcohol than the chlorophyll, so that by
steeping portions of the plants for a short time in spirit, the
colouring matters which veiled the chlorophyll are dissolved out,
and the presence of chlorophyll made manifest. Again, in some
of the lower plants, such as Oscillatoria and Nostoc, there exists
a blue pigment, phycocyan ; this may be obtained by soaking well
bruised specimens in cold water, to which it imparts a beautiful
blue colour when viewed by transmitted light, and a beautiful
red when seen by reflected light.

b. Chlorophyll Granules.—1It is not to be supposed that the
chloruphyll exists indiscriminately in every part of the cell, for, on
the contrary, it is confined to special portions of the protoplasm
which have been differentiated fromthe general mass. These por-
tions of protoplasm are the so-called chlorophyil granules or chlo-
rophyll grains, or, as they are also termed, chlorophyll bodies
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and chlorophyll corpuscles. These granules appear as soft, doughy,
more or less rounded masses, which are always enveloped
by the surrounding protoplasm and never lie loose in the cell
cavity. If a plant is grown in the dark or etiolated, these granules
remain pale coloured ; but if it is exposed to sunlight, they
speedily become coloured green by the chlorophyll, and when so
coloured they have the power of breaking up the carbon dioxide
of the air or the waterin which they are growing, and, returning
the oxygen to the air, retain the carbon, which they are able to
mix witﬁe the elements nf water in such proportions as to build
up a molecule of starch, C;H,,0,. This procees of building up
starch out of the carbon dioxide of the air or water isterm:g the
process of assimilation, as mentioned on 3, and is not to be
confounded with the process of respiration, in which the very op-
posite takes place, as will be described hereafter in treating of
the Physiology of Plants.

It has been said that chlorophyll is confined to the proto-
plasm forming the chlorophyll granules ; this is true in all the

Fic. 42, Fi1G. 48, Fic. 4.

Fig. 42- Cell of the Potato taining starch granules.— Mig. 43. West-
India Arrowroot ( x 250).—— Fig. 44. Sago meal ( x 250).

higher plants, but there are some plants amongst the lower orders
in which the coloured portions form plates or spiral bands, as in
Spirogyra ; or the whole protooplaam may be capable of being
coloured, a8 in Glaeocapsa and Oscillatoria.

SrarcH.—There is no snbstance contained in the cells which
has given rise to more discussion as to its origin and nature
than starch. It is, with the exception of protoplasm, the most
abundant and universally distributed of all the cell-contents,
occurring as it does, more or less, in all parenchymatous cells
(fig. 42), except those of the epidermis. It is, however, most
abundant in the matured structures of plants, as the pith of
stems, seeds, roots, and other internal and subterranean organs
which are removed from the influence of light. In these re-
spects it presents a marked contrast to chlorophyll, which, as we
have seen, occurs ouly in young and vitally active structures
placed near the surface of plants, and directly exposed to light.
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Starch is not only widely distributed through the different
parts of a plant, but it also occurs in varying quantity in all
classes of plants with the exception of the Fungi. West Indian
Arrow-root ( fig. 43), Sago (fig. 44), Tous-les-mois ( fig. 45), and
Potato starch (fig. 46) 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 required for the nutri-

Fia. 45. Fia. 46.

Fig. 45. Tous-les-mois (x 250).—— Fig. 46. Potato starch (x 260).

tion of the plant, it is converted previously, as will be aflerwards
seen, into dextrin and sugar, which are soluble substances, and
can therefore be at once applied to the purposes of nutrition,
which is not the case with starch in its unaltered condition, as
it is then insoluble.

When fully formed starch is found floating in the cell-sap
(fig. 42) in the form of colourless transparent granules or

Fie. 47. Fic. 48. Fic. 49.
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Fig. 47, Compound starch granules of West-India Arrow-root. After Schleci-
den.——Fig. 48. Wheat starch (x 250).— F'ig.49. Rice starch( x 260).

grains, varying in size; which are either distinct from one
another as is usually the case (figs. 43 and 44), or more or less
combined so as to form compound granules ( fig. 47).
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In form the separate granules are always spherical or nearly so
in their earliest condition. Insome cases this form is nearl
tained in their mature state, as in Wheat starch ( fig. IS y but
the granules frequently assume other forms, as ovate, elliptical,
more or less irregular, club-shaped or angular (figs. 43-46 and
48-49). Such forms arise from the unequal development of the
sides of the granules, or from mutual pressure, the same causes,
indeed, which give rise in a great measure to the varying forms
of the cells in which they are contained. Starch granules vary
also extremely in size in different plants, and even in the same
cell of any particular plant. The largest granules known ap-
pear to be those of Canna starch, or, as it is commonly t.ermed
¢ Tous-les-mois,” where they are sometimes as much as the ;1 i of
an inch in length ( ig. 46); while the smallest granules, among
which may be mentmned those of Rice starch il;i; 49), are fre-
quently under ;Z; of an inch in length.

Develo, of Starch.—Starch first makes its appearance as
minute colourless granules in the interior of the gresn chlo-
rophyll s when acted upon by the light of the sun, as
previously noticed at page e 27. These primary starch granules
rarely grow to any considerable size, but are dissolved, chemi-
cally altered, and poured out into the sap, of which they thenform
apart. A part of this primary starch may be used by the proto-
plasm of the cell in which it is formed for the manufacture
of its cell-wall, but by far the greater part is handed down from
one cell to another till it arrives at particular parts of the plant,
when it becomes reorganised and stored up for future use. In
this latter state starch assumes its more characteristic appear-
ance. In a well-developed Tous-les-mois or Potato granule
( figs. 46 and 46) we may observe a round dark spot, which is
tenined the nucleus or hilum, situated near one end of the granule,
and surrounded by a number of faint lines which alternate with
other darker ones, so that the whole presents the appearance
of a series of more or less irregular concentric shells placed
around a common point. At first sight it is aliost impossible to
help believing that the granule must have been built up in the
same manner as a crystal, namely, by the deposition of fresh
matter over the older, or, in other words, that the outer rings of
the starch granule have been deposited over those which are
more internal, and that therefore they are the youngest portion
of the granule. The observations of Nigeli have, however,
proved this not to be the case. This observer has shown that
the appearance of stratification in the starch ule is really
due to the difference in the quantity of water which exists in the
different parts of the granule, and he has proved that the outer-
most layer, instead of containing the greatest amount of water,
as it ought to do if it was the youngest part of the granule, con-
tains the least, while the nucleus on the other hand is the most
watery of all. Niigeli concluded from these observations that
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the growth of the starch granule was precisely the same as that
which occurs in the cell-wall (see page 39) ; namely, that it grows
by intussusception of fresh particles of the starch-compound
between those of an older date; and hencethat the regularalterna-
tion of dense layers with more watery ones round a centre or hilum
produces the peculiar appearances of starch granules. Seeing
then that the growth of the starch granule is by intussusception,
it will be readily understood why 1t is that this growth cannot
be carried on except so long as the granule is imbedded in the
substance of the living protoplasm, and that as
Fia. 50. soon as the protoplasm of the cells in which the
starch is being formed is used up or killed, all
further development of starch becomes impossible.
In some cases, as for instance in the Euphor-
biacee, starch granules are found in the elaborated
sap of the laticiferous vessels (fig. 50), and this
would seem to be in contradiction to the above-
mentioned law that starch granules can only be
formed while enveloped in protoplasm, but the
Fig. 50. Latici- mode of formation of these granules has not been
ferous vessels observed.
e The line drawn through the hilum and the
the latex con- longest diameter of the granule is termed its axis
tains | tarch  of growth. Sometimes a starch granule contains
Feonliar form. Mmore than one hilum, and growth taking place
From Henfrey. round each, the common envelope at length
gives way, and so compound utarch granules are
formed, such as have been described on page 2
Compontwn and Chemical Characteristics of Starch CeH,,0,.—
The starch granule consists of the true starch-compmmd and water.
The starch-compound is again formed of two substances, which
are intimately blended together, viz. granulose and cellulose. The
granulose makes up by far the greater part of the starch-
compound, being in the proportion of 95 to b of cellulose. It is
capable of being dissolved out of the cellulose by saliva and
dilute acids, and it is to this substance that the starch granule
owes its violet-blue colour when treated with a solution of iodine.
The cellulose onthe other hand, being not soluble, is left behind
as a gkeleton, and is not coloured blue by the iodine solution.
Starch is, therefore, composed chemically of carbon and the
elements of water. Starch, however, never occurs naturally in a
perfectly pure condition, but it always contains a very small
quantity of mineral constituents, and also 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 from their varying amount in commer-
cial starches arises in a great degree the difference in their value
for food and other purposes. Starch is insoluble in cold water,
alcohol, ether, and oils. By the action of boiling water it swells
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up and forms a gelatinons mass. Iodine when applied to it
gives a blue colour or some shade of violet, the distinguishing
character of starch. The blue colour is at once 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 pro-
duced in starch by the action of diluted sulphuric acid, and also
by diastase, a peculiar nitrogenous substance occurring in germi-
nating seeds. Starch was formerly considered as peculiar to
plants, and its presence therefore was regarded as an absolute
distinctive mark between them and animals. Of late years, how-
ever, as already noticed (page 4), a substance presenting the
chemical reactions and general appearance of starch has been
found in some animal tissues. Such a distinctive character,
therefore, can be no longer absolutely depended upon.

RArnID!s.—This name is now commonly applied to all inor-

tals of whatever form which are found in the cells of
plants Ithough the term raphides (which is the Greek for needles)
given to those only that were shaped like a needle
(ﬁga. 63 and 54). Raphides may be found more orlessin 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. Insomeplants they occur
in such enormous quantities that they exceed in weight the dried
tissue in which they are dclaﬁmted this may be specially observed
in some Cactacesre ; thus Edwin Quekett fonnd in the dried tissue
of the stem of the Old-man Cactus (Cerews senilis) as much as 80
per cent. of crystals. 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 crysta r{s The root of that
kind of Rhubarb which was formerly known as Turkey or
Russian Rhubarb, commonly contains from 35 to 40 per cent.,
and hence when chewed it appears very gritty ; andas thi vanety
of Rhubarb usually contains a larger proportion of raphides than
other kinds, this grittiness has been employed as a means of
hmg it from them. The raphides are commonly con-
tained in cells, in which starch, chlorophyll and other granular
structures are absent a.lthough this is by no means necessarily
the case. These cr{sta.la are more commonly found in the
cavities of the cells, but they also occur in their walls ; in all
cases, however, they are mineral salts which have crystallised
naturally out of the cell-sap. They may be especially found in
the walls of cells in the Coniferse and Gnetaces.

The raphides occur either singly in the cells, asin those of the
inner bark of the Locust tree (fig. 61); or far more commonly
there are a number of crystals in the same cell. In the latter case
they are usually either plaoed side by side, a8 in the stem of Rumex
(fig. 53) ; or ustarefg radiating from a common point, and then
assuming a cl or conglomerate appearance, as in the stem
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of the common Beet (fig. 52). The former are usually termed
acicular raphides, and the latter conglomerate raphides.

In some interesting researches into the nature of raphides
made some years since by Gulliver, he has distinguished the
acicular crystals (fig. 53), which he has called true raphides,
from those which occur either singly (f£g. 61), or in more
or less globular or conglomerate masses (fig. 52), which he has
termed Spharaphides. He believes that the presence or ab-
sence of the former or true raphides, and their comparative
abundance, afford characters by which the species of certain
orders may be distinguished at once from the allied sgecies of
neighbouring orders. He has instanced the plants of the Ona-
gracem, especially, as being in this way readily distinguished
from the plants of allied orders. Gulliver speaks very strongly
upon this point as follows : *No other single diagnosis for the
orders in question is so simple, fundamental, and universal as

Fi:, 53,
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in. 51. Solitary crystals or raphides in the cells of the inner bark of the

F‘!I,.oount tree. Argcr Gray.— Fig. 52. Conglomerate raphides of the Beet.
——Fig. 53. Acicular raphides of a species of Rumez. Two cclls contain
raphides, and three of them chlorophiyll granules.

this; and the orders to which it applies should be named
raphis-bearing or raphidiferous.

lap;\l?:;i-tb}cl reggrd t.opSphéraphides, 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 distri-
bution 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 Caryophyllacez, Gerani-
acem, Paronychiacere, Lythraces, Saxifragaces, and Urticacese ;
hence he regards the presence of Spheraphides as especially
characteristic of these orders. ]

In the common Arum, where raghldes are veryabundant, and
in some other Aracese, the cells which contain the raphides are
filled with a thickened sap, so that when they are moistened
with water endosmose take place, by which they are distended
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and caused ultimately to burst and discharge their crystals from
an orifice at each end (fig. 64). Such cells were called Biforines
by Turpin, who erroneously regarded them as organs of a special
nature.

In many plants belonging to the families of the Urticaces,
Moracese, and Acanthaces, there may be frequently observed
just beneath the surfaces of the leaves, or sometimes more
deeply situated, peculiar crystalline structures, to which the name
of Cystoliths has been applied by Weddell. These consist of an
enlarged cell which has been termed a lithocyst, containing com-
monly a globular (fig. 56). or somewhat club-shaped (fig. 56)
mass of crystals, suspended from the top by a kind of stalk
formed of cellulose, upon which the crystals are deposited as
upon a nucleus. All crystals found in these structures are
composed of calcium carbonate.

Crystals of various composition have been described as
occurring in different plants, but more accurate observations

Fia. 54. F1c. 55. Fia. 56.

Fig. 54. Acicular raphides of an Arum being discharged through
under the influence of water.—— Fiq. 83. Cystolith, from Purietaria oficin-
alis.— Fyg. 58. Cystolith, from the leaf of Ficus elastica. After Henfrey.

show that all the crystals hitherto found are composed of
calcium carbonate, as in the cystoliths, and in some of the
lower Fungi; or of calcium oxalate. The latter salt crystallises
in twoforms according to the proportion of water it contains. Thus
in the one case when the crystals contain six equivalents of water
of crystallisation, they form octahedra (fig. 52), as in the con-
glomerate raphides or spheeraphides ; and, on the other hand,
when there are only two equivalents of water of crystallisation,
then bundles of acicular crystals or true raphides are produced
(figs. 53 and 54).

ALEURONE GRAINS, CRYSTALLOIDS, AND GLOBOIDS.—Besides
the crystals just described, it frequently happens that some of
the protoplasmic matter in the cells, more generally in those of
the albumen and cotyledons of ripe seeds—that is, in those cells
in which reserve food material is stored up—assumes a crystalline
form and becomes cubical, octahedral, tetrahedral, rhomboid, &c.
(fig. 57). These are nothowever true crystals, as is seen by their

D
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angles not being very clearly defined by the action of various
reagents, such as dilute caustic potash, which causes them to
swell up and increase very much in volume. These crystalline
masses are known as crystalloids or proteine crystals. They are
readily seen when a transverse section of the albumen of the
castor seed is placed in dilute glycerine and water ( fig. 57).

In the cells again of the albumen and cotyledons of ripe
seeds we have, in addition to starch and oily matter, small
roundish and colourless albuminous grains, which are termed
proteid or aleurone grains (fig. 58, a, a). They are especially abun-
dant in oily seeds, as in those of the Castor-oil plant, where they
appear to replace starch ; but in those seeds where starch is
abundant, these grains may be seen between the starch-grains,
a8 in the Pea ( fig. 68, a, a), Bean, Sweet Chesthut, and Grasses.

Fio. 57. FiaG. 58.

Fig. 57. Cell of endosperm or albumen of the seed of the Castor-oil plant
(Ricinus communis) in dilute glycerine, showing large transparent aleurone
grains, with crystalloids and rounded globoids imbedded in them. After
Bachs. — Pig. 58. Cells of a cotyledon of the common Pca (Pisum sativum).
a, a. Aleurone grains. s. Starch granules. {, i. Intercellular spaces.
After Bachs.

In these grains the crystalloids just described are frequently
found imbedded, and also peculiar small round bodies, which are
composed of double phosphate of calcium and magnesium, termed
globuids (fig. b7).

The aleurone grains and crystalloids are evidently reservoirs
of protein, to be used when growth becomes active in the process
of germination, in the same way as starch and oily matters are
reservoirs of hydrocarbons for use in a like manner.

Aleurone grains are insoluble in alcohol, ether, benzole, or
chloroform, but soluble in water. They are coloured brown by
iodine, and other re-agents show that they are of an albuminoid
nature. The experiments of Weyl and Sidney Vines indicate
that the proteids exist in these grains as globulins, which hitherto
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have been known only to occur in animals, that is, as myosin-
globulin and vitellin-globulin. Vines has alsofound inthe aleurone

ins of the Paxony a large quantity of hemialbumose, a sub-
stance allied to the peptones.

11I. ForMs AND S1zes OF CELLS ; AND GENERAL PROPERTIES
AND STRUCTURE OF THE CELL-WALL.—Having now described the
general characters and contents of cells, we pass on to a more
detailed account of the various forms and sizes which they are

Fi1:. 59. Fia. 60, FiG. 61. Fic. 62.
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Fig. 59. Rounded cells.— FYy. 60. Elliptic or oblong cell.— Figs. 61, 63.
Polygonal cells in combination : those of the latter figure being pitted.

found to assume in different plants, and in the different parts of
the same plant ; and also to a full description of the general
properties and structure of the cell-wall or cell-membrane.

1. Forms of Cells.—First, then, as we have already partially
seen on page 23, when growth is uniform, or nearly so, on all
points and sides of the cell-wall, we have a spherical or slightly
elliptic cell ( j‘iiq 59) ; when it is greater at the two extremities
than at the sides, the form is truly elliptic ( fig. 60). In the above
cases, also, the cells are almost free from pressure. Under other

Fic. 63. Fic. 64.

Fig. 63. Transverse section of regular polygonal cells,— Fig. 64. Stellate cells.

circumstances, in consequence of the mutual pressure of surround-
ing cells, they assume a polygonal form (figs. 61 and 62), 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
dodecahedral cells, presenting, when cut transversely, a hexagonal
appearance (fig. 63). It is rarely, however, that we find cells of
t{m regular mathematical forxn.2 since, in consequence of the
D
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unequal size of the contiguous cells, the polygons which result
from their mutual pressure must be more or less irregular, and
exhibit a variable number of sides (generally from three to eight).
Secondly, when the growth is nearly uniform on all sides of
the cell-wall, but not equally so at all points of its surface, we
have cells which maintain a rounded form in the centre, but
having rays projecting from them in various directions, by which
they acquire a more or less star-like appearance (fig. 64 and
90) ; and hence such cells are called stellate. These rays may be
situated in one plane, or project from all sides of the cell. 1t is
rarely the case tgat such cells have the rays at regular intervals,
or all of one length, but various degrees of irregularity occur,
which lead to corresponding irregular forms in such cells.
Thirdly, when the growth takes place chiefly in one direction

Fic 67

Fi6. 68.

Fig. 65, Tabular cells.—— Fig. 66. Cylindrical cells. The small rounded body
in the interior of three of these cells is the nucleus.—Pig. 87. Elongated
fusiform cells.— Fig. 68. Fibrilliform cells (hyphee).

we have cells which are elongated, either horizontally or verti-
cally. Among the forms resulting from an extension of the cell
in a horizontal direction, we need only mention tabular cells ( figs.
65 and 91), 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 such forms as the
cylindrical (fig. 66) and fusiform (fig. 67), and which by the
mutual pressure of contiguous cells, often becoming prismatic.

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.
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The cells, when in combination with other cells 8o as to form
a tissue, are generally bounded by plane (figs. 62, 63, 65, and 66),
or more or less rounded surfaces (figs. 59 and 69) ; 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 extremities (fig. 67). These differences in the condition
of the cells lead to corresponding differences in their arrangement ;
thus, in the former case, the cells, when arranged in lines, are
placed one upon another, the ends being usually flattened ( figs.
65 and 66) ; while in the latter their tapering extremities over-
lap each other, and become interposed between the sides of the
cells which are placed above and below them (fig. 67). Fron
this circumstance cells have been divided into parenchymators

Fic. 69.

Fig. 69. A portion of the frond of Nitophyllum laceratnm. a, a. Cell-walls.
6, b. Contents of the cells. After H. B. Brady.

and prosenchymatous ; parenchymatous being the term applied
to those cells which are placed end to end ; and prosenchyma-
tous to those which are attenuated, and overlap one another
when combined together to form a tissue. Another distinction
commonly observed between parenchymatous and prosenchyma-
tous cells arises from the condition of their cell-walls; thus,
those of parenchymatous cells are usually thin (fig. 66), while
those of prosenchymatous cells are more or less thickened ( figs.
93 and 94). 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 Jine
of demarcation between them.
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‘When cells are so placed as to be uncombined with other
cells, or with the vessels of the plant, or but partially so, they
are more or less unrestrained in their development ; but even in
such circumstances, as in their combined state, their typical form
is to be more or less rounded. This form is, however, rarely
maintained as they grow older, although instances of such occur
in many of the lower Algs, as Protococcus (fig. 1) ; in pollen
cells (_/i{l 70); and in spores ; but more frequently, in such
cases, the cells assume a more or less elongated form and
become oblong (fig. 74), or cylindrical (fig. 71). In other
instances, again, we find that certain points of the cell-wall
acquire a special development (see page 22), and become elevated
from its general surface as little papille (fig. 70), warty projec-
tions ( fig. 71), or cilia (figs. 72, 73, and 74) ; or are prolonged

F16.70.  Fi6. 72, Fia. 78.

Fie6. 71. Fie. 74. Fie. 75.

Fig. 70, Spherical pollen cell with small projections or papille on its out-
side——Fig. 71. Elongated ¢:11 covered with warty projections.— Pigs.
72-74. Ciliated cells.— Fig. 75. Branched cell (Botrydium granulatum).

into tubular processes, or branched in various ways. The hairs
which are produced on the surface of plants afford good illustra-
tions of cells which are more or less unrestrained in their deve-
lopwnent ( figs. 133-139) ; other instances occur in the germination
of most spores, and strikingly so in those of many Algw, as
Botrydium (fig. '76); also when the pollen cells fall upon the
stigma ; and in numerous other cases.

2. Size of Cells.—The cells vary much in size in different
plants, and in different parts of the same plant. The parenchy-
matous cells, on an average, vary from about 315 to ;755 of an
inch in diameter ; others again are not more than 355 ; while
in some cases they are so large as to be visible to the naked eye,
being as much as 5 or even g5 of an inch in diameter. The
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largest occur in the pith of plants, in succulent parts, and in water
lants. .

P The dimensions of prosenchymatous cells generally afford a
striking contrast to those of the parenchymatous, for while we
find that their transverse diameter is commonly much less,
averaging about ;75; of an inch, and frequently not more than
y&50, they become much more extended longitudinally, some
having been measured as much as 1 of an inch long, and accord-
ing to Schleiden, those of the inner bark are often four, five,
or more inches in length. The prosenchymatous cells of the
wood and inner bark of treee generally vary, however, from
about the 5 to the ;; of an inch in length.

Those cells again which have an unrestrained development
are frequently far more extended in length. Thus, the
cells of which cotton is formed (fig. 163, a) are sometimes as
mauch as one or two inches long ; while in some of the Cryptoga-
mous water plants, as Chara, the cells are also much elongated.

III. GENERAL PROPERTIES AND STRUCTURE OF THE CELL-WALL
or CELL-MEMBRANE.—As has been already stated (page 22), the
cell-membrane of young cells is very thin, colourless, trans-
parent, smooth, and free from any openings or visible pores, so
that each cell is a perfectly closed sac. The membrane, however,
although free from visible pores, is readily permeable by fluids.

As the cell-membrane increases in age it becomes thickened
by the incorporation of new matter into its substance, and then.
alterations occur by which it becomes variously marked and
sculptured. This increase in thickness may be specially 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 is by no means con-
fined to the cells of the wood, or the other cases above men-
tioned, but it may be observed more or less in all eells where
active changes are going on ; thus it may be especially seen in.
those of the pith of Hoya carnosa (fig.

76). A section of one of these cells gives F16. 76.

an ap ce as if the walls had been

formed by concentric layers of cellulose

with branching capillary tubes or canals

stretching from the cavity of the cell to

its periphery. The irregular ringed ap-

pearance is due to the difference in the

degree of hydration, such as was seen

in the case of the starch granule (see

page 29) ; while the canals are true pas- Fig. 76. Transverse section of
sages, which have been caused by the 2 thictmaller call of the
passage of the sap during the life of the Mo ’

cell preventing the deposition of cellu-

lose. In these cells the membrane has been still further changed
by the conversion of the cellulose into lignin. It is to these two
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conditions that the firmness of the wood of plants and hardness
of the stones of many fruits are due, and hence the name of
Sclerogenous (from a Greek word signifying hardness) has been
given to such cells.

Pitted or Dotted Cells.—In almost all cases when the cell-
membrane has thus become thickened it presents (instead of the
smooth and homogeneous appearance as is the case, as we have
seen, when it is in a young condition) a greater or less number
of dots or slits of various kinds (figs. 77 and 78, e, ¢). These
dots and slits were formerly considered as actual openingsin the
walls of the cells, and hence such cells were called porous cells ;
but, when carefully examined, it may be readily discovered that
these markings are caused by canals which run from the cavity
of the cell to its wall, and are closed (always at least in their
young state) by the originally thin membrane of which it is at
those points composed (figs. 76 and 78, a, a), and thus give to the
parts of the cell-wall in which they are found, when viewed by
transmitted light under the microscope, a more transparent ap-

Fia. 78.

Fi1G. 77.

Fig. 77. Pitted cells.—— Fig. 78. Thick-walled cells from the frnit of a Palm.
a, a. Cell-walls. b, b. Concentric rings. ¢. Canals extending from the
cavity to the inner wall of the cell. d. Cavity of the cell. e, e. Ex-
ternal pitted appearance. From Unger.

pearance than that possessed by the thickened membrane sur-
rounding them. Such cells are, therefore, improperly called
porous, and hence are now correctly termed pitted or dotted cells.
These pores or canals in the wall of one cell correspond exactly
with those in the wall of an adjoining cell ; and thus the sap is
allowed to pass with great rapidity ang freedom notwithstanding
the general thickening which the walls may have undergone
(figs. 76 and 78). It frequently happens that two or more canals
unite together at varying distances from the wall of the cell,
and thus form a common opening into its cavity ( fig. 76).
Although, as thus shown, the dotted appearance is not caused
by holes or perforations in the original walls of the cells, yet as
the latter advance in age, and lose their active vitality, they fre-
quently become perforated, in consequence of their thin primary
membrane becoming more or less absorbed, or breaking away.
Such perforations are well seen in the Sphagnum, where they
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are sufficiently large to allow of the passage through them of
minute granular matters.

Cells with Bordered Pits or Disc-bearing Wood-cells.—In the
cell-walls of the wood-cells of certain trees we find, in addition
to the ordinary pits, large circular discs which encircle them so
that each pit looks as if it had a ring surrounding it (fig. 79) ;
hence such cells have been termed cells with bordered pits or disc-
bearing wood-cells. This appearance is produced by circular
patches of the cell-wall remaining thin after the general thicken-
ing has commenced and the rim growing obliquely inwards,
leaving only a narrow orifice in the centre ( fige. 80, a, b, and c).
As these thickenings occur always in twos on each side of the cell-
wall, they appear as two watch-glasses would do if placed rim
to rim, and separated by a thin sheet of paper. To carry out
the comparison, however, completely, the watch-glasses must
be supposed to be perforated in their centres (fig. 80). The

Fic. 80.

Fig. 79. Disc-bearing wood-cells of the Pine, with a single row of discs on
each cell,—— Fig. 80. Bordered pits of wood cells of the Pine (dingram).
a. Young stage with membrane. &. Older stage where the membrane has
been absorbed. ¢. femi-profile view, showing position of membrane, .

central lighter spot when examined by transmitted light is
caused by the light having to pass only through the thin mem-
brane (fig. 80, w), while the darker colour of the border is
caused by the light having to pass through the thicker substance
of therim. It frequently happens that the membrane ( fig. 80, b)
becomes absorbed, and then direct communication takes place
between the adjoining cells.

Cells presenting such an appearance are of universal occur-
rence in the wood of the Coniferee and other Gymnospermia,
where they are also most distinctly observed. But somewhat
similar bordered pits may also be not unfrequently observed in
the vessels of Phanerogaimnous plants.

These discs occur either in single rows (fig. 79), or in double
(figs. 81 and 82), or in triple rows (fig. 83). In those cases
where there is more than one row of discs, the discs in each row
may be either on the same level, as is more commonly the case
( fig. 81), orat different levels, and hence alternate to each other,
as in the Araucarias and allied trees (figs. 82 and 83),
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Fibrous Cells. —It frequently happens that the thickening of
the cell-wall (instead of taking place so as to give the appear-
ance of a perforated membrane, and which gives rise to the pitted
cells just described), forms delicate threads or bands of vary-
ing thickness called fibres, which assume a more or less spiral
direction upon its inner surface (figs. 84-86), and thus give rise

Fic. 81. Fic. 82. Fic. 83.

Fig. 81. Disc-bearing wood-cells of the Pine, with a double row of discs,
which are on the same level, or oppoeite to each other. After Nicol.—
Fig. 82. Disc-bearing wood-cells of draucaria excelsa, with double rows of
discs, which are alternate with each other.——Fig. 83. Diso-bearing wood-
cells of Araucaria, with double and triple rows of alternate discs. After

Nicol.

to what are called fibrous cells. Such cells occur in various plants
and parts of plants ; thus in the leaves of Sphagnum, the hairs
of many Cacti and other plants, in the integuments of some
seeds and fruits, as those of Salvia (fig. 148), Cobza scandens,
and Collomia, in the spore-cases of certain Flowerless plants,
in the inner liningof all anthers, in the root-sheath of the aerial
roots of many Orchids, and in several other instances.

Fia. 84. Fia. 5. Fic. 86. Fia. 87. Fic. 88.

Fig. 84. Spiral cell.— Fig. 85. Annular or ringed cell.— Fig. 86. Ramified
or reticulated cells.—— Fig. 87. Pitted and reticulated cell.—Fig. 88,
‘Wood-cells of the Yew (7uxus dbaccata). After Mohl.

These fibrous cells also present some differences of appear-
ance as regards the distribution of their fibres. Thus, in some
cells the fibre forms an uninterrupted spiral from one end to the
other (figs. 84 and 148) : such are termed spiral cells. In other
cases the fibre is interrupted at various points, and assumes the
form of rings upon the inner surface of the cell-wall (fig. 85), and
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hence such cells are called annular or ringed. Instances also
oocur even more frequently, in which the fibres are so distributed
as to produce a branched or netted appearance (fig. 86) ; in which
case the cells are termed ramified or reticulated. These an-
nular and reticulated cells are merely modifications of the spiral,
as is shown by the circumstance of our frequently finding in the
same cell intermediate conditions of all these forms.

The fibres in most cases are wound from left to right,
although instances occur where they have a contrary direc-
tion. The turns of the fibre, or the rings, may be nearly
in contact, or more or less separated by intervals of cell-mem-
brane ; this latter appearance is probably due to the growth
of the membrane after the deposition of the fibre. The turns
of the fibre, or of the rings, again, may be either intimately
attached to the cell-membrane, or but slightly adherent, or alto-
gether free. As a general rule, the less the cell-membrane grows
after the deposition of the fibre, the more firmly is it attached
to it.

In some cases, as in the Yew (fig. 88), Mezereon, and Lime,
we find a spiral fibre or fibres developed in addition to the pits.

These s«ﬁﬂ'erent kinds of fibrous cells are connected by a
number of intermediate forms (fig. 87) with the pitted cells
already treated of, but all are formed on the same plan. That
is, by the living protoplasm secreting the cellulose out of its own
substance, and depositing it upon its external surface in differ-
ent parts in varying thicknesses.

‘Section 2. Or THE KIND8 oF CELLS AND THEIR CONNECTION
WITH EACH OTHER.

WE have already seen (page 37), that if the cells are of such
forms that when combined together they merely come in contact
with each other without perceptibly overlapping, they are called
parenchymatous ; but that when elongated and pointed at their
ends, 8o that in combination they overlap one another, they are
termed prosenchymatous. We have also seen that such extreme
forms are connected by all sorts of transitional ones. Besides
these elongated prosenchymatous cells other lengthened tubular
organs are also found in plants, which are termed vessels. For-
merly, all these elongated organs were supposed to have an
entirely distinct origin from the ordinary parenchymatous cells,
and were described under the names of Woody Fibres, and
Vessels or Ducts ; but it is now known that they are all derived
originally from such cells, and owe their peculiar appearances
either to various modifications in form, which the latter undergo
in the course of growth, or to their combination and union with
one another. Phis common origin of the Woody Fibres of old
authors and of the Vessels with the parenchymatous cells, is
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proved by the fact, that gradual transitional forms from the one
to the other may be commonly observed ; and also by tracing
their development, when it will be found that all these organs,
however modified in form and appearance, are derived originally
from one or more of the ordinary cells. All the observations
made previously, therefore, as to the chemical and general pro-
perties of cell-membrane, as well as to its mode of growth and
thickening, apply equally to the Vessels. We have already stated
this to be the case with regard to the Woody Fibres, which we
have spoken of under the names of Prosenchymatous cells and
Wood-cells. By the combination of the different kinds of
cells and vessels, we have various compound structures formed
which are called Tissues: these we now proceed to describe.
The most important and the most abundant of them all is
parenchyma, which must be first alluded to.

* Fic. 90.

Fic. 89.

Fig. 89. Round or clliptical parenchyma. In two of the cells a nuclens may
be seen.—— Fig. 90. Spongiform or stellate parenchyma, composed of stel-
late oells with three-cornered intercellular spaces.—-Fig. 91. Muriform
parenchyma.——Fég. 93. Transverse section of the petiole of a species of
Begonia. e. Epidermis with cuticle above and hypoderma below, the
latter formed of collenchymatous cells cl, ¢l, with thickened angles ¢, e.
chl. Chlorophyll granules. p. General parenchyma, below hypoderma.

1. ParencEYMA.—This is composed of comparatively thin-
walled cells, whose length does not exceed their breadth, or in
which the proportion of the two diameters does not vary to any
remarkable extent. There are several varieties of parenchyma,
depending chiefly upon the forms of the component cells, and their
modes of combination ; the following are the more important : —

a. Rownd or Eliptical Parenchyma ( figs. 59 and 89).—This
is formed of roundeg, or more or less elliptic cells, with small
spaces between them. It commonly occurs in succulent plants,
and generally in those parts where the tissues are of a lax
nature, as in the pulpy portions of leaves and fruits. Itis con-
nected by various transitional forms with—



VARIETIES OF PARENCHYMA. +5

b. Spongiform Parenchyma, which consists of stellate cells
(ﬁgs 64 and 90), or of cells with an irregular outline produced
by projecting rays, and in contact only by the extremities of
such rays, so as to leave large irregular spaces between them
(fig- 120, c). This occurs commonly in the tissue on the under
surface of most leaves ; and frequently in the air-passages of
plants, particularly in the stems leaf-stalks of such as
grow in water, or in marshy places, e.g. the Rush and Water-
Ll
yc. Regular Parenchyma.—This is formed of dodecahedral or
pol cells, the faces of which are nearly equal (figs. 62
63), and so combined as to leave no interspaces. It com-
monly occurs in the pith of plants.
d. W 'arenchyma.—This is composed of cells elon-
cﬁltudmx.l direction so as to become fusiform (fig.
67), cyl.mdn (fig. 66), or prismatic, and closely compacted.
It occurs frequently in the stems of Monocotyledonous plants.

e. Tabular Parenchyma is that which consists of tabular,
closely adherent cells. It is found in the epidermis and other
external parts of plants (figs. 66, 92, ¢, and 119-123). A variety
of this kind of parench is called muriform, because the cells
of which it is com resemble in their form and arrangement
the courses of bricks in a wall (fig. 91). This variety occurs in
the medullary rays or the silver grain of wood.

Such are the commoner varieties of parenchyma, all of which
are connected in various ways by transitional forms which it is
unnecessary to describe here. When the p