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PREFACE

TO

THE SECOND EDITION.

The author much regrets the inconvenience occasioned by the

unexpected delay in the issue of the present edition. That delay

has, however, arisen from causes over which he had no control,

and more especially from illness. The whole work has been

now very carefully revised, and in some parts rearranged and

rewritten, so as to adapt it more than ever to the requirements

and convenience of students ; and it is sent forth in the full

belief that it will be found to represent, as far as possible, the

state of Botanical Science at the time of its publication.

The author desires to express his obligations to his friends

Dr. Trimen and Mr. H. B. Brady—to the former, for the revision

of the Third Book, on Physiology ; and to the latter, for sup-

plying him with some new dravrings for woodcuts.

LoxDox: October IS70.





PREFACE

TO

THE FIRST EDITIO]S'

The 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 respeet the

present manual may serve as an introduction to works devoted

particularly to Materia Mediea and Economic Botany, and thus

form a text-book of especial value to medical and pharmaceuti-

cal students ; as well as a work of reference generally, for those

engaged in commercial pursuits who have daily to make use of

substances derived from the vegetable kingdom.

Another prominent motive of the author was, to furnish the

pupils attending his lectures with a class-book, in which the

subjects treated of should be arranged, as far as possible, in

the same order as followed by him in the lectures themselves.

It may be noticed that this order differs in several respects from

that commonly followed, but long experience as a teacher has

convinced him that it is the most desirable one for the student.

Grreat pains have been taken in all departments to bring the

different subjects treated of down to the present state of science ;

and much care has been exercised in condensing the very nu-

merous details bearing upon each department, and in arranging

them for systematic study.

The author makes no claims for this work to be regarded as

a complete treatise on the different departments of Botany; it is

only intended as a guide to larger and more comprehensive
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works, but lie 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 ha\dng 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, Berkley, Pereira, and Eoyle,

among British botanists, he begs to express his obligations.

To his friend, Mr. Daniel Hanbury, he is also indebted for some
valuable information communicated during the progress of the

work. To Lindley's Vegetable Kingdom, Pereira's Materia

Medica, and to the many valuable articles upon the Anatomy of

Plants in Griffith's and Henfrey's Micrographic Dictionary, by
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the lamented Henfrey, the author is more especially indebted.

The last three works will always bear ample testimony to the

great research and abilities of their respective 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 elementaire de Botanique
;

several from Jussieu's Cours elementaire 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 materiallv increased.

London: May 1, 1861.
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MANUAL OF BOTANY.

INTRODUCTORY RE:MARKS.

^ATUEAX HisTOfiY, as a science, has for its object the investiga-

tion of everything that relates to the bodies placed on the surface

of the globe ; or combined so as to form its substance. These
various substances have been, both by the common observer and
scientific investigator, arranged in three great divisions ; called,

respectively, the Animal, Vegetable, and Mineral kingdoms. The
bodies comprised in the two former, being possessed of life, form
the Organic or Animate creation ; while those of the latter, not

being endowed with life, form the Inanimate or Inorganic crea-

tion. It is our province in this work to treat of the lower ranks
of the organic creation, called Plants or Vegetables. The science

which investigates these is termed Eotany, from the Greek word
fiorduT], signi^nng an herb or grass.

DEPAETiiEXTS OF BoTANT.—This scieuce in its extended sense

embraces everything which has reference to plants, either in a
living or fossil state. It investigates their nature ; their interna]

organization ; their external configuration ; the laws by which
they are enabled to grow and propagate themselves ; and their

relations to one another, and to the bodies by which they are

surrounded. Asa science, therefore, it is of vast extent, and
one which requires for its successfxd prosecution the most care-

ful and systematic study. It may be divided into the following

departments:— 1. Organography ; this includes everything which
relates to the internal structure and external con£g\iration of

plants, and their various parts or organs ; the portion of the

subject treating of the structure of plants is commonly termed
Structural Botany ; and that which has reference to their forms,

Morphological Botany. 2. Physiological Botany; this treats of

plants, and their organs, in a state of life or action. 3. Systematic



2 MANUAX OF BOTANY.

Botany ; this considers plants in their relations to one another,

and comprehends their arrangement and classification. 4. Geo-

graphical Botany is that which explains the laws which regulate

the distribution of plants over the surface of the globe at the

present time ; and 5. Palceontological or Fossil Botany is that

department which investigates the nature and distribution of

the plants which are found in a fossil state in the different

strata of which the earth is composed.*

Distinctions between Animals, Plants, and Minerals,—
Botany being the science which treats of plants, we ought to

commence our subject by defining a plant. No absolute defini-

tion can, however, be given in the present state of our know-

ledge of the organic world, neither is it probable that, as our

knowledge increases, such will ever be the case ; for, hitherto,

the progress of inquiry has showTi that there is no distinct line

of demarcation between plants and animals, the one passing

gradually and imperceptibly into the other ; indeed, there are

observers of repute who maintain that there are certain organ-

isms which are animals at one period of their lives, and plants

at another, and vice versa. The recent investigations of De Bary

have an important bearing upon this point, for he has described

certain Fungi, the spores of which, when germinating, give rise

in some instances to a body not distinguishable from the Amoeba,

one of the lowest forms of animal life. It has also been recently

shown that the protoplasm of the spores of the Potato mould
{Botrytis infestans) is at times ultimately resolved into active

zoospores undistinguishable from some Infusoria. The gonidia

of certain Lichens have been also stated to give rise to similar

bodies. We have, it is true, no difficulty in distinguishing a

plant from a mineral, although, at the present time, there are

many naturalists who even dispute this, and believe that simple

organisms can be formed out of inorganic matter ; but notwith-

standing the ingenuity with which these views have been sup-

ported, we must hold such notions to be purely speculative, and

continue to maintain that the possession of individual life and

power of reproduction in the former, form at once, -without

further investigation, a broad and well-marked hne of demar-

cation from the latter. Even when we compare a plant with an

animal, so long as we confine our researches to the higher mem-
bers of the two kingdoms, the distinctions are evident enough

;

difficulties only occur when we look deeply into the subject, and

compare together those bodies winch are placed lowest in the

scale of creation, and stand as it were on the confines of the

two kingdoms. It is then that we find the impossibility of laying

down any certain characteristics by which the two may be abso-

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

the present work ; the latter being of too special and extensive a nature to

be treated of in this manual.
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lately recognised. We shall at present, therefore, only allude

to those characters by which plants may in a general sense be
distinguished from animals, leaving the more extended investi-

gation of the subject to the pages of this volume.

In the first place, we find that plants hold an intermediate

station between minerals and animals, and derive their nourish-

ment from the earth and the air by which they are surrounded,

and that they alone have the power of converting this inorganic

or mineral matter into organic. Animals, on the contrary, live

on organic matter, and reconvert it into inorganic. In other

words, plants produce organic matter, and animals consume it.

Secondly, plants are generally fixed to the soil, or to the sub-

stance upon which they grow, and derive their food immediately

by absorption through their external surface ; while animals,

being possessed of sensation and power of voluntary motion, can

wander about in search of the food which has been prepared for

them by plants and other animals, and which they receive into

an internal cavity or stomach. Plants are, therefore, to be re-

garded as destitute of sensation and power of voluntary motion,

and as being nourished from without ; while animals are pos-

sessed of these attributes, and are nourished from within.

Thirdly, in respiration, or more properly assimilation, plants

decompose carbonic acid, fix the carbon which is the result of

that decomposition in their tissues, and restore the oxygen to

the atmosphere. The respiration of animals, on the contrary,

consists in the expiration of carbonic acid, which is formed by
the combination of the carbon which the animal system wants

to throw off, with the oxygen absorbed from the atmosphere.

Plants, therefore, in respiration, absorb carbonic acid and elimi-

nate oxygen ; while animals absorb oxygen and eliminate carbonic

acid.

Fourthly, there is a difference in the ultimate elements of the

permanent tissues of plants and animals ; for while those of the

former consist only of three elements, namely, carbon, oxygen,

and hydrogen ; those of the latter are composed of four, namely,

carbon, oxygen, hydrogen, and nitrogen.

In reference to the above distinctive characters, it must be

particularly remarked that they are only general, namely, those

derived from comparing together, as a whole, the members of the

animal and vegetable kingdoms. To all of the above characters

there may be found some exceptions when we compare particular

individuals.

It was formerly believed that an absolute distinctive character

existed between plants and animals, in the cell-walls of the

former being composed essentially of cellulose, and those of the

latter of gelatine. The researches of Schmidt, Lowig, KoUiker,

Schacht, Virchow, Huxley, and others, of late years, have, how-

ever, shown that cellulose also exists as a constituent of several

B2
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molluscous and other animals. The presence of starch was also

formerly considered as a certain characteristic of a plant, but

recent investigations have also shown that this substance, or at

least one isomeric with it, is also to be found in the tissues of

animals. Neither the presence of cellulose or starch can be now
considered, therefore, as presenting any absolute marks of dis-

tinction between plants and animals. We arrive accordingly

at the conclusion that it is impossible to give a complete and
perfect definition of a plant, in contradistinction to what is to

be regarded as an animal.



BOOK I.

ORGANOGRAPHY; OR STRUCTURAL A^'D MORPHOLOGICAL
BOTANY.

The most superficial examination by the unassisted eye of any
of the more highly developedand organized plants enables us to dis-

tinguish various parts or organs, as root, stem, leaves, and the

parts of the flower. A similar examination of plants of lower

organization and development presents to our notice either the

same organs, or organs of an analogous nature to those of the

higher plants. By a more minute examination of these several

organs by the microscope, it will be found that they are made
up of others of a simpler kind, in the form of little membranous
closed sacs, called cells, and tubular bodies, of various forms,

sizes, and appearances, and combined together in various ways.

Hence, in 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 organs or structures of which they are composed. A
knowledge of these elementary structures, or building materials

of the plant, is absolutely essential to a complete and satisfac-

tory acquaintance of the compound organs, but, previous to de-

scribing them, it will materially assist our investigations if we
give a general sketch of the compound organs, and of the plants

which are formed by their union. According to the number
of these compound organs, and the greater or less complexity

which they exhibit, so, in a corresponding degree does a plant

vary in these particulars. Hence, we find plants exhibiting a
great variety of forms. That part of Botany which has for its

object the study of these forms and their component parts is

called Morphology.



ORGANOGRAPHY.

CHAPTER 1.

GENERAL MORPHOLOGY OF THE PLANT.

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

and 2), it is round ; in the Oscillatoria {fig. 3) lengthened ; in

Fig. 1. Fig. 3.

Fig. 2.

Fig. 1. Several Red Snow-pTants (Protococcus (Palmella) ni-

valis), enclosing minute hodies called spores, magnified
Fig. 2. One plant still more highly magnified.

Fig. 3. Two plants of Oscillatoria spiralis.

Fig. 4. A species of mould (Mucor), with mycelium helow, from which
two stalks are seen to arise, each of which is terminated by a sac (cysti-

dium), from which a number of minute bodies (spores) are escaping.
Fig, 5. Another mould (Penicillimn), with mycelium and stalk bear-

ing several rows of cells, which are the germinating spores. Fig. &.

Another mould (Botrytis), with mycelium and stalk, which branches
above, and each ramification bears a rounded spore.
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otliers branched in Tarious ways {fig. 33). In these simple plants

we are unable to distinguish any separation of the nutritive and
reproductive functions, which is so evident in the higher plants,

but_the cell of which they are composed is capable of performing

both these functions. The plants immediately above these con-

sist of numerous cells combined in a single row, and either

simple (fig. 4), or branched in a variety of ways (figs. 5 and 6).

In these plants we frequently find one or more of the cells ac-

quiring a special development, and producing in their interior a

number of others of a smaller size (fig. 4). Here we have the

first trace of a separation or distinction of the cells of a plant

into_tli0se adapted for nutrition, and
those for reproduction, as the smaller

cells thus developed in fhe Interior of

tlie larger ones are especialTy designed

for reproducing the plant, in the same
manner as the seeds of Flowering

Plants are adapted for that purpose.

These reproductive particles are termed

spores or sporvdes {fig. 4).

In the plants above these we find

the cells combined in various ways, so

as to form flattened leaf-like expan-

sions {fig. 7), or solid axes, as well

as special organs of reproduction {fig.

7, t).

Up to this point, however, although

we have, as just noticed, certain cells

containing reproductive particles, yet

we have no examples of plants present-

ing any distinct axis bearing leaves.

Such plants are therefore called Thallo-
\

gens ^^JThMojphytes, that is plants

C!aasistingofa7tfl7k5,because the latter ^^.^y ^^.^^^^ „f ^^^ ^„„
term is appKed to any cellular filamen-

tous or flattened leafy expansions, of

whatever form, which have no axis or

stem distinct from a leaf, but the two combined as it were
together, and performing the ofl&ce of both. Under the head of

Thallogens we comprise those simpler forms of plants which are
commonly known as Algae, Fungi, and Lichens.

By various intermediate stages through an order of plants

called the Liverworts, we arrive at a series of plants, viz. the true

Mosses {figs. 8 and 9), which present us with an evident stem,

hearing leaves. In these also we find the first trace of roots, in

the form of little tubular prolongations composed of cells pro-

ceeding from the lower part of the stem. In the Mosses, there-

fore, we^have first distinctly shadowed forth the three essential

in on Bladder Sea-weed (Fucus
vesiculosiis). t. The fructifica-

tion. V, V. Bladders of air.



ORGANOGRAPHY.

organs of the higher plants, namely the root, stem, and leaf. All
plants, "from the Mosses upwards, are presented to us under
ordinary cu-cumstances with a distinct axis, commonly.-hearing
ieaves. Such are therefore termed Cormogens or Cormo^hytes,

signifying stem-producing plants, to distinguish them froin"the

thallus-forming plants or Thallogens just alluded to.

Fig. 10. Fig. 11.

FiQ. 9.

Fig. 8.

Hair-moss {Polytrichum),
with its leaves, stem,
and fructification.

Fig. 9.

The male plant, as it

is commonly termed,
of the Hair-moss, with
its stem and leaves,

and terminated hy the
male organs {antheri-

dia).

Fig. 10.

The common Cluh-moss
{Lycopodium clavatum)

Fig. 11.

Fructification of the
Great Water Horse-tail
{Fquisetum Telmateia).

I All the plants previously noticed, including the Mosses, are

'/composed of short, or, as they are technically termed, parenchy-

/ matous cells, without any trace of the elongated pointed tubular
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Fig. 13.

Fig 12

/

C-.=«65g_E5-";

Fig. 12. The Male Fern {Lastrcea Filix-inas). Fig. 13. A Tree-fern show-
ing a tuft of leaves or fronds at the aper of a cylindrical stem, which is

enlarged at its base, ra, by the development of a mass of adventitious
roots.

bodies known as wood-cells and vessels, except in a very few in-

stances. These, therefore, are frequently known asCellular Plants,

in order to distin^ish them from all other plants placed above
them, which from being generally furnished with both wood-cells
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/ and vessels, as well as parenchymatous cells, are called Vascular

J
Plants.

' The lowest orders of Vascular Plants, like the true Mosses,

are comparatively insignificant in appearance, such as the Club-
mosses {fig. 10); the Horse-tails (fig. 11); and even generally

the Perns so far as they are natives of cold and temperate regions

(fig. 12), but in the tropics and warmer parts of the globe the

latter plants frequently grow to a considerable height, and form
handsome trees {fig. 13). These plants, however, like the Mosses
and the Thallogens, are all reproduced by Spores, and never pro-

duce evident flowers like the higher kinds of plants, hence, such
are denominated Flowerless or Cryptogamous Pla?its, that is to

say, plants with concealed or invisible reproductive organs. The
Cryptogamous plants are again divided into two groups called

:iAcrogens and Thallogens ; the latter comprising the simpler

I
forms of plants, wliich, as previously noticed, are commonly

/ known as Algae, Fungi, and Lichens, and which present no dis-

/ tinctionof stem and lea.f {figs. 4—7) ; and the former group, those

/ plants, such as the Mosses {figs. 8 and 9), and the Ferns {figs.
* 12 and 13), which present us with an evident stem, bearing leaves.

J
All plants above the Cryptogamous ones, from possessing evident

i flowers or reproductive organs, are termed Phanerogamous, FhiB-

nogamous, or Flowering. These latter plants are reproduced by
true seeds instead of spores ; 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

J-,.
of a single cell, or of several

^3' united, and never exhibits any
distinction of parts until it begins

to develop in the ordinary pro-

cess of vegetation, and then only

in certain cases. The Phaneroga-

mous plants are those, therefore,

in which we have the highest and
most perfect condition of vegeta-

tion, and to these our attention

^The''pe''a!'°? TS^rTdic'i™'''' The ^i^ ^^ more particularly directed

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

sSieaves^
'' *"' *^^ ''''^^^^^^''''^ °'' proceeding, however, to describe

in detail the elementary structure

of plants and the different parts or organs which they form by
their combination, it will be more convenient and intelligible to

take a brief review of these compound organs.

We have just stated that a seed contains an embryo, in which

khe fundamental organs of the future plant are present in a rudi-

/mentary state. The embryo of a common pea may be taken

/for the purpose of illustration {fig. 14). Here we find a distinct
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central axis, t, the lower part of which is called the radicle, r
;

and its upper extremity, which is terminated by two or more
rudimentary leaves, is termed the jphomule or gemmule, n. This

axis is united to two fleshy lobes,' c c, whose office is of a

temporary nature, and to which the name oi_cotyledons or seed-

leaves has been given. Some seeds only contain one cotyledon

in~~Their embryo {fig. 16, c), instead of two as just described in

the pea {figs. 14 and 15, cc); hence we divide Phanerogamous
plants, or those which are reproduced by seeds, into two great

classes, called, respectively. Dicotyledons {two cotyledons), and
Monocotyledons {one cotyledon).

When a seed is placed under favourable circumstances (which

will be treated of hereafter in speaking of the process of germi-

nation) the embryo that it contains begins to develop {figs. 15 and
1 6) ; the lower part of its axis or radicle, or one or more branches

Fig. 15. Fig. 16.

Fig. 15. Germination of the Haricot or French Bean, a Dicotyledonous
plant, r. The roots springing from the lower end of the axis, t

(tigelle). c, c. The cotyledons, d. The leaves. Fig. 16. Germination
of Maize, a Monocotyledonous plant, t. The axis giving ofE roots
from its lower extremity, c. The cotyledon, g. The leaves and young
stalk.

from it, growing in a downward direction, while the upper part
elongates upwards, carrying the plumule with it, while at the
same time the cotyledonary portion becomes developed and
forms the first leafy organs. We have thus produced a central
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Naxis developing in two opposite directions; the lower part is

I
called the descending axis or root {fig. 15, r), and the upper the

I

ascending axis or stem, t. Upon this axis or its divisions all the

future organs of the plant are arranged ; those which immedi-

I
ately succeed the cotyledons c c, constitute the true leaves of the

, plant, dd; and all which succeed the leaves in the order of

development, such as the flower and its parts, are merely
modifications designed for special purposes of those organs

which have preceded them. Hence the three organs, namely,

stem, root, and leaves, which originally exist in the embryo
in a rudimentary state, or are developed as soon as germina-

Ition commences, are called the fundamental organs of the

'giant. They are also called organs j^~liMtr%iion or vegetation,

IsTecfause they have for their objectTthe nutrition and develop-

ment of the plant to which they belong ; while the flower and
its parts have assigned to them the of&ce of reproducing the

I plant by the formation of seeds, and are hence termed organs

I of reprodiiction.

In like manner, when a spore germinates, it either simply
developes parts which perform equally both nutritive and re-

productive functions ; or a certain special apparatus is designed

for the latter purpose, as is the case in all the higher Cryptoga-

mous Plants. We have here, therefore, as in Phanerogamous
Plants, two manifestly distinct series of organs, one adapted for

nutrition, and another for reproduction. Hence in treating of the

different organs of the plant, both in reference to their struc-

ture and functions, we arrange them into two divisions : namely,

1. Organs of Nutrition or Vegetation, and 2. Organs of Bepro-
duction.

Having now given a general sketch of plants in different

degrees of organization, and of the compound organs which
they respectively present, we proceed to describe in detail the

elementary structures or building materials of which they are

composed.
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CHAPTER 2.

ELEMENTARY STRUCTURE OF PLANTS, OR TEGETABLE
HISTOLOGY.

Section 1. Of the Cell as an In-ditidual.

The description of the elementary structure of plants is termed
Vegetable Histology.

All plants in their earliest condition are composed of one {figs.

1-3), or more {figs. 4-6), delicate membranous closed sacs, called

cells or utricles. All the organs which afterwards make their

appearance in the plant are also made up of these little bodies,

variously modified according to circxmistances. The simple cell

presents itself, therefore, as the first and most important organ
of the plant—that from which all the others are developed ; and,

consequently, the only real elementary organ possessed by it.

It demands therefore our particular investigation. In treating

of it, we shall first describe its form and size ; then jirocecd to

investigate the nature of the membrane of which it is composed
;

and lastly, its contents.

1. JFoRM OF THE Cell.—The cell in its earliest condition con-

sists of an exceedingly thin structureless membrane , enclosing

various substances, wnen developed in a space where it is per-

fectly free from the pressure of surrounding bodies, and when
equally nourished at all parts of its surface, it assumes a more
or less rounded form {fig. 17) ; the sphere is,, therefore, to be con -

sidered as the typical form of aT cell. This tendency, however,

of cells to assume a spherical form must be received with some
limitation, it being distinctly understood that such will be the

case only when they are developed under the above conditions.

But in the great majority of cases, as cells are formed by the

division of older cells (as will be hereafter seen), it must neces-

sarily happen, that when first developed they will have the

shape of the half, the quarter, or some other section of the parent

cell, according to the number of parts into which it may be
divided. Such cells, however, if unrestricted in their after

development, will then tend in the majority of cases to assume
a spherical form. But, in consequence of cells being usually

developed in a confined space, a number of other forms are pro-

duced, all of which depend upon two circumstances. In the first

corresponding irregular growth
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pressure of the surrounding organ s. We shall now allude to a
lew of tlie more common forms which cells assume.

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

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

Fig. 21.

Fig. 17. Rounded cells.

Fig. 18. Elliptic or oblong cell.

Figs. 19, 20,21. Polygonal cells.

cell [fig. 17): when it is greater at the two extremities than at
the sides, the form is truly elliptic {fig. 18). In the above cases,

also, the cells are almost freen-om pressure. Under other cir-

cumstances, in consequence of the mutual pressure of surround-

ing cells, they assume a pon/ao?iaC i'oim {Jigs. 19, 20, and 21), the
iiumLer of the angles depenciing upon the number and arrange-
ment of the contiguous cells. Thus, in a perfectly regular ar-

rangement, when the contiguous cells are of equal sizerwe have
dodccaJudral cells, presenting, when cut transversely, a hexa-
'^gonal appearance {fig. 21). It is rarely, however, that we find

cells of this regular mathematical form, since, in consequence of
the unequal size of the contiguous cells, the polygons which re-

sult from their mutual pressure must be more or

less irregular, and exhibit a variable number of

sides (generally from three to eight) fig. 20.

Secondly, when the nutrition is nearly uniform
on all sides~of the cell-M'all, but not equally so at

all poruts~of its^iTHace, we have cells which
maintain a somewhat rounded tornTin the centre,

but having rays projecting from them in various

Fig. 22. Stellate directions, by which they acquire a somewhat star-
cells, j-j^g appearance {fig. 22); and hence such c«lls

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

project from all' sides of the cell. It is rarely the case that

Fig. 22.
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such cells have the rays at regular intervals, or all of one length,

but various degrees of irregularity occur, which lead to corre-

sponding irregular forms in such stellate cells.

Thirdly, when the nutrition occurs chiefly in one direction we

have cells which are elongated, either horizontally or vertically.

Among the forms resulting from an extension of the cell in

a horizontal direction, we need only mention tabular cells {fig.

23), that is six-sided flattened cells, with the upper and lower

surfaces parallel, or nearly so. Of those cells, which are extended

in length or vertically, we have various forms, as cylindrical

Fig. 23.
Fig. 25.

Fig. 26.

Fig. 24.

^<^

Fig. 23. Tabular cells. Fig. 24. Cylindrical cells. The small or rounded body
in the interior of three of these cells is called a nucleus or cytoblast.

Fig. 25. Elongated fusiform cells. Fig. 26. Fibrilllforui cells.

{fig. 2.^), fusiform {fig. 25), fibrilliform {fig 26) ; the two former,

by the mutual pressure of contiguous cells, often become 'pris-

matic.
"

From the above description of the forms of cells it will be seen

that they may be divided into the short and elongated, although,

as various intermediate forms occur, this division cannot be

strictly adhered to.

The cells, when in combination with other cells so as to form

a tissue, are generally bounded by plane {figs. 20 and 21), or

rounded surfaces {figs. 17 and 27); but when in combination

also with the vessels of the plant, so as to form what are called

the vascular bu?idles, they are elongated, and have pointed extre-

mities {fig. 25). These differences in the condition of the cells

lead to corresponding differences in their arrangement ; thus, in

the former case, the cells, when arranged in lines, are placed one

upon another, the ends being usually flattened {fig. 24) ; while
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in the latter their tapering extremities overlap one another, and
become interposed between the sides of the cells which are placed

Fig. 27. A rortinn of the frond of Nitophyllumlaceratum. a, a. Cell walls
b, b. Coll ten to (endochroine) of the cells.—H. B. Brady.

above and below them {fig. 25). From this circumstance cells

have been divided into 'parenchymatous and prosenchymcitoics
;

parenchymatous beinp: the^terni appliecl to those cejls which, are

piaced end to" end ; and prosenchymatous to those which are at-

tenuated, and overlap one_another when combined together to
_

jorm a tissue. Another distinction commonly observed between"

"parenchymatous and prosenchymatous cells arises from the con-

dition of their cell-walls ; thus, those of parenchymatous cells

are usually thin and but little incrusteci; wHle those of prosen-

chymatous ceils are more or less finekened by tb^ deposiHon upon
their mner surlaces ot various intrusting matters. The above
distinctions between~parenchymatous and prosenchymatous cells

are evident enough in the extreme forms of the two divisions,

but various transitional states occur which render it impossible

to draw, in many cases, a distinct line of demarcation between
them.

When cells are so placed as to be uncombined with others, or

with the vessels of the plant, or but partially so, they are more
or less unrestrained in their development; but even in such cir-

cumstances, as in their combined state, the typical form is to be

more or less rounded. This form is, however, rarely maintained
as they grow older, although instances of such occur frequently
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in the lower Algse, as Protococcus {figs. 1 and 2) ; in pollen

Fig. 28.
{jig. 28) ; and in spores {fig. 6) ; more fre-

quently, however, the cells assume a more or less

elongated form and become oblong {fig. 32), or

cylindrical {fig. 29). In other cases again, we
fold that certain points of the cell-wall acquire a

special development, and become elevated from
its general surface as little papillae {fig. 28), j?tj/. 28. Spherical

warty projections {fig. 29), or cilioe {figs. 30, 31, poUen cell,

and 32), or are prolonged into tubular processes, or branched in

various ways. The hairs which are produced on the surface of

plants afford good illustrations of cells which are more or less

Fig. 30.

Fig. 29. Elongated cell covered witli warty projections. Figs. 30, 31,
and 32. Ciliated cells. Fig. 33, Branched cell (Botrydium granulaUtm).

unrestrained in their development {figs. 112-125) ; other instances

occur in the germination of most spores, and strikingly so in

those of many Algse, as Botrydium {fig. 33) ; also when the pollen

cells fall upon the stigma ; and numerous other illustrations will

be observed as we proceed with our subject.

2. Size of the Cell.—The cells vary much in size in differ-

ent plants, and in different parts of the same plant. The par-

enchymatous cells, on an average, vary from about i^ to -—^ of
an inch in diameter ; others again are not more than ^^^ ; 'while

in some cases they are so large as to be visible to the naked eye,

being as much as ~ or even -'g of an inch in diameter. The
largestQCCi^Jn the pith of plants,Jn succulent parts, andjn -^frater

plants^
-

~'
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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 pr^Q- of an inch, and frequently not more than ^^^^, they be-

come much more extended longitudinally, some having been
measured as much as I of an inch long, and according 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 trees generally vary, however, from about the ~ to the ^ of

an inch in length.

Those cells again which have an unrestrained development are

frequently also far more extended in length. Thus, the cells of

which cotton is formed (Jig. 132, a) are sometimes as much as one

or two inches long, while in some of the Cryptogamous water

plants, as Chara, cells occur several inches in length.

3. The Cell-membrane or Cell-wall.—a. Its Chemical Pro-

perties,—The membrane of which the cell is composed consists of

the substance called cellulose or cellulin, and as all plants and all

parts of a plant are formed essentially of cells variously modified

and combined, this substance must be considered as the funda-

mental material of the plant. When pure it is a ternary com-
pound of carbon, hydrogen, and oxygen ; of which the latter two
exist in the _same _proj>ortions as m water . Hence it may be

considered as consisting of carbon "and the elements of water.

Some observers describe the cell-wall as formed of two mem-
branes, the outer having the composition as just described, and
the inner, which is termed the Primordial utricle^ containing

nitrogen, in addition to_carbon, oxygen, and hydrogen. In ac-

cordanc^ with the view's generally entertained, we have described

the so-called primordial utricle as one of the contents of cells.

(Seel):26Tr'^^ "~
'

;

Cellulose is insoluble in both cold and boiling water ; also in

alcohol, ether^ and dilute acids^ and almosjb insoluble in w.£ak al-

Icalilie.Si2iutions. By the action of cold concentrated sulphiiric

acid upoii^cellulose_ajtreacly-lookrng liquid is produced , which is

converted, after dilution and boiling, first into dextrin , and then
into ^ape si^ar. When iodine a^ndr~sulphuric a^id_ are_aj)plie^

to celIurose7 it assumes an ihHlgo blue coTourvwhich is rendered

more eyideiit if the~ sulphuric acid be previoiTslj dilutied with

water (the best proportions being one part of the latter to three"

of the former). A sim ilar blue colour is also produced when
cellulose is moistened~with aTsolution of chloricle of zinc, iodine,

and^lodide of poTas^^L JVLohl has also shown that cellulose

wiirassume a blue colour if it be thoroughly imbued with iodine,

and afterwards moistened with water. The blue colour will

not be produced however, under such circumstances, when we
operate upon the cell-membrane of very young cells ; hence it

is probable that thejoung cell-membrane may be composed of a



ELEMEXTARY STRUCTUBE. 19

substance differing from cellulose, and which afterwards becomes
c'Eanged"7nfo~it.

Ifrarely happens that cellulose can be found pure in any cell-

membranes ; it is usually combined with various organic and in-

organic substances, which modify the action of the above reagents,

and thus explain the differences which we find to exist in the

chemical properties of the membranes of the cells of different

plants, as well as those exhibited by the same cells at different

periods of their age.

Cellulose was formerly thought to be a substance peculiar to

plants, but it has now been found, as already noticed (page 3),

by several observers, in the tunics of some molluscous animals,

and in some of the organs of the higher animals.

b. Its General Properties and Structure.—The membrane con-

stituting the walls of young cells is transparent, and generally

colourless, although exceptions to this latter condition occasion-

ally occur, especially in the lower orders of plants. As the cells

increase in age, they frequently assume a yellow, red, or brown
tint, in consequence of their walls absorbing these different

colouring matters. When the cell-walls become thus coloured,

they commonly lose in a great degree their transparency. The
various coloiu-s which the different parts of the plant assume, as

the vivid tints of certain parts of the flower, and the green of

the young bark and leaves, are not owing, therefore, to original

differences in the colour of the membranes of the cells of which
such parts are composed, but to the different colouring matters
which those cells contain.

' The cell-membrane of young cells is very thin, smooth, and I

free from any openings or visible pores, so that each is a per-

fectly closed sac. The membrane, however, although free from
;

visible pores, is readily permeable by fluids.

f As the cell-membrane increases in age itbecomes thickened.'and
' the cells which are composed of it increase in size. This_t]]^'f^ ;̂^in£^
stakes place at ffrst by tSe incorporation of new maEterTn it«Sw-
slaLT̂ c^fyr-JT^eFsti^iUi^ -, but after the cells have arrived at a de-

finfte size, i!^Ti1^cl^ses where lliey'^orm~pgTtgnDf~th:g^^

f.structure"'of'plants, their membranes increase in thicJoiess. not
howeveFas a,t first by interstitial deposition, but by the succesiive

deposjtoTnew'mitfer upon their inner surface. This new matter
is generally"deposited in layers proceeding from without inwards

(fiffs. 34 and 35), by which the cavity of the cell is gradually

, diminished, and even in many cases nearly or entirely filled

/ up. This increase in thickness may be especially observed
' in the cells of the wood and inner bark, and in the hard cells of

the stone of the peach, cherry, and other similar fruits. This
thickening however of the cell-membrane, by successive layers of

deposit in its interior, is by no means confined to the cells of

the wood, or the other cases above mentioned, but it may be
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observed more or less in all cells where active chemical changes

are going on ; thus it may be especially seen in those of the

Fig. 34.

Fig. 35.

Fig. 34. Transverse section of
the testa of Datura Strarno-
nium. H. B. Brady.

Fig. 35. Transverse section of
a thick-walled cell of the
pith of Hoya carnosa. From
Mohl.

/pith of Ho^a carnosa (Jig. 35). These thickening layers are

commonly called secondary layers or deposits. It is these de-

posits which give hardness and firmness to the wood of plants

and to the stones of fruits, and hence the name of ^clerogen

(from a Greek word signifying hardness) has been given to tFem.

/ The term Lignin is also frequently applied to them from their

/ common occurrence in wood. Lignin is said to be a mixture of

several proximate principles. Like cellulose, however, it is com-

posed of three elements, carbon, oxygen, and hydrogen, but the

proportion of hydrogen is greater in it than in cellulose. Lignin

is insoluble in water, but always soluble in alkaline liquids. It

is rarely, or ever, deposited in a pure state.

Pitted or Dotted Cells.—In almost all cases when the cell-

membrane has thus become thickened by secondary layers, it

presents (instead of the smooth and homogeneous appearance, as

is the case, as we have seen, when it is in a young condition) a

greater or less number of dots, pits, or slits of various kinds (Jigs.

36 and 37, e). These dots, &c. were formerly considered as actual

openings in the walls of the cells, and hence such cells were

called^orows cells ; but, when carefully examined, it may be readily
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discovered that these markings are caused Ijy canals which run
from the outer or primary cell-membrans {fig. 37, a), through the

layers of thickening (h), into the cavity of the cell {d), and thus give

Fig. 36.

^^^mi^Fig.ZI.

Fig. 36. Pitted cells. Fig. 37. Thick-wRlled cells from the fruit of a
Palm. «, a. Original cell-walls, ft, 6. Secondarj- layers, c. Pit canals.
d. Cavity of the cell, e, e. External iMtted appearance. From Unger.

to the parts of the cell-membrane in which they are foimd.
when viewed by transmitted light under the microscope, a more
transparent appearance than that possessed by the thickened
membrane surrounding them. We arrive therefore at the con-
clusion, that the successive deposits of thickening layers take
place, not as imperforate membranes, as is the case with the
primary cell-membrane, but as perforated ones, which are de-
posited in succession from without inwards, in such a manner
'that the openings in each of them shall exactly correspond the
one to the other, so as to form continuous canals from the cavity

of the cell towards, or to, the primary cell-membrane which
bounds these canals on the outside. Such cells are therefore im-
properly called porous, and hence are now commonly and cor-

rectly termed pitted or dotted cells. The pits or canals of con-
tiguous cells generally acciu'ately correspond, so that however the
cell-walls may become thickened, their cavities are only separated
from each other at such spots by their primary thin walls (fig.

37, a), a contrivance especially designed to admit of a free com-
munication between the cells, notwithstanding the thickening
which their walls have undergone. It frequently happens that
two or more canals unite together at varying distances from the

walls of the cell, and thus form a common opening into its

cavity (^%. 35).

Although, as thus shown, the dotted appearance is not caused
by external holes or perforations in the primary wall of the cells,

yet as the latter advance in age, and lose their active vitality,

they frequently become perforated, in consequence of their thin
primary membrane becoming absorbed or breaking away. Such



22 ORGANOGRAPHY.

perforations are well seen in the Sphagnum, where they are suffi-

ciently large as to allow of the passage through them of animal-
cules and minute granular matters.

Cells with Bordered Pits.—In the 'cell-walls of the wood-cells

of certain 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. 38); hence such cells have been
termed cells with bordered pits, or disc-hearing wood-cells, or

functated wood-cells. Such an appearance is produced by the

walls of the cells having a number of circular depressions on
their outside, each of which is shaped like a watch-glass {fig. 39).

Fig. 38 Fig. 39. Fig. 40.

Fig. 38. Disc-bearinff wood-cells of the Pine, with a single row of discs on
each cell. Fig.ZQ. Diagram showing the watch-glass depression on
the outside of a wood-cell of the Pine. Fig. 40. Diagram showing
disc-bearing wood-cells in combination.

When two cells lie side by side, the depressions on the one accu-

rately correspond to those upon the other {fig. 40), by which a

number of lenticular cavities are formed between them, so that

when viewed by transmitted light they appear like discs. The
central pit is formed in the same manner, and owes its appear-

ance to the same cause which leads to the ordinary pit of cells.

Cells presenting such an appearance appear to be of universal

occurrence in the wood of the Coniferse, and in other Gymno-
spermous plants (see 0\'ule), where they are also most distinctly

observed. It was formerly supposed that disc-bearing wood-
cells were confined to such plants, but it has now been proved

that similar discs also exist in the wood-cells of some other

trees; thus in the Winter's Bark Tree {Wi^itera aromatica) and
in the Star Anise {Illicium anisatum) such discs may be observed

{fig, 41), but the central pit is in these cases absent.



ELEMENTARY STEUCTUEE. 23

These discs occvir either in single rows {^ig. 38), or in double

{figs. 42 and 43), or in triple rows {fig. 44). In those cases

where there is more than one row of discs, the discs in each row
may be either on the same level, as is more commonly the case

{fig, 42), or at different levels, and hence alternate to each other,

as in the Araucarias and allied trees {figs. 43 and 44).

Fig. 41.

1/1

Fig. 42. Fig. 43. Fig, 44.

Fig. 41. Wood-cells from niicitcm ani^atum. From Gray.
Fig. 42. Disc-bearing wood-cells of the Pine, witU a double
row of discs, which are ou the same level, or opposite to
each other. After Nicol. Fig. 43. Disc-bearing wood-cells
of AUingia exc^lsa, with double rows of discs, which are
alternate with each other. Fig. 44. Disc-bearine wood-
cells of Araucaria, with double and triple rows of alternate
discs. After Nicol.

The cause which leads to the formation of these lenticular

cavities has not yet been clearly proved. According to Schleiden,

they arise from the occurrence of bubbles of air between the walls

of the cells ; but this must be incorrect, for such cavities, as first

shown by Mohl, are filled with sap in the young condition of the

cells.

Fibrous Cells.—It frequently happens that the secondar}- layers

(instead of being deposited in the form of perforated membranes,
which give rise to the pitted cells just described), consist of delicate

threads or bands of varying thickness called fibres, which assume
a more or less spiral direction upon the inner surface of the pri-

mary cell-membrane {figs. 45-47), and thus give rise to what are

called fibrous cells. Such fibrous cells occur in various plants and
parts of plants; thus in the leaf of the Sphagnum, the hairs of

many Cacti, in some of the membranes of many seeds, as those

of Salvia and Collomia; in the spore-cases of some of the Flower-
less Plants, in the inner lining of all anthers, in the outer rind of

the aerial roots of many Orchids, and in several other instances.

These fibrous cells also present some differences of appearance

as regards the distribution of their fibres. Thus, in some cells
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Fig. 45. Spiral cell. Fig. 46. Annular or ringed
cell. Fig. 47. Ramifled or reticulated cells.

the fibre forms an uninterrupted spiral from one end to the

other {fig. 45) : such are termed sinral cells. In otlier cases the

fibre is interrupted at
Fig. 45. Fig. 46. Fig. 47. various points, and as-

sumes the form of rings

upon the inner surface

of the cell-wall {fig. 46),

and hence such cells are

called annular or ringed.

Instances also occur even

more frequently, in which
the fibres are so distri-

buted as to produce a

branched or netted ap-

pearance {fig. 47); such

cells are termed ramified or reticulated. These annular and reti-

culated cells are merely moamcanons of the spiral, as is shown
by the circumstance of our frequently finding in the same cell

intermediate conditions of all these forms. (For further parti-

culars on this head see Annular and Eeticulated Vessels.)

The fibres in most cases are wound from left to right, although

instances occur where they turn in a contrary direction. The
turns of the fibre, or the rings, may be nearly in contact, or more
or less separated by intervals of cell-membrane; which latter

appearance is probably due to the growth of the membrane after

the deposition of the fibre. The turns of the fibre, or the rings,

again, may be either intimately attached to the cell-membrane,

or but slightly adherent, or altogether free. As a general rule,

the less the cell-membrane grows
after the deposition of the fibre, the

more firmly is it attached to it.

These different kinds of fibrous

cells are connected by a number of

intermediate forms with the pitted

cells already treated of {fig. 48);

hence it has been supposed by many
that the secondary layers which
give rise to the latter structures

are also deposited originally in a

spiral direction, and in fact that all

secondary deposits have a tendency

to assume a spiral arrangement

;

others, however, explain such a formation by supposing a slight

enlargement of the primary cell-membrane to take place after

the secondary layer has been deposited, by which the latter is

stretched and ultimately broken into little holes or slits at

various points.

In some cases, as in the Yew {fig. 49), in the Mezereon, and in

Fig. 49.

Fig. 48. Pitted and reticulated cell.

F'ig. 49. Wood-cells of tlie Yew
(Taxus baccata). After Mohl.
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the Lime, &c., we find a spiral fibre or fibres developed in addi-

tion to the pits, which appearance also must be considered as

another proof of the common origin of fibres and pits.

4. Contents or Cexxs.—Under this head are included nearly

all the substances which are formed in the plant, or which ha e

been absorbed by it from the soil. We only propose at present

to treat of those contents of cells which are more commonly
found, and which hare an especial importance at this stage of

our inquiry. The more particular description of many of them
will be given under the head of Physiology, or, when treating

of the plants which yield them, in Systematic Botany. The de-

tailed account of others, again, belongs to Chemistry, and the

applications of Botany to Medicine, the Arts, Domestic Economy,
and Manufactures. By some authors the term endochrom e { _fia.

27, b,b.) is used to_indJ£ate.4he^whgle. .coMeatS of thp re]];

it Ts cMellyso emplov"edrinTescribing the Algse. We shall first

describe those contents which are more . especially present in

very young cells ; these are the Protoplasm, Frimordia l Utricle,

and 2<udeus. '

Frotoplasm.—This substance, which is abundant in all young
cells, is a white or yellowish opaque viscid fiuid, either perfectly

smooth, or of a more or less granular nature. It^may be detected

b^the application of sugar and sulphuric acid, when it assyinps,

noore or less rapi'cr[y,"a pink or rose colour . Iodine colours it

jellow of ^ownt It is_aiso coloured by carmine and some other

al-kalme colouring mattexs, wHTIeTEecell-wail, under such circumT

gtaEcesTTslSot coloured at all , or only very slightly tinted. It is

cofTguIated by acids and alcohoT It contains nitrogen* as an
essential iflgredieiit, in addition to the three elements-—carbon,

oxygyii;~and hydrogen, of which we have seen the primary cell-

membrane is alone composed. The protoplasm is called by some

Fig. 50.
German writers ' schleim,' and in some
English works ' mucus,'"0r ' mucilage .'

It is the"^rniinarmatter of Beale, who
regardslt as composed of minute sphe^

rfcai particles, and these, again, "of

smallerJ355eriiTes.

Primordial, Utricle.—When a cell

containing protoplasm is placed in

water, or allowed to remain for some
time in alcohol, or is exposed to the

action of iodine, the contents separate

from the wall (Jig. 50), and are then
seen to be bounded by a more or less

defined portion of protoplasm, having
the appearance of a membrane, and which by its contraction has

removed all the other contents of the cell from the wall. This mem-
brane is readily distinguished from the cell-wall formed ofcelMose

Fig. 50. Cell of tbe leaf of
Jungermmmia Taylori.

After ilolil.
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by the action of carmine, as just noticed in reference to proto-

i plasm. Mohl, who first discovered this structure, and who believed

it to possess all the characters of an inner cell lining the outer

one, called it the Primordial Utricle, from the fact of its existing

previous to the cell-wall formed of cellulose. By some observers.

as already noticed (see page 18_K the primordial utricle is re-

'garde(it as a' portion of the ceTTwall, and not as one of the
contents ot tne cell. Whether such an appearance as that just

d'escribed, can be considered as owing to the presence of a distinct

membrane having the characters of an inner cell, as supposed by
jMohl ; or whether it should not be rather regarded as due to a

I
film caused by the coagulation of the surface of the protoplasm

*l)y the action of the reagents applied, is by no means clear, for

bwhen a cell containing protoplasm is examined without the aid

I of reagents, no membrane thus bounding the contents of the cell

[lean be clearly distinguished. It^ would appear, therefore^ far

more probable that this jio-called primordial iitricle is nlerely a
"

tETfi^enecTlayer of The protoplasm lining the cellulose-walTT
'

whichnas assumed the character of a true membrane uiider the

action or~reagents, just in the same way as any~lEckened_
gelatinous matter, when exposed to tde air, would become m^
vest^cT as it'dried up by a inofe~or less evident pellicle. This
tEickened layer of protoplasm, or primordial utricle,^rforms,
as we shall afterwards find, a very important part in the pro-

cess of cell-development ; it may be, therefore, always observed
in young and vitally active cells. Its existence is in most
cases but transitory, disappearing when the secondary layers are

being deposited. It is^Jiowever, a permanent formation i ii_cell_s

containing cHTorophyll (the green colouring
9- ^^' matter of plants), as, for instance, in the cells

of. leaves^_andi__iii many of the lowi^ kinds "of

plants.

Nucleus or Cytohlast .—Almost all young cells

contain one or more bodies called Nuclei or

Ci/tohlasts, which are always in intimate con-

nexion with flie primordial utricle. In the

cells of the more highly organized plants the

nueleiis consists of a rounded or lenticular

Fig.^x. Cell with gi'amdar-looking body {figs. 24 and 51), which
nucleus aud uu- is genei'ally more transparent than the pro-
'^'''^'"®- toplasm in which it is placed, and containing

almost invariably in its interior one or moi-e usually sharply

defined bright points called Nucleoli {fig. 51). These nucleoli

vary somewhat in their appearance ; more commonly they seem
to be formed of solid transparent granules, while in other cases'

they appear like small cavities in the interior of the nucleus.

Nuclei are generally regarded as solid granu.lar structures ; but

Nageli and others describe them as vesicles. The nucleus and

Wm^^mt-
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the nucleolus are best observed under the action of iodine, -which

colours them yellow or brownish. The size of the nucleus in

proportion to the cavity of the cell varies greatly ; thus in

a very young cell of newly-formed parts the nucleus occupies

nearly, or entirely, the whole cavity ; while in the cells of other

parts it is of but small size in proportion to the cavity, ^ls..

cells increase in a^e the nuclei comjnonly disappear ;
bnt in sottip!

cases the V I'gmain as long as the cells retain their vitality : while

in othersThey appear to be converte^^ into chlorophyll or starch
^anule's.

"" ~ _———___
' rt will afterwards be shown, when treating of cell-develop-

ment, that the substances just described under the names of

Protoplasm, Primordial Utricle, and Nucleus, and which are

especially present in very young cells, are actively concerned in

the origin and development of new cells. As the cells increase

in age, and when mature, a great variety of other substances are

found in them, which have been either formed in the plant;

or have been obtained from the soil, or substance upon, or in

which the plant grows. They are all dissolved, or float in a

watery liquidj^whijch_is^onimonly called sapl

~~

jb^cr^.—ThlsTiquid may be first ohserved in small vacuoles or

cavities existing in the protoplasm, and it then constitutes but a

small portion of the cell contents ; but as the cells become ma-
ture, it continues to increase in quantity until it ultimately fills

their cavities. The amount of sap will necessarily vary accord-

ing to the conditions under which the plant is placed, especially

as regards the amount of water it can absorb or exhale ; but

as a rule,
^
with but few exceptions, it cannot altogether_dis-

appear from the cell»~or"t^' different' organs of the higher

illiouL^'PsirQying^the rife_ofthose~organT! JIauy of the~^'^'~~
)ecome completely dried

but will still retain their

ine sap is~in~rare "cases coloured by substances which are dis-

solved in it, but commonly it is colourless, and resembles com-
mon water. It contains, as we have seen, various substances

dissolved or floating in it. Three of these we shall now describe,

namely, ChJorophyli, Starch, and Baphides.

ChloropliyU.-— This name is applied to the green colouring

matter of plants. It is especially abundant in the cells which
are situated just beneath the surface of leaves. It occurs either

as an amorphous substance, or far more generally xmder the

form of granules, which float in the sap, or are more or less

adherent to the wall of the cell {fig. 62).

The nature of chlorophyll granules is by no means well ascer-

tained. Some observers describe them as consisting of soft mu-
cilaginous solid matters ; while others define them as small

vesicles containing a green liquid. When they are acted upon
by alcohol or ether they retain their former size, but lose their
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green colour, hence it is clear that thexconsist of a substance

which is coloured green by the presence of colouring matter

diffm?^ through them whfchTs soIuBle in alcohol or__etlierr~The

granules when thus freed from green colouring matter are co-

loured 3'ellow by iodine, and therefore contain nitrogen. It

would seem probable from this, as well as from their common
occurrence around the starch granules (which, as we shall find

in speaking of starch, are developed from protoplasm), that they

are simply granules of protoplasm permeated by a green colour-

ing matter to which the name of chlorophyll is alone properly

applied. Chlorophyll consists of carbon, oxygen, hydrogen, and
nitrogen, but the proportion of these has not been accurately

ascertained. It appears to be of a resinous nature. According

to Fremy, chlorophyll is composed of two colouring principles,

,one blue, called. 2)hj/Ilocj/ani7i, and the other yellow, termed _p%/-
loxanthin. Chlorophyll is only formed under the influence of

liffht : it never occurs tiierefore in structures removed from that

agen *:, but exclusively on the plTrts of plants near the" surface.^

In the autumn it iindergoes certain changes which are not well

understood, by which it loses its green colour, and assumes
various shades of red or yellow. Fremy attributes the yellow

colour of fading autumnal leaves to the gradual destruction of

phyllocyanin.
' —

All tne colouring matters contained in the cells which are not
|

Fia 5'? green, and to which the peculiar tints of the petals
_' "' and other parts are due, are frequently comprised

under the common name of cliromuh. These are

of various natures, although, according to Fremy
and Cloez, all the colours assumed by flowers may
be referred -to three separate principles, one of

which is of a blue or rose colour, and is named

I
cyanvil ; while the other two are yellow, and termed

-'^Yi"
''p

^f" f*
xanthin and xav thcin.

taiiiing starch-
" Starch.—There is no substance contained in the

granules. 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 pa-
renchymatous cells {fig. 52), except those of the epidermis. It

is, however, most abundant in the matured structures of a plant,

as in the pith of stems, seeds, roots, and other internal and
subterranean organs which are removed from the influence of

I
light. In these respects it presents a marked contrast to chlo-

I
ryphyll, which occurs only in young and vitally active structures,

I
which are placed near the surface of plants, and directly ex-

jt
posed to light. When starch occurs in the active vegetating

I parts, it is then commonly invested by chlorophyll granules.

Starch is not only widely distributed through the different
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Fig. 56.

parts of a plant, but it also occurs in varying quantity in all

classes of plants. Arrow-
root {fig. 53), sago,

{fi^. 54), tous-les-mois

{fig. 55), and potato

starch {fig. 56) may be

mentioned as familiar

examples of starches

derived from diflferent

plants. In all cases

starch is a transitory

product stored up for

future use, resembling

^ in this respect the fat

! of animals. When thus Fig. 53. West-India Arrow-root. Fig. 54. Sago

\ required for the nutri- meal. Both magnified 250 diameters.

\ tion of the plant, it is converted previously, as will be afterwards

\seen, into dextrin and sugar, which are soluble substances, and
-can be at once ap-

plied to the purposes

of nutrition, which
is not the case with

starch in its un-

altered condition, as

It is then insoluble,

f Starch is composed
chemically of carbon

and the elements of

water. Starch, how-
ever, never occurs

naturally in a per-

fectly pure condition,

but it always con-

tains a certain proportion of the peculiar secretions of the plant

from whence it is derived. These impurities can never under
ordinary circumstances be entirely removed, and hence arises the

difference in the value of the various starches used for food and

f

other purposes. Starch is insoluble in cold water, alcohol, ether,

or oils. By the action of boiling water it swells up and forms
a gelatinous mass. Iodine when applied to it gives a blue

colour or some shade of violet, the distinguishing character of

starch and some other matters closely allied to it, as cellulose

and amyloid ; which latter is a substance found occasionally in

the secondary deposits in the albumen of some seeds. The blue

colour is at 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 produced in starch by the ^

Fig. 55. Tousles-mois. Fig. 56. Potato starch.
Both magnified 250 diameters.
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action of diluted sulphuric acid, and diastase, a peculiar nitro-

V genoiis substance occurring in germinating seeds. Starch was
formerly considered as peculiar to plants (see page 4), and its

presence therefore was regarded as an absolute distinctive mark
between them and animals. Of late years, however, a sub-

stance presenting the chemical reactions and general appearance

of starch has been found in some animal tissues. Such a dis-

tinctive character, therefore, can be no longer absolutely de-

pended upon.

Starch occurs in two states, either in an amorphous condition,

f or in the form of distinctly defined granules. Its existence in

I
an amorphous state has been detected by Schleiden in the bark

I of the Jamaica Sarsaparilla, in the seeds of Cardamomuon minus,

and in the underground stem of Carex are7iaria ; also by Currey

and Tulasne in certain Fungi ; and by Schenck in Ornithogalum

nuta7is and 0. lanceolatum. Starch commonly occurs in the

form of colourless transparent granules, varying in size ; which
are either distinct from each other as is generally the case {Jig.

52), or more or less combined so as to form compound granides
''

{fig- 57). When fully formed the granules are usually found float-

ing in the cell-sap, but in a young state each granule is attached

Fig. 59.

Fici. 57. Compound starch granules of West-India Arrow-root. After
Schleiden. Fig. 58. Wheat starch : magnified 250 diameters. Fig.
59. Rice starch : magnified 250 diameters.

I
at one point of its surface to the protoplasm or primordial

I
utricle, from which structures, as will be presently seen, it is

believed to be developed. In form the granules are always
spherical or nearly so in their earliest condition. In some cases

this form is nearly maintained in their mature state, as in wheat
starch {Jig. 58), but the granules frequently assume other

forms, as ovate, elliptical, more or less irregular, club-shaped,

or angular (see figs. 53-59). Such forms arise from the un-

equal development of the sides of the granules, or from 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 dif-

ferent plants, and even in the same cell of any particular plant.
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The largest granules known appear to be those of Canna starch,

or, as it is commonly termed, ' Tous-les-mois,' where they are

sometimes as much as the 3^ of an inch in length {fig. 00);
while the smallest granules, among which may be mentioned
those of Eice starch {fig, 69), are frequently under ^^^ of an
inch in length.

Starch granules, when fully formed, usually present a small

rounded spot, which is commonly situated at one end, and which
is generally regarded as the original nucleus upon which after-

development has taken place ; this is called the hilum or nucleus.

Some observers, however, as Carpenter, regard the hilum as

marking the point at which the granule in its early state is

attached to the cell-wall. Surrounding this spot a number of

fine lines may be also commonly observed, which completely

encircle it, so as to present the appearance of a succession of

irregular concentric shells placed around a common point. The
cause of these appearances has given rise to much discussion, and
cannot be said, even at present, to be completely understood.

By some observers, as Nageli, Martin, and Busk, the starch

granule is supposed to be a cell, having a wall of a different

nature to that of its contents ; the appearance of the concentric

stride being then supposed to be due, either to successive layers

of deposit in its interior, the boundaries being thus visible as

concentric lines, as is supposed by Nageli ; or to the inrolling or

involution of the starch cell, as maintained by Martin ; or to the

doubling inwards of the wall, so as to form rugse or folds, as

believed by Busk. By those who thus maintain the cellular

nature of the starch granule, the hilum is supposed to be a cavity

in the cell, or a pore or funnel-shaped aperture leading into it.

The more commonly received opinion of the development and
the structure of the starch granule, and that which seems to

me to be the correct one, is as follows : — the starch granule
appears at first in the form of a minute rounded body, which
constitutes the hilum, but whether this be solid or hollow cannot
be positively stated :—around this hilum, as a starting-point,

there is deposited in the course of growth a succession of con-

centric shells or layers, so that the innermost layers are the
first, and the outermost the last layers which have been formed.
These layers are of a like chemical nature, but vary in thickness
at different parts of their circumference, showing that deposit

of starchy matter has been more rapid at one part than another

;

they also vary in the amount of water they contain, the outer-

most layers being harder, firmer, and containing less water than
those in the interior. Other observers again maintain that each
layer is deposited i7iside its predecessor. That the different

layers of the starch granule vary in density may be at once
proved by the action of polarised light, when each gi'anule

usually exhibits a black cross. Those who adopt this view of
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the structure of the starch granule explain the appearance it

commonly presents thus ; the rounded spot or hilum being the

nucleus of growth, and the concentric lines representing the

boundaries of the successive layers of deposit.

Starch granules vary very much in the distinctness and general

appearance of their concentric lines, in the same way as they

differ exceedingly in form and size when obtained from different

sources : those, however, which are obtained from the same plant

are more or less uniform in appearance, so that we may distin-

guish under the microscope the different kinds of starch, and

refer them to the particular plants from which they have been

derived.

With regard to the origin of starch granules, it would ap-

pear from the researches of Crliger that they are secreted on the

inner surface of cavities or vacuoles formed in the general proto-

plasm of the cell, in the same way as will be hereafter seen, the

primordial utricle or superficial pellicle of the protoplasm secretes

cellulose on its outer surface (see Cell-development). Hence

we find a ready explanation of a circumstance already noticed

when treating of chlorophyll, namely, the common occurrence of

starch granules imbedded in it: for chlorophyll, as we have seen,

is probably nothing more than granules of protoplasm containing

a substance coloured green under the action of light, so that

starch granules may as readily be formed in cavities of this co-

loured protoplasm as in any other.

Eaphides.—This name is now commonly applied to crystals

of any form found in the cells of plants, although the term ra-

phides (which is the Greek for needles) was originally given to

those only which were shaped like a needle {fig. 62). Eaphides

, may be found more or less in all classes of plants, and in all

I their organs
;
generally, however, they are most abundant in the

i stems of hei'baceous plants, in the bark of woody plants, and in

i leaves and roots. In some plants they occur in such enormous

I quantities that they exceed in weight the dried tissue in which

they are deposited ; this may be especially observed in some

Cactacese ; thus Edwin Quekett found in the dried tissue of the

stem of the Old-man Cactus
(
Ccreus 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 crystals. The root of Turkey

or Russian rhubarb commonly contains from 35 to 40 per cent.,

hence when chewed it appears very gritty ; and, as this kind of

rhubarb usually contains a larger proportion of raphides than

any other, this grittiness has been employed as a means of

distinguishing it from them. The raphides are commonly con-

tained in cells, in which starch, chlorophyll, and other granular

structures are absent, although this is by no means necessarily

the case.



ELEMENTAEY STBXJCTTJEE. 33

The raphides occur either singly in the cells in which tliey

are found, as in the inner bark of the Locust-tree {fig. 60) ; or

far more commonly there are a number of crystals in the same
cell, in which case they are usually arranged in one of two ways,

that is—either placed side by side as in the stem of Rumex {Jig.

62) ; or in groups radiating from a common point, and assuming

Fig. 60.

Fig. 60. Raphides in the cells of the inner bark of the Locust tree. After
Gray. Fig.Qi. Couglomerate rapliides r,f the Beet Fig. 62. Acicu-
lar raphides. Two cells contain raphides, and three of them chlorophyll.

a clustered or conglomerate appearance, as in the cells of the

stem of the common Beet {Jig. 61). The former are usually

termed acicuJar raphides, and the latter condomemte raphides .

In some'interestmg researches into the nature of raphides

which have been made of late years by Mr. GruUiver he has

distiuguished the acicular crystals, which he has called triie^

raphides, from those which occur either singly {Jig. 60), or in

more or less globular or conglomerate masses {Jig. 61), which he

has termed Sphara^liides. He believes that the presence or

absence of thdformer or true raphides, and then* comparative

abundance, afford characters by which the species of certain

orders may be distinguished at once from the allied species

of neighbouring orders. He has instanced the plants of the

Onagracege, especially, as being in this way readily distinguished

from the plants of allied orders. Mr. Grulliver speaks vprv

strongly upon this point as follows :
—

' No other single diagnosis

for the orders in question is so simple, fundamental, and uni-

versal as this ; and the orders to which it applies should be

named raphis -hearing or raphid>ft7-ous.' Besides O.iagracese,

Dioscoreaceas, Araceae, and Asparagacese, are spoken of as truly

raphidiferous orders.

I With regard to Sphferaphides, Gulliver believes that there are

1 few, if any, orders among Phanerogamous plants in which they

\do not exist; hence it is questionable how far their distribution
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might be rendered available as a means of distinguishing plants

from one another. Their presence, however, he finds universal in

every species of the orders Caryophyllacese, Greraniacese, Parony-

chiacese, Lythracese, Saxifragracese, and Urticacese; hence he

regards the presence of Sphseraphides as especially characteristic

of these orders.

In the common Arum and some other Aracese, the cells which

contain the raphides are filled with a thickened sap, so that

when they are moistened with water, endosraose takes place, by

which they are distended and caused ultimately to burst and

discharge their crystals from an orifice at each end {fig. 63).

Such cells have been called Biforines.

In many plants belonging to the families of the Urticacese,

Moracese, and Acanthacese, there may be frequently observed

Fig. 63. Fig. 64. Fig. 65.

Jfifir. 63. Raphides of an Anim heing discharged under the influence of
water. Fig. 64. Cystoiithe, from Pnrietnria officinalis. After Henfrey.

Fig. 65. Cystoiithe, from the leaf of Ficus elastica. After Henfrey.

situated generally just beneath the surfaces of the leaves, or

sometimes more, deeply, peculiar crystalline structures, to which
the name of Cystolithes has been applied by Weddell. These
consist of an enlarged cell containing commonly a globular or

club-shaped mass of crystals {figs. 64 and Qi))^ suspended from
the top by a kind of stalk formed of cellulose, upon which the

crystals are deposited as upon a nucleus. Crystals are also

found of other shapes besides the globular and clavate in these

Cystolithes. All crystals found in these structures consist of

carbonate of lime.

t The ordinary acicular or true raphides of Gulliver, and con-

I glomerate raphides (Sphseraphides), appear to be simple chemical

jf combinations of the organic and inorganic acids and bases (com-

1 monly lime) which are contained in the fluids of the plant. Such
crystals, therefore, vary in composition, those of most frequent

occurrence consisting of oxalate of lime, as in Rhubarb root.

,' The acicular raphides appear to vary in composition in different

plants, for while some observers have described them as com-
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posed of oxalate of lime, others state them to be phosphate of

^ime. Carbonate of lime crj'stals also frequently occur in plants,

as in many of the Cactacese. Crystals of tartrate of lime are

found in the old stems of some Cactacese ; those of sulphate of

lime in the Musacese ; and those of other composition occasionally

occur.

Raphides, as might be supposed from their varying composi-

tion, assume different crystalline forms ; thus some are acicular

or needle-shaped (as we have already seen), with pyramidal

ends ; others, as those of oxalate of lime, crystallize in octahedra,

and in right-angled four-sided prisms ; carbonate of lime crystals

assume a number of forms, but most commonly that of the

rhombohedron ; and other crystals assume a variety of other

forms according to their composition.

Section 2. Of the Kinds of Cells a:n*d their Connexion
WITH EACH other.

I
We have already seen that when cells are of such forms that

combined together they mei'ely come in contact without percep-
'

tibly overlapping, they are called parenchyinatous ; but that when
elongated and pointed at their ends, so that in combination they

overlap each other, they are termed jprosenchymatous. We have

also seen that such extreme forms are connected by all sorts of

transitional ones. Formerly, all elongated organs found in

plants were supposed to have an entirely distinct origin fi'om the

cells, and were described under the names of Woody Fibres, and
Vessels or Ducts, but it is now known that these are all derived

originally from ordinary cells, and owe tiieir peculiar appear-

ances, either to various modifications in shape, which the latter

undergo in the course of growth, or to their combination and
union with each other. This common origin of the Woody Fibres

of old authors and the Vessels or Ducts, with the cells, is proved

by the fact, that gradual transitional forms from the one to the

other may be commonly observed ; and also by tracing their de-

velopment, when it will be found that all these organs, however
modified in shape and appearance, are derived originally from

the ordinary cell. All the observations made previously, there-

fore, as to the chemical and general properties of cell-membrane,

as well as to the mode of growth and deposition of secondary

layers, apply equally to the Vessels or Ducts. We have already

stated this to be the case with regard to the Woody Fibres,

which we have spoken of under the name of Wood-cells. By
the combination of the different kinds of cells, we have various

compound structures formed which are called Tissues : these we
now proceed to describe. The most important and the most
abundant of them all is

1. Parenchyma.—This is composed of comparatively thin-

d2
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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. Parenchyma has been divided in various

ways by authors, the divisions being founded upon the forms of

the component cells, their modes of cohesion, and other pecu-

liarities. It will be sufficient for our purpose to adopt the simple

arrangement of Schleiden, which is as follows :
—

\. Jncomipletc Tarenchyma is that in which the component cells

I
are in contact only at a few points, so that numerous in-

terspaces are left between their walls ; of this there are

two varieties.

a. 'Round or elliptical Parenchyma. {Figs. 17 and 66.)—This

is formed of rounded or more or less elliptic cells ; it com-
monly occurs in succulent plants, and in those parts where
the tissues are of a lax nature, as in the pulpy portions of

leaves and fruits. The name of merencliyma is frequently

applied by authors to this form of parenchyma. It is con-

nected by various transitional forms with

b. Spongiform Parenchyma, which consists of stellate cells

{figs. 22 and 67), or of cells with an irregular outline pro-

Fig. 66.

Fig. 60.

Round or elliptical

parcucbyma.

Fig. 67.

Spongiform or stellate

linreiicliyma,
composed of stellate cells

with tliree-coriiered

intercellular spaces.

duced by projecting rays, and in contact only by the extremi-

ties of such rays, so as to leave large irregular spaces between

them {fig. 96, c). This occurs commonly in the tissue at the

under surface of most leaves," and frequently in the air-

passages orplAHta.
"

2. Complete Parenchyma.—This includes all those forms which

are composed of cells in perfect contact on all sides, so

that no interspaces are left between them. Of this there

are three varieties.

a. Eegular Parenchyma.—This is formed of dodecahedral or

I
polyhedral cells, the faces of which are nearly equal {figs. 20

/ and 21). It commonly occurs in the pith of plants.

' b. Fllongated Parenchyma.— This is composed of cells elon-

gated in a longitudinal direction so as to become fusiform,
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(cylindrical, or prismatic. It occurs frequently in the cellular

I
tissue of Monocotyledonous Plants.

c. Tabular Parenchyma is that which consists of tabular
cells. It is found in the epidermis and other external parts

of plants {figs. 96 and 97). A variety of this kind of parenchjnna

is called muriform, because the cells of which it is composed

j
resemble in their form and arrangement the courses of bricks

\ in a wall {fig. 68). This variety occurs t^- go

V 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
ordinarv parenchvmatous cells become ^r,,,!*'^,,^'?,!^^^!,^,,.-

, ' . ^, , r, - T -, Muriiorm parencnynia.
much thickened by soft secondary de-

posits, as in the fronds of many Algse, &c., the tissue formed
by them is called by some authors collenchjma; or if the

secondary deposits are of bony hardness, as in the stones of

fruits, Henfrey has proposed the term sttrenchyma.

It frequently happens that ordinary parenchymatous cells

become thickened by secondary deposits, in such a manner as to

form pitted cells, or some variety of fibrous cells. The combina-

tion of these so as to form tissues, constitute, respectively, Pitied

Cellular Tissue, and Fibro-ccllular Tissue. These tissues are,

however, but slight modifications of true parenchyma, and are

frequently included by authors with, the other varieties under
that name.

In some of the lower orders of plants there is a kind of tissue

present, which is quite as distinct from parenchyma, as this is

from prosenchyma and the tissues formed by the vessels of

plants. To this the names of Tela cofifeata and T/iterlacifig fibril-

liforni Tissue have been given. It occurs especially in Fungi and
in Lichens {fig. 26), and consists of very long thread-like cells,

or strings of cells, simple or branched, with either thin, soft,

readily destructible walls, as in Fungi ; or dry and firm ones, as in

Lichens ; the whole inextricably interwoven or entangled with

each other, so as to form a loose fibrilliform tissue.

The tissues above described constitute the entire structure of

the lower orders of plants, such as the Algte, Fungi, and Lichens,

which are hence frequently termed Cellular plants ; while those

orders above them, which contain commonly, in addition to cells,

vessels, and prosenchymatous wood-cells, are called Vascular

Plants (see page 9). In these higher orders of plants, paren-

chymatous ceils constitute all the soft and pulpy parts; and
in cultivating plants or parts of plants for culinary purposes
and for food generally, the great object aimed at is to develop
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this kind of tissue as much as possible. Parenchyma is con-

nected by various intermediate conditions with jprosenchyma,

which we now proceed to notice.

Fig. 69. Fig. 70. Fig. 71.

Fig. 69. Prosenchymatnus cells. Fig.

70. Horizontal section of prosenchy-
matous cells. Pig. 71. Proseucliyma-
tous cells in coiubination.

2. Prosenchtma.— The
most perfect form of pros-

enchyma is that common-
ly termed Woody Tissue,

{Woody Fibre of the old

writers).

This tissue consists of

very fine cells, elongated and
tapering to a fine point at

each of their extremities,

their inside being much
thickened by secondary de-

posits {fig. 69), and when
in contact with each other,

overlapping by their pointed

ends, so that they are firmly

compacted together and leave

no interspaces {fig. 71). The
woody portions of all plants

consist in a great part of this

form of tissue. It is also

found in the liber or inner bark mixed with parenchyma, and
in the veins of leaves and those of other expansions of the stem

and its divisions.

We distinguish three kinds of cells which enter into the com-
position of Woody Tissue ; namely, the ordinary Wood-cells, Disc-

bearing or Pzmctatcd Wood-cells, and Liber-cells ; these form
respectively, by their combination, the ordinary Woody Tissue,

the Disc-hearing or Punctated Woody Tissue, and Woody Tissue

of the Liber.

a. Woody Tissue.—This, the ordinary kind of woody tissue, is

composed of cells the walls of which, although thickened by
secondary layers, either present a homogeneous appearance, as is

more commonly the ease, or are marked with little dots or pits,

as in pitted cells. The occurrence of spiral fibres, or rings, or

reticulations, is exceedingly rare in wood-cells. The secondary

deposits are arranged in concentric layers, whicli increase in

number as the cells progress in age, so that in old wood their

cavities are often nearly obliterated {fig. 70). This kind of tissue

occurs in the wood of most trees, except that of the Coniferse

and allied orders: and in the veins of some leaves, and those

of certain parts of the flower. The peculiar manner in which

these wood-cells are arranged with respect to each other, over-

lapping at their pointed extremities, and thus becoming firmly

cemented, as it were, together, combined with the thickness of
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their walls, renders this tissue very strong and tough, and thus

admirably adapted for those parts of plants in which it is found,

and where such qualities are especially required.

b. Disc-bearmg Woody Tissue.—Th.i's tissue is composed of those

wood-cells called Disc-hearing Wood-ccUs, which have been already

described. This tissue constitutes generally nearly the whole

of the wood of the Coniferse and other G-jnunospermous plants,

as well as a portion of the wood
of some other plants, as Wintera Fig, 72. Fig. 73. Fig. 74.

aromatica, Illiciu7n anisahivi, &c.

The disc-bearing wood-cells, how-
ever, in the latter cases, are some-

what modified, the discs being

here found without the central

pit or dot {fig. 41). These disc-

bearing wood-cells are much
larger than the other kinds of

wood-cells, being often as much
^S 3^0 ^^ 2M °^ ^^ ^^^^ ^^ ^^^'

meter, while the latter are fre-

quently not more than ttt^, or on
an average about
in diameter.

c. Woody Tissue of the Liber.—
This consists of cells much longer

than ordinary wood-cells {fig.72),

with very thick walls {fig. 74),

and tougher, but at the same
time softer and more flexible;

hence these are a peculiar kind
of cells, and have received the

distinctive name of Liber-cells,

from their common occurrence in the inner bark or liber of Dico-

tyledonous stems. This inner bark is also commonly termed
bast, hence the tissue formed by the combination of such cells is

also called Bast Tissue. The liber-cells are sometimes branched

{fig. 73). Besides the common occurrence of this tissue in the

liber, it also occurs as a constituent of the vascidar bundles of

Monocotyledonous stems, and also on the outside of many stems

in the same class of plants, and in the stems of Mosses. The
veins which form the framework of all leaves are also in part

composed of this kind of tissue.

From the peculiar qualities of woody tissues or fibres, and
especially of the ivoody tissue of the liber, the latter is admirably

adapted for various manufacturing purposes ; thus. Hemp, Flax,

New Zealand Flax, Pita Flax, Sunn, Jute, and Chinese Grass

Fibre, are all composed of the liber tissue of diflPerent plants,

and will afford good illustrations of the value of such liber

Fig. 72. Upper end of a liber-cell.

Fig. 73. Branched liher-celi.

After Sclileideu. Fig. 74.

Transverse section of liber-cell*,

showing the thickness of their
walls.
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fibres. DeCandolle has given the following Table of the relatiye

strength of some of these fibres as compared with silk, thus:

—

Silk supported a weight of . . . . 34
New Zealand Flax 23|
Common Hemp . , . . . . Ifi^

Common Flax llf
Pita Flax 7

Other fibres brought recently from India and other countries are

even stronger than the aboA^e. While woody tissue is thus

shown to possess great strength when \ised in the form of what
are called fibres, these also, when macerated sufficiently, form a

pulp from which paper is chiefly manufactured.

All articles manufactured from cotton, which is composed of

long tubular parenchymatous cells placed end to end, with very

thin walls, are by no means so strong as those made fi'om woody
tis.'iue.

The different kinds of woody tissue are commonly associated in

the plant with other organs, which are also of an elongated tubu-

lar character, but larger than the prosenchymatous cells of which
the woody tissues are composed. These constitute the

3. Vessels or Vascular Tissue.—These names were origi-

nally given to these organs from an erroneous idea of their re-

semblance to the vessels of animals, with which, however, they

have no analogy. The name of duct is also frequently applied to

them by authors. There are several varieties of vessels or ducts,

the nature of which depends upon the modifications which their

walls undergo by secondary deposits in their interior. Thus we
have pitted, spired, anmdar, rcticidated. and scalariform dnct.-^,

or vessds as we shall in future call them, as more in accordance

with general custom.

a. Fitted or Dotted Vessels.— These constitute '^y their com-
bination Pitted Tiss7(,e, the Porous Tissue of some authors, or the

Vasiform Tissue, Bothrcnchj/ma, or TapknnchT/ina oi others ; the

two latter names being derived from Greek words signifying pits.

They either consist of elongated pitted cells with pointed ends

(Jig. 25); or, as is generally the case, of a row of cylindrical

pitted cells placed end to end, the intervening partitions of which
have become more or less absorbed, so that their cavities form a

continuous canal (fiffs. 75 and 76). The origin of pitted vessels

from a row of cells of a similar pitted nature, is clearly shown
in many instances by the contractions which their sides exhibit

at various intervals, by which they acquire a beaded or jointed

appearance {fffs. 75 and 76) ; for these joints evidently corre-

spond to the points where the component cells come in contact,

and in some eases even we find the intervening membrane not

completely absorbed between the cavities, but remaining in the

form of a network or sieve-like partition {fcf. 77). Pitted vessels
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generally terminate obliquely {fig. 77), and, when they combine

with neighbouring vessels, the obliqxie extremities of the latter

Fig. lb. Fig. 76. Fig. 77.

Figs. 75 and 76. Beaded pitted vessels. Fig. 77. Pitted
vessel teniiiiiatiiig olili-iuely, and showinij tbat the
p.irtition wall by which it was separated from the ad-
joining vessel has been iucomplecelj' absorbed.

are so placed as accurately to correspond -with the former. In
some cases, however, where the pitted vessels are pointed at the

ends, they overlap more or less by these points {fig. 25). Pitted

vessels may be commonly found in the wood of Dicotyledons

;

they are mixed here with the ordinary wood-cells, but are much
larger than these, as may be seen by making a transverse

section of the wood of the Oak, Chestnut, and other trees, when
the holes then visible to the naked eye are caused by their

section {fig. 161, v). The pitted vessels are jj^-^, -g y,- ^g
generally among the largest occurring in any •^' ' tf-

tissue.

b. Spiral Vessels.—This name is applied

to lengthened cylindrical cells with tapering

extremities, having either one continuous

spiral fibre running from end to end, as is

commonly the case {fig. 78), or two or more
fibres {fig. I'd) running parallel to each
other. Those with only one spiral fibre are

termed Simple Spiral Vessels; those with
more than one, ComjJoicnd Spiral Vessels.

The latter kind are well seen in the stem of

the Banana and allied plants, in the young
shoots of the Asparagxis, and in the Pitcher
Plant. The fibre contained within the spiral

^'l\^^^\
Simple spiral

vessel is generally so elastic as to admit of Compound spiral ve^'

being uncoiled when the vessel is pulled seJ.

asunder, in which case the wall is ruptured between the coils.

This may be commonly seen by the naked eye by partially
breaking the young shoots or leaf-stalks of almost any plant,
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or the leaves of the Hyacinth, Banana, and others, and gently

pulling asunder the two ends, when the uncoiled fibres appear
like a fine cobweb. In most cases the coils of the fibre are

close together, so that the primary membrane cannot be ob-

served between them ; in other cases, however, they are more
or less separated by portions of membrane {fig. 78). The latter

appearance is probably caused by the growth of the primary
membrane after the fibre has been deposited, by which the coils

become extended and separated from each other. The fibre is

generally turned to the right as in the ordinary spiral cells,

although instances occur in which it is wound in the opposite

direction. When spiral vessels come in contact they overlap

more or less at their ends {fig. 78), and frequently the membrane
between their cavities then becomes absorbed so that they com-
municate with each other. Spiral vessels sometimes present

a branched appearance, which is generally occasioned by the

imion of separate vessels in a more or less oblique manner {fig.

81); or occasionally, it is said, as in the Gourd and some other

plants, by a division of the fibres of distinct vessels {fig. 80).

Spiral vessels occur in the sheath surrounding the pith of the

stems of Dicotyledons {fig. 163, d), in the vascular bundles of

Monocotyledons {fig. 159, sv), and in some of the higher Acoty-

ledons. They also exist in the petiole and veins of leaves, and
of all other organs which are modifications of them, as bracts,

sepals, petals, &c. They may be also frequently found in roots.

J^ig. 80. J^ig. 81. __i_ ^^ ^^^ -^^j^ j^^ diameter. The
RA'erage size is about tlie 77-?^.

Spiral vessels are sometimes called

TrachecB or Irachenchyma, from
their resemblance to the tracheae

or air-tubes of insects.

c. Annular Vessels.—In these

vessels the fibre is arranged in

the form of rings upon their inner

sui'face {figs. 82 and 83). Some-
times the whole of the vessel pre-

sents this ringed appearance {figs.

82 and 83); while in others, we
find two rings connected by one

or more turns of a spiral, the two
forms irregularly alternating with

each other {fig. 84). These vessels are of rarer occurrence than

the other modifications of spiral vessels. In size they vary

from about j^ to gijj of an inch in diameter. Annular vessels

occur especially in the vascular bundles of the stems of soft

rapidly growing herbaceous plants among Dicotyledons ; also

in those of Monocotvledons ; and in Flowerless Plants. In

Fig. 80. Branclied spiral vessel.
Fig. 81. Union of siiirai vessels

ill an oblique manner.
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Fig. 82. Fig. 83. Fig. 84. Fig. 85, Fig. 86. Fig. 87.

s
^

1^
5=5

J'(>5. 82 and 83. Annular vessels. Fig. 84. Vessel
sbowhig a conibiiialion of rings and spiral fibre.

. Fig. 85. Reticulated vessel. Fig. 86. Pris-

matic scalarifornj vessels of a Fern.— Fig. 87.

Cylindrical scalariforin vessels of the Vine.

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

in the Eqiiisetacese.

d. Reticulated Vessels.—In these vessels the spiral convolutions

are more or less irregular, and connected in various ways by cross

or oblique fibres, so as to form a branched or netted appearance

{^fig. 85). These vessels are generally larger than the annular,

and of much more frequent occurrence. They are found in simi-

lar situations.

e. Scalariform Vessels.—These are but slight modifications of

the reticulated vessels, and owe their peculiarity to the vails

being marked by transverse bars or lines, arranged over one-

another like the steps of a ladder, whence their name {figs. 86

and 87). It is frequently difficult to determine whether this ap-

pearance of lines or bars is caused by the secondary deposits or by
fibres, or whether it is not owing to the presence of spots which
are thinner than the surrounding parts of the wall, as is the

case with the pits of pitted vessels. Probably in most instances

at least, this is true ; while in others, it would appear to be
caused by the fibre, as it sometimes happens that scalariform

vessels may be unrolled like the true spiral vessels. Scalariform

vessels thus appear to form an intermediate stage between pitted

i and spiral structures. These vessels are sometimes cylindrical

\ tubes like the other kinds, as in the Vine {fig. 87) and many
\)ther Dicotyledonous Plants, in which condition they are appa-

rently but slight modifications of reticulated vessels ; but in their

Snore perfect state, scalariform vessels assume a prismatic form,

as in Perns {fig. 86), of which they are then especially charac-

teristic.

The annular, reticulated, and scalarifovjnxQssels constitute the

spurious trachecB of some authors. These vessels have com-
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Fig. 88.

Fig. 88.

Vessel
sliowiii?
aconibi-
iiatioti of
spiral
and reti-

culated
fibres,

and sca-
lariforni
mark-
ings.

monly tapering points like the true spiral vessels, and thus over-

lap at their extremities when they come in contact {fig. 86), in

which case they appear to be nothing more than elongated tubular

cells. In some other instances they terminate more or less

obliquely, or by flattened ends, as if formed of rows of cells like

most pitted vessels, and that this is their real

origin in such cases is proved also by the oc-

currence occasionally of contractions on the

sides of their walls, so that they assume a

beaded appearance, such contractions indica-

ting the points where the component cells

come in contact {figs. 82 and 87). In rare

instances the true spiral vessels also present

similar contractions on their walls.

These vessels are but slight modifications

of the true spiral. This is proved by the fact

that we frequently find in the same vessel

one or more of the above forms combined
with the spiral {figs. 84 and 88), and thus

forming intermediate states of each other.

According to Schleiden and others, they are not only slight mo-
difications of spiral vessels, but are actually produced from them
in consequence of certain alterations which take place in the

course of their development. Thus, annular vessels according to

this view, are formed by the growing together of portions of the

original spiral fibre into rings, the intermediate portions between
such rings becoming ultimately absorbed. Keticulated and
scalariform vessels again, are said to be formed by the for-

mation of cross fibres in various directions between the coils of

the spiral fibre, so that the spiral is converted into a reticulated

or scalariform vessel. Other observers, especially Mohl, state

positively that there is no change produced in the condition of the

fibre within these vessels by age, but that it is always deposited

originally in the same condition which it ultimately assumes,

and that the seeming transitional stages from spiral vessels

into anmilar and reticulated, are permanent intermediate forms

between them.

f. Laticiferous Vessels or Tissue.—These constitute the MilJc-

vessels of the old authors. They consist of long branched tubes

or passages, lying in no definite position with regard to the

other tissues {figs. 89 and 90), and anastomosing or uniting

freely with each other like the veins of animals, from which
peculiarity they maybe at once distinguished from other vessels.

When first formed these vessels are exceedingly minute and
their walls are very thin, but they become large and thick-sided

as they increase in age, but even then rarely present any pits or

spiral deposits in their interior, as is the case in the thickened

cells and vessels already described. A common size is the yioo
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of an inch in diameter. They derive their name from containing

a watery fluid called latex, which when exposed to the air be-

comes milky,

as in the

and is either white.

Dandelion, spurges,

Figs. 89 and 90. Laticiferuus

Poppy, India-Rubber, Lettuce, &c.

;

or coloured ; thus yellow latex is

well seen in the Celandine. The
latex has a number of granules or

globules floating in it, which are

composed of caoutchouc, or analo-

gous gum-resinous matters, and, oc-

casionally, mixed with them may
be observed peculiar-shaped starch

granules, as in Euphorbia {fig. 91).

Fremy states that in certain plants

he has found a kind of latex as

albuminous as the serum of the

blood or the albumen of the egg,

and to which he has given the name
of albuminous latex. Latieiferous

vessels were first discovered by Schultz, who also described the

latex as constantly circulating in them, and hence the term
Cinenchyma or moving tissue has been applied to them. Lesti-

boudois has also, within the last few
years, made out a circulation of the con-

tents of latieiferous vessels. Trecul has

endeavoured to prove that the latieiferous

vessels are in direct connexion with

the spiral and other vessels, and he
concludes that they act as venous reser-

voirs to the circulating fluid. Those
vessels occur especially in the inner

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

Their nature or origin is not we'l ascertained. By some vege-

table anatomists they are considered to be formed, like the

ordinary pitted vessels, from rows of cells arranged in various

directions with respect to each other, the partitions between their

cavities being more or less absorbed, so that they communicate
freely together. There can be little doubt, however, that they
are simply Intercellular passages, which form a network of canals

(see Intercellular System), and which have originally no proper
membrane, but appear to acquire one subsequently by the depo-
sition of matter of varying thickness from the secretions which
they contain.

J

F/fiT. 91.Latioi-
feious vessels
from a species
of Euphorbia

;

the larex con-
taiiiiiiffstarch

graiiu'e* of
a peculiar
form. From
Henfrey.
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We have now described all the different forms of cells, and
the modifications they undergo, and the combinations of them
which take place, so as to form vessels. The different kinds of

vessels and woody tissues or fibres are more or less combined
together, and have always a tendency to develop and arrange
themselves in longitudinal or vertical bundles in the parts of the

plant where they are found, and thus they maybe readily distin-

guished from the ordinary parenchyma in which they are placed,

both in their forms and mode of elongation. We thus find it

very convenient to speak of the bundles formed by the combina-
tion of the woody tissues or fibres and vessels, under the col-

lective name of Fihro-vascular Tissues, or the Fibro-vasctdar, or

Vertical, or Longitudinal System, to distinguish them from the

ordinary cellular tissue, which constitutes the Pareiichymatous,

or common Cellular, or Horizontal System.

4. Epidermal Tissue.—In the higher Flowerless, and gene-

rally in Flowering Plants, the cells situated on the surface of the

different organs vary in shape and in the nature of their con-

tents from those placed beneath them, and form a firm layer

which may commonly be readily separated as a distinct mem-
brane. To this layer the term Epidermal Tissue is given. It

is generally described as consisting of two parts ; namely, of

an inner portion called the Ejnderynis, and of an outer thin pellicle

to which the name Cuticle is given. By Carpenter, however, and
some other authors, these terms are used in precisely the reverse

sense ; thus Cuticle to indicate the Epidermis, and vice versa.

We use the term as first mentioned, because more in accordance

with general usage, although it must be admitted that the name
Epidermis, signifying, as it does, a membrane lying upon the

dermis or skin, would be more appropriate if applied in the latter

sense.

a. Epidermis.—This consists of one {fig. 95, a) or more {figs.

96, a and 97) layers of cells, firmly united together by their sides,

and forming a continuous membrane, except at the points where
it is peribrated by the Stomata, presently to be described {fig. 1 07, s).

These cells are generally of a flattened tabular character {figs.

95-99), the sides of which vary much in their outline; thus in

the epidermis of the Iris, and many other Monocotyledons, they

are elongated hexagons {fig. 92, e); in that of the Maize they are

zigzag {fig. 93, 5) ; whilst in the Madder, the common Polypody,

&c., they are very irregular or sinuous {fig. 94); and in the epi-

dermis of other plants we find them square, rhomboid, &c.
Ordinarily in European plants and others of cold and temperate

climates, the epidermis is formed of but one row of cells {figs.

95, a and 99), but in tropical plants we frequently find two (fig.

96), three, or more, as in the Oleander {fig. 97), by which pro-

vision such plants are admirably adapted, as will be afterwards

explained, for growth in hot dry climates. The upper walls of
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Fig. 92. Fig. 93. Fig. 94.

Fig. 92. Epidermal tissue from the leaf of the Iris (Iris germanica). p, p.
Cuticle, s, s. Stomata. e.e. Epidermal cells. After Jussieu. Fig. 93.
Epidermis of the Maize, a, a. Stomata. b, b. Zigzag reticulations
formed by the sides of the cells. Fig. 94. Sinuous epidermis with
stomata, from the garden Balsam.

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

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

^'i_A.

Fig. 95.

Fig. 95. Vertical section of the leaf of the Maize, showing the epidermis, a, a,
formed of one row of cells, with projecting hairs, g, g.

Fig. 96. Fig. 97.

Fig. 96. Section through the leaf of a Banksia. a, a. Epidermis with two
rows of colls, c. Spongiform parencli.vma. b. Hairs which are contained
in little depressions on the under surface of the leaf. After Schleiden.

Fig. 97. Section through the leaf of Oleander, showing the epidermis com-
posed of three layers of thick-sided cells, and placed above a compact
parenchyma of vertical cells. After Brongniart,



48 ORGANOGRAPHY.

walls of the epidermal cells may be especially observed in leaves

of a leathery or hardened texture, as in those of the Oleander

{fig. 97), Aloes, Hoya {fig. 98), Box, Holly, &c., and in the stems

of Cactacese {fig. 99). These thickening layers upon the inner

Fig. 98. Fig. 99.

Fig. 98. The epidermis of Hoya carnn.m treated with caustic, alkali, a.

The cuticle separatiuf?. b. The swollen, laminated, cutlcular layers of
the epidermal cells. After Mohl. Fig. 99. Thickened epidermal cells

of a Cactus. After Schleideu.

walls of the upper or external surface of the epidermal cells

were formerly confounded with the Cuticle or thin pellicle which
is situated on the outside of the epidermis {fig. 98, a). Mohl, to

whom belongs the merit of first establishing this point, has pro-

posed the name of cutioidar layers of the epidermis {fig. 98, b),

for these secondary deposits in the epidermal cells.

The cells of the epidermis are always filled with colourless

fluids ; the green or other colours which leaves and other organs

assume is due therefore to colouring matters of various kinds

which are situated in the subjacent parenchymatous cells, and
which show through the transparent epidermal cells. In the

epidermal cells of many plants, waxy matter is contained ; in

those of Chara, carbonate of lime ; and in those of Equiseta and
the Grasses, silica is met with in such abundance that, if the

organic matter be removed by the agency of heat or acids, a
perfect skeleton of the structure will be obtained. These sub-

stances are probably deposited in the walls of the cells.

The epidermis covers all parts of plants upon which it is found
that are directly exposed to the air except the stigma, and it is

in all cases absent from those which live under water. In the

Fungi, Algse, and Lichens, it is altogether wanting. The young
branches of trees are always covered with epidermis, which
is replaced at a subsequent period by epiphlceum. The roots of

plants are invested by a modified epidermal tissue to which the

term Ejnhlcma has been given by Sehleiden. This consists of

cells with thin walls, without stomata, but possessing cellular

prolongations externally, called Hairs, which will be described

hereafter. The inner surface of the ovary, the canal of the
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style, and the stigma of Flowering Plants are also covered by a
modified epidermis, resembling epiblema in its general characters,

to which the name of Epithelium has been given by Schleiden.

b. Cuticle.—This consists generally ofa thin transparent pellicle,

which covers the entire surfiice

of the epidermal cells (figs. 98, a. Fig. 1 00.

and 100), with the exception

of the openings called stomata.

It forms a sheath also over the

hairs {fig. 100). The cuticle

has no cellular structure, or in-

deed any evident organization, Fig.lOO. Cuticle of the Cabhage.showiug
although in certain cases it pre- ^}^^^

'•^'f
perforated l.y the stomata, and

^
^

, , ^ forms sheaths over the hairs,
sents a somewhat granular ap-

pearance, and is marked by lines formed evidently by the epidermal
cells with which it was in contact. It is frequently prolonged into the

openings of the stomata, and from thence into the passages which
commonly exist between the sides of the cells below the epidermis

Fig. 101. Fig. 102.

Fig. 103.

Fig. 101. Cistome from Cereus peruvianus. After Gasparrini. Fig. 102.

Cistomes of Ornithogalum nutans, ramifying in the intercellular passages
beneath the epidermis. After Gasparrini.

(%. 102), and may then be separated by boiling in nitric acid as

a somewhat funnel-shaped bag (fig. 101). To this prolongation

of the cuticle, which Gasparrini first

described, and which he wrongly re-

garded as a peculiar organ, he gave
the name of Cistorne.

In rare cases, the cuticle, which
is generally a very thin pellicle, be-

comes of considerable thickness, as

in the upper surface of the leaves

of Cycas, (fig. 103). The nature J^ifi'. los. sectim of a leaf of (7j/ca«

of cuticle has given rise to much ^Sfd' g7lhfc?ene'd''2Sl a',

discussion, and cannot be said to be After schieiden.

as yet accurately determined. By most observers it is regarded
as an excretion from the epidermal cells, which has become
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hardened on their surface ; while others again regard the cuticle

as the permanent original outer wall of the parent cells of the

epidermis, which has become chemically altered by the action

of the air. It appears to be of the same nature as the Inter-

cellular substance which will be described hereafter. A Iiomo-

geneous membranous layer resembling, if not actually identical

with cuticle, is found upon the surface of plants living under

water ; and upon that of the Algse, Lichens, and Fungi, which
have no true epidermis.

c. Stomata or Stomates.—These are orifices situated between

some of the epidermal cells, opening into the intercellular cavities

beneath, so as to allow a free communication between the internal

tissues and the external air {figs. 106, s and 107, s); hence they

are also commonly called breathing jpores. These orifices are

surrounded by cells of a diiFerent form from those of the epi-

dermis ; and they also usually contain some chlorophyll granules.

There are generally but two cells surrounding the orifice, which

Fig. 104. Fig. 105.

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

are commonly of a more or less semilimar form {figs. 92 and
104), so that the whole has some faint resemblance to the lips

and mouth of an animal, and hence the name Stomata applied to

/such orifices {eroixa, a mouth). The bordering cells of the

(orifice have been called ' stomatal cells,' or ' pore cells,' or ' guard-

cells,' and have the power of opening or closing the orifice which
they guard according to circumstances, as will be explained when
treating of the functions of stomata. Instead of two stomatal

cells, we sometimes, although but rarely, find four, or even more
;

thus, in some of the Liverworts {Hepaticaceai), the stomata are

rounded apertures between the epidermal cells, surrounded by
three or more tiers of stomatal cells, each tier being itself com-
posed of four or five cells, the whole forming a kind of funnel
or chimney {fig. 105).

Upon making a vertical section through the stomata, we
usually find that the stomatal cells are placed nearly or quite
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on a level with those of the epidermis. In other eases, however,

and especially when situated upon leaves of a leathery or hard-

Fig. 106. Fig. 108.

Fig. 107.

Fig'. 106. Vertical section of the epidermis of. Leucodendron decorum, show-
ing e, e, the epidermal cells, with the stomatal cells, s, with elevated
margins, m, m. Fig. 107. Vertical section of the epidermis of the Iris.

s. The stomate. e. Epidermis, p. Parenchyma beneath the epidermis.
I. Intercellular space into which the stomate opens. Fig. 10%. Epider-
mis of Rnmex acetosa, with rounded stomata, a. Fig. 109. Sauare
stomate of Yticcagloriosa

ened texture, the stomatal cells are below the epidermal ones,

while in some rare instances again they are above them (fg. 105).

The stomata vary in form and position in diflPerent plants

and in different parts of the same plant, but they are always the

same in any particular part of a plant. The most common
form is the oval {Jigs. 92, 93, and 104); in other instances they

are round (Jig. 108, a) or square (Jig. 109), They are either

placed singly upon the epidermis, at regular (Jig. 92), or irregu-

lar intervals (Jig. 108); or in clusters, the intervening epidermis

Fig. 110. Fig. 111.

Fig. no. Epidermisof the leaf of a species of Saxifrage, showing clustered
I stomata, .«, with intervening spaces, e, e, in which they are absent.

Fig. 111. Vertical section of the leaf of Oleander, c. Cavity filled with
I / hairs, with stomata at their sides, p. Parenchyma, e. Epidermis.

having none (fig. 110). In the Oleander (Nerium Oleander) we
find little pits beneath the epidermis of the under surface of the
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leaves which contain a number of hairs, and very small stomata

on their sides {fig. Ill, c).

The number of stomata also varies considerably. The follow-

ing table will give some idea of their abundance in leaves,

and it will be observed that the number of stomata is always

greatest in those leaves where they are entirely absent from the

upper surface of these organs.

Stomata n one square inch of surface.

Upper surface. Lower surface.

Mezereon
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5. Appendages of the Epideemis.—Upon the surface of tlie

epidermis, or in the sub-epidermal tissue, there are frequently

to be found certain structures consisting of cells variously com-
bined, and containing various substances, which are termed col-

lectively Appendages of the Epidermis. We shall treat of them
under the two heads of Hairs and Glands.

1. Hairs.—These are thread-like prolongations externally of

the epidermal cells covered by cuticle {figs. 95, g, and 100).

They may either consist of a single cell, when they are called

simple (figs. 112-116), or of several cells, when they are coynpound

{figs. 119 and 120). Simple hairs may be undivided (/t^. 112),

or forked {fig. 113), or branched {fig. 114). Avery beautiful

form of a simple hair is that called Stellate, as seen in Deutzia
scahra, Alyssum, &e. {fig. 115) ; this is formed by a cell dividing

horizontally into a number of parts which are arranged in a star-

like form (^^. 116).

Fig. 112. Fig. lis. Fig. 11 4.

Fig. 116.

Fig. 115.

Fig. 117. Fig. 118.

IFig.
112. Simple unbranched hair of the common Cabbage. Fig. 113.

Forked hair of Whitlow-grass (Draba). Figs. 114 and 115. Branched
stellate hairs of Alyssum Fig. 116. Stellate hairs from Althcea offici-

nalis. Fig. 117. Branching hair of a species of Marritbium. Fig. 118.

Branched hair of Alternantkera axillaris. From Henfrey.

Compound hairs may be also undivided, as is more frequently
the case {fi^s. 119 and 120), or branched {figs. Ill and 118). The
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component cells of compound hairs may be also variously ar-

ranged, and thus give a variety of forms to such hairs. Com-
monly their cells are placed end to end in a single row, so that

the hairs assume a more or less cylindrical form ; but when the

component cells are contracted at the points where they come in

contact, they become moniliform or necklace shaped {figs. 119

and 120). When the cells below are larger than those above, so

that the hairs gradually taper upwards to a point, they become co-

nical ; or when gradually larger from the base to the apex, the hairs

are clavate or club-shaped {fig. 121); or when suddenly enlarged,

Fig. 119 Fig. 122. Fig. 123.

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

/Fig. i:

nica

Hoo
late

Fig. 126.

Fig. 119. Moniliform hair of Virginian spiderwort (Tradescantia virgi-

nica) Fig. 120. Moniliform hair of Marvel of Peru (Mirabilis Jalapa).

Fig. 121. Clavate hairs. Fig. 122. Capitate hairs. Fig. 123.

Hooked hairs. Fig. 124. Glochidiate or barbed hairs. Fig. 125. Stel-

late hair from the Ivy. Fig. 126. Peltate hair from Malphighia wrens.

at their apex into a rounded head, ca'pitate {fig. 122). "When the

terminal cells of hairs are terminated by a hook on one side

pointing downwards, such hairs are termed uncinate or hooked

{fig. 123) ; or if ending in two or more hooks at the apex, they

are glochidiate or barbed {fig. 124). Such hairs again, instead

of being erect, or more or less oblique upon the epidermis, may
develop horizontally in a more or less circular manner, and

form stellate hairs, as in the Ivy {fig. 125) ;
pr two of the com-

ponent cells may develop in opposite directions from another

cell raised above the level of the epidermis, so as to produce
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what is termed a shield-like or pdtate hair (Jig. 126). Many of

the above forms occur equally in simple hairs, as in compound
ones, and the figm'es are taken indifferently from either. Many
hairs hare one or more spiral fibres in their interior, as those

on the seeds of Acanthodium, &c. {Jig. 127).

Fig. 127. Fig. 128. Fig. 129.

Fig. 127. Hairs with spiral fibre in their
interior, from the skin of the fruit of
Salvia Horminum. Ftg. 128. Scale or
radiating hair of the Oleaster (Elceag-

tms) Fig. 129. Ramenta from the rachis
of a Fern.

Fig. 130.

Fig. 130. Ramentaceous hair.
Fig. 131. Prickles on

Rose-branch.

Fig. 131.

When the divisions of stellate hairs are closely connected, by
cuticle or otherwise, they form scales or scurf; such epidermal
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132.

appendages are, therefore, simply modifications of steUate hairs.

A scale may be defined as a flattened membranoiis more or less

rounded plate of cellular tissue, attached by its centre, and
presenting a more or less irregular margin from the unequal
prolongation of its component cells (/^. 128). These scales are
particularly abundant on the surface of some plants, to which
they communicate a scurfy or silvery appearance, as in the
Elcsagnus, &c. Such a surface is said to be lepidote, from lej)is,

the Greek term for a scale.

Other modifications of hairs which are allied to the above, are

the ramenta or ramentaceous hairs so abundant upon Ferns
( Hg.

129). These consist of cells {fig. 130) combined so as to form a
brownish flattened scale attached by its base to the surface of the
epidermis from whence it grows.
When the hairs are composed of cells which are short, and

have their sides thickened by secondary deposits so that they

form stiffened processes, they are then called seta or bristles, and
the surface is then termed setose or setaceous. These slightly

modified, form prickles, which may be defined as large hardened
processes terminating in a sharp point and springing from the
epidermis or the bark of plants {fig. 131). They are especially

abundant on the stems of the Kose and Bram-
ble. These must be distinguished from spines,,

to be hereafter described when speaking of

branches.

The hairs above described commonly contain

fluid of a watery nature, which may be colour-

less or coloured. Such have been termed Igm-

fhatic hairs, to distinguish them from other hair-

like appendages which are filled with special se-

cretions, and which have heeji CdlleA glandular

hairs. The latter will be again alluded to under
glands, to which variety of epidermal appendage
they more properly belong.

Hairs occur upon various parts of plants, and,

according to their abundance and nature, they

give varying appearances to their surfaces, all

of which are distinguished in practical botany
by special names. The more common position

of hairs is upon the leaves and young stems, but
they are also found on the parts of the flower, the

fruit, and the seed. The substance called eow-
hage or cowitch consists of the hairs covering

the legumes of Mticuna pruriens ; while cotton

is the hair covering the seeds of various species

of Gossypium. Cotton may be readily dis-

tinguished under the microscope from the liber-cells already

described, from its component cells not possessing any stiff

FU}. 132. a. Cotton
b. Flax fibres.
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thickening layers, and thus collapsing when dry, so that it theR
resembles a more or less twisted band with thickened edges {fig.

132, a): while liber-cells from containing thickening material in

their interior, always maintain their original cylindrical forms

and tapering extremities {fig. 132, b).

On young roots we find cells prolonged beyond the surface

which are of the nature of hairs, and have therefore been termed
7-adical hairs {fig. 224), The hairs which occur on the parts of

the flower frequently serve an indirect part in the process of fer-

tilization by collecting the pollen or fructifying powder which
falls from the stamens ; hence such are termed collecting hairs

{fig. 133). The collecting hairs which occur on the style of the

species of Campanula {fig. 134, a) are peculiar from their upper
end {fig. 134, V) retracting within their lower at the period of fe-

cundation. In some eases we find different parts of the plant

becoming transformed into hair-like appendages ; thus in the

Wig-tree {Efius Cotinus){fig. 135) the flower-stalks become con-

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

I

Fig. 133. Pistil of Bell-flower (Campanula^, with its style
»'J ) covered with collerting hairs. Fig. 134. Magnified repre-
li/ sentation of two of the collecting hairs of the Bell-flower.
kJF/ a. The hair in its norma] position. 6. The hair with the

upper part partially drawn within its lower. FmniSchleiden.
Fig. 135. Flowering branch of the Rhus Cotinu.<<, or Wig-tree, with

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

verted into hair-like prolongations, and in many cases the calyx
of the Composite and allied orders presents a hair\' character.

Such hair-like processes have, however, a different structure
from the hairs just described.

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

again have adopted diiferent classifications. The simplest ar-

rangement is into external and internal glands.

a. External Glands.—These may be again divided into stalJced,

and sessile or not stalked. The stalked glands are those which

are frequently called glandular hairs. They are formed of a single

cell, dilated at its apex by the peculiar fluid it secretes {figs. 136

and 137); or of two {fig. 140) or more secreting cells {fig. 141)

placed at the end of a hair ; or they consist of a mass of secreting

cells {figs. 138 and 139).

Sessile Glands present various appearances, and consist, like

the former, of either one secreting cell {fig. 143), or of two or

more {fig. 142). Those with one secreting cell placed above the

level of the epidermis are frequently termed papulcB or papillcs.

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

Fig. 140. Fig. 141. Fig. 142. Fig. 143.

Fig. 136. Stalked unicellular gland of Salvia. Fig. 137. Stalked uni-

cellular glandsof Frogsinouth (Antirrhinuvimajus). Fig. 138. Stalked
many-celled gland ot Ailanthus glandulosa. From Meyen. Fig. 139-

(Stalked many-celled gland from Begonia platanifolia. From Meyen.
Fig. 140. Many-celled hair of Frogsmoutli, terminated by a glandular

summit, which consists of two secreting cells. Fig. 141. Stalked gland
with four secreting cells. From Meyen. Fig.\i2. Sessile many-celled
gland from the common Hop (Humulus Lvpulus), ?ind commonly termed
a lupilinic gland. Fig. 143. One-celled sessile glands, termed papuhe

; or papillae.

It is to their presence upon the surface of the ice-plant that the

peculiar crystalline appearance of that plant is due. When
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sessile glands are composed of cells containing solid secretions so

that they form hardened spherical or other shaped appendages

upon the surface of the epidermis, they are termed verrucce or

ivarts.

When a sessile gland contains an irritating fluid, and is elon-

gated above into one or more hair-like processes, which are

placed horizontally ( ig. 144), or vertically {fig. 145), we have a

sting formed. Stings are sometimes arranged under the head of

stalked glands ; we place them here because their secreting ap-

paratus is at the base, and not at the apex, as in stalked glands.

In the Nettle {fig. 145), the sting consists of a single cell, en-

larged at its base h, by the irritating fluid /, which it contains,

and tapering upwards to near the apex, when it again expands

into a rounded head s. The enlarged base is closely invested by
a dense layer of epidermal cells, w e, which forms a kind of case

to it. In touching a nettle lightly, the knob-like head is broken

off, and the sharp point of the stmg enters the skin, while the

irritating fluid is pushed up at the same time into the wound by
the pressure thus occasioned, and by the elastic force of the sur-

rounding epidermal cells. If a nettle, instead of being thus

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

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

is produced.

IP- ,.. Fig. 145.
Fig. 144.

^

I

Fig. 144. Sting of a species of Malpighia.
e. Epidermis, b, b, g. Glandular appa-
ratus. Fig. 145. Sting of the com-
mon Nettle iUrtica dioica), consisting
of a single cell with a bulbous expan-
sion at its base, b, and terminated
above by a swelling, s, and containing
a granular irritating fluid, /. /. \ce.

Epidermal cells surrounding its base.

b. Internal Glands.—These are cavities containing secretions
situated below the epidermis, and surrounded by a compact layer
of secreting cells {figs. 146 and 147). They are closely allied in
their nature to receptacles of secretion (see page 62) from
which, in fact, in many cases, it is difficult to distinguish them.
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Fig. 146. Fig. 147.

Fig. 146. Gland from the leaf of the common Rue (Ruta graveolens).

g. Gland surroiiiiding a cavity, I, and itself surrounded by the epider-

mis, e, and the ordinary cells of the leaf, we. Fig.X^I. rr. Internal
glands from the rind of an orange.

In some cases they are of small size, as in the leaves of the

Eue, {fig. 146), Myrtle, Orange, Lemon, and St. John's Wort.

They may be readily observed by holding such leaves up against

the light, when they appear as little transparent spots. This

dotted transparent appearance is due to the oily matters they

contain refracting the light in a diiferent manner to the parts

surrounding them. In some instances these glands are of large

size, and project more or less beyond the surface of the epidermis

in the form of little tubercles, as on the rind of the Orange {fig.

147), Lemon, and Citron, Internal glands are very common in

many plants, besides those above mentioned : thus in all the

Labiate Plants, as Mint, Marjoram, Thyme, Rosemary, Sage, &c,

:

and it is to the presence of the secretions they contain that such

plants owe their value as articles of domestic economy or as

medicinal agents.

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

Mg. 148. Petal of the Ranunculus with a nectary at
its base.— Fig. 149. Petal of Crown Imperial (^Fri-

tillaria imperialift), with a nectariferous gland at
Its base.— Fig.XbO. Branch of a species of Wil-
low. 1,1. Leuticels. c,c. Buds.



ELEMENTARY STIirCTrBE. 61

Holding a sort of intermediate position between the internal

and external glands as above described, are the true nectaries of

flowers, which being strictly of a glandular nature will be most

properly alluded to here under the name of nectariferous glands.

They are well seen at the base of the petals of the common But-

tercup {fig. 148) and Crown Imperial {fig. 149). These glands

consist of a depression into which a honey-like fluid or nectar

is secreted by the surrounding cells. The tissue of the stigma

of Flowering Plants is also covered by a viscid secretion at

certain periods, and may be considered therefore as of a

glandular nature.

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

generally oval projections, which have been called lenticels, or

lenticular glands from their supposed glandular nature {fig.

150 I, I). They have, however, no analogy with glands, but

are merely prolongations externally of the cellular envelope of

the bark. Their use is altogether unknown, although various

functions were ascribed to them at different periods before their

structure was properly understood. Adventitious roots, however,

come off from these points when a branch of a willow, upon
which they are very numerous, is placed in moist soil.

6.

—

Intercexltilar System.—Having now described the dif-

ferent varieties of cells, and the modifications which they undergo

when combined so as to form the tissues, we have in the next

place to allude to certain cavities, &c., which are placed between
their sides. These constitute the intercelhdar system.

Intercellidar Cajiah and Intercellular Spaces.—The cells being,

in the greater majority of cases, boundt d by rounded surfaces, or

more or less irregidar outlines, it must necessarily happen that

when they come in contact they can only touch at certain points,

by which interspaces will be left between them, the size of which
will vary, according to the greater or less roundness or irregu-

larity of their surfaces. When such spaces exist as small angular

canals running roimd the edges of the cells and freely communi-
cating with each other, as is especially evident in round or

elliptical parenchyma (j?^. 17), they are called intercelhdarpassages

or canals ; but when they are of large size, as in spongiform

tissue, intercelhdar spaces {figs. 67 and 96, c). In most cases

these spaces and canals are filled with air, and when they occur

in any organ exposed to the atmosphere which possesses stomata,

they always communicate with them {fig. 107), by which means
a free passage is kept up between the atmosphere and the air

they themselves contain. The laticiferous vessels, as we have
already seen, appear to be formed out of the intercellular canals.

Air Cavities.— In water plants the intercellular spaces are

commonly of largo size, and bounded by a number of small cells

regularly arranged, by which they are prevented from communi-
cating with each other or with the external air {fig. 151) : they



62 ORGANOGRAPHY.

Fig. 151.

Fig. 151. Air-cells or

cavities from the stem of

Limnocharis Plumieri.

are then commonly termed air-cells or

cavities. In such plants these cavities fulfil

the important services of enabling them
to float, and of supplying their interior

with air. In other instances we find large

air cavities, as in the stems of Grasses,

Eushes, and Umbelliferous Plants; these,

which have been formed by the destruction

of the internal tissue by the more rapid

growth of their outer portions, have no
direct functions to perform.

Receptacles of Secretion.—In many plants

again, we find that the intercellular

canals or spaces act as receptacles for the

peculiar secretions of the plant ; in which case they are termed

Eecejptacles of Secretion. In many instances these are closely allied

to the internal glands already described {figs. 14:6 and 147),

and are frequently confounded with them ; but properly speak-

ing, an internal gland is a secreting organ in itself, while a

receptacle of secretion is merely a cavity containing a secretion

which has been formed in other parts and deposited in it.

These receptacles vary much in form, but are usually more

or less elongated. In the Coniferse they contain turpentine, and

have therefore been termed turpentine vessels. In the plants of

this order they occur especially in the wood and bark ; those in

the wood forming elongated tubular passages. In the rind of the

fruit of Umbelliferous Plants they form club-shaped receptacles

of oil, which are commonly termed vittce {fig. 152). These re-

A Fig. 152.

Fig. T.52. Frmt ot Fursniv) (Pastinica sativa). A. Dorsal surface. B. Hori-
zontal section of the fruit, a, b, b, c, c. Primary ridges. 1, 2, 3, 4, 5, 6.

Vittae.

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

Intercellular Substance.—The spaces above described as occur-

ring between the sides of cells, appear in some few cases to be
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i^^;^. 153

filled up by solid matter, to which the name of intercellular sub

stance has been given.

This appears to be of

the natiire of the

cuticle, and in some
instances, as we have
seen, it is in connexion

with that structure

through the orifices of

the stoma'ca, forming

with it the so-called

cistome. Formerly
this intercellular sub-

stance was supposed
to be universally dis-

tributed between the cells, glueing them together as it were, and
in some plants occurring in great abundance, as in many Algse,

the horny albumen of seeds, between the collenchymatous cells

of the common Beet, &c. In these cases the intercellular sub-
stance has now been proved to consist really of secondary
deposits inside the cells, as may be seen after the application

of iodine and dilute sulphuric acid to such tissues (figs. 153
and 154).

Fig. 153. Section of the albumen of the seed of
Betel-Nut Palm (^Areca Catechu).

Fig. 154. The same, after treatment with sulphuric
acid and iodiue. After Henfrey.

CHAPTEE 3.

ORGANS OF NUTRITION OR VEGETATION.

Having now fully considered the elementary structures of

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

Section 1. Tke Stem or Ascending Axis.

The stem may be defined as that part of the axis which at its

first development in the embryo takes an opposite direction to the
root, (hence it is termed the ascending axis)"seeling the light

^wntJ air, and bearing on its surface leaves and other leafy appen-
dages {fig. 15). This definition will, in numerous instances, only
strictly apply to a stem at its earliest development, for it frequently
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happens that, soon after its appearance, instead of continuing to

take an upward direction into the air, it will grow along the

ground, or even bury itself beneath the surface, and thus by
withdrawing itself from the light and air it resembles, in such re-

spects, the root, with which organ such stems are, therefore, by the

common observer confounded. In these cases, however, a stem
is at once distinguished from a root by bearing modified leaves,

each of which has also the power of forming a leaf-bud in its

axil (that is, in the angle produced by the junction of the base of

the upper surface of the leaf with the stem). The presence of

leaves with leaf-buds in their axils is therefore the essential

characteristic of a stem, in contradistinction to a root in which
i such organs are always absent.

All Flowermg Plants, from the mode in which their axis is

developed in the embryo ( p. 11), must necessarily have a stem,

although such stem may be very short. Those which have this

\ organ clearly evident are called caulescent, while those in which
i it is very short or inconspicuous are termed acaulescent or stem-

\ less. In Flowerless Plants the stem is not necessarily present

;

thus it is absent in all Thallogens, as already noticed (page 7).

1. Internal Structure of the Stem in general.—A stem

in its simplest condition consists merely of parenchymatous cells,

with occasionally a central vertical cord of liber-cells. Examples
of such a stem may be seen, with few exceptions, in the Mosses

{figs. 8 and 9) and Liverworts. Such a structure however would
be unsuited to plants in which great strength is required, and we
accordingly find that in all plants above the Mosses the stem is

made up partly of parenchymatous cells, and partly of woody
tissue and vessels of different kinds, by which the requisite

strength and toughness are produced. In these stems therefore

we distinguish two systems as already noticed (p. 46), namely, a
Parenchymatous, or common cellular system, and a Fibro-vascu-

lar. The parenchymatous system grows in any direction accord-

ing to circumstances, either longitudinally, by which the stem is

increased in length, or horizontally, by which it is increased in

diameter. Thefibro-vascular system only grows longitudinally, and
thus forms cords or bundles which are distributed vertically in the

midst of the parenchymatous. The parenchymatous system is

therefore also termed the horizontal system of the stem, while the

; fibro-vnscular is likewise called the longitudinal or vertical system.

The diiferences which are found to exist in the internal struc-

ture of the stems of plants, are in a great measure owing to the

different ways in which the fibro-vascular system is distributed

in the parenchymatous. All these modifications may be, how-
ever, in their essential particulars, reduced to three great classes,

two of which are found in Flowering Plants, and one in Flower-

less. As illustrations of the two former we may take an Oak and
a Palm stem ; of the latter, that of a Tree-fern.
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Upon making a transverse section of an Oak {fig. 155) we
observe that the two systems of which the stem is composed are

so arranged as to exhibit a distinct separation of parts. Thus
we have a central one, m, called the pith ; an external one, c e, or
hark; an intermediate wood, r, dispersed in concentric layers;

and little rays, h, connecting the pith and the bark, termed
medullary rays. Such a stem grows essentially in diameter by
constant additions of new matter on the outside of its wood, and
hence it is called Exogenous (from two Greek words signifying

outside growers). In a Palm stem no such distinction of parts

Fig. 156.

Mg. 155. Transverse section of an Oak-branch six years old. m. The me-
dulla or pith, c e. The hark. r. The wood. b. Medullary rays. Fig.

156. Transverse section of the stem of a Palm. m. The cellular sul>
stance. /. The flbro-vascular bundles. The whole being invested by a
rind or false bark, h.

can be noticed {fig. 156), but upon making a transverse section

we observe a mass of cellular substance, m, distributed through-

out it, and the fibro-vascular system arranged vertically in this

in the form of separate bundles, /, which have no tendency to

form layers of wood; and the whole covered externally by a

fibrous and cellular layer, h, which, as will be hereafter seen,

is formed essentially by the ends of the vascular bundles, and
which is termed the false bark or rind. This structure is called

Endogenous (from two Greek words signifying insidj grotvirs),

as such stems grow by the addition of new fibro-vascular bundles

towards their interior. These two structures, the Exogenous
and Endogenous, are characteristic of Flowering Plants.

If we now turn our attention to Flowerless Plants, and make
a transverse section of a Tree-fern (fig. 157), we observe the

centre, m, to be either hollow or filled with parenchymatous
cells, the fibro-vascular system being arranged in irregular

sinuous plates around this, v, v, v, and forming a continuous or

interrupted circle near the circumference, which consists of a
rind e, inseparable from the wood beneath. This structure is

F
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termed Acrog^jious (from two G-reek words signifying summit
' growers), because such a stem
grows only by additions to its

summit.
According to the views first

propounded by Schleiden, the

differences thus found to exist

in the appearance and growth
of these three kinds of stem
are due to corresponding dif-

ferences in their fibro-vascular

systems, or as they are com-
monly called, fibro-vascular or

vascular bundles. Thus the

vascular bundle of an Exo-
genous stem {fig. 1 58) consists

in the first year of growth of

JV^. 157. Transverse section of the stem of a layer of spiral vessels, S V,

a Tree-fern. m. Parenchymatous cells, surrounding the pith 'p; on the
which are wanting in the centre. '»,v,v. .-^ r- ^i^- ]„„„_ thpro
Fibro-vascular bundles, e. Rind. outsiae 01 tnis layer mere

are subsequently developed in

perennial plants, pitted vessels and wood-cells, which together

form the wood, w. In herbaceous plants, annular and reticulated

(Vessels are also found with the wood-cells. In this case the grovrth

/of the difi^erent parts of the bundle is progressive, and the whole

is covered externally by a layer of vitally active cells called the

cambium layer, c, on the outside of which is the liber, I, and the

other parts of the bark, c e. It is from the cambium layer that

new layers of wood are formed, and from its position therefore on

the outside of the vascular bundles, their growth is indefinite, as

they are deposited in succession on the outside, and in continuity

with the previous ones, as long as life continues, Henca such are

called indefinite or continuous vasndar bundles.

In Endogenous stems the vascular bundles {fig. 159) consist

internally of wood-cells, w, and spiral vessels, s v; on the outside

of which other spiral vessels are formed, as well as pitted, d, and

other vessels ; these are bound together and succeeded by a number
of delicate parenchymatous cells, d, and on the outside of these

some laticiferous vessels, / c, and at first a cambium region, c,

which is gradually converted into thick-sided prosenchymatous

cells, I, resembling those of the liber of Exogens. In this case

the development of the vascular bundles, like those of Exogenous

stems, is gradual, the inner part of each being first formed, and
growth proceeds progressively to the outside ; hence such are like-

wise progressive bundles, but, as such bundles have no external

layer of growing cells resembling the cambium layer, no increase

in size takes place in them in successive seasons. Hence the new
vascular bundles are not developed in continuity with the old,
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but remain distinct and of a limited size. Sucli vascular bundles

are therefore named definite or closed vascular bundles.

Fig. 15 Fig. 159.

\-\

Fig. 158. Transverse section of a flbro-vascular bundle of an Exogenous
stem (Melon), p. Pith. sv. Sinral vessels, vir. Medullary rays. w.
Wood. d. Pitted vessels, c. Cambium layer. I. Liber. Ic. Latici-
ferous vessels, ce. Cellular portion of the bark. e. Epidermal tissue.
. Fig. 159. Transverse section of a flbro-vascular bundle of an Endo-
genous stem (Palm), the upper portion being directed to the centre.
w. Wood-cells, sv. Spiral vessels, c. Cambium layer. d. Pitted
vessels, p. Parenchyma. I. Liber-cells. Ic. Laticiferous vessels.

In Acrogenous stems the vascular bundles are chiefly made up
of vessels of the scalariform, annular, or spiral type, according

to the different orders of Acrogenous plants from whence they

have been derived; these are surrounded by delicate tubular

cells, and the whole is enclosed by a firm layer of wood-cells.

Such bundles only grow by additions to their summits, and as

the elements of which they are composed are not formed in suc-

cession like those of indefinite and definite vascular bundles, but
simultaneously, they are called simultaneous vascular bundles.

The distinctive appearances which we have thus seen to occur in

the stems of the three plants above noticed are also accompanied
by certain differences in the structure of their embryo. Thus

[
plants with Exogenous stems have an embryo with two cotyle-

dons (figs. 14 and 15, cc); those with Endogenous stems have
1 but one cotyledon in their embryo (fig. 16, c); while those with
I Acrogenous stems have no proper embryo, and consequently have
\ no cotyledons. Hence exogenous stems are also termed Dicotyle-
i f2
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donous; endogenous stems Monocotyledonous ; and acrogenous

stems Acotyledonous. For reasons which we shall describe here-

after, the latter terms are in some cases to be preferred to the

former. In the succeeding pages we shall use them indiscrimi-

nately. With these general remarks on the structure of the three

T^- jgQ kinds of stems we now proceed to
"*

' describe them respectively in detail.

A. Exogenous ob Dicotyledo-
nous Stem.—Plants with exogenous
stems are far more abundant in all

parts of the globe than those of

endogenous and acrogenous growth.

This kind of stem is alone found in

the trees and large shrubs of this

country, and of all the colder regions

of the earth. In warmer climates it

occurs associated with others pos-

sessing endogenous and acrogenous
Fig. 160. Horizontal section of the structure,

first year's shoot of an Exoge- t >.i i ^ j_ ^i
nous or Dicotyledonous stem. In the embryo state, the exogenous
m. Pith, r Medullary rays. t. gtem is entirely composed of paren-
Spiral vessels forming the me- , -r, ,

"^
^

.^
duiiary sheath, on the outside of chyma. But as soon as growth com-
which are the^other elements of niences. Some of its parenchymatous
the vascular bundle, b. Bark. ,^ , i i

•'^
i • . i

cells become developed into vessels

and wood-cells, so as to form the indefinite vascular bundles
which are characteristic of such a stem. These bundles are at

first separated from each other by large intervening spaces of
parenchyma {fig. 160), but as growth proceeds they continue
to enlarge, while at the same time new vascular bundles are

formed between them, so that they ultimately form at the end
of the first year's growth a zone of vessels and wood-cells round
the central mass of parenchyma, interrupted only at certain

points by projections of this parenchyma in the form of radi-

ating lines. This zone is also surrounded by an external layer

of parenchymatous tissvie which is connected with the central

parenchyma by the radiating lines already alluded to. The
stem then presents the following parts {fig. 160). 1. A central

mass of parenchyma, m, which is called the Medulla or Pith
;

2. An interrupted zone or ring of wood-cells and vessels, form-
ing the Wood, t ; 3. An external zone of parenchyma, or Bark., h

;

and 4. The radiating lines, r, connecting the pith and the bark,
called the Medullary rays. On the outside of the wood is the
cambium layer ; and the bark is also invested by the epidermis
already fully described. Such is the structure of all exogenous
stems which die annually.

The stems of plants which live more than one year, as those
of trees and shrubs, at first resemble those which are herbaceous
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or die yearly, except that the wood in such plants is generally
firmer and in larger proportion. As growth procee(fi in the

Fig. 161.

Firi. 161. Horizontal section from the centre to the circumference of the
stem of the Maple, three years old. m. Pith. t. Spiral vessels, v. Pitted
vessels. /. Fibres or wood-cells, c. Cambium layer, s. Epiphloeum

;

within which may be ot)served three cortical layers, marked lpl,pl,
p I, corresponding to the tliree years' growth, m c. Jsewly forming
bark. The figures 1, 2, 3, refer to the three successive years' growth
of the wood.

second year, a new zone of wood is formed on the outside of the

one of the previous year (fg. 161, 2), while at the same time
a new fibrous layer is added to the inside of the bark, I. These
layers are developed out of the vitally active cells of the cam-
bium layer c, already alluded to as being situated on the out-

side of the indefinite vascular bundles which form the wood of

Exogenous plants. The medullary rays {Jig. 163, A, i), at the
same time increase by addition to their outside, and thus con-

tinue to keep up the connexion between the pith and the bark.

In succeeding years we have in like manner new layers of wood
and fibrous bark, one of each for every year's growth (fig. 161),
while the medullary rays also continue to grow from within
outwards. Each succeeding year's growth is therefore essentially

a repetition of that of the first year, except as regards the pith,

which does not increase in size after the first year, so that in old
stems we have no more distinct regions than in those of the
first year. We have therefore in all exogenous stems but four

separate parts, namely, pith, wood, medullary rays, and bark
;

which we shall now describe in the order in which they are placed.

1. Pith or Medulla. {Figs, 161, m, and 163, a,a.)—This consists

essentially of ordinary parenchyma, and it forms a more or less

cylindrical or angular column which is situated commonly at, or
towards the centre of the stem. Under ordinary circumstances
the pith is not continued into the root, but it is always in con-
nexion directly with the terminal bud of the stem, and also at
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first indirectly by the medullary rays with all the lateral leaf-

buds ; as the latter, however, continue to develop, their connexion

with the central pith is cut off, as will be explained hereafter in

Fia 162 speaking of their structure and origin. The
' parenchyma of which the pith is composed is

generally that kind which is known as regular

or dodecahedral {fig. 20), so that when a sec-

tion is made of it, and examined microscopi-

cally, it presents a hexagonal, or polyhedral ap-

pearance {fig. 21). When first formed, the pith is

commonly of a greenish colour, and the cells of

which it is composed are filled with fluid con-

taining nutrient substances dissolved in it. At
this time it appears, therefore, to be in an active

condition, and that such is the case is still fur-

ther proved by the fact that its cells are often

pitted from the deposition of secondary layers

in their interior. Its activity, however, soon

ceases, so that commonly after the first year it

becomes nearly dry and colourless, and its cells

filled with air. The pith also, then, instead of

forming as at first a continuous column, becomes
broken up at various points, so as to form ir-

iiranch of Walnut regular cavities in its tissue. This disruption
{jugiansregia)Q.\xt Ya-Ay be especially seen in certain herbaceous
vertically to show ,

''
, -, . \ .^ .

• t. • .i
its discoid pith. plants which grow with great rapidity, as m the

common Hemlock and others of the same family.

In such plants it is almost entirely destroyed, merely remaining
in the form of ragged portions attached to the interior of the

stem. In some plants, such as the Walnut {fig. 162) and Jessa-

mine, the pith is broken up regularly into horizontal cavities

! separated only by thin discs of its substance. It is then termed
= discoid.

The diameter of the pith varies much in different plants. It is

generally very small in hard woody plants, as in the Ebony, and
Guaiacum. In the Elder it is large, and also in the Rice-paper
Plant {Bidymoipanax {Aralid) papyrifern). The diameter not only
varies in different plants, but also in different branches of the

same plant ; but when once the zone of wood of the first year is

fully perfected, the pith which it surrounds can no longer increase,

and it accordingly remains of the same diameter throughout the

life of the plant.

The pith, as we have seen, is essentially composed of paren-

chyma. It also frequently contains laticiferous vessels, as may
be readily observed by breaking asunder a young branch of the

Eig-tree, when a quantity of milky juice at once oozes out from
their laceration. In rare cases it also contains wood-cells, and

Fig. Young
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in certain plants, as the large Umbelliferse, -^e find spiral vessels

in it. The latter howeyer are probably only detached portions

of the medullary sheath, separated in consequence of the great

horizontal distension to which such stems are liable from the
rapidity of their growth.

2. The Wood.—This is situated between the pith on its inside

;
and the bark on its outer (fig. 155, r), and it is separated into

j
wedge-shaped bundles by the passage through it of the medul-
lar)- rays. We have seen that in the first year's growth of an
exogenous stem the wood is deposited in the form of an inter-

rupted zone immediately surrounding the pith {fig. 160). That
portion of the zone which is first developed consists chiefly of

spiral vessels {figs. 160, i^; 161, t\ and 163, d), which form a

thin sheath, to which the name of medullary sheath is commonly
applied. This sheath does not however completely invest the

pith, as its name would lead us to believe, but it is interrupted

at certain points by the passage through it of the medullar}-

rays {figs. 155, h, 160, r). This is the only part of an exogenous
stem in which spiral vessels normally occur.

On the outside of the medullary sheath, the zone of wood
firming the first year's gro^-th {fig. 163, 1), consists of woody
tissue (c), among which is distributed, more or less abun-
dantly, some vessels {b), chiefly of the kind called pitted in

perennial plants ; although in herbaceous plants we have also

annular and other vessels. When the stem lasts more than one
year a second zone of wood is formed, as we have seen, from the

cells of the cambium layer which are placed on the outside of

the first zone. This second zone {fig. 163, 2), resembles in every

respect that of the first year, except that no medullary sheath is

formed; it consists therefore entirely of woody tissue and pitted

vessels (c, b). In the third year of growth another zone of wood
is produced precisely resembling the second {fig. 163, 3), and the

same is the case with each succeeding annual zone as long as the

plant continues to live. It is in consequence of each succeeding

layer of wood being thus deposited on the outside of those of the

previous years, that such stems are called exogenous. In the

stems of Gr}-mnospermous Plants, as those of the Fir, Yew, Cy-
press, the annual zones, which are well marked {fig. 164), consist

chiefly of disc-bearing woody tissue, with occasionally a few
pitted vessels intermixed.

The pitted vessels, which we have seen form a portion of each
annual layer of the wood, are so large in the Oak, Ash. &c., that

they may readily be seen by the naked eye upon making a trans-

verse section of such trees ; and in all cases, upon examining
under the microscope a transverse slice of any common exogenous
stem, the pitted vessels may be at once distinguished from the

wood-cells by the larger size of their openings {fig. 161, v). In
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the Coniferse, where but few if any pitted vessels occur, a trans-
verse section shows the orifices nearly all of equal size, with

Fig. 163.

d i i a c €/ j h

Fig. 163. Diagram showing the structure of a Dicotyledonous stem three
years old. A. Horizontal section. B. Vertical section. Tlie figures
1, 2, 3, refer to the years of growth, and the letters mark similar pang
in both sections, a, a. Medulla or pith. d. Spiral vessels, h, b, b. Pitted
vessels, c, c, c. Wood-cells, e. Cambium layer. /. Inner layer of bark,
or liber (endnphlceum). g. Middle layer of bark {mesophlceum). h. Outer
layer of bark {epiphlaum). i, i. Medullary rays. After Carpenter.

occasionally a pitted vessel intermixed. These pitted vessels

in ordinary trees are also commonly more abundant on the inner

part of each annual zone, the wood- cells forming a compact
layer on the outside (fig. 163). In such cases the limits of each

zone are acciirately defined. In those trees which have the

pitted vessels more or less diffused throughout the woody tissue,

as in the Lime, Maple, &c., the zones are by no means so evident

(Jiff. 161), and can then only be distingtiished by the smaller size

of the wood-cells on the outside of each layer, which appearance is

caused by their diminished growth towards the end of the season.

The distinction between the annual zones is always most evident

in trees growing in temperate and cold climates, where there is a

more or less lengthened winter in which no growth takes place,
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followed by rapid vegetation afterwards. In the trees of tropical

climates the zones are not so clearly defined, because there is no
complete season of repose in such regions, although to a certain

Fig. 164.

Fig. 164. Horizontal section of the stem of a Fir three years old. The
lisriires 1, 2, 3, refer to the annual layers of wood. la. Cavities con-
taining resinous secretions.

extent the dry season here leads to a cessation of growth, but
the alternation of the growing season and that of rest is not so

well marked as in colder climates. As alternations of growth and
seasons of repose may thus be shown to produce the appearance
of annual zones, we can readily understand that if a plant were
submitted to such influences several times in a single year it

would produce a corresponding number of zones ; and this does
really occur in some plants of temperate climates, particularly in

those which are herbaceous, where growth is more rapid than in

hard-wooded perennial plants, so tl at the influence of such
alternations is more evident. In tropical climates the production
of two or more zones in a year is probably even more frequent
than in temperate regions. In other trees again, we have only
one zone produced as the growth of several years, as in the
Cycas ; and lastly, there are instances occurring in which no
annual zones are formed, but the wood forms a uniform mass,
whatever be the age of the plant, as in certain species of Cacti.

Such appearances as the two latter are however totally independent
of climate, but are the characteristic peculiarities of certain

plants, and even of entire families.

The annual layers of different ti'ees vary much in thickness,

thus they are much broader in soft woods which grow rapidly,

than in those which are harder and of slower growth. The in-

fluence of different seasons again will cause even the same tree

to vary in this respect, the zones being broader in warm seasons
than in cold ones, and hence we find the trees as we approach the



7*4 • ORGANOGRAPHY,

poles have very narrow annual zones. The influence of soil and
other circumstances will also materially affect the thickness ofthe

annual zones in the same tree. We find also that the same zone

will vary in diameter at different parts, so that the pith, instead

of being in the centre of the wood, is more or less eccentric,

owing to the zones being thicker on one side than on the other.

This irregular thickness of the different parts of the annual
zones is owing to several causes, but the greater growth on one
side is chiefly due to the fact of its being more exposed to light

and air than the other.

The annual zones also vary in thickness in the same tree, ac-

cording to the age of that tree. Thus when a tree is in full

vigour it will form larger zones than when that period is past,

and it begins to get old. The age in which trees are in full

vigour varies according to the species ; thus the Oak, it is said, will

form most timber from the age of twenty to thirty, and that after

sixty years of age the amount formed will be much less consider-

able. Again, in the Larch, the vigour of growth appears to

diminish after it is forty years of age; in the Elm after fifty

years ; in the Beech after thirty years ; in the Spruce Fir after

forty ; and in the Yew after sixty years. Further observations

are required however upon these points, which are of great prac-

tical importance so far as growing trees for timber is concerned.

Duramen and Alburmcm.—When the annual layers are first

formed, their walls are pervious to fluids ; their component
wood-cells and vessels are then also very thin and their canities

gorged with saj), which, as will be afterwards seen, they are the

chief agents in transmitting upwards from the root to the leaves.

Their walls, however, as they increase in age, become thickened

by various deposits from the contained sap, by which their

cavities are ultimately almost obliterated, and they are thus

rendered nearly impervious to fluids. This change is especially

evident in the wood of those trees in which the incrusting

TDatters are of a coloured nature, as in the Ebony {Diospyros

Ebenus), Mahogany (Swietenia Mahagoni), Eose-wood {Tripfo-

lonea species), Lignum Vitae (Chcaiacum officinale), &c. Such
coloured deposits are generally more evident in tropical trees,

although they occur more or less in most of the trees of cold

and temperate regions. In some of the latter, however, as the

Poplar and the Willow, the whole of the wood is nearly colour-

less, and exhibits no difference in the appearance of the internal

and external layers. The A-alue of wood as timber depends
upon the nature of this incrusting matter, and is commonl}' in

proportion to its colour ; hence those woods, as Ebony, Iron-

wood, Mahogany, &c., which are deeply coloured, are far harder

and more durable than the white woods, such as the Poplar, &c.

From the above characters presented by the wood according

to its age, we distinguish in it two parts : namely, an ipternal or
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central one, in which the wood-cells and vessels have thickened

i walls, are impenioiis to fluids, hard in texture, of a dry nature,

/' and commonly more or less coloured, which is called the Duramen

I or Heart-wood ; and an outer portion, in which the wood-cells

and vessels have thin sides, are pervious to and full of sap, soft

in texture, and pale or colourless, to which the name oiAlburnum

j or Sap-wood is given.

' When the internal part of the wood has become of the nature

of heart-wood it ceases to perform any active functions in the

plant, its office being then chiefly to act as a support to it. All

the vital and essential functions of the stem are then carried on
by the sap-ivood. Hence we see the reason why a tree in which the
central part is completely destroyed, but with the outer part or

alburnum remaining, continues to live, put forth new branches,

and add to its substance.

Age of Trees.—As each zone of wood in an exogenous stem is

produced annually, it should follow that by counting the number
of zones in a transverse section of any tree we ought to be able to

ascertain its age, and this is true with a few exceptions, when
such trees are natives of cold climates, because in these, as we
have seen, the annual zones are distinctly marked. In exogenous
trees, however, of warm climates it is generally difficult, and
frequently impossible, to ascertain their age in this manner, in

consequence of several disturbing causes ; thus, in the first place,

the zones are by no means so well defined ; secondly, more than
one zone may be formed in a year; thirdly, some trees, such as

Zamias, the Cycas, &c., only produce one zone as the growth of

several years ; fourthl}', some plants, as certain species of Cacti,

never form annual zones, but the wood, whatever its age, only

appears as a uniform mass ; while lastly, in some, such as

Guaiacum, the zones are not only indistinct, but very irregular

in their growth.

It is commonly stated that the age of a tree may not only be
ascertained by counting the annual zones in a transverse section

of the wood, but that the mere inspection of a fragment of the

wood of a tree of which the diameter is known, will also affi)rd

data by which the age may be ascertained. The manner of pro-

ceeding in such a case is as follows:—Divide half the diameter
of the tree divested of its bark by the diameter of the fragment,
and then having ascertained the number of zones in that frag-

ment, multiply this number by the quotient previously obtained.

Thus : suppose the diameter of the fragment to be two inches,

and that of half the diameter of the wood twenty inches ; then if

there are eight zones in the fragment, by mxiltiplying this number
by ten, the quotient resulting from the division of half the dia-

meter of the tree by that of the fragment, we shall get eighty
years as the supposed age. Now, if the thickness of the zones
was the same on both sides of the tree, and the pith consequently
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central, such a result would be perfectly accurate, but it happens
from various causes, as already noticed, that the zones are

frequently much thicker on one side than on the other, and
the taking therefore of a piece from either side indifferently

would lead to very different results. A better way to calculate

the age of a tree by the inspection of a fragment is that first

employed by DeCandoUe ; namely, to make two notches, or

remove two pieces from opposite sides, and then, having ascer-

tained the number of zones in each, take the mean of that number,
and proceed as in the former case. Thus, suppose two inches as

before, removed from the two opposite sides of a tree, and that in

one we have eight zones, and in the other twelve, we have ten

zones as the mean of the two. If we now divide, as before, half

the diameter, twenty inches, by two, and multiply the quotient

ten which results by ten, the mean of the number of zones in the

two notches, we get one hundred years as the age of the plant

under consideration. Such a rule in many cases will no doubt
furnish a result tolerably correct, but even this will frequently

lead to error, from the varying thickness of the annual zones

produced by a tree at different periods of its age.

Dr. Lindley believes that DeCandolle in calculating the ages

of different trees, was led into error from these causes—that is,

by not sufficiently taking into account the variations in the growth
of the annual zones at different periods of their age, and their

varying thickness on the two sides ; and, when we consider that

some trees were estimated by him to be more than 5000 years of

age, we cannotbutbelieve with Dr. Lindley, that such calculations

give an exaggerated result. However erroneous they may have
been, still there can be no doubt but that exogenous trees do live

to a great age ; in fact, when we consider that the new zones of

wood are developed out of the cambium cells which are placed

on the outside of the previous zones, and that it is in these new
layers that all the active functions of the plant are carried on,

there can be, under ordinary circumstances, no real limit to their

age. Mohl believes that there is a limit to the age of all trees,

arising from the increasing difficulty of conveying the proper

amount of nourishment to the growing point, as the stem elon-

gates from year to year. Thus, in some Coniferpe, as, for instance,

Pinus Lambcrtii, which reaches the height of more than 200

feet, he believes the maximum height which the sap was capable

of rising to nourish the upper part of the plant was attained,

and the terminal shoot being then less perfectly nourished, became
every year more or less stunted, and the tree ultimately died from
want of a proper supply of nourishment. We cannot however
attach much importance to this opinion, because it is now known
that a Coniferous tree exists in California

(
Wellmgtonia gigantea),

which has reached the height of 450 feet, and is still in full

vigour.
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The following table is given by Lindley of the age of some
trees, all of which, he states, can be proved historically :

—

An Ivy near Montpelier . . . .433 years.

Lime trees near Friburg . . . .1230
,, ,, Neustadt .... 800

Larch 576
Cedars, on Mount Lebanon . . .6— 800
Oaks at least 1000

There can be no doubt, therefore, but that such trees will live

beyond the above periods. Other trees, such as the Wellingtonia,

Yew, and Olive, may be added to the above list; thus, it is probable
that the former will live at least 3000 years ; and it seems certain

that the Yew will attain the age of 1200 years, and the Olive at

least 800 years.

Size of Trees.—As there is no assignable limit to the age of

exogenous trees in consequence of their mode of growth, so in

like manner the same circumstance leads, in many cases, to

their attaining great size. Thus the Wellingtonia gigantea has
been measured 116 feet in circumference at the base ; the

Chestnut {Castanea vesca) of Mount Etna is 180 feet in cir-

cumference ; a Plane tree {Platanus orientalis) near Constan-
tinople is 150 feet in circumference ; the Ceiba tree {Bombax
pentandrum) is said to be sometimes so large that it takes fifteen

men with their arms extended to embrace it ; even Oaks in this

country have been known to measure more than 50 feet in cir-

cumference ; and many other remarkable examples might be
given of exogenous trees attaining to an enormous size, which
circumstance is of itself also an evidence of their great age.

Camhium-layer or Camhium, {Figs. 158, c, and 163, e.)—On
the outside of each annual zone (as we have already seen), a
layer of vitally active cells is placed, to which the name of
cambium-layer or carnhium has been given. It is from these cells

that the new layers of wood and bark are formed, and from the
fact of the cambium layer being situated on the outside of the

vascular bundles of which the wood is composed, these bundles
owe their continuity and indefinite power of increase. The cells

of which the cambium layer is composed are of a very delicate

nature, and consist of a thin wall of cellulose, within which is

situated a primordial utricle, a nucleus, and abundance of pro-

toplasm ; in fact, they contain all the substances which are

present in young growing cells. These contents were formerly
known under the name of cambium, and hence the origin of the
names cambium-layer and cambium applied to this portion of

the stem. This layer is dormant during the winter, at which
time the bark is firmly attached to the wood beneath, but it is in

fall activity in the spring, when it becomes charged with the ma-
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terials necessary for the development of new structures, and then

the bark may be separated from the wood beneath, but such

separation can only be effected by the rupture of the cells of

which it is composed.

3. Medullary Rays.—We have already seen that the stem at

its first development consists entirely of parenchyma, but that

in a short time fibro-vascular bundles are developed in this paren-

chyma, by which it becomes separated into two portions—an in-

ternal or pith, and an external or bark ; the separation however not

being complete, but the two being connected by tissue of the same
nature as themselves, to which the name medullary rays has been

applied. As new layers of wood are formed in successive years,

new additions are made to the ends of the medullary rays, by
which means, however large the space between the pith and the

bark ultimately becomes, the
j^ig. Ibo. ^^,Q g^j^g always kept in con-

nexion by their means. Be-
sides the medullary rays which
thus extend throughout the en-

tire thickness of the wood,
others are also commonly deve-

loped between them in each

succeeding year, which extend
from the zones of those years

respectively to the bark. These
are called secondary medidlary

fij^.ies. Transverse section of a portion of rfl^'S. In tho Cork-oak both
the stem of the Cork-oak, four years u-i i^ ^^ •

old. w. Pith. 1, Medullary ray of the ^"^^^ "^^7 ^^ ^^^^ ^^^n m a

first year's growth. 2, 3, 4. Medullary transverse Section {jiq. 165,
rays of successive years, pc. Liber i o q an T>ip inprlnllflrvvflvti
and raesophlceum. s. Corky layers.

i-, ^, ^, "t)- ±ne meaullary layS

are composed of flattened six-

sided cells, which are placed one above the other in one or more
rows, like the bricks in a wall {Jig. 163, B, «, z ; and ^^. 68),

hence the tissue which they form is termed mzcriform farenckyma.

It is a variety of tahidar parenchyma as already noticed (p. 37).

The tissue formed by the medullary rays is rarely continuous

from one end of the stem to the other, but the rays are generally

more or less interrupted by the passage between them of the

fibro-vascular bundles, so that they split up vertically into a

number of distinct portions {figs. 166 and 167). This arrange-

ment may be observed by examining the surface of a stem from
which the bark has been removed {fig. 166), or still better by
making thin sections of the wood perpendicular to the rays, that

is tangential to the circumference of the stem {fig. 167). In

some stems, such as those of Aristolochia, the medullary rays are

very conspicuous, forming large plates between the wedges of

wood. In other plants, such as the Yew and Birch, they are

comparatively small. The medullary rays constitute the silver
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grain of cabinet-makers and carpenters, as it is to their presence

that many woods, such as the Plane and Sycamore, owe their

pecxiliar lustre.

Fig. 166. Fig. 167.

Fig. 166. Surface of the stem
of a Dicotyledonous tree
from which the barli has
been removed. Fig. 16".

Vertical section of a branch
of tlie common Maple, per-

pendicular to the medullary
rays. fl. Fibro-vascular
bundles. rm. Medullary
rays.

4. The Bark or Cortical System.—The bark is situated on the

outside of the stem, surrounding the wood, to which it is orga-

nically connected by means of the medullary rays and cambium-
layer. When the stem is first formed the bark is composed, like

the pith, of parenchyma, but as soon as the wood begins to be

developed on the outside of the pith, a layer of liber-cells is also

deposited on the inside of the parenchyma of the bark, so that

the latter, when fully formed, consists of two distinct systems

;

namely, an internal or fibro-vascular, and an external or jparen-

chymatous. Further the

parenchymatous system
exhibits also in all plants

which are destined to live

for any period, a separa-

tion into two portions

;

and the whole is covered

externally by the epider-

mis already described.

The fully developed bark
accordingly presents three

distinct layers, in addition

to the epidermis, which is

common to it and the

other external parts of

the plants. The three

layers proper to the bark
are called, proceeding

from within outwards, 1.

Liber, Inner Bark, or

Endopkloeion (Jigs. 168, c?,

and 163, /) ; 2. Cellular

Fig. 168.

Fig. 168. Transverse section of a portion of the
bark of a Dicotyledonous stem. a. Epidermis.
b. Epiphlceum. c. Mesophloeum, d. Endo-
phloeum.
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Envelope, Green Layer, orMesopMosum {figs. 168, c, and 163, g) ;

and 3. Suberous, Corky Lager, or Epiphloeum (figs. 168, b, and

163, k). We shall describe these layers in the order in which

they are here placed.

a. The Liber, Inner Bark, or EndopMaeum. {Figs. 168, d, and

163,/.)—This is composed of that kind of woody tissue which

is called bast tissue or woody tissue of the liber, mixed with

some laticiferous vessels and parenchymatous cells. Some au-

thors confine the term liber to that part of the inner bark which

contains liber-cells, but it is best to extend this name to all that

portion of the bark which is situated between the cambium-layer

on the inside and the cellular envelope on the outside. It is

used in the latter sense in this volume. We have already,

under the head of Woody Tissue of the Liber, fully described

the general characters and nature of the liber-cells (see p. 39).

The liber-cells are sometimes placed side by side in a parallel

direction, and thus form by their union a continuous layer as in

the Horsechestnut ; but far more frequently they present a wavy
outline, and only touch one another at certain points, so that nu-

merous interspaces are left between them, in which the medullary

rays connecting the bark and the pith may be observed. From
this circumstance the inner bark commonly presents a netted

appearance, and such is especially the case in that of the Lace-

bark tree {Lagetta lintearia) of Jamaica, and of other plants be-

longing to the same natural order.

b. The Celhdar Envelope, Green Layer, or Mesophlosum. {Figs.

168, c, and 163,^.)—This layer lies between the liber and epi-

phlcBum, and hence the name Mesophloeum, signifying middle

layer, which is applied to it. It is connected on its inner sur-

face with the medullary rays. It consists of thin-sided, usually

angular or prismatic, parenchymatous cells ; these are loosely

connected, and thus leave between their walls a number of inter-

cellular cavities. The cells of which it is composed contain an

abundance of chlorophyll, which gives the green colour to young

bark, and hence the name of green layer, by which it is com-

monly distinguished. This is the only part of the bark which

usually possesses a green colour. In this layer also, as in the

liber, we generally find some laticiferous vessels.

c. Suberous, Corky Layer, or Epiphl(Xiim. {Figs. 168, h, and

163, h.)—This is the outer layer of the bark proper, and is in-

vested by the epidermis {fig. 168, a). It has also received the

name of periderm ; this term is, however, sometimes used to

indicate the dead portion of the bark, or that which has ceased

to perform any active part in the life of the plant ; which is com-

monly the case, as we shall presently see, in a few years with

the two outer layers. In this sense the periderm may consist

of epiphlceum alone, or of mesophlceum chiefly, or of portions

of both, or even in some cases of a portion of the liber. Those
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botanists who adopt this nomenclature, apply the terra denn to

the inner living portion of the bark.

The epiphlceum consists of one or more layers of tabular or

cubical cells, which are generally elongated more or less in a
horizontal direction, and form by their union a compact tissue,

or one without interspaces. It is this layer which gives to the

young bark of trees and shrubs their peculiar hues, which are

generally brownish or some colour approaching to this ; or some-

times it possesses more vivid tints. It is rarely coloured green,

which is the case in Negundo, according to Gray, from its inner

cells containing chlorophyll. In some plants, as in the Cork-

oak [Qiiercus Suber) {fig. 165, s), this layer becomes excessively

developed and forms the substance called cork, and hence the

name corky or suherous layer which is

frequently applied to it. Large deve-

lopments of cork also occur on some
other trees, as various species of Ehn
( Ulmus alata, raceniosa, Szc). It com-
monly happens that the cells of which
the epiphlceum is composed have not

all the same appearance and colour.

Thus in the Cork-oak some are more
tabular or compressed and darker-

coloured than others which alternate

with them, so that the whole suberous

layer appears to be subdivided into

several secondary layers. In the Bircli,

again, this distinction into layers is

remarkably evident (A^. 169). Here
j,,.^ ^^g Transverse section

a number of lavers of dark-coloured of a portion of Birch-bark,

firmly compacted tabular cells, a, a, may 4i^,TaJ'"^is."'CfSers
be seen alternating with others of a of loose thin-waiied cells

loose nature and of a white colour, h,b.
alternating witlUUe former.

Growth of the Bark.—The bark developes in an opposite direc-

tion to that of the wood, for while the latter increases by ad-
ditions to its outer surface, the former increases by additions to

its inner. The bark is therefore endogenous in its growth ; while
the wood is exogenous. Each la3'er of the bark also grows sepa-

rately ; thus the liber by the addition of new matter from the

cambium-layer on its inside ; the mesophloeum by the deposition

of cells next to the liber ; and the epiphlceum by addition of cells

next to the mesophloeum. The two outer layers, which together

constitute the parenchymatous system of the bark, rarely con-

tinue to grow after a few years, but become dead structures on the
surface of the tree. The inner bark, however, continues to grow
throughout the life of the individual, by the addition of annual
layers on its inner surface. In some trees these layers may be
readily observed, at least up to a certain period, as in the oak

a
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{fig. 155, e, e). They are commonly so thin when separated that

they appear like the leaves of a book, and hence the supposed"

origin of the term liber applied to the inner bark. The name
liber is, however, sometimes considered to be derived from the

inner bark of trees having been formerly used for writing upon.

This distinction of the liber into layers is generally soon lost,

in consequence of the pressure to which it is subjected from the

growth of the wood beneath, which increases, as we have seen, by
additions to its outer surface.

The outer layers of the bark, after a certain period in their

life, which varies somewhat in different plants, generally become
cracked in various directions in consequence of the pressure

which is exerted upon them by the growth of the wood beneath,

and thus assume a rugged appearance, as in the Elm and Cork-

oak. In some trees, as the Beech {Fagus sylvatica), the bark,

however, always retains its smoothness, which circumstance

arises, partly from the small development of the parenchymatous
layers, and partly from their great distensibility. Other smooth-

barked stems, such as those of the Holly and Ivy, owe their

peculiarities in this respect to similar causes.

"When the bark has thus become rugged, it is commonly
thrown off in large pieces, or in plates or layers of various sizes

and appearances. The epidermis in all cases separates early

from the epiphlceum, by which it is replaced. By this exfolia-

tion and peeling off of portions of the bark, its thickness is

continually diminished. This decaying and falling away of

the old bark does not in any way injure the tree : hence, it is

evident that the old layers of the bark, like the inner layers

of the wood, have nothing to do with its life and growth after

a certain period. The new layers of wood, the cambium-layer,

and the recently formed liber, are the parts of an exogenous
stem which are alone concerned in its active development and
life.

Having now described the different parts which enter into

the structure of an exogenous or dicotyledonous stem, we will,

in conclusion, recapitvdate them, and place them in a tabular

form :

—

1. JPith or Medulla, belonging to the parenchymatous system.

2. Medullary Sheath, composed chiefly of

spiral vessels.

S. Wood, composed of interrupted zones,

one of which is formed annually on

the outsiHe of the previous zones, and
consists ordinarily in perennial plants

of Wood-cells and Pitted Vessels.

4. Medullary Bays, consisting of muriform parenchyma, con
necting the pith and the bark.

These belong to the

fibro - vascular sys-

tem, and together

form the wood pro-

perly so called.
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jb, Camhium-Layer, consisting of vitally active cells, from which

f new layers of wood and liber are formed.

6. The Bark, composed of two systems.

1. Imier Bark, Endophlmum, or Liber, formed essentially of

/ liber-cells, and thus- belonging to the fibro-vascular sys-

""N^ tem ; increasing by the annual addition of new layers on
' its inner surface.

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

I a. Cellular Envelope, or Mesophloeum, composed of more or

s./ less angular cells, with interspaces ; and giving the
/* green colour to bark.

/ b. Suberous Layer, or Epiphlceum, composed of flattened

/— cells, forming a compact tissue, and giving the peculiar

/ hues to the young bark.

. 7. The Epidermis, which invests the epiphloeum in yoimg stems,

—

^

and which is replaced after a certain age by the epiphloeum.

B. Endogenous or Monocotyledonous Stem.—In this coun-
try we have no indigenous trees or large shrubs which exhibit

this mode of growth, although we have numerous herbaceous
plants, such as Grasses, Eushes, and Sedges, which have this

\y structure. In our gardens again we have various kinds of Lilies,

Yuccas, Tulips, and other bulbous plants, which are also endo-
genous in their growth. But it is in the warmer regions of the
globe, an^ especially in the tropics, where we find the most striking

and characteristic illustrations of such stems, and of all such the
Palms are by far the most remarkable. The appearance of

such plants, even externally, is very different from those of exo-

genous trees, for the stems of Palms are commonly of the same
diameter throughout, being uniformly cylindrical from below
upwards, instead of conical, as is the case with those of exo-

genous stems, and frequently rise to the height of 150 feet or

more, commonly without branching, but crowned at their sum-
mit by an enormous tuft of leaves {Jig. 170, 1).

When we make a transverse section of a Palm stem, it pre-

sents, as we have seen (page 65), no such separation of parts

into pith, wood, medullary rays, and bark, as we have described

as existing in an exogenous stem; but the parenchymatous system
is diffused more or less over the entire surface of the section

(Jiffs. 156, m, and 171, a, a), while the fibro-vascular system
is arranged vertically in this, in the form of separate bundles,

which have no tendency to collect together so as to form zones

of wood, as in exogenous stems {Jiffs. 156, /, and 171, b, c, d).

* The whole is covered externallyby a fibrous and parenchymatous
n layer, which is called the false bark or rind {Jig. 156, b) ; because

\ it is not a distinct and parallel formation to the wood, as is the
g2
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case with the bark of Exogenous plants, but it is formed by the

ends of the vascular bundles, as will be presently noticed, and
cannot therefore be separated from the mass beneath.

Fig. 170.

F!a. 170. 1. FnbrancBed stem of the Cocoa-nut Palm (Cocos nucifera). 2.

Branched stem of Pandanus odoratii>simus. The figures are placed at
the base to indicate the height. From Jussieu

In annual or herbaceous endogenous stems the parenchyma
between the vascular bundles is soft and delicate, but in trees

which grow to any height, as Palms, the cells become hardened
by the deposition of secondary layers, and thus form what has
been termed woody farenchyma, which ultimately binds the
original separate bundles into a solid hardened mass resembling
wood.

The structure of the vascular bundles thus distributed in the
parenchymatous system has been already referred to under the
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name of definite or closed vascular bundles (page 67, and fig. 159);

but we have still to describe their origin and direction through the

Fig. 171. Diagram of a Monncotyledonous stem. A. Transverse section.
B. Vertical section, a, a. Parenchymatous tissue, b, b. Pitted vessels,

c, c. Woody fibres or cells, d, d. Spiral vessels. Alter Carpenter.

stem. It was formerly supposed that these bundles, as they were
successively developed, were directed towards the centre of the

stem, and continued their course in the same direction towards

its base as seen in fig. 172, a, h, c,d, the last-formed bundles

being the most internal, and gradually pushing towards the cir-

cumference those which had previously been deposited. Hence
the origin of the name endogenous or inside growers, applied

to these stems. The researches of Mohl first showed that the

above mode of growth was not strictly correct, but that the fol-

lowing is that which really takes place :—The vascular bundles

have their origin in X\ie punctum vegetatio7iis of the stem, and
are fully developed with its growth upwards and outwards into

the leaves, and downwards and outwards towards the circum-

ference. In other words, to render it more simple, the bundles
may be traced to the leaves, from which organs they are at first

directed towards the interior of the stem {fig. 173, a, b, c, d),

along which they descend generally for some distance, and then
gradually curve outwards again and terminate at the circum-
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ference, or in young stems some of them would reach the roots.

When we make a vertical section therefore of an endogenous
stem, we find these vascular bundles intersecting each other in

various ways, as shown in fig. 174.

Fig. 172. 173.

Fig. 174.

^grs. l?2and 173. Diagrams showing the course of the flbro-vascnlar
bundles of aMonocotyledonous stem, a, b, c, d. Fibro-vascular bundles.

Fig. 172 exliibits the course of the bundles as formerly supposed.
Fig. 173, according to Mohl's system, as now jiroved to be correct.
Fig. 174. Vertical section of the stem of a Palm, showing (fv)

the vascular bundles intersecting each other as they pass downwards.

Tlie vascular bundles in their course down the stem generally

become more attenuated, which circumstance arises from certain

differences which take place in their structiu'e as they descend.

Thus when they first originate they consist, as we have seen (see

p. 66), of spiral, pitted, and other vessels, mixed with paren-

chymatous and woody tissues. In their descent they gradually

lose the spiral and other vessels, so that when they terminate at

the circumference they consist chiefly of liber-cells bound together

by parenchyma. The ri7id or false hark of endogenous stems
is thus chiefly formed of the ends of the vascular bundles which
originate in the leaves, and hence we see the principal reason
why the rind cannot be separated, as in exogenous stems, from
the wood beneath.

It follows from the mode of growth of the vascular bundles,

as indicated above, that the term endogenous, commonly ap-
plied to such stems, is not altogether correct, as the bundles
are only endogenous for a portion of their course, terminating
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as they do ultimately at the circumference. On this account the

name endogenous has been altogether discarded of late years by
many botanists, who use instead that of riumocotyledonous, a

term, as already noticed, derived from the embrj-o of plants with,

such stems possessing but one cotyledon. In this volume we have
employed both terms, but more frequently that of endogenous,

because this is the one by which such stems have been known
for a long period, and is that therefore which is best understood.

As the vascular bundles of an endogenous stem, in the course

of their successive development, are always deposited at first

towards the centre, it must necessarily follow that those pre-

viously formed will be gradually pushed outwards, for which
reason the outer part of a transverse section will always exhibit

a closer aggregation of bundles than the inside {jigs. 156 and
171, a). In such stems, therefore, the hardest part is on the out-

side, and the softest inside, directly the reverse of what occurs in

those of exogenous growth. The lower portion of such stems

also, in consequence of the descent of the vascular bundles, which
become, moreover, more incrusted by secondary deposits, will be

harder than the upper. The rind in like manner, at the lower

part, will become harder, from the greater number of liber-cells

which terminate in it. As endogenous stems increase in diameter,

partly by the deposit of vascular bundles in their interior, and
partly by the general development of the parench^nnatous tissue

in which they are placed, it follows that as soon as the rind or

false bark has become thus hardened by the liber-cells, it is not

capable of further distension ; and the stem will consequently

become at length choked up by the bundles which continue to

descend, and further growth is then impossible. It is evident,

therefore, that endogenous stems, unlike those of exogenous

growth, cannot increase in diameter beyond a certain limit, and
that from the same causes also they cannot live beyond a certain

age.

Although, as a general rule, the stems of Palms and most
other monocotyledonous plants are thus limited in size and life,

there are some remarkable exceptions to this, as for instance in

Yuccas, and the BraccBnas or Dra^/on-trees {fig. 11%) ; in these the

rind is always soft and capable of distension, and the vascular

bundles, after having reached it, are continued downwards as

fibrous layers between it and the original vascular bundles, and
thus form a sort of wood beneath, in successive layers, somewhat
after the manner that layers of wood are produced by the cam-
bium-layer of an exogenous stem. Such endogenous stems, like

those of exogenous growth, have necessarily no limit either to

their size or age.

It is in consequence of the comparatively small increase in

diameter which most endogenous stems undergo after they have
arrived at a certain age that twining plants which encircle them
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after that period has arrived do them no injury, frequently not

even producing the slightest swelling on their surface; thus

proving incontestahly that such stems do not increase in diameter

after a certain age. The effect of such climbers is well seen in

fig. 176. If we compare this figure with that of an exogenous

stem {fig. 175), with a woody twining plant encircling it, we
find a striking difference ; for here we observe extensive swellings

produced, which exhibit a corresponding in-
Fig. 175. Fig, 176. crease of the diameter of the stem. Such a

comparison shows, in a very striking and
conclusive manner, the characteristic pecu-

liarities of the growth of exogenous and en-

dogenous stems.

In Palms, as we have seen, (fig. 170, 1),

and commonly in other monocotyledonous
plants, there are no branches, the stems of

such plants having no power of forming
lateral buds, from which, as will be presently

noticed, branches can alone be produced.

These plants therefore grow simply by the

development of a terminal bud, which when
it unfolds crowns the summit with a tuft of

Dicotyiedo- foliage. Endogenous stems are therefore in

this respect exposed throughout their whole
around it. lengt-h to, as far as possible, the same influ-

SoJ^stenneiuTiSed ^"^^^ as regards their increase in diameter,

by a woody twiner. and we find accordingly, that, as a rule, such
stems are almost uniformly cylindrical from

below upwards, being of the same diameter throughout (fig. 170).

In such a plant the destruction of the terminal bud necessarily

leads to its death, as it is then deprived of all mode of further

increase. In some endogenous trees, however, more than one bud
is developed: thus in the Doum Palm of Egypt (Hyphane the-

haica), two buds are formed, so that the stem is forked above {fig.

177) ; each branch again developes two other buds at its apex in

like manner, and this mode of growth is continued with the
successive branches, which are therefore also forked. In other
monocotyledonous plants we have lateral buds formed as in those

of exogenous growth ; thus this is the case in the Asparagus, in

the Screw Pine {fig. 170, 2), in the Dracaenas {fig. 178), &c. As
the lower part of such stems receives more vascular bundles
than the upper they are necessarily larger in their diameter at

that part, and thus these stems are conical or taper upwards like

those of dicotyledonous plants.

Some endogenous stems present an anomalous structure ; thus
in most Grasses the stem is hollow {fig. 179, a), except at the
points where the leaves arise, at which parts solid partitions, 6,

are formed across the cavity, by which it is divided into a number

Fig. 175.

uous stem, with
woody twining plant
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of separate portions. Such stems when examined at their first

development present the usual endogenous structure, but in

Fig. 177. The Douni Palm of Egypt {Hyphwiie thehaica).

consequence of tlieir gro-vv-th in diameter taking place more
rapidly than new matter can be deposited in their interior, they
soon become hollow.

In the stems of some other monocotyledonous plants we have
a more striking dcAiation from the ordinary structure. Thus
the Sarsaparillas and a few other allied plants have aerial stems

which are strictly endogenous in structure, and underground stems
which have the vascular bundles arranged in one or two zones

around a central parenchyma {Jiff. 180), like the wood about the

pith of an exogenous stem: such vascular bundles have, however,
no cambium -layer like those which form the zones of an exoge-

nous stem, and have consequently no power of indefinite increase

like them.

There is nothing in the internal structure of endogenous stems
by which we can ascertain their age as we can those of exogenous
structure. It is supposed that the age of a Palm stem is indi-

cated by the annular scars which are produced on its external

surface by the fall of the terminal tuft of leaves, for as one tuft

only is commonly produced annually, each ring marks a year's

growth, and hence the number of scars corresponds to the num-
ber of years the plant has lived. Although it is true that in some
few cases such a rule may enable us to ascertain the age of a
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Fig. 178.

Fig. 178. The Dragon Tree of Teneriffe (Draccena Draco), now destroyed.

Palm, and probably also of some other monocotyledonous plants,

not the slightest dependence can be placed upon it in any par-

Flg. 180.

Fig. 179.

Fig. 179. Transverse section of the stem of the common Reed. a. Cavity
closed at the bottom hy a partition. 6. Ring indicating the point
where the leaf was attached. Fig. 180. Section of the underground
stem of a species of Sarsaparilla. a. Epidermal tissue, b, c, d. The
cortical portion, e. "Woody zone. /. Medulla or pith.

ticular instance, for there are frequently several rings produced

on the stems of monocotyledonous plants in one year, and these

again often disappear after having existed for a certain period.
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The best means of ascertaining the age of Palms is by noting

their increase in height in any one years growth, and then as

such stems grow almost uniformly in successive years, by know-
ing their height we can determine their age. This mode, however,
of calculating their age is very liable to error, and can be more-
over but of limited application from the absence of data to work
upon ; hence we must come to the conclusion that at present at

least, "we possess no certain means of determining the age of

endogenous stems.

C. AcROGExors OR AcoTYLEDOxoTJS Stem.—The simplest

form of stem presented by Acotyledonous Plants is that of Mosses

{figs. 8 and 9) and Liverworts. In such a stem we have no true

vessels, but the whole is composed of ordinary parenchyma,
with occasionally a central cord of liber-cells. In the stems
of Club-mosses {Lycopodiacece), Pepperworts (Marsileacecg), and
Horsetails {Equisetacece), we have the simplest forms of acro-

genous stems which contain the peculiar vascular bundles
{Simultaneous), which are their especial characteristics. The
composition of these vascular bundles and their mode of

growth have been already described. (See page 67.) The vessels

found in the vascular bundles of the Lycopodiacese are sprral,

f' and in those of the Equisetacese anmdar. All Acotyledonous
stems grow by additions to their apex, and hence the term

^^' Acrogenov.s or summit growers, which is also applied to them.
In the Ferns (Filices), we have the Acrogenous stem in the

highest degree of development. Those which are indigenous

to this country are but insignificant specimens of such plants,

for in them the stem merely runs along the surface of the ground,
or burrows beneath it, sending up its leaves,

ov fronds as they are commonly called, into

the air, which die down yearly {fig. 12).

In warm regions, and more especially in the

tropics, we find such plants in the highest

degree of development. Here the stem,

.—^lled the caudcx or stipe, rises into the air

I to the height of fifty or sixty feet or more

{fig. 13), bearing on its summit a tuft of

foliage. In their general appearance ex-

ternally these Tree-Ferns have great resem-
blance to Monocotyledonous trees, not only
in bearing their foliage like them at their

summits, but also in producing no lateral

branches, and being of uniform diameter ^Ma/lFenf' marked ex-
from near their base to their summits. The ternaiiy by'rhomboidai

outside of the stem of a Fern is marked dark-coioured 'projec-

with a number of scars, which have a more tioa^, c.

or less rhomboidal outline {fig. 181). The surface of these
scars present little hardened projections, c, or darker-coloured
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spots, which appearance is produced by the rupture of the vessels

proceeding to the leaves, by the fall of which organs the scars

are produced.

Upon making a transverse section of a Tree-Fern it presents,

as we have already briefly noticed (see page 65), the following

parts :—On the outside a hard Tmd(fiff. 157, e), composed of dark-

coloured wood-cells covered externally by parenchyma. Within

this we find a mass of parenchyma, m, the cells of which have

thin walls ; this is analogous to the pith of exogenous stems.

In old stems this central parenchyma is destroyed, so that the

stem becomes hollow. Towards the outside of this parenchyma,

and just within the rind, we find the so-called wood; this con-

sists of simultaneous vascular bundles arranged in the form of

plates, which, when cut, have a wa^'y outline, v, v. These masses

of wood forming the fibro-vascular system have generally open-

ings between them, by means of which the parenchyma beneath

the rind and that of the centre of the stem communicate ; but

in other cases these woody masses touch each other at their

edges, and thus form a continuous circle within the rind. These

masses consist of simultaneous vascular bundles, the vessels of

which are chiefly scalariform in their character ; these are situ-

ated in the centre of the bundles, where they may be readily

distinguished by their pale colour {Jig. 157), and are surrounded

externally by layers of dark-coloured hardened wood-cells.

We have already stated that Tree-Ferns have no branches. This

absence of branches arises from their having, like Palms, no pro-

vision for lateral buds : hence the cylindrical form of stem which

is common to them as with the stems of monocotyledonous plants.

For the same reason also, they are rarely of great diameter.

Some Ferns, however, become forked at their apex (fiff. 182);

Fia 18'? which forking is produced by the division of the
^' *''

terminal bud into two, from each of which a

branch is formed. Such branches are, however,

very different from those of exogenous stems,

which are produced from lateral buds, for, as they

arise simply from the splitting of one bud into two,

the diameter of the two branches combined is

only equal to that of the triink, and in all cases

where the stems of Acotyledonous Plants branch,

the diameter of the branches combined is only

equal to that of the axis from whence they are

derived. As Acotyledonous stems only grow by

stem of a Tree- the development of a terminal bud, the destruc-
i^erii. tion of that bud necessarily leads to their death.

There is nothing in the internal structure or external appearance

of such stems by which we can ascertain their age.

2. Buds and Eamification.—We have already stated (p. 64)

that the presence of leaves and leaf-buds is the essential charac-
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teristic by -which a stem may be distinguished from a root. The
leaves will be treated of hereafter, but we have now to allude to

the parts of the stem from whence they arise, and to describe the

nature of buds, and the mode in which branches are formed.

. Leaves are always developed at regular points upon the sur-

<^pac6 of the stem, which are called oiodcs or ^imiply hiots {fig. 186,
"' c, c, c), and the intervals between them are termed internocUs

{fig. 186, d, d). Generally the arrangement of the tissue of

the stem at the nodes is somewhat different to that in the in-

t^rnodes ; thus at the node it exhibits a more or less contracted

or interrupted appearance, which arises from a portion of its

substance being given off to enter into the structure of the

leaf. This appearance is most evident in those cases where
the internodes are clearly developed, and especially if under

such circumstances the leaf or leaves which arise encircle the

stem, as in the Bamboo and other Grasses ; in such plants each

leaf causes the formation of a hardened ring externally {fig.

179,(6), and thus produces the appearance of a joint or articula-

tion, and indeed, in rare cases, the stem does readily separate

/ into distinct portions at these joints, in which case it is said to
^ he. jointed or articulated.

Leaf-lnids or Bicds.—Under ordinary circumstances, as we have
seen, one or more buds are developed in the axil of every leaf

f {fig. 183, a, a). In like manner, the apex of a stem as well as

of all its divisions which are capable of further elongation, are

also terminated by a similar bud {fig. 185). Each bud, whether
lateral or terminal, is produced by an elongation of the paren-

^ chymatous system of the stem or its divisions, and consists at

p^ first of a minute conical central parenchymatous mass, which is

connected with the pith (/^. 184, i) ; around this, spiral and other

vessels and wood-cells are soon developed, also in connexion
with similar parts of the wood, and on the outside of these,

in a cellular substance which ultimately becomes the bark, w.e

have little conical projections of parenchyma developed, which
are the rudimentary leaves {fig. 18'1). As growth proceeds these

parts become more evident, and a little conical body is ultimately

produced at the apex of the stem, or laterally in the axil of

leaves, and the formation of the bud is completed {fig. 185).

The buds of temperate and cold climates, which remain dor-

mant during the winter, and which are accordingly exposed to

all its rigours, have generally certain protective organs developed

on their outer surface in the form of modified leaves, which are

commonly called scales. These are usually of a hardened tex-

ture, and are sometimes covered with a resinous secretion, as in

the Horsechestnut and several species of Poplars ; or with a
dense coating of soft hairs or down, as in some Willows. Such
scales, therefore, by interposing between the tender rudimentary
leaves of the bud and the air a thick coating of matter which is
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a bad conductor of heat and insoluble in water, protect them
from the influence of external circumstances, by which they

Fig. 183, Fig. 184.

i^c

Fig. 183. Branch of Oak with alternate leaves and leaf-buds in their axils.

a, a. Buds, b, b. Leaves. Fig. 184. Longitudinal section of the end
of a twig of the Horse-chestnut (^scm/ms Hippocastanum), ]>efore the
bursting of the hud. After Schleiden. a. The pith, b, b. Tlie wood,
c, c. The hark, d, d. Scars of leaves of former years, e, e. The vascular
bundles of those leaves. /, /. The axillary buds of those leaves, with
their scales and the vascular bundles belonging to them. g. Terminal
bud of the twig ending in a rudimentary flowering panicle, h, h. Scars
formed by the falling off of the lowest scales of the bud, and above
these may be seen the closed scales with their vascular bundles, i. Me-
dullary mass leading from the pith into the axillary bud.

would be otherwise destroyed. Buds thus protected are some-
times termed scalg. In the buds of tropical regions, and those

herbaceous plants of temperate climates which are not thus
exposed to the influence of a winter, such protective organs would
be useless, and are accordingly absent, and hence all the leaves

of these buds are nearly of the same character. Such buds are

called naked. In a few instances we find even that the buds of

perennial plants growing in cold climates, and which are ex-

posed during the winter, are naked like those of tropical and
herbaceous plants. Such is the case with the Alder Buckthorn
{Bhamnus Frangida), some species of Viburnum, &c.

These external modified leaves, or protective organs of the

bud, are commonly, as we have just mentioned, termed scales,

but they have also received the name of tegmenta. That such
scales are really only modified leaves adapted for a special
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purpose, is proved not only by their position with regard to the

true leaves, but also from the gradual transitional states, which
may be frequently traced from them to the ordinary leaves of the

bud.

As soon as the laminae of the leaves in the bud have acquired

a certain size, they become variously folded or rolled on one

another, by which they adapt themselves to its form and small

space. This arrangement of the leaves in the bud is called

mrnatio7i or jpnefoliation. There are various modifications of

this, each of which is distinguished by a particular name; these

will be described hereafter.

The bud, as we have seen, contains all the elements of a stem

or branch (/^. 184); in fact, it is really the first stage in the

development of these parts, the axis being here so short that the

rudimentary leaves are closely packed together, and thus over-

lap each other {fig. 185, c). When growth commences in the

spring, or whenever vegetation is reanimated, the internodes

between the leaves become developed, and these therefore become
separated from each other {fig. 186, c, c, c), and thus the stem in-

creases in length, or a branch is formed. In other words, the

leaves, c, which in a bud state overlap each other and surround

a growing point or axis, by the elongation of the internodes of

that axis become separated and dispersed over a branch or an
elongation of the stem, much in the same way as the joints of

a telescope become separated from each other by lengths of tube

when it is drawn out. The branch, therefore, like the bud

Fig. 185. Fig. 186.

Fig. 185. A shoot one year
old of the Horsechestnut,
•with terminal bud. a. Scar
produced by the falling off

of the bud-scales of the pre-
vious year ; &,b. Scars pro-
duced by the falling off of
the petioles of the leaves of
thepresentyear.with buds,
c. in their axils. Fig.l86.
Diagram to illustrate the
growth of the shoot from
the bud. c,c,c. The nodes
where the leaves are situ-

ated. d,d. The internodes
developed between them.

from which it is formed, necessarily contains the same parts as
the axis upon v/hich it is placed, and these parts are also conti-

nuous with that axis, with the exception of the pith, which,
although originally continuous in the bud state, ultimately be-
comes separated by the development of tissue at the point where
the branch springs from the axis.
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From the above circumstances it follows that a bud resembles

in its functions the embryo from which growth first commenced,
and it has accordingly been termed o, fixed embryo. There is this

difference, however, between them :—a bud continues the in-

dividual, while the embryo continues the species. A stem is

therefore really made up of a number of similar parts or buds,

called phytons, which are developed in succession, one upon the

summit of the other. Hence, by the development of terminal

buds the stem increases in height ; and by those situated late-

rally branches are produced. A tree may thus be considered as

a compound body, formed of a series of individuals which mu-
tually assist each other, and benefit the whole mass to which
they belong. In exogenous trees, which form lateral or axillary

buds, the destruction of a few branches is of no consequence,

as they are soon replaced ; but in Palms, and most other en-

dogenous trees, and also in those of acrogenous growth which
develop only from terminal buds, the destruction of these under
ordinary circumstances, as we have seen, leads to their death.

The buds or similar parts, of which a tree has thus been shown
to be made up, being thus distinct individuals, as it were, in

themselves, are also capable of being separated from their pa-

rents and attached to other individuals of the same, or even of

nearly allied species. The operations of Budding, Grafting,

&c., depend for their success upon this circumstance. In some
plants, buds naturally separate from their parents, and produce

new individuals. These operations are of great importance in

horticulture, because all plants raised by such means propagate

the individual peculiarities of their parents, which is not the

case vtdth those raised from seed, which have merely a specific

identity.

Eamification.—In the same way as branches are produced

from buds placed on the primary axis or stem, so in like manner
from the axils of the leaves of these branches other buds and
branches are formed ; these again will form a third series, to

which will succeed a fourth, fifth, &c. The main divisions of

the primary axis or stem are called branches {rami), while the

smaller divisions of these are commonly termed twigs (ramuli).

The general arrangement and modifications to which these are

liable are commonly described under the name of ramification.

All lateral or axillary buds are called regular or normal, and
their arrangement in such cases is necessarily the same as that

of the leaA-es. Again, as branches are formed from buds thus

placed, it should follow that their arrangement should also corre-

spond to that of the leaves. This corresponding symmetry, how-
ever, between the arrangement of the branches and leaves is

interfered with from various causes. In the first place, espe-

cially, by many of the regular buds not being developed. Secondly,

by the development of other buds which arise irregularly at
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various other points than the axils of leaves ; these are called,

from their abnormal origin, adventitious : and, Thirdly, by the

formation of accessory buds.

1. Non-devehp'/neiif of the regidar bnds. This frequently takes

place irregularly, and is then altogether owing to local or

special causes ; thus, want of light, too much crowding, or bad

soil, may cause many buds to become abortive, or to perish

after having acquired a slight development. In other instances,

however, this non-development of the buds takes place in the

most regular manner ; thus, in Firs, where the leaves are very

closely arranged in a spiral manner, the branches, instead of

presenting a similar arrangement, are placed in circles or rings

round the axis, at distant intervals. This arises from the non-

development of many of the buds of the leaves forming a spire,

which is followed by the development of the buds in the axils of

other leaves successively, and as such leaves are thickly placed,

we are unable, after the development of the branches, to trace

clearly the turns of the spire, so that they appear to grow in a
circle.

2. Adventitious Buds.—These have been found on various parts

of the plant, as on the root, to be afterwards referred to, the woody
part of the stem, the leaves, &c. Thus, when a tree is pollarded,

that is, when the main branches on the apex of the stem are cut

oflF, the latter becomes gorged with sap, and a multitude of ad-

ventitious buds are formed from which branches are produced.

The branches thus produced by pollarding are, however, to a

certain extent caused by the development of other regular buds

which had become latent from some of the causes already alluded

to as interfering with their non-development.

In every instance the adventitious buds take their origin from
parenchymatous tissue : thus, if produced on the stem or branches,

from the ends of the medullary rays ; when developed upon leaves,

they may arise from the margin, as in Malaxis paludosa {fig.

1 88, h, b), Q.ndiBryophyllumcalyoinum{ fig. 1 87). or from the surface,

as in Ornithogalum thyrsoideum {fig. 1 89, 6, b, b). Leaves thus bear-

ing buds are QQWedi proliferous. Such buds are naturally formed

on the leaves of the above plants, and occasionally on others, but

they may also be produced artificially on various leaves, such as

those of Gesnera, Gloxinia, and Achirnenes, by the infliction of

wounds, and afterwards placing them in a moist soil and ex-

posing them to the other influences which are favourable for their

growth. The buds developed on the leaves in such cases ulti-

mately form independent plants, and this methotl is constantly

resorted to by gardeners as a means of propagation. These ad-

ventitious buds differ from those commonly produced in the axil

of leaves, or at least from those which remain dormant during
the winter ; thus they are smaller, and have no external protec-

tive organs or scales.
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Fig. 187.

Fig. 188. Fig. 189.

Fig. 187. Leaf of Bryophyllum calycinum with buds on its margin. Fig.
188. End of the leaf of Malaxis pahidosa, with buds, b, b, on its mar-
gin. Fig. 189. A portion of the leaf of Ornithogalum thyrsoideum,
showing buds, b, b, b, on its surface.

Embryo-Buds.—In some trees the adrentitions buds, instead

of being developed on the outside of the stem, are enclosed in the

bark. Such have been
called embryo-buds op

Fig. 190

nodules. They may be
readily observed in the

bark of certain trees,

such as the Cork-oak,

the Beech, and the

Cedar of Lebanon,
in which they produce

externally little swel-

lings, which, when exa-

mined, are found to be
owing to the presence

of these nodules, which have a more or less irregular ovoid or

spheroidal form {fig. 190), and woody texture. Upon making
a transverse section of one of them {fig. 191), we observe

a central pith surrounded by concentric zones of wood (the

number of which varies according to its age as in ordinary

trees), and traversed by medullary rays ; in fact, it has all

the elements of organization found in the trunk of a tree. In

the course of their development these embryo-buds frequently

reach the wood, with the growth of which they become con-

founded- and thus form what are called knobs. In other cases

Fig. 190. Embryo-bud or nodule of the Cedar.
Fig. 191. A vertical section of the same

surrounded by the bark.
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'a number of nodules meeting together on the surface form an
excrescence. That such nodules are analogous to buds is further

proved by the fact of their sometimes producing a short branch
from their summits, as in the Cedar of Lebanon and in the

•Olive. Those of the latter plant, under the name of Uovili,

are really employed for its propagation. The peculiar appear-
ance of the Bird's-eye Maple is said to be caused by the presence

in it of these nodules.

3. Accessory Buds.—The third cause of irregularity in the dis-

tribution and appearance of branches arises from the multipli-

cation of buds in the axils of leaves. Thus, instead of one bud,
we have in rare cases two, three, or more thus situated {figs.

192-194) ; such are called accessory buds. These buds may be
either placed one above the other, or side by side. Thus, in

certain Willows, Poplars, and in Maples, we have three buds
placed side by side (fig. 192, a), which frequently give rise to a
corresponding number of branches. In some Aristolochias, in

Walnuts {fig. 193,5), in the Tartarian Honeysuckle {fig. 194, h\
•and other plants, the accessory buds are arranged one above
the other. Sometimes the uppermost bud alone developes, as in

the Walnut, and thus the branch which is formed arises above
the axil of the leaf, in which case it is said to be extra-axUlary,

In the Tartarian Honeysuckle the axillary or lowest bud is that

Fig, 192.

Fig. 194.

Fig. 192. Branch of a species of Maple with three buds, a,
placed by the side of one another. Fig. 19.3. A piece of
the branch of the Walnut-tree. p. The petiole having in
Its axil a number of buds, b, placed one above the other,
the uppermost most developed. Fig. 194. A piece of the
branch of the Tartarian Honeysuckk- (ionirera tartarica),
bearing a leaf, /.with numerous buds,6, inits axil, placed
above one another, the lowermost being the most de-
veloped.

which forms the strongest branch, over which a number of
smaller branches are placed, arising from the development of the
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accessory buds. In some trees, such as the Pir and Ash, these

accessory buds, instead of forming separate branches, become
more or less united, and the branches thus produced assume a
flattened or thickened appearance. Such branches are com-
monly called fasciated. These branches may however be pro-

duced by a single bud developing in an irregular manner.

Besides the above three principal sources of abnormal or ir-

regular development of the branches, other minor ones arise

from the formation of extra-axillary branches in other ways than

those just alluded to. Thus the stem may adhere to the lower

part of thfi branch, which thus appears to arise from above the

axil of the leaf; or to the petiole or leaf-stalk, when it appears

to arise from below it. Other irregularities also occur, but they

are of little importance compared to those already mentioned.

3. Of the Forms and Kinds of Stems and Branches.—In
form the stem is usually more or less cylindrical, while in other

cases it becomes angular, and in some plants, particularly in

those of certain natural orders, it assumes a variety of anomalous
shapes. Thus in many Orchids it becomes more or less OA^al or

rounded, and has received the name of Pseudobulb ; in the Melon-
Cactus, globular ; in other Cacti, columnar, more or less flat-

tened, or jointed. In the Tortoise^or Elephant's-foot Plant

{Testudiiiaria elephantipes), it forms a large rough irregular

4

i-

In general, stems possess a firm texture, and can therefore

readily sustain themselves in an upright direction ; at other

times they are too weak to support themselves, and thus require

the aid of some other body. In such cases, if they trail on the

ground, they are jprocumbent or prostrate ; if when thus reclining

they rise towards their extremity, they are decumbent; or if they

rise obliquely from near the base, ascending. Some weak stems,

instead of resting on the ground, take an erect position and
cling to neighbouring objects for support. Such are called

climbing or scandent if they proceed in a more or less rectili-

neal direction, as in the Passion-flower {fig. 201), where they

cling to other bodies by means of little twisted ramifications

cafled tendrils, v, v; or in the Ivy, where they emit little root-

like processes from their sides, by which they adhere to neigh-

bouring bodies {fig. 195, a, a). But if such stems twist round
other bodies in a spiral manner they are said to be twining ; and
this twining may take place either from right to left, as in some
Convolvuli {fig. 197), in the French Bean, and Dodder ; or from
left to right, as in the Honeysuckle {fig, 196), Hop, and Black

Bryony ; or first in one direction and then in another, irregu-

larly, as in the White Bryony. The climbing and twining

plants of cold and temperate regions are generally herbaceous

or die annually, although we have exceptions in the Vine,

Clematis, and Honeysuckle, which have woody stems ; in this
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case the woody stem has received the name of sarmentum. In

tropical climates these woody climbing or twining stems often

Fiff. 196.

Fiff. 195.

Fig. 195. Climbing stem of the
Ivy. a, a. Aerial roots.

Fig. 197.

Stem of Convolvulua.

Fig. 196. Stem of Honeysuckle.

occur ; they are called lia7ias, and they frequently ascend to the

tops of the loftiest trees, and then either descend to the ground
again, or run to the branches of neighbouring trees.

The stem has received many names according to its natuie.

„<^hus it is called a caulis in plants which are herbaceous, or die

down annually ; a trunk as in trees, where it is woody and per-

ennial; a culm as in most Grasses and Sedges, where it presents

a jointed appearance; and a, caudex or stijje as in Tree-Ferns
and Palms.
From the nature, duration, and mode of ramification of

stems, plants have been divided from the earliest periods into

three classes, called, respectively, Herbs, Shrubs, and Trees.

Thus, those plants which have stems that die down annually to

the surface of the ground are called herbs ; while those which
have perennial aerial woody stems are denominated trees or

shrubs, according to circumstances. Thus the term tree is
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applied if the branches are perennial and arise from a trunk ;

and the collection of branches which thus arise from the trunk

and form the head of a tree is called a coma. When the

branches are perennial and proceed directly from, or near to the

surface of the ground, without any trunk, or where this is very

short, a shrub is formed ; this when low and branched very much
at the base, is denominated a bush. The term undershrub is

also applied to a small shrub which is intermediate in its cha-

racters between an ordinary shrub and an herb, thus, when
some of its branches generally perish annually, while others

are more or less permanent. All the above kinds of stems
are connected by intermediate links, so that in many cases they

are by no means well defined.

If the terminal bud of a stem is continually developed, the

axis upon which it is placed is prolonged upwards from the

earth to its summit, giving off from its side the lateral branches,

as in most Firs ; such a stem has been termed excurrent.

When the main stem is arrested in its development by the

process of flowering, or some other cause, and the lateral buds
become the more vigorously developed, so that the stem ap-

pears to divide into a number of irregular branches, it is said

to be diliquescent. These different kinds of growth influence

materially the general form of trees. Thus, those with excurrent

stems are usually more or less conical or pyramidal. Those
with deliquescent stems are rounded or spreading. The general

appearance of trees also depends upon the nature of the lateral

branches, and upon the angle which they make with the stem
from which they arise. Thus, if the branches are firm, and arise

at an acute angle to the stem, as in the Cypress and Lombardy
Poplar, they are erect, and the tree is more or less narrowed

;

if they come off at a right angle, the branches are spreading or

fatent, as in the Oak and Cedar ; if the angle is very obtuse, or

if the branches bend downwards from their origin, as in the

Weeping Ash and Weeping Elm, they are termed weeping or

fendulotis ; in other cases this weeping appearance arises from
the weakness and flexibility of the branches, as in the Weeping
Willow and Weeping Birch. The relative length also of the

upper and lower branches will give rise to corresponding differ-

ences in the general appearance of trees. Thus, if the lower
branches are the longest and become shorter as they approach
the top, the whole will be shaped like a cone or pyramid, as in

the Spruce Fir ; if the middle branches are longer than those of

the base and apex, the general appearance will be rounded or

oval, as in the Horsechestnut ; if those of the top are the most
developed, the form will be umbrella-like, as in the Italian Pine.

Besides the forms of stems and branches already described,

there are some others which have received special names. These
are the Sjpine and Tendril.
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Spine or Thorn.—It sometimes happens that a leaf-bud in-

stead of developing as usual, so as to form a leaf-bearing

branch, becomes arrested in its growth, and forms a hardened
projection terminating in a more or less acute point, as in Thorns

(Jiff. 199) and Gleditschia {fig. 198). Such an irregularly-de-

veloped branch is called a spine or thorn. That the spines are

really modified branches is proved not only by their structure,

which is exactly the same as the stem or branch upon which
they are placed ; but also by their position in the axil of leaves

;

by their sometimes bearing leaves, as in the Sloe {fig. 200), and
Spiny Kest-harrow ; and by their being frequently changed into

ordinary leaf-bearing branches by cultivation, as in the Apple
and Pear. The spines are sometimes confound-ed by the young
observer with prickles already described (see p. 56), but they are

Fig. 198. Fig. 200.

Fig. 198. Branching spine of the Honey Locust (Gledifschia). Fig. 199.

Spine of a species of Thorn, Fig.-20Q. Leafy spines of the common Sloe.

readily distinguished from these by their structure and connexion

with the internal parts of the stem ; the prickles being merely
formed of hardened parenchyma, arising immediately from, and
in connexion only with, the bark.

Tendril ot Cirrhus.—This term is applied to a thread-like

leafless branch, which is twisted in a spiral direction, as in the

Passion-flower (fig. 201). It is one of those contrivances of

nature by means of which weak plants are enabled to rise into

the air by attaching themselves to neighbouring bodies for sup-

port. Tendrils are also observed in (he Vine {fig. 202), where
they are regarded by many botanists as the terminations of

separate axes, or as transformed terminal buds. Both spines

and tendrils are sometimes produced from leaves and some other
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organs of the plant ; these pecaliarities will be referred to

hereafter, in the description of the organs of which they are
respectively modifications.

Kinds of Stems.—We have- seen that the stem, when first

developed, always takes a diametrically opposite direction to

that of the root. In many instances this direction is continned
more or less throughout its life. In other plants, however, the

terminal bud either acquires an irregular direction, and the

stem runs along, or remains under, the surface of the ground

;

or it perishes altogether at a very early period, and an axillary

branch takes its place, which also, by developing laterally, will

likewise continue near the surface of the ground, or burrow
beneath it. From these peculiarities in the direction and growth

Fig. 201. Fig. 202.

Fig. 201. A portion of the stem of Fassi-
fiora quadrangularis. v, v. Tendrils.
Fig. 202. Part of the stem of the Vine.
V, V, V. Tendrils.

of stems and branches, we have a number of modifications which
we proceed now to describe. These are best treated of under
two heads, namely, those which are aerial, and those which are

subterranean. We can, however, by no means draw a distinct

line between the modifications of stem which these two divisions

respectively contain, as certain forms occasionally pass from one
into the other, thus being both subterranean and aerial at diffe-

rent points, or at different periods of their course.

1. Aerial Modifications of Sterna.—Of these the more impor-
tant are the runner, the offset, the stolon, the sucker, and the
rhizoine,

a. The Eminer. {Fig. 203.)—This is an elongated slender
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prostrate branch, sent off from the base of the stem, and giving

off at its extremity leaves and roots, and thus producing a new

Fig. 203.

Fig. 203. A. portion of the common Strawberry plant, a'. An axis produc-
ing a tuft of leaves, r, at its extremity, from the axil of one of which
another axis or runner, a", arises, bearing a rudimentarj- leaf, /, near the
middle, and a cluster of leaves, r, at its cud. a. A third axis produced
in a similar manner to the former. /, /. Roots.

plant, which extends itself in a similar manner. This is well

seen in the common Strawberry and Potentilla.

b. The Offset. {Fig. 204).—This is a short, prostrate, more or
less thickened branch, which produces at its apex roots and a
tuft of leaves, and thus forms an inde-

pendent plant, which is capable of pi^ 204.
producing other offsets. It is seen in

the Houseleek. It differs very little

from the ordinary runner, except in

being shorter and somewhat thicker.

c. The Stolon.—This is a branch
given off above the surface of the

ground, but which curves or proceeds

downwards towards it, and_ when it

reaches a moist spot it sends a root down-
wards and a stem upwards, and being
thus capable of acquiring nourishment independentlyof its parent

it ultimately forms anew indiridual. The Currant, Grooseberry.

and other plants, multiply in this way. All such plants are said

to be stoloniferous. Gardeners imitate this natural formation

of new individuals, when they lay down a branch into the earth,

from which a new plant is ultimately formed. This process is

technically called layerivg {fig. 205.)

d. The Sucker. {Figs. 206 and 207.)—This is a branch which
arises from the stem below the surface of the earth, and which
after proceeding in a horizontal direction for a certain distance,

and giving off roots in its course, turns upwards into the air,

Fig. 204. The offset of
Semperva-um.
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Fig. 205. and ultimately forms an in-'

dependent plant, as in the

former instances. Plants thus

producing suckers are said to

be surcidose. Good examples

of this form of stem are seen

in the Kose, the Raspberry,

and the Mint {fig. 207).
^
The

sucker can scarcely be said to

differ in any essential particu-

lars from the stolon, except

that it is originally subter-

ranean, and ultimately becomes
aerial, while the stolon is first

aerial and then subterranean,

e. The Rhizome or RootstocJc.

(Figs. 208 and 209.)— This

is a prostrate thickened stem

or branch running along the

surface of the ground, or more
generally partly beneath it,

and giving off roots from its

lower side, and buds from its

These stems sometimes creep for a long distance in this

Fig. 205. Plant, showing the process
of layering.

upper,

way, and have their upper surface marked by scars (fig. 209, c, c)

produced by the falling oflf of former leaves or herbaceous stems

Such stems are found in the Iris, Sweetflag, Ginger, Solomon's

Seal, and many other plants. The name rhizome is applied

Fig. 206. Fig. 207.

Figs. 206 and 207. Suckers of a
species of Mint, &c.

by many botanists to all stems of a like nature and appearance

to it, whether aerial or subterranean. This stem forms, therefore,

a natural transition to the description of subterranean stems.
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2. Subterranean Modifications of Steins.—All these modifica-

tions of stems were formerly confounded with roots, and they

Fig. 208. Fig. 209.

i Fig- 208. A portion of the rhizome of a species of Iris. Fig. 209. A por-

/ tion of the rhizome of the Solomon's Seal i^Polygojiatum muUifionim).

I
b. A branch, b'. Bud. c, c. Scars produced by the decay of old branches.

/ r, r. Roots.

are still in common language thus designated. They are dis-

tinguished, however, from roots, either by the presence of leaves

and buds, or by scales or modified leaves, or by the presence of

scars on their surface produced by the falling off of former

leaves or buds. The different forms of aerial stems described

above, when partially subterranean, may be also distinguished

in a similar manner from roots.

a. The Creeping Stem. (Fig. 210.)—This form of stem is

sometimes called a Sobolcs, and in common language a creeping-

Fig. 210.

Fig. 210. Creeping stem of the Sand Carex (Carex arenaria). 1. Terminal
bud by which the stem continues to elongate. 2, 3, 4. Shoots produced
from former buds.
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root. It is a slender branch which runs along beneath the sur-

face of the earth, emitting roots from its lower side, and buds
from its upper, in the same manner as the rhizome, and it is

considered by many botanists as a variety of that stem. The
only differences existing between the creeping stem as defined

above and the rhizome are its more slender form and entirely

subterranean course. The Sand Sedge or Carex (Carex arenaria)

{Jig. 210), and the Couch Grass {Triticum repens), afford good
examples of this stem. In some instances such stems serve im-
portant purposes in nature ; thus those of the Sand Sedge, by
spreading through the sand of the sea-shore, and in this way
binding it together, prevent it from being washed away by the

receding waves. Others, like those of the Couch Grass, are the
pest of the agriculturist, who finds it very difficult to destroy

them by cutting them into pieces, for as every node is capable

of developing a bud and roots, each piece into which they will

then be divided is capable of becoming an independent individual,

and therefore such an operation only serves the purpose of multi-

plying such stems by placing the separated parts under more
favourable circumstances for development.

b. The Tuber. {Figs. 211 and 212.)—This is a subterranean
branch, arrested in its growth, and excessively enlarged by the

Fig. 211. Tubers of the common Potato (Solanum tuberosum).

deposition of starch and other nutritious substances in its tissue.

It has upon its surface a number of little buds, or eyes as they
are commonly called, from which new plants are ultimately

formed. The possession of these buds indicates its nature as

a kind of stem. The Potato {Jig. 211) and Jerusalem Arti-
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choke {fig. 212) are good illustrations. A case was reported in

the ' Gardeners' Chronicle' of a Potato plant in which the buds

Fig, 213.

Fig. 214.

Fig. 212. Tubers of the Jerusalem Artichoke {Helianthus hiberosus).

Fig. 213. A monstrous branch or bud of the common Potato. From The
Gardeners' Chronicle.

in the axils of the true leaves above ground showed a tendency

/to form tubers {fig. 213), by which their analogy to steins was
/ clearly indicated. The stem-like nature of the tuber is also cor-

l
roborated by the common experience of gardeners, who, by sur-

/ rounding the lower part of the stems of the potato with earth,
'' convert the buried buds (which under the usual circumstances

would have produced ordinary branches) into tubers, and thus
increase their number.

c. The jB«/6.—This is a short-

ened, usually subterranean stem
or branch, generally in the form of

a rounded or flattened plate {fig.

214, a\ which bears on its sur-

face a number of fleshy scales or

modified leaves ; or it may be con-

sidered as a subterranean bud of a

scaly nature, which sends off roots

from below, and a stem upwards,

J), bearing leaves and flowers.

The scales are generally more or

less thickened by deposition of

nutritive matters ; these, there-

fore, serve as reservoirs of nutri-

ment for the future use of the
plant, just as in other cases the

enlarged stems serve a similar purpose. The bulb is only found
in Monoeotyledonous Plants, as in the Lily {figs. 214, 215, and
216), Onion {fig. 217), and Tulip. The scales of a bulb, like

the ordinary leaves of a branch, have the power of developing

Fig. 214. Verrical section of a bulb
of the Lil.v. a. Shortened axis or
plate, p. Flowering-stem. c. Late-
ral buds or cloves.
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in their axils new bulbs {fig. 214, c) ; these are called by-

gardeners cloves, and their presence is an additional proof of the

analogy of a bulb to a branch or bud.

Fig. 215. Vertical section of a scaly bulb of the Lily. Fi^. 216. Scaly bulb
of the Lily a. Shortened axis. 6. Roots. d. Flowering stem.

i c. Scales. The letters refer to the same parts In both flgures.

J There are two kinds of bulbs commonly distinguished by bo-

tanists, namely the tunicatcd {fig. 217), and the scaly {fig. 216).

The tunicated bulb is well seen in the Onion {fig. 217) and

Squill. In this kind of bulb the inner scales, which are thick

Fig. 217.

Fig. 218.

Fig. 211. Tunicated bulb of the Onion. Fig. 218. Stem of a species of
iiily {Lilinm bulbiferum) bearing bulbils or bulblets, a, a, in the axils

of its leaves.

and fleshy and enclose each other in a concentric manner, are

covered externally by thin and membranous ones, which form a
%
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covering or tunic to them, and hence the name Umicated or

coated, which is applied to it. In the scaly, or naked bulb as

it is also called {fig. 216), the whole of the scales of which it

is composed are thick and fleshy, and overlap each other like

the component leaves of an ordinary bud.

In the axils of the leaves of certain plants, such as some
species of Lily {fig. 218), the Coralwort {Dentaria bidbifera),

and Pilewort {Ranunculus Ficaria), small conical or rounded
•fleshy bodies are produced, which are of the nature of bulbs,

and are hence called Aerial bulbs from their position, or from
their small size, bulbils or bulblets. They differ from ordi-

nary buds in their fleshy nature, and by spontaneously sepa-

rating from their parent, and producing new individuals when
placed under favourable circumstances. These aerial bulbs are

not confined, as is the case with true bulbs, to Monocotyledo-
nous Plants (as may be seen by the examples given).

The young bulbs which are developed in the axils of the

scales of subterranean bulbs either remain attached to their

parent, which they commonly destroy by absorbing all its

stored-up nutriment ; or they become separated in the course of

growth, and form independent plants.

d. The Corm,—This form of stem, like the true bulb, is only

found in Monocotyledonous Plants, as, for example, in the Colchi-

Fig. 219. Fig. 220.

Fig. 219. Corms of Crocus sativtis. a, b. Tlie new corms, arising from c,

the apex of the old or parent corm. Fig. 220. Section of the former.

<

cum {fig. 221), and Crocus {figs. 219 and 220). It is an enlarged
solid subterranean stem, of a rounded or oval figure, and com-
monly covered externally by thin membranous scales. By some
botanists it is considered as a kind of bulb, in which the stem
or axis is much enlarged, and the scales reduced to thin mem-
branes. Practically a corm may be distinguished from a bulb
by its solid nature, the bulb being formed of imbricated scales.

The corm is known to be a form of stem by producing from its
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surface one or more buds, as in the Crocus {figs. 219, a, b, and

220), where they proceed from the apex, and ultimately destroy

their parent by feeding upon its accumulated
Fig. 221. nutriment. These new corms, in a future

year, also produce others near their apex,

which by developing at the expense of their

parents destroy them in like manner, and
these again form other corms by which they

are themselves destroyed. In this manner
the new" corms, as they are successively deve-

loped come gradually nearer and nearer to

the surface of the earth. In the Colchicum

{fig. 221), the new corm a'", is developed on
one side of the old corm, near its base. This

feeds upon its paient, and ultimately destroys

it, and is in like manner destroyed the next

year by its own progeny. Thus, in taking up
such a corm carefully, we find {fig. 221), a,

Fig. 221. Colchicum. the shrivelled corm of last year ; and a", that

a.^shrfveiied^^re- of the present season, which, if cut vertically,

mains of last year's shows a"', the corm in a young condition
corm. a". Corm of p ,

,

'
, .-,, *'

i.
•

i. u
the present year. lor the next year. Ail corms contain starch
a'".commencement or other nutritious matters, which are stored
of the corm of next r ^\. n ^ r i.u • xs?

year. up for the future use of their offspring.

Section 2. The Eoot or Descending Axis.

The root is defined as that part of the axis which at its

first development in the embryo takes an opposite direction to

the stem (hence it is termed the descending axis), avoiding the

light and air, and fixing the plant to the soil or to the substance

upon which it grows, or floating in the water when the plant

swims upon the surface of that medium. The part where the

stem and root diverge is called the neck {fig. 227, c). The axis

is here generally more or less contracted, at least in the young
plant ; but, as development proceeds all traces externally of this

point are usually destroyed, so that after a few years it becomes
very difficult, if not impossible, to discover its position. That
part of the root which joins the stem is called the base, and
the opposite extremity the apex.

We distinguish two varieties of roots, namely, the True or

Primary, and the Adventitious or Secondary.

1. True or Primary Root.—The true root, which can only

exist in Dicotyledonous plants (see page 120), is formed at first

by additions made within the extremity of the radicle of the

embryo ; and the mode in which it takes place may be thus

stated :—GroM'th commences by the multiplication of cells by
division, just within the apex of the radicle {fig. 222, a) ; these
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•cells then elongate by their own inherent Fig. 222.

vitality, by which the tissue constituting the

apex b is pushed onwards, and gradually

perishes, or is thrown off; the innermost

of these newly formed cells then remain

unaltered, while others immediately within

the point of the root continue to multiply

by division and grow in a similar manner
to the former, by which the layer of tissue

at the apex is again pushed forward and
perishes in like manner as before; then

new growth commences as in the former

instance, to be followed by similar changes.

Roots do not grow, therefore, throughout p^g_ 222. Young root of

their entire length like stems, but only a Maple magnified, a.

SI within their extremities, which are con- i^^lkuig phf/e^. ^b^TUe
tinually pushed forward and renewed. Thus original extremity,

the apex of the root is always clothed by a ^^ ^^^'

layer of denser tissue than that which is within it. This layer

is termed by some botanists the pileorhiza. It forms a sort of

protecting shield to the young extremity of the root. The ex-

tremities of the root were formerly regarded as special organs,

and called spongioles or spongclets {fig. 223, sp), under the idea

that they absorbed fluid for the use of the plant, in the same
manner as a sponge sucks up water. But it will be seen from

the above description of the growth of roots that such structures

(-

V

Fig. 223. Fig. 224.

V

i^fif. 223. Highly magnified vertical section of an Orchis root. sp. So-
called spongiole. c, c. Parenchymatous cells, fv. Wood-cells and vea-
selB. Fig. 224. Fibrils or root-hairs on the surface of a young root.

I
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have no existence. Roots increase in diameter by the forma-

tion of annual layers of wood, in the same manner as stems.

At first the elongating growing extremities of the root consist

entirely of parenchymatous cells {figs. Til, a, and 223, c); wood-

cells and vessels {fig. 223, fv,) however soon make their ap-

pearance, and are constantly added to below by the new tissue

formed as the root continues to lengthen. When the root is fully

developed, these vessels and wood-cells generally form a central

mass or wood, in which there is commonly no pith, and no medul-

lary sheath. The medullary rays, however, exist as in the stem

;

and externally there is a true bark, which is also covered when
young by a modified epidermis without stomata {fig. 224), which,

as we have seen, is sometimes called epiblema (p. 48). This

epiblema is also furnished with hair-like prolongations, which

are commonly termed fibrils ov fibrillcs {fig. 224). These fibrils

'are especially evident upon young growing roots, and as these

advance in age they perish, while the tissue from which they

were prolonged becomes at the same time harder and firmer, and
is converted gradually into epiphlceum.

Eoots have no leaves, and normally no buds, hence they have,

s we have seen, no provision for regular ramification ; but they

appear to divide and subdivide according to circumstances, with-

out any order ; hence while the branches of the stem have a more

or less symmetrical arrangement, as already described, those of

the root are unsymmetrical. The branches of the root are thus

merely repetitions of the original axis from which they are

developed, and grow in a similar manner, and like it, have com-

monly neither buds nor leaves. To this, however, there are many
exceptions, for although the root has no power of forming regu-

lar buds, yet adventitious buds may be formed upon its surface,

in the same manner as we have seen that under certain circum-

stances they may be produced from any parenchymatous tissue.

The power which the root thus possesses of forming adventitious

buds may be observed in the Plum-tree, the Pyrus japonica, the

Moutan Pseony, the Japan Anemone {Anemone japonica), and
in many other plants. The latter plant exhibits this tendency

in a remarkable degree.

From the above general description which has been given of

the growth, structure, and characteristics of the true root, we find

that the chief distinctive characters between it and the stem

may be summed up as follows :— 1st, The tendency of the root at

its first formation to develop in an opposite direction to the stem,

and thus withdraw from the light and air. 2nd, The root does

not grow throughout the entire length of its newly formed parts

like a stem, but only by additions within its apex. 3rd, the root

under ordinary circumstances has no pith or medullary sheath.

4th, It has no true epidermis with stomata, but in place of this

an integument composed of cells without stomata, to which the
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name of epiblema has been given. 5th, It has no leaves, or

Jr scales which are modified leaves. 6th, It has no regular buds,

I and has consequently no provision for a regular ramification.

T"^ 2. Adventitious or Secondary Eoot.—This name is ap-

plied to all roots which are not produced by the direct elonga-

tion of the radicle of the embryo ; because such roots, instead

of proceeding from a definite point as is the case with the true

or primary root, are, to a certain extent at least, accidental in

their origin, and dependent upon favourable external circum-

stances for their development. All branches of a true root, ex-

cept those originally produced from its apex, are of this nature, as

are also those of the diflferent modifications of stems, such as the

rhizome, runner, sucker, stolon, corm, bulb, &;c. ; those of slips

and cuttings of plants, &c. ; and those of all Monocotyledonous

and Acotyledonous Plants. In some plants also roots are deve-

loped from the stems or branches of plants in the air, and are

hence called Aerial Eoots. These are also necessarily of an

adventitious nature.

The adventitious roots of Monocotyledonous plants make their

first appearance as little more or less conical bodies in the

substance of the parenchyma ; these soon break through the tissue

which envelopes them, and appear externally, at first as parenchy-

matous prolongations, but ultimately they have a similar structure

Fig. 225. Fig. 226.

Fig. 225. Germinating embryo of the Oat. r. Rootlets, each with a sheath
(coleorliiza), co, at its base. c. Cotyledon, g. Youug stem. Pig.
226. Magnified plants of the L' sser Duckweed (Lemna minor), with
the roots covered by a sheath (jiilecnhiza.)



Ill ORGANOGRAPHY.
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Fig. 227.

to that of a monocotyledonous stem. Where they break through

they are surrounded at the base by a kind of sheath or collar called

the coleorhiza {fig. 225, co). They also grow by additions within

their extremities like true roots, and are terminated like them
by what has been termed a pileorhiza. In the Screw Pine, and

in some other adventitious aerial roots, the pileorhiza may be

well seen in the form of a calyptra or cap-like covering at the

extremity of each root. The pileorhiza of a monocotyledonous

root, like that of a true root, is commonly thrown oflf as develop-

ment takes place behind it ; but in certain aquatic plants, as

in the Duckweed {fig. 226), it is persistent, and appears in the

form of a long sheath over the end of the root ; and is continually

pushed onwards by the development of the cells within the apex.

Some botanists regard this structure as diiferent in its origin

and characters to the ordinary pileorhiza; in fact, they limit the

term pileorrhiza to it.

The adventitious roots of Dicotyledonous plants arise in a

somewhat similar manner to those of Monocotyledons, making
their first appearance as little conical bodies in the neighbour-

hood of the cambium layer, and ultimately breaking through

the bark and appearing on the

surface. They also grow by additions

within their extremities, and each is

protected by a pileorhiza, and has

at its base a coleorhiza. They haA'e

under ordinary circumstances a simi-

lar structure to that of true roots.

Adventitious roots generally, like

true roots, have no leaves or buds,

and when subterranean, have no
epidermis furnished with stomata;

hence when derived from Dicotyle-

dons, they are distinguished from
the stem by the same characters as

the true root. The adventitious roots

of Monocotyledons and Acotyledons

have a similar structure to their re-

spective stems, as will be afterwards

noticed ; but in other respects, when
exposed to similar influences, they

present the same distinctive cha-

racters from the stem as other roots.

Aerial roots are, however, from their

point of union betweenTtem exceptional position, frequently fur-
and root t The stem. /, /. nigged with a true epidermis and
Leaves. &, h. Buds.

,
, -^

,

.

^
stomata, and are sometimes oi a

green colour ; but in other respects they resemble other adven-

titious roots.

Fig. 227. Lower part of the
stem and root of the common
Stock, r. The tap-root with
Its branches, c. The neck or
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The true or primary root, from its being formed by a direct

elongation of the radicle, generally continues to grow downwards
for some time at least, and hence forms a main trunk or axis

from which the branches are given o^{fig. 227). Such a root

is termed a tap-root, and may be commonly observed in Dicoty-

ledonous Plants. On the contrary, the roots of Monocotyledonous

and Acotyledonous Plants, which are adventitious, are usually

of nearly equal size, and given off in variable numbers from
the radicle {fig. 225, r). Some adventitioxis roots, such as those

called aerial, require a more particular notice.

Aerial Roots.—The simplest forms of such roots are seen in the

Ivy {fig. 195) and some other climbing plants. In these plants

they are simply intended for mechanical support, and not to ob-

tain nourishment for them : this they obtain by their ordinary

Fig. 228.

s^Fn,-.CN:s

mmm
Fig. 228. The Banyan Tree {Ficus indica).

roots fixed in the soil. From some recent experiments how-
ever, on the Ivy, it is probable that some nutriment at least

may be taken up by these roots. In other plants, however, the

aerial roots which are given off by the stems or branches descend
to the ground, and fixing themselves there, not only act as

mechanical supports, but also assist the true root in obtaining

nourishment. Such roots are well seen in the Screw-pine {Pan-
daniis odoratissimus) {fig. 170, 2.) in the Banyan or Indian
Fig-tree [Ficus indica) {fig. 228), and in the Mangrove tree

{Rhizophora Mangle) {fig. 229). In the latter tree these aerial
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Fig. 229. roots frequently form the

entire support of the stem
in consequence of this de-

caying at its lower part.

Epiphytes or Air-plants.

—In these plants none but

aerial roots are produced,

and as these never reach

the soil they cannot ob-

tain any nourishment from
it, but must draw their

food entirely from the air

in which they are de-

veloped, hence the name
of air -plants which is

applied to them. They
ire also called epiphytes

"because they commonly
grow upon other plants.

Most Orchids {fig. 230)
Fig. 229, The Manprove Tree (Rhizophora and Tillandsias aiford US

^'"'^^'^-
illustrations of epiphy-

tical plants. The roots of such plants are commonly green,

and possess a true epidermis and stomata ; in such particulars,

Fig. 230.

Fig. 230. Orchidaceous Plants, to show their mode of growth, a, a. Aerial
roots, b, b. Pseudobulbs.

therefore, aerial roots present exceptions, as already noticed, to

what is commonly observed in other roots. The roots of most
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Orchids have also a layer of usually very delicate cells filled

with air over the true epidermis, to which the name of root sheath

has been applied by Schleiden, who also calls such roots coated

roots.

Besides these epiphytical plants there is another curious class

of plants which also grow upon others, which are called parasites.

Parasites.—These are plants which not only grow upon others,

but which, instead of sending their roots into the air and deriv-

ing their nourishment from it, as is the case with the epiph}i;es,

send them into the tissues of the plants upon which they grow,

and obtain their nourishment from them. The Mistletoe
( Vis-

cum album), Broom-rapes {Orobanche), Dodders (Ci(scuta), {fig.

231), Eafflesia Arnoldi {fig. 232), may be
J^tg. z6l.

cited as examples of such plants. These

parasites are of various natures ; thus

some have green foliage, as in the Mistle-

toe, while others are pale, or possess

other tints than green, as the Broom-
rapes and Eafflesia. The latter plant is

especially interesting as it produces the

Fig. 232.

Fig. 231. Cusruta or Dodder Plant. Fig. 232. Flower
and flower-bud of Eafflesia A-nioldi, a parasitic
plant of Sumatra.

largest flowers of any known plant : thus the first flower that

was discovered measured nine feet in circumference, and weighed

fifteen pounds.

Parasitical plants also vary in the degree of their parasitism
;

thus the Mistletoe and the greater number of parasites are

entirely dependent upon those on which they grow for their

nourishment ; while others, as the Dodder, obtain their food at

first by means of the ordinary roots contained in the soil, but

after having arrived at a certain age these perish, and they then

derive it entirely from the plants upon which they grow ; others

again continue throughout their life to derive a portion of their

nourishment by means of roots imbedded in the soil.

We have now described the general characters and structure

of the trice or primary root, and the adventitious or secondary root.
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We have in the next place to allude to certain differences which
roots present depending upon their duration. Roots are thus
divided into annual, biennial, and jpenwiial.

1. Annual Roots.—These are produced by plants which grow
from seed, flower, and die the same year in which they are

developed. In such plants the roots are always of small size,

and either all spring from a common point, as in annual Grasses

{fig. 233) ; or the true root is small, and gives off from its sides

a number of small branches. Such plants, in the process of

flowering and maturing their fruits and seeds, exhaust all the

nutriment they contain, and thus necessarily perish.

2. Biennial Roots.—These are produced by plants M'hich

spring from seed one year, but which do not flower and ripen

their seeds till the second year, when they perish. Such roots

are commonly enlarged in various ways at the close of the first

season, in consequence of their tissues becoming gorged with
nutritious matters stored up for the support of the plant during

its flowering and fruiting the succeeding season. The Carrot

{fig. 241) and Turnip {fig. 243) afford us good examples of

biennial roots.

3. Perennial Roots.—These are the roots of plants which live

for many years. In some such plants, as the Dahlia {fig. 237),

Orchis {fig. 235), the roots are the only portions of the plant

which are tlius perennial, their stems dying down to the ground
yearly. Such perennial roots are either of woody consistence,

or more or less fleshy as in those of biennial plants. In the case

of fleshy roots such as the Dahlia and Orchis, the individual roots

are not in themselves perennial, but usually perish annually ; but
before doing so, they produce other roots from some point or

points of their substance, hence the whole root is perennial,

although any particular portion may perish. Woody roots are

commonly perennial in themselves, and are not renewed.

We have seen in treating of the stem that that organ possesses

certain differences in its internal stmcture in the three great

classes of Dicotyledonous, Monocotyledonous, and Acotyledonous
Plants. The roots of such plants in like manner possess similar

distinctive structural characters, and also some others, which,
although generally referred to previously, had better be briefly

summed up here.

1. The Root of Dicotyledonous Plants.—The roots of

these plants are formed, as we have seen, by the direct elonga-

tion of the radicle of the embryo. Such a mode of root-develop-

ment has been called exorkizal, and a root thus formed is called

a inie root.

It follows from this mode of development that Dicotyledonous

Plants have generally a tap-root or descending axis {fig. 227)
from which branches are given off in various directions, in

the same manner as such plants have also an ascending axis or
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stem from which the branches arise. These tap-roots do not,

however, commonly descend far into the ground, but their

branches become much developed laterally ; in some cases even

more so than those of the stem, while in others they are less so,

as is especially the case in plants of the Gourd tribe, and com-

monly in all succulent plants.

In its internal structure the root resembles the stem except

that it has no pith or medullary sheath, so that the woody part

. forms a central axis. This absence of pith and medullary sheath

'^ is general in herbaceous plants, but there are some trees, as, for

instance, the Walnut and Horse-chestnut, where the pith is pro-

longed downwards for some distance into the root.

2. The Eoot of Monocotyledoxous Plants. — In these

plants the radicle does not itself become prolonged to form the

root, but it generally gives off above its base one or more branches

of equal size, which separately pierce the radicular extremity of

the embryo, and become the roots (Jiff. 22b, r); each of these roots

is surrounded at its base, where it pierces the integuments, with a

* kind of cellular collar, termed the coleorhiza {fig. 225, co). Such

a mode of root-development has been termed endorhizal. The
- roots of Monocotyledonous Plants are therefore to be regarded

* as adventitmis or secondary.

From their mode of development it rarely happens that the

plants of this class have tap-roots, but they have instead a

variable number of roots of nearly equal size {fig. 225, r), which

are accordingly termed comjyound. There are, however, excep-

tions to this, as for instance in the Dragon-tree {fig. 178), which

has an axis resembling the ordinary tap-root of Dicotyledonous

Plants.

Aerial roots are much more common in Monocotyledonous than

in Dicotyledonous Plants. We have already referred to them
in the Screw-pine {fig. 170, 2), and other plants. In many
Palms they are developed in great abundance towards the base

of the stem, by which this portion assumes a conical ap-

pearance, which is at once evident by the contrast it presents to

the otherwise cylindrical stem of such trees. In its internal

structure the root of a Monocotyledon corresponds to that of

the stem in the same class of plants.

3. The Koot of Acotyledonotjs Plants.—Such plants, as

^ we have seen, have no true seeds containing an embryo, but are

propagated by spores, which develop roots indifferently from any
part of their surface, and hence have been called heterorhizal.

Such roots are therefore all adventitious ; and resemble those

of monocotyledonous plants in being compound. When the

stem has become developed it soon gives origin to other ad-

ventitious roots, by which such plants are chiefly supported.

Hence aerial roots are very common in Aeotyledons, as in 3Iono-

cotyledons. In Tree-Ferns also, as in many Palms, these roots
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are so abundant at the base of the stem, that they sometimes

double or triple its thickness {fig. 13, ra), and hence give to

the lower part of such stems a conical form. The internal

structure of the root of acotyledonous plants in all essential cha-

racters resembles that of the stem.

Forms of Roots.—When a root divides at once into a number

of slender branches or rootlets, or if the primary root is but little

enlarged, and gives off from its sides a multitude of similar

branches, it is called fibrous. Such roots occur commonly in

Fig. 233.

Fig. 234.

Fig. 233. Fibrous root of a Grass. Fig. 234. Coralline root.

annual plants, and may be well seen in annual Grasses {fig. 233),

and in bulbous plants {figs. 216 and 217).

Coralline Root.—This name is applied to a root which consists

Fig. 236.

Fig. 235

^

Fig. 233. Tubercular roots of an Orchis. Fig. 236. Palmated tubercules

of an Orchis.
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of a number of succulent branches of nearly equal size, and ar-

ranged like a piece of coral {fig. 234), as in Corallorrhiza innata.

Tuberculated Root.—-When some of the diAnsions of a root

become enlarged so as to form more or less rounded or egg-

shaped expansions {fig. 235), the root is said to be tuberculated,

and each enlargement is called a ticbercule. Such a root occurs

in various terrestrial Orchids, the Jalap plant, &c. These tuber-

eules must not be confounded wdth tubers, which have been
already described as subterranean modifications of the stem.

The presence of eyes or buds on the latter at once distinguishes

them. In many Orchids, as for instance the Orchis maculata, the

tubercules are di^dded at their extremities, so that the whole
resembles the human hand {fig. 236); they are then said to be
palmated, and the root is also thus termed.

Fascicidatcd, Clustered, or Tufted Root.-—These names are

applied indifferently to a root which consists of a number of

Fig. 237. Fig. 238.

/-

Fig. 237. Fasciculated roots of the Dahlia. Fig. 238. Nodulose root of
the common Dropv/ort {SpircBa Filipendula).

tubercules or fleshy branches arising from a common point, as in

the Dahlia (j?^. 237), and Bird's-nest Orchis {Neottia ]S'id2(s-avis).

Nodulose, Annulated, and Moniliform or Necklace-shaped
Roots.— These terms are applied to roots which are expanded
only at certain points. Thus, when the branches are enlarged
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^

Fig. 239. irregularly towards the ends, as in the

common Dropwort {Spireea Filipendula),

the root is nodulose (fig. 238) : when the

branches have alternate contractions and
expansions, so as to present a beaded
appearance, as in Pelargonium triste, the

root is moniliform, necklace-shaped, or

beaded {fig. 239) ; and when the root has
a number of ring-like expansions on its

surface, as in Ipecacuanha {Cephaelis

Ipecacuanha), it is annulated {fig. 240).

The above forms of roots, with few ex-

ceptions, are those which are commonly-
observed in plants which have no true

tap-root. Those which have now to be
described owe their peculiar forms to modi-

Fig. 239. Moniliform root,
fi.^tions of this latter kind of root.

Conical Root.—When a tap-root is broad at its base, and tapers

Fig. 240. Fig. 241.

Fig. 240. Annulated root of Ipecacuanha (Cephaelis Ipecacuanha).
Fig. 241. Conical root of the conamon Carrot.
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towards the apex, it is termed conical (Jiff. 241). The roots of

Monkshood {Aconitum Napellus), Parsnip [Pastinaca sativa), and
Carrot (Daticus Carota), are familiar examples of this form of

root.

Fusiform or Sjpindle-shaped Boot.—This term is applied to a

tap-root which swells out a little below its base, and then tapers

upwards and downwards (fig. 242). The common Eadish
[Baphanus sativus), and the Beet (Beta vulgaris) may be taken

as examples.

Napiform or Turnip-shaped Boot.—This name is given to a

root which is much swollen at its base, and tapers below into a

long point, the whole being of a somewhat globular form (fig.

243). It occurs in a variety of the common Eadish, which is

hence called the Turnip-radish; in the common Turnip (Bras-

sica Napus), and in other plants. When what would be otherwise

a napiform root becomes compressed both at its base and apex

Fig. 242.

Fig. 243. Fig. 244.

Fig. 244. Placentlform root.

Fig. 242. Fusiform root of the common Radish.-

—

Fig. 243. Napiform
root of the Turnip.

so that it has no tapering extremity, it is said to he placentiform
{fig. 244). It occurs in the Sow-bread {Cyclamen europceum).
The recent researches of botanists have shown that the so-
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called roots of the Eadish, the Turnip, the Cyclamen, and
probably some others, are really enlarged stems. We have, how-
ever, placed them here, in accordance with the commonly accepted

views of their nature, and on account of their importance in

practical botany. The two next described forms of roots are also

more properly rhizomes, but it is convenient to notice them
here, and so long as their nature is indicated no confusion can

arise.

Contorted or twisted Boot.—When a tap-root, instead of pro-

ceeding in a more or less straight direction, becomes twisted, as

in the Bistort {Polygonimi Bistorta), {fig. 245), the root is said

to be contorted or twisted.

Fremorse Boot.—When the main root ends abruptly, so as to

Fig. 245. Fig. 246.

Fig. 245. Contorted root of Bistort (Polygonum Bistorta). Fig. 246.

Prsemorse root of the Devil's-bit Scabious iScabiosa succisa).

present the appearance of having been bitten off, it is called

an abrupt, tnmcated, or frmmorse root {fig. 246). We have

a good example of this form of root in the Devil's-bit Scabious

[Scabiosa succisa), which received its common name from a

superstitious opinion connected with this peculiar bitten-off

appearance of the root.

Section 3. The Leaf.

1. GENERAL DESCRIPTION AND PARTS OF THE LEAF.

The leaf may be defined as a lateral development of the par-

enchyma of the circumference ofthe stem or branch. In the lowest

leaf-bearing plants, as Mosses, this is its ordinary structure ; but in
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the higher classes of plants the leaf usually contains, in addition

to the parenchyma, a framework or skeleton, consisting of wood-
cells or liber-cells, or both, and vessels, and all its structures

are in direct connexion with similar parts of the fibro-vascular

system of the stem. We distinguish therefore, in such leaves,

as in the stem, both a parenchymatous and a fibro-vascular

system,—the former constituting the soft parts, or the paren-

chyma of the leaf; the latter, the hard parts, which act as a

mechanical support, and which, by their ramification, form what
are called veins or nerves.

The part of the stem or branch from which a leaf arises is called

a node, and the space between two nodes an internode. The
portion of the leaf next the stem is termed its base, and the oppo-

site extremity the apex. The lines connecting the base and apex
of the leaf are called the margins. The leaf is commonly of a
flattened nature, and has two surfaces ; but when the parenchyma
is greatly developed the leaf becomes thick and fleshy, and is

said to be succulent, and, in such cases, it has frequently more than

two surfaces. The terms upper and lower are applied to the

two surfaces of ordinary leaves, because in by far the greater

number of plants, such leaves are placed horizontally, so that one
surface is placed upwards, and the other downwards. We shall

find however hereafter, that there are certain leaves which are

placed vertically, as those of some species of Acacias and Eu-
calypti, in which case the margins are turned upwards and
downwards instead of the surfaces. The angle formed by the

yunion of the upper surface of the leaf with the stem is called

V the axil, and everything which arises out of that point is said

L^to be axillary; or, if from the stem above, or below the axil,

/^ it is extra-axillary ; or, as more generally described when above,

)( supra-axillary ; if below, infra-axiUary.

The leaf varies as regards its duration, and receives different

(names accordingly. Thus, when it falls soon after its appear-

ance, it is said to be fugacious or caducous ; if it lasts through-
out the season in which it is developed, it is deciduous or annual

;

or if beyond a single season, or until new leaves are developed,

So that the stem, is never without leaves, it is persistent, ever-

green, or perennial.

When a leaf separates from the stem, it either does so by
/decaying upon it, when it is said to be non-articidated, or by an

articulation, in which case it is articidated. The remains of a
non-articulated leaf, as they decay upon the stem, are some-

\ times called reliquicB or induvice; and the stem is said to be

\ induviate. When a leaf separates by an articulation, it leaves a
scar or cicatrix.

The leaf in the highest state of development, consists of three
i distinct parts ; namely, of an expanded portion, which is usually

J more or less flattened {fig. 247, 1), called the lamina, blade, or

X
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Fig. 247. Fig. 248.

Fig. 248. Leaf and portion of a branch
ot Salix aurita. r. Branch. &. Bud. /.

Lamina with the upper portion re-

moved, and attached by a petiole, p,
to the stem, s, s. Caullnary stipules.

Fig. 247. Leaf and piece of the stem of Polygonum ffydropiper.
I. Lamina or blade, p. Petiole, d. Sheath or vagina.

limb ; of a narrower portion, by which the lamina is connected
with the stem, called the petiole or leaf-stalk (p) ; and of a por-
tion at the base of the petiole, or of the lamina if the petiole is

absent, which either exists in the form of a sheath or vagina (d)

encircling the stem, or as two little leaf-like appendages on each
side, which are called stipules (Jig. 248, ss).

Fiq. 249. These three portions are by no means
always present, though such is fre-

quently the case. Thus, the leaves of

the Water Pepper {Polygonum Hydro-
piper) {fig. 247), and of the Trailing

Sallow {Salix aurita) {fig. 2^%), may be
taken as illustrations of the most highly

developed leaves, namely,—those in

which all the parts are found ; but
in many plants one of these parts is

absent, and in some two, so that the

leaf is then reduced to but one of its

portions only. The petiole, and the

sheath or stipules of the leaf, are those

parts which are more generally absent.

When the petiole is absent, the leaf is

said to be sessile {fig, 260) ; when the

stipules are absent, it is exstipulate.

The lamina or blade is that part which

Fig. 249.-Compound leaf of js most commonly present.
_

The leaf

Robinia, with spiny stipules is called simple if there is but one
^' ^^' ''^^^-

blade {fig. 247), or compound if this is

divided into two or more separate parts ( fig. 249.) The lamina
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6f the leaf is usually that part also which is most developed,

which performs the more important functions of the leaf, and
which is also in ordinary language known under the name of leaf.

It is the part, therefore, which will come more particularly

under our notice. Before proceeding however to describe it and
the other parts of the leaf separately, it will be necessary to

treat of the internal structure of leaves, and of their insertion

and arrangement.

2. THE IKTERNAL STRUCTURE OF LEAVES.

In describing leaves with reference to their structure we
divide them into two kinds, namely, aerial and submerged; by
the former, we understand those that are produced and live

entirely or partially in the air; by the latter, those that are

formed and dwell wholly immersed in water.

1. Aerial Leaves.—In the lowest leaf-bearing plants, such as

Mosses, as already noticed, the leaves consist simply of paren-

chymatous tissue, formed by the growing outwards of the paren-

chyma of the circumference of the stem or branch ; while in the

majority of the higher plants they contain, in addition to this

parenchyma, a framework or skeleton formed of wood-cells or

liber-cells, or of both these tissues, and vessels of diflferent

kinds, which are in direct connexion with corresponding parts of

the fibro-vascular system of the stem. We distinguish there-

fore, in such leaves, as in the stem—both a parenchymatous and
a fibro-vascular system—the former constituting the soft parts

or the -parenchyma of the leaf ; the latter the hard parts, which
by their ramification form what are called veins or nerves.

The whole of the leaf is clothed by the epidermis, which is

commonly furnished with stomata in the manner already de-

scribed. The stomata are, however, almost confined to that

portion of the epidermis which corresponds to the parenchyma
of the leaf. The epidermis is also furnished with various ap-

pendages, as Hairs, Grlands, and their several modifications.

These, together with the epidermis, have been already fully

described under their respective heads : we have now therefore

only to allude to the fibro-vascular system and parenchyma
which are situated between the epidermis of the upper and
lower surfaces of the leaf.

a. Fibro-vascular System.—This is in direct connexion with
that of the stem in the three great classes of plants respectively.

We shall direct our attention more especially to that of the

leaves of Dicotyledonous Plants.

The fibro-vascular system is in by far the majoi'ity of cases

double, that is, it consists of an iipper layer which is in con-

nexion with the woody system of the stem {^fig. 250, t, x\ f) ;

and a lower which is continuous with the liber (l). The upper
K
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Fig. 250.

layer therefore corresponds in its structure to the wood, and the
lower to the liber; hence the former is composed of spiral and

pitted vessels in perennial plants,

and of spiral and annular or some
other vessels in herbaceous plants,

and also in all cases of wood-
cells, besides the vessels ; while

the latter consists essentially of

liber-cells and latieiferous vessels.

To whatever extent the fibro-vas-

cular system may branch, each divi-

sion of the upper layer accurately

corresponds at its apex with a
similar division of the lower. This

double layer of the fibro-vascular

system is readily seen in what are

called skeleton leaves, namely, those

in which the parenchyma between
the veins has been destroyed by
maceration in water, or by other

means ; thus the leaves lyin^ in a
^Jfl'. 250. Fibro-vascular bundle pass- i „ ,Ti.„i, •„ 4.1 -^^.^^ ™:n „^
ingfrom a branch, 6, of an herba- damp dltch m the Winter Will af-

ceous Dicotyledonous Plant into ford US ffood illustrations of these

;

the petiole, «. a. Articulation be- j • -i i 1. 1

tween the petiole and the branch and Similar leaves may be also
from which it arises, t, t. Spiral ves- artificially prepared by macerating
sels. 1;,^. Annular vessels./,/. Wood- ,• r J^ • 1. J • -j
cells or fibres. I, I. Liber-cells. them for a suflicient time in acidu-

lated water, and in other ways.
Although the fibro-vascular system of a leaf is in general only

double, instances do rarely occur in which three layers of veins

have been found, as in the leaves of Theopkrasta Jtissiai. The
ramification of the fibro-vascular system in the lamina of the

leaf forming the veins or nerv^es, will be described presently un-
der the head of venation.

b. Parenchyma.—By this we understand the parenchymatous
tissue which is situated between the epidermis of the upper and
lower surfaces of the leaf, and which surrounds the ramifications

of the fibro-vascular system (^fig. 252, fv). It varies in amount
in different leaves ; thus in ordinary leaves it is moderately

developed, and the leaves are then thin and flattened ; while in

other leaves it is formed in large quantities, when they become
thick and fleshy, and are termed succulent. In ordinary flat

leaves all the cells composing the parenchyma are commonly
green from containing chlorophyll ; but in succulent leaves the

' cells in the centre of the parenchyma are usually colourless.

The parenchyma also varies in the form and arrangement of

its component cells in diiFerent parts of the same leaf; thus in

ordinary flat leaves we find beneath the epidermis of the upper
surface one (Jig. 251), two, or three layers of oblong blunt cells
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Fig. 251.

( fig. 252, ps), placed perpendicularly to the surface of the leaf

;

these cells are also placed closely against each other, and have
no intervals but those formed by
the unequal contact of such cells,

except where stomata occur, 5^,when

spaces may be observed, m, m, by
which a communication is kept up
between the external air and the

interior of the leaf. The form and
arrangement of the cells beneath
the epidermis of the lower surface

ei, are entirely different, thus here

the cells, pi, are loosely connected

and. have numerous large spaces, 1 1,

between them; they are also fre-

quently very irregular in form, pre-

senting commonly two or more pro- y-

jecting rays {fig. 251), which be-
'

come united with similar projec-

tions of the cells next them, and
thus leave between them numerous
spaces which communicate freely

with each other, and form a cavernous or spongiform paren-

Fig. 252.

^^^liPliirTiFiF^fPSPfF^^
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chyma. These spaces are also connected with the stomata,

which, as we have already seen, are generally most abundant on
the epidermis of the lower surface, and thus a free communica-
tion is kept up between the interior of the leaf and the external

air, which is essential to the due performance of its functions.

Such is the general arrangement of the parenchyma of leaves,

but it is subject to various modifications in the leaves of differ-

ent plants. Thus in those leaves which have their margins
turned upwards and downwards instead of their surfaces, the
arrangement of the parenchyma is similar beneath both the sur-

faces ; while in succulent leaves the parenchyma is composed of

cells which are usually larger than those of ordinary leaves, and
closely compacted, or with but few interspaces. Other modifica-

tions of the parenchyma may also be found in different plants,

but these are of little importance.

2. Submerged Leaves. — These are entirely made np of

parenchyma, the veins being composed simply of more or less

elongated parenchymatous cells. Such leaves are generally very
thin, only containing two or three layers of cells, so that all the

cells are nearly in contact with the water in which the leaves are

placed. The cells are disposed very regularly and have no inter-

spaces, but all contain chlorophyll. In submerged leaves however,
which are thickened, we find large cavities which are very regu-

lar intheir form and
arrangement {fig.

253, m). These con-

tain air, by which
the specific gravity

of the leaf is dimi-

nished, and it is

thus enabled to float

in the water. Sub-
merged leaves have

Fig. 253. Vertical section of a leaf of a Potamogeton, ^ onirlprTTifll
highly magnified. ?, i. Air cavities, r. Parenchy- f^" ^^'^^ epiuermai
matous cells containing chlorophyll. layer, and no sto-

mata, both of which would be useless from their being always

exposed to similar hygrometric conditions.

3. INSERTION AND ARRANGEMENT OF LEAVES.

1. Insertion.—The point by which a leaf is attached to the

stem or branch is called its insertion. Leaves are inserted on
various parts of the stem and branches, and receive different

names accordingly. Thus the first leaves which are developed

are called cotyledons {fig. 15 c, c), mirsing, or seminal; the

latter term however is a bad one, because it would indicate

that these are the only leaves that exist in the seed, which is
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not the case, as the gemmule or plumule {fig. 14, n) also pos-
sesses rudimentary ones. The cotyledons are usually very dif-

ferent in their appearance from the ordinary leaves which succeed
them. The first leaves which appear after the cotyledons are
te,rm.Qdi primordial {fig. 15, d,d) ; these, and the cotyledons, gene-
rally perish as soon as, or shortly after the development of the
other ordinary leaves. The latter are called radical, when they
arise at, or below the surface of the ground, and thus apparently
from the root, but really from a shortened stem, or croxon of the

root as it is commonly called. Leaves are thus situated in what
are termed acaulescent plants, such as the Dandelion and Prim-
rose. The leaves which arise from the main stem are called

cauliiie ; those from the branches raraal ; and those from the
base of, or upon the flower-stalks, floral leaves or bracts.

When a leaf arises from the stem by means of a petiole it is

said to be stcdked or petiolate {fig. 248, p) ; when the blade of a
leaf is fixed to the petiole by a point more or less within its

margin, as in the Indian Cress {fig. 254), and Castor Oil plant

{fig. 306), the leaf is peltate or shield-shaped; when the petiole

is absent, so that the blade arises directly from the stem, it is

said to be sessile {fig. 260) ; when a leaf is enlarged at its base
and clasps the stem from which it springs, it is amplexicaul or

emhracing, as in Fool's Parsley {jig. 255), or if it forms a

Fig. 254.

'Fig. 254. Peltate leaf of the
Indian Cress (Tropreohtni.)
Fig. 255. Amplexicaul petiole
of Angelica.

complete sheath around it, as in Grasses generally {figs. 256
and 348,^), it is said to be sheathing; when a leaf is prolonged
as it were from its base, so as to form a winged or leafy appen-
dage down the stem, as in Thistles, it is decurrent {fig. 1bl)\
when the two sides of the base of a leaf project beyond the
stem and unite {fig. 258), as in the Hare's-ear {Bupleurum per-
foliatum) and Yellow-wort {Chlora perfoliata), it is fcrfoliatej



134 ORaANOGEAPHY.

because the stem then appears to pass through the leaf; or

when two leaves placed on opposite sides of the stem unite by
their bases they are said to be connate {fig. 259), as in the

Teasels (JD/psacus fidlonum and sylvestris) and some species of

Honeysuckle {Lonicera Caprifoliimi).

2. Arrangement of Leaves on the Stem or Phyl-
i>0TAXY.—When only one leaf arises from a node, the leaves as

they succeed each other are placed alternately on different sides

of the stem, and are then said to be alternate {fig. 263). This
arrangement occurs in nearly all Monocotyledonous Plants, and
in the larger number of Dicotyledons also after the first two or

three nodes are developed. WTien two leaves are produced at a
node, they are usually placed on opposite sides of the stem, in

which case they are said to be opposite {fig. 261); or when
three or more leaves arise from the stem so as to be arranged
around it in the form of a circle, they are said to be verticillate

Fig. 256. Fig. 258.

Fig. 257

1

Fig. 259.

Fig. 256. Sheathing leaf of a Grass. Fig. 257. Decurrent leaf of a species

of Thistle. Fig. 258. Perfoliate leaf of a species of Hare's-ear (Bupleu-

rum rotundifoUmn). Fig. 259. Connate leaves of a species of Honey-
suckle {Lonicera Caprifolium).

or whorled {fig. 260), and each circle is termed a verticil or

whorl. When leaves are opposite, the pairs as they succeed

each other frequently cross at right angles, in which ease they

are said to decussate {fig. 261), and the arrangement is called

decussation. When different whorls succeed each other it also
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Fig. 260. Fig. 261.

Fig, 26a Wliorled leaves of a species of GoUum. Fig. 261. Decussate
leaves of the Pimelea decussaUu

frequently happens that a somewhat similar arrangement occurs,

thus the leaves of one whorl correspond to the intervals of the
whorl below it. There are however commonly great irregu-

larities in this respect, and in some cases the number of leaves

in the different whorls vary, by which their arrangement be-

comes still more complicated. This is the case for instance in

Lysimachia vulgaris.

Only one leaf can arise from the same point, but it sometimes
happens that by the non-development of the internodes of an
axillary branch aU the leaves of that branch are brought in

contact, in which case they form a tuft ov fascicle {fig. 202), and
the leaves are then said to be tufted or fascicled. Such an ar-

rangement is well seen in the Barberry
and Larch. That fascicled leaves are

thus produced is rendered evident by
the fact, that in the young branches of

the Larch the internodes become elon-

gated and the leaves consequently sepa-

rated from each other.

The laws which regulate the arrange-

ment of leaves upon the stem have of

late years been carefully investigated

;

and when we consider that all the organs
of the plant which succeed the leaves are formed on the same
plan as them, and follow similar laws, the determination of

these laws must be considered to be a matter of much import-

ance. It has been supposed by some that the arrangement of

the leaves varies in the different classes of plants : thus, that

in Dicotyledons where the cotyledons or first leaves which are

developed are opposite, that the regular arrangement of the

Fig. 262.

Fig. 262. Fascicled or tuft-
ed leaves of tbe Larch.
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leaves in such plants is to be opposite or whorled also, and that

when they become alternate, this arises from the prolongation or
extension of the nodes : while in Monocotyledons on the con-

trary, which have but one cotyledon usually, or if more than
one, then placed alternately, that the regular position of the

leaves is alternate also, and that when they become opposite or

whorled, that this arises from the non-development or shortening

of the successive internodes. The investigations however of

Bonnet nearly a century ago tended to prove that all leaves and
their modifications have normally a spiral arrangement on the

stem ; and he was led to this belief by observing that if a line

be drawn from the bottom to the top of a stem, so as to touch

in succession the base of the different leaves upon its surface, it

would describe a spiral around it; he found also, that the

relation of the leaves to each other was constant, each being

separated from the other by an eqvial distance, so that if

we started with any particular leaf and waited until another leaf

Fig. 263.
was reached which corresponded ver-

tically with it, and then proceeded to

the leaf beyond this, we should find

that that would also correspond ver-

tically with the one next above that

which we started from, and so on each

leaf as it succeeded the other above
would be placed vertically over one of

the successive leaA'es below, but that

in all cases in the same plant the num-
ber of leaves between the one started

from, and that which corresponded

vertically with it was always the

same. Thus if we take a branch of

the Apple or Cherry-tree {Jig. 263),

and commence with any particular

Fig. 263. Aportionof ahranrh of leaf which we will mark 1, and then
a Cherry-tree, with six leaves, proceed upwards connecting in our
the sixth of which is placed i.v i <? t i

A-erticaiiy over tiie first. Tiie course the base of succeeding leaves
right-hand figure is the same by a line, or piece of string, we shall
branch niaprnifled, the leaves n i .i . in ^i i

iiaving been removed, and nnct that we Shall pass the leaves
numbers i.iaced to indicate the marked 2, 3,4, and 5, but that when
points of their insertion, i .i i i /. .i ^ ^i •

we reach the one marked 6, that this

will correspond vertically with the 1st, and then proceeding
further, that the 7th will be directly over the 2nd, the 8th over
the 3rd, the 9th over the 4th, the 10th over the 5th, and the
llth over the 6th and 1st, so that in all cases when the sixth
leaf was reached including the one started from, a straight line

might be drawn from below upwards to it, and that consequently
there were five leaves thus necessary to complete the arrange-
ment. Bonnet also discovered other more complicated arrange-
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ments in which more leaves were necessary for the purpose.

His ideas were but little attended to at the time ; hut of late

years by the researches of Schimper, Braun, Bravais, and others,

his views have been not only confirmed but considerably ex-

tended, and it has been shown that the spiral arrangement is

not only universal, but that the laws which regulate it may be

reduced to mathematical precision, the formulse representing the

relative position of leaves in different plants var}*ing, but being

always constant for the same species. The examination of

these laws any further than to show that the regular arrange-

ment of leaves and their modifications is in the form of a spiral

around the stem, having at present no practical bearing in

Botany, however interesting they may be in a mathematical

point of view, would be out of place here ; we shall confine our-

selves therefore to the general discussion of the subject, and as

alternate leaves are those which will enable us to do so with
most facility, we shall allude to them first.

Alternate Leaves.—If we refer again to the arrangement of

the leaves in the Cherry or Apple, we shall find that before we
arrive at the sixth leaf {fig. 263), which is over the first, the

string or line used to connect the base of the leaves will have
passed twice round the circumference. The point where a leaf

is thus found, which is placed in a straight line, or perpendi-

cularly over the first, shows the completion of a series or cycle,

and thus in the Cherry and Apple the cycle consists of five

leaves. As the five leaves are equidistant from each other, and
as the line which connects them passes twice round the stem,

the distance of one leaf from the other will be | of its circum-

ference. The fraction |, therefore, is the angular divergence, or

size of the arc interposed between the insertion of two succes-

sive leaves, or their distance from each other expressed in parts

of the circumference of the circle, or 360°-^|= 144° ; the nu-

merator indicates the number of turns made in completing the

cycle, and the denominator the number of leaves contained in

it. The successive leaves as they are produced on the stem,

as we have seen, are also arranged in similar cycles. This ar-

rangement of cycles of five is by far the most common in Dico-

tyledonous Plants. It is termed the qidncuncial
,
pentasticJious, or

five-ranked arrangcmcn t.

A second variety of arrangement of alternate leaves is that

which is called distichous or two-ranked. Here the second
leaf is above and directly opposite to the first {fig. 264), and
the third being in like manner opposite to the second, it is

placed vertically over the first, and thus completes the cycle,

which here consists of but two leaves ; the fourth leaf again is

over the second, and the fifth over the third and first, thus com-
pleting a second cycle; and so on with the successive leaves.

Here one turn completes the spiral, so that the angular diver-
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Fig. 264.

Tig. 264. Portion of a branch of
the Lime-tree,with four leaves

gence or distance between two successive leaves is \ the circum-

ference of a circle, 360° -7-^ = 180°. This arrangement is the

normal one in all Grrasses, and many other Monocotyledonous

Plants ; and the Lime-tree, and other

Dicotyledonous Plants, exhibit a simi-

lar arrangement.

A third variety of arrangement in

alternate leaves is the tristichous or

three-ranked {fig. 265). Thus, if we
start with any leaf, and mark it No.

1, and then pass to 2, 3 and 4, we
shall find that we shall make one

turn round the stem, and that the

fourth leaf is vertically over the first,

and thus completes a cycle composed
of three leaves. In like manner, the

fifth leaf will be over the second, the

sixth over the third, and the seventh

over the fourth and first, thus com-
pleting a second cycle; and so on

two-rfnked manne"''^°"^
""^ ^^^^ ^^^® succeeding leaves. Here the

angular divergence is |, or one turn,
and three leaves, that is360°-=-i = 120. This arrangement is by

far the more common one among Monocoty-
ledonous Plants, and may be considered as the

most characteristic of that class of plants, just

as the pentastichous arrangement is of Dicoty-
ledons.

A fourth variety of Phyllotaxis in alternate

leaves is the octastichous or eight-ratikcd. Ex-
amples of this variety occur in the Holly and
Aconite. In this the ninth leaf is over the

first, the tenth over the second, the eleventh

over the third, and so on ; thus taking eight

leaves to complete the cycle ; and, as the

spiral line here makes three turns round the

stem, the angular divergence will be | of the

circumference, 360°-r| = 135°.

The above are the more common varieties of

Phyllotaxy ; but a number of others also fre-

quently occur, as ^, 2t> M' M' ^^- Other
varieties met with are \, f, f , fj, ^, -—, &c.

;

also |, |, f, |, Yij, |y, &c. ; as also others of a

branch with the rarer occurrence. These become more compli-
bases of tiie leaves cated as the number of leaves, &c., in the
of a kind of Carex, ... -,,.• .^ ^

showing the tristi- spire IS increased ; but m those cases, where

^?^\ ^^ three- the leaves, &c., are so numerous as to be close
ranked arrange- , , ^J • ^i c< •

i.i -n-
meut. to each other, as m the bcrew-pme, the rme-

Fig. 265.

Fig. 265. Portion of
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apple {fig. 266), and in the fruit of Coniferous Plants {fig. 267),

the spiral arrangement is at once evident.

By placing the fractions representing the angular divergence

in the different varieties of Phyllotaxy side by side in a line,

thus :-^, I, f, f, ^, ^, If, e, &c.; \, I I,
A,

,^, ^, &c., we see

at once that a certain relation exists between them ; for the nu-

merator of each fraction is composed of the sum of the mmie-
rators, and the denominator of the sum of the denominators of

the two preceding fractions ; also that the numerator of each

fraction is the denominator of the next but one preceding. By
applying this simple law t-herefore we may continue the series of

fractions representing the angular divergence, &c., thus :—1|,

—i, T^^3, &c. It should be mentioned with respect to the laws of

Phyllotaxy, that they are frequently interfered with by accidental

causes which produce corresponding interruptions of growth, so

Fig. 266. Fig. 267.

Fig. 266. Pine-apple fruit
(Sorosis), surmounted
by a crown of empty
bracts. Fig. 267. Cone
or fruit of the Scotch
Fir.

that it is then difficult, or altogether impossible, to discover the

regular condition.

All the above varieties of Phyllotaxis in which the angular

divergence is such that by it we may divide the circumference

.into an exact number of equal parts, so that the leaves com-
pleting the cycles must be necessarily directly over those com-

mencing them, are called rectiserial, to distinguish them from
those in which the divergence is such that the circumference

cannot be divided by it into an exact number of equal parts,

and thus no leaf can be placed precisely in a straight line over
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any preceding leaf, but disposed in an infinite curve, and hence
called curviserial. The first forms of arrangement are looked
upon as normal ones. The latter will show the impossibility

of bringing organic forms and arrangements, in all cases, under
exact mathematical laws.

We have thus endeavoured to show that when leaves are alter-

nate, the successive leaves form a spiral round the axis. The
spire may either turn from right to left, or from left to right.

In the majority of cases, the direction in both the stem and
branches is the same, and it is then said to be homodromoits ; but
instances also occasionally occur in which the direction is dif-

ferent, when it is called heterodromous.

Opposite and, Verticillate Leaves.—We have already observed
with regard to these modifications of arrangement, that the suc-

cessive pairs, or whorls of leaves, as they succeed each other,

are not commonly inserted immediately over the preceding, but
that the second pair, or whorl, is placed over the intervals of the
first, the third over those of the second, and so on {fig. 261).
Here, therefore, the third pair of leaves will be directly over the

first, the fourth over the second, the fifth over the third, and so on.

This arrangement occurs in plants of the Labiate order, and is

called decussation, as also previously noticed. In some cases the

succeeding pairs, or whorls, are not thus placed directly over the

intervals of those below, but a little on one side, so that we shall

have to pass to some higher pair or whorl than the third,

before we arrive at one which is placed directly over the first.

Such arrangements, therefore, clearly show that the successive

pairs and whorls of leaves are arranged in a spiral manner with
regard to each other. Opposite leaves may be thus looked upon
as produced by two spirals proceeding up the stem simulta-

neously in two opposite directions, and the whorl as formed of

as many spirals as there are component leaves.

The alternation and opposition of leaves is generally con-

stant in the same species, and even in some cases throughout
entire natural orders; thus, the Borage order {Boraginace<s),

have alternate leaves; the Cinchona order {Cinchonacecs,) op-

posite ; the Labiate order (Labiates), opposite and decussate ; the

Madder order (Bubiacecs), verticillate; the Leguminous order

{Legumhwsce), alternate ; the Rose order (EosacecB), alternate,

&c. While the opposition or alternation of leaves may be thus

shown to be constant throughout entire natural orders, yet the

change from one arrangement to another may be sometimes seen

upon the same stem, as in the common Myrtle and Snapdragon.
Other opposite-leaved plants also often exhibit an alternate ar-

rangement at the extremities of their young branches when
these grow very rapidly. In other cases alternate leaves may
become opposite, or whorled, by the non-development of the suc-

cessive internodes by interruptions of growth ; or, if the whole
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of the ijiternodes of a branch become non-developed, the leaves

become tufted or fascicled {Jiff. 262), as already noticed. As a
general rule, however, the relative position of leaves is suffi-

ciently constant in the same species as to form one of its

characteristic distinctions.

The arrangement of leaves probably influences, in some degree

at least, the form of the stem and branches. Thus, a certain

amount of alternation commonly leads to a rounded form of

stem, an opposite, or whorled arrangement, to an angular stem

;

for instance, the Labiate order of plants, which have opposite

and decussate leaves, have square stems ; in the Nerium Oleander,

where the leaves on the young branches are placed in whorls of

three, the stem has three angles ; and in the Madder order of

plants, which have whorled leaves, the stems are always angu-
lar. M. Cagnat and others have also endeavoured to show that

the arrangement of the leaves has a direct influence upon the

forms of the wood, bark, and pith ; either upon one of these parts

only, or sometimes upon them all ; but, although some curious

relations have been found to exist between the arrangement of

the leaves and the form of certain parts of the stem, yet it is

not possible at present to deduce any general laws regulating

tlie relations between them.

3. Arrangement of the Leaves in the Bud or Verna-
tion.—Having now described the general arrangement of leaves

when in a fully formed and expanded state upon the stem or

branch, we have in the next place to allude to the different modes
in which they are disposed while in a rudimentary and unex-
panded condition in the bud. To these modifications the general
name of Vernation or Prcsfoliation has been applied. Under this

head we include:— 1st,The modes in which each of the leaves con-
sidered independently of the others is disposed : and, 2nd, The
relation of the several leaves of the same bud taken as a whole
to one another. In the first place we shall consider the modes in

which each of the leaves considered separately is disposed. We
arrange these again in two divisions:— 1st, Those in which the
leaf is simply bent or folded ; and 2nd, Those where it is rolled

.

Of the first modification we have three varieties :—Thus, 1st, the
upper haK of the leaf may be bent upon the lower, so that the
apex approaches the base, as in the Tulip-tree {fig. 268), it is

then said to be reclinate or mflexcd ; 2nd, the right half may be
folded upon the left, the ends and midrib or axis of the leaf re-

maining immovable {fig. 269), as in the Oak and Magnolia, when
it is called conduplicate ; or, 3rd, each leaf may be folded up a
number of times like a fan, as in the Sycamore, Cm^rant, and
"Vine {fig. 270), when it is plaited or 'plicate. Of the second
modification we have four varieties :—1st, the apex may be rolled
up on the axis of the leaf towards the base like a crosier, as in

the Sundew and Ferns {fig. 271), when it is circinate; 2nd, the
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Fig. 269. Fig. 270. Fig. 271. Fig. 272.

Fig. 273. Fig. 274. Ftgf. 268. Vertical section of areclinate leaf. <

Fig. 269. Transverse section of a conduplicate
leaf. Fig. 270. Transverse section of a
plaited or plicate leaf. Fig. 271. Vertical
section of a circinate leaf. Fig. 272. Trans-
verse section of a convolute leaf. Fig. 273.
Transverse section of a revolute leaf. Fig.
274. Transverse section of an involute leaf.

whole leaf may be rolled up from one margin into a single coil,

with the other margin exterior, as in the Apricot and Banana,

in which case it is convolute {fig. 272) ; 3rd, the two margins of

the leaf may both be rolled inwards towards the midrib, which

remains immovable, as in the Violet and Water-Lily {fig. 274),

when it is involute; or, 4th, the two margins may be rolled out-

wards or towards the lower surface of the leaf, as in the Dock
and Azalea {fig. 273), in which case it is revolute.

"We pass now to consider, secondly, the relation of the several

leaves of the same bud taken as a whole to one another. Of
this we have several varieties which may be also treated of

in two divisions:— 1st, Those in which the component leaves

are 'plane or slightly convex ; and 2nd, Where they are hent or

rolled. Of the first division we shall describe three varieties :

—

1st, that in which the leaves are placed nearly in a circle or at

the same level, and in contact by their margins only, without

overlapping one another {fig. 283), when they are valvate; 2nd,

that in which the leaves are placed at different levels, and the

outer successively overlap the inner to a greater or less extent

by their margins, as in the Lilac, and in the outer scales of the

Sycamore {fig. 276), when they are said to be imbricate ; and
3rd, if when leaves are placed, as in imbricate vernation, the

margin of one leaf overlaps that of another, while it, in its turn,

is overlapped by a third {fig. 277), the vernation is twisted or

spiral. Of the second division, viz. where the component leaves

of the bud are bent or rolled, we shall describe four varieties :

—

1st, When involute leaves are applied together in a circle with-

out overlapping, they are said to be induplicate {fig. 278) ; 2nd,

If the leaves are conduplicate, and the outer successively embrace
and sit astride of those next within them as if on a saddle, as

in Privet, and the leaves of the Iris at the base {fig. 279), they

are equitant ; 3rd, If the half of one conduplicate leaf receives

in its fold the half of another folded in the same manner, as in.
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Fig. 276.
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Fig. 275. Fig. 277.

Fig. 279. Fig. 280. Fig. 281.

Fig. 275. Transverse section of a bud to show the leaves arranged in a
valvate manner.

Fig. 276. Transverse section of a Inid to show Imbricate vernation.
Fig. 277. Transverse section of a bud to show twisted or spiral vernation.
Fig. 278. Transverse section of a t)ud to show induplicate vernation.
Fig. 279. Transverse section of a bud showing equitant vernation.
Fig. 280. Transverse section of a bud showing ol>volute vernation.
Fig. 281. Transverse section of a bud showing supervolute vernation.

the Sage {fig. 280), the vernation is haJf-equitant or ohvohite
;

and 4th, when a convolute leaf encloses another which is rolled

up in a like manner, as in the Apricot, the vernation is supper-

volute {fig. 281).

The terms thus used in describing the different modes of ver-
nation are also applied in like manner to the component parts
of the flower-bud, under the collective name of cBstivation or
•prcefioration. We shall have therefore to refer to them again,

together with some others, not found in the leaf-bud, when
speaking of the flower-bud.

4. LAMINA OE BLADE.

"We have abeady seen that the leaf {figs. 247 and 248) in its

most highly developed state consists of three parts ; namely, of
a lamina or blade ; a -petiole or stallc ; and of a stipular or vaginal
portion. We have now to describe each of these portions, com-
mencing with the lamina or blade.

Venation.—The term venation is applied generally to indicate

the various modes in which the veins are distributed throughout
the lamina. These veins have also been called Nerves, and their

distribution Nervation; but the latter terms, by indicating an
analogy which does not exist between them and the nerves of
animals, are better avoided ; hence we shall in future always use
the terms veins and venation.
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In some plants, as Mosses, those living under water, &c., the
leaves have no fibro-vascular skeleton, and consequently no true
veins, and are hence said to be veinless ; while in succulent plants
the veins are hidden more or less from view, in consequence of
the great development of parenchyma, in which case the leaves
are termed hidden-veined.

Fig. 282. h 284.

Fig. 283. Fig. 285.

Fig. 282. Leaf of the Cherry with lainitia, petiole, and stipules. A large
central vein is seen to proceed from the petiole to the apex of the
leaf, and to give off from its sides the other veins of the leaf. This
central vein is termed the midrib. Fig. 283. Ribbed leaf of Cinnamon.
• Fig. 284. Leaf of the Melon vs'ith a dentate margin. The venation
is said to be radiated or palmately-veined. Fig. 285. a. Parallel

venation of a Grass; this variety of venation is called straight-veined.
&. A variety of parallel venation sometimes termed curve-veiued as
seen in the Banana.
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In those leaves where the veins are well marked, they are

subject to various modifications of arrangement, the more im-

portant of which need only be mentioned hei'e. Thus, when
there is but one large central vein, proceeding from the base to

the apex of the lamina, and from which all the other veins pro-

ceed, such a vein is called the midrib cr costa {fig. 282) ; when
there are three or more large veins, which thus proceed from the

base to the apex(^^. 283), or to the margins {fig. 28-4), of the

lamina, the separate veins are then termed ribs. The divisions or

primary branches of the midrib, or of the separate ribs, are

commonly called veins, and their smaller ramifications vcmlcts.

There are two principal modifications in which the ribs and
veins are distributed throughout the lamina. In the first modifi-

cation, the fibro-vascular bundle as it enters the lamina is either

continued as the midrib, or it divides into two or more ribs
;

and from these ribs or main branches other veins are given off;

and from them, in like manner, other smaller ramifications or

veinlets arise, which unite with one another, so as to form a
kind of network {figs. 282 and 284) : or, in the second modifi-

cation, the fibro-vascular bundle is either continued from the

base to the apex of the lamina, and gives off from its sides other

veins, which run parallel to the margins, and which are simply

connected by unbranched veinlets {fig. 285, b)-, or it divides at

once into several veins or ribs, which proceed from the base to

the apex {Hg. 290) or margin {fig. 291) of the blade, more or

less parallel to each other, and are in like manner connected only
by simple unbranched veinlets {fig. 285, a). The leaves which
exhibit the first modification of venation are called reticulated

or netted-veined leaves, and occur universally in Exogenous or

Dicotyledonous Plants; and those which present the second
modification are termed jparallel-vcined leaves, and are cha-

racteristic of Endogenous or MonocotyledonoTis Plants.

These two modifications are also subject to others, some
which must be now noticed.

1. Varieties of Beticulated Venation.

There are two principal varieties of this kind of venation,

namely, the feather-veined ov pinnately-veined, and the radiated-

or 'palmately-veined.

1. Feather-veined or Pinnately-veined.—In this A-ariety the

midrib either gives off lateral veins that proceed at once to

the margins, and which are connected by numerous branching
veinlets, as in the leaves of the Beech, Spanish Chestnut {fig.

286), Holly, Oak {fig. 287) ; or the midrib gives off branches
from its sides, which proceed at first towards the margins, and
then curve towards the apex, terminating finally within the

margins, with which they are connected by small veins, as in

I,
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the Dead-nettle {fig. 288), and Lilac. The latter modification of

arrangement is sometimes termed true netted venation.

Fig. 286. Fig, 287. Fig. 288.

Fig. 286. Feather-veined leaf of tlie Spanish Chestnut.
Fig. 287. Feather-veined leaf of the Oak. Its

lobes are arranged in a piiiuatifld manner. Fig.
288. Leaf of the Dead-nettle. The venation is the
true netted, and its margin is sen-ated.

2. Badiated- or Palmately-veincd.—Tliis name is applied to a
leaf which possesses three or more ribs that arise from at or near

the base of the lamina, and diverge from each other towards its

margin, and are connected by branching veins, as in the Melon

{fig. 284) and Castor Oil {fig. 306). The ribbed venation, as seen

in the Cinnamon {fig. 283), is but a modification of this variety,

in which the ribs instead of diverging from each other, run in a
curved manner from at or near the base of the blade to the apex,

towards which they converge ; such

ribs being connected together by branch-
ing veins. If a ribbed leaf has three

ribs proceeding from the base, it is said

to be three-ribbed or tricostate ; if five,

fiive-ribbed or quinque-costate ; if more
than five, midticostate. If the midrib
of such a leaf gives off on each side, a

little above its base, another rib, it is

said to be triple-ribbed or tripli-costate,

as in the common Sunflower {fig. 289,

b) ; or if two such ribs arise on each

side of the midrib, it is termed quin-

Fig. 289. I. Tripie-ribhed tuple-ribbed or quintupU-COstate. These
leaf of the common ribbed leaves have frequently a great
sunflower, a. Linear

^eg^j^blauce to parallel-veined leaves,

F\g. 289.
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from which, however, they may be at once distingiiished by
their ribs being connected by branching veins.

2. Varieties of Parallel Venation.

The term parallel-veined is not strictly applicable in all cases,

for it frequently happens that the veins are radiate, but from the

difficulty of finding a name which will comprise all the modifica-

tions to which such leaves are liable, it must be understood that

we apply the term parallel-veined to all leaves in which the main
veins are more or less parallel and simply connected by im-

branched veinlets. We distinguish two varieties of parallel ve-

nation.

1. Straight-veined.—In this variety the veins either proceed

in a parallel direction from the base to the apex of the lamina,

to which point they converge more or less {fig. 290), as in the

ordinary ribbed variety of reticulated leaves already noticed,

and are connected by simple unbranched veinlets ; or they diverge

from each other towards the circumference of the blade {fig. 291),

Fig. 290.

Fig. 291.

Fig. 290. Leaf showing the variety of parallel venation called straight.
veined. Fig. 291. Straight-veined variety of parallel venation, as seen
in the leaf of the Fan Palm {Cliamoerops).

as in the radiated-veined variety of reticulated leaves. The
leaves of Grasses, Lilies, and the common Flag, may be taken

as examples of the first modification ; and those of the Palms
of the second.

2. Curve-vei7icd.—In leaves presenting this variety we have a

prominent midrib, as in the feather-veined variety of reticulated

venation, which gives off from each of its sides along its whole
length other veins, which proceed in a parallel direction towards,

and lose themselves in, the margins {figs. 292 and 285, b). These
l2
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veins are connected, as in those of the last variety, by unbranched

veinlets. The Banana, the Plantain, and allied plants, furnish

us with examples of such leaves.

Besides the above varieties of reticulated and parallel venation

as found in Dicotyledonous and Monocotyledonoiis plants, the

leaves of Ferns, and those of other Acotyledonous Plants which

possess veins, present us with a third ; thus, in these the pri-

mary venation may be feather-veined or radiated-veined, but

the whole of their principal veins either divide afterwards in a

forked manner {fig. 293), or their terminal ramifications are

thus divided. Such a variety of venation may be therefore

called Furcate ovforked.

Fig.

292.
Fig. 29S.

Fig. 292. Curve-veined variety of
parallel venation, as seen in the
Banana. F'uj. 293. Forked ve-
nation of a Pern leaf. The margin
is crenated.

The leaves of the three great classes of plants present uf,

therefore, with three different modes of venation : thus, those of

Dicotyledons are reticulated ; those of Monocotyledons, para/ZtZ

;

and those of Acotyledons, forked.

Dr. McCosh has endeavoured to show that there is a general

correspondence between the ramification of the tree and the

venation of the leaf, in the fact that the angle formed by the

branch with the stem, is the same as the angle of venation in

the leaf. He states, however, that while it is comparatively easy

to determine the angle of venation of the leaf, it is very difficult

to ascertain the normal ramification of the tree, for the angle at

which the branch is given off is frequently modified by a great

number of circumstances both natural and artificial. His re-

?<earches have been almost confined to reticulated leaves, and he



ORGANS OF KrTEITIOX. 149

has given the follo^ving table of plants in -which the angles of
branching and renation were foiuid to agree,—the angles being
taken immediately below the points where the branches and veins

were given oflf :

—

Deg.
Beech 45
Oak (large branches) 50
" (small branches and veins) . . . 65—70

Cherry 50
Portugal Laurel 50—60
Bav Laurel 50—60
Holly 55—60
Ehododendron 60
Eose 50
Laburnum (small branches) . . . .60
Box, about 60
Thistle 60—70
Thorn (lowest branches) .... 35—50
Ash 60
Bird Cherry 60
Eed Dog-wood 45
Alder . 50
Mountain Ash 45

&c., &c.

Dr. McCosh also believes " that the analogy between the

skeleton of the leaf, and the skeleton of the branch, may be seen

in a number of other points ; thus, some trees, such as the Birch,

the Elm, the Oak, the Holly, the Portugal and Bay laurels, the

Privet, the Box, will be found to send out side branches along

the axis from the root, or near the very root ; and the leaves of

these trees have little or no petiole or leaf-stalk, but begin to ex-

pand from nearly the very place where the leaf springs from the

stem. There are other trees, as the common Sycamore (the

Scotch Plane-tree), the Beech, the Chestnut, the Pear, the Cherry,

the Apple, which have a considerably long vmbranched tnmk
;

and the leaves of these trees will be found to have a pretty long
leaf-stalk." The discussion of these views further would be in-

compatible with our object; and we refer those who desire ad-

ditional information to Dr. McCosh's papers read before the

Botanical Society of Edinburgh, and his works on the subject.

CoiiPosiTio-.—Leaves are divided into simj^le and compound.
Thus a leaf is called simple if it has only one blade {figs. 282-
292), however much this may be divided, so that the divisions do
not extend to the midrib {fig. 299), or petiole {figs. 305 and 306)

;

or in some cases the divisions even extend to the midrib, or

petiole, but the leaf is still called simple when the parts into

which the lamina is divided are attached by a broad base, as in

fig. 302. A leaf is t&cmQ(\. compound, when the midrib or petiole
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divides so as to separate the blade into two or more portions,

each of which bears the same relation to the petiole, as the petiole

itself does to the stem from whence it arises {fig. 249). The
separated portions of a compound leaf are then called leafl^ets or

foiioles; and these may be either sessile {figs. 338-340), or

have stalks {figs. 352 and 354), each of which is then termed a

fetiolule or partial -petiole, and the main axis which supports

them, the racMs or common petiole. The leaflets of a compound
leaf may be at once distinguished from the separate leaves of

a branch, from the fact of their being all situated in the same
plane, and also generally, although to this there are niimerous

exceptions, from the whole leaf separating as one piece from
the stem when it dies.

A simple leaf has never more than one articidation, which is

placed at the point where it joins the stem ; but a compoimd leaf

frequently presents two or more articulations ; thus, besides the

common articulation to the stem, each of the separate leaflets

may be also articulated to the common petiole. This character

frequently forms a good mark of distinction between simple

and compound leaves, for although it is quite true that

many compound leaves only present one articulation, and
can then only be distinguished from those simple leaves which

are divided „ to their midribs by the greater

breadth of attachment of the divisions in the

latter instances
;
yet, if such leaflets are articu-

lated to the common petiole, their compound
nature is at once evident. The presence

of more than one articulation is, therefore,

positive proof as to the compound nature of a
leaf, but the absence of such articulation does

not necessarily prove it to be simple, as is

sometimes stated. We thus look upon the leaf

of the common Orange, which consists of only

a single blade {fig. 294, V) as a compound leaf,

because its petiole p, is not only articulated

to the stem, but the blade is also articulated

to the petiole. There are, however, numerous
instances of leaves in a transitional state be-

tween simple and compound, so that it is im-
possible in all cases to draw a distinct line

of demarcation between them. "We shall now
treat in detail of simple and compound leaves.

1. Simple Leaves. — The modifications

which leaves present as regards the form,

general outline, and other variations of their

blades, are extremely numerous ; hence we require a correspond-

ing number of terms to define them. These terms are also ap-
plied in a similar sense to describe like modifications of the other

Fig. 294. Leaf of
Orange {Citrus
Aurantium ). p.
Winged petiole
articulated to the
lamina, I.
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compound organs of the plant -which possess a definite shape,

as the parts of the calyx, corolla, &c. It is absolutely neces-

sary therefore that the student should become thoroughly ac-

quainted at once with the more important modifications to which
the lamina of a leaf is subject.

According to DeCandolle, the shape of the lamina of leaves

depends upon the distribution and length of the veins, and the

quantity of parenchyma which is developed between them ; the

general outline or figure being determined by the former, and
the condition of the margins by the latter. These views have

not, however, been confirmed by De Mercklin, who found, in

studying the development of leaves, that the veins were not

developed till a period subsequent to that of the parenchyma,

and that, moreover, the outline was generally established previous

to their formation. The outline or figure of the leaf cannot

therefore depend upon the veins. While the views of DeCan-
dolle may be thus shown to be incorrect in a scientific point

of view, still if this be borne in mind, it is convenient, to say

the least, to study the almost infinite modifications of the lamina

of leaves with reference to his views, as it is always found that

there is a mutual adaptation between the venation of the leaf

and its general outline.* We shall therefore describe the

various modifications of the lamina to some extent after this

manner, and in doing so we shall divide our subject into five

heads as follows:— 1. Margin; 2. Incision; 3. Apex; 4. Gejieral

Outline; 5. Form.
1. Margin.—We have already stated that the condition of the

margin is dependent upon the extent to which the parenchyma is

Fig. 295.

Fig. 295. Diagram of the margins of the leaves, a. Bicrenate. 6. Biser-
rate. c. Duplicato-dentate.

developed between the veins of the lamina. Thus if the paren-

chyma completely fills up the interstices between them, so that

V the margin is perfectly even, or free from every kind of incision,

the leaf is entire {figs. 290 and 294), as in the Orchis tribe.

When the parenchjTna does not reach the margin, but terminates

* In the March number for the present year of the Journal of the Royal
Microscopical Society, is a paper by Mr. G-orham 'On the Composite
Structure of Simple Leaves,' in which the author has fully and with much
ingenuity described the results of his researches on leaf structure, which
are entirely at variance with those generally entertained by botanists. We
must refer those of our readers who are' interested in this subject to
Mr. Gorham's paper, as at present it is scarcely one which can be treated
of in a students' manual.
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at a short distance within it, the leaf is said to be indented or

toothed, of which we have several varieties. Thus if the teeth

are sharp like a saw and all point to the apex, the leaf is

serrate {fig. 288), as in the common Dead-nettle ; if these

Fig. 296. Fig. 297.

Fig. 298.

Fig. 296. Sinuated leaf of tlie Oak, Fig.

297. Spiny leaf of Holly {Ilex Aquifo-
lium).

teeth are themselves serrate, it is hiserrate {figs. 295, b, and

311), as in the Nettle-leaved Bell-flower; or when the margin

is minutely serrate it is termed
serrulate, as in Barosma serrati-

foria. When the teeth are sharp,

but do not point in any particular

direction, and are separated by
concavities, the leaf is dentate

or toothed {fig. 284), as in

'NyrmphcBa dentata, and the lower

"^^f^ff^^^^^^. leaves of the Corn Blue-bottle

;

kfST^ ^ N, %(? Qp when the teeth are themselves

divided in a similar manner it

is duplicato-dentate {fig. 295, c).

When the teeth are rounded

{figs. 293 and 323) the leaf is

crenate, as in Horse-radish, and
Ground Ivy; or if these teeth

are themselves crenated it is hi-

crenate {fig. 295, a); or when
the leaf is minutely creiPated it is

said to be crenuldted. When the

marffin presents alternately deep
^iff' 298. Crisped leaf of a species v i -i.- -^ •

nVArriw rnrn7.,ny concavities and convexities it is

*
of Mallow (Malva).

sinuate, as in some Oaks {fig. 296);

when the margin is slightly sinuous and wavy, as in the Holly

(fig. 297), it is said to be wavi/ or undulated ; or when the margin
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is very irregular, being twisted and curled, as in the Garden
Endive, Curled Dock, and Curled Mint, it is said to be ci-isped

or curled {fig. 298).

2. Incision.—This term is used when the margin is more deeply

divided than in the above instances, so that the parench}-ma

does not usually extend more than about midway between it and
the midrib, or petiole. The divisions are then commonly called

lobes. It is usual, however, to give different names to these lobes,

according to the depth of the incisions by which they are pro-

duced ; thus if they reach to midway between the margin and
midrib, or petiole, they are properly called divisions or lobes

{figs. 287 and 305), and the intervals between them fissures, or

in composition the term -fid is used, and the leaf is said to be

cleft; if nearly to the base, or midrib {fig. 299), partitions, and
the leaf is partite; if quite down to the base or midrib, segments

{fig. 300), and the leaf is dissected, or in composition -sected.

These segments differ from the leaflets of compound leaves, as

already noticed, in not being articulated, and also in being united

to the midrib or petiole by a broad base.

In describing the above leaves we say that they are bifid or

two-cleft, trifid or three-cleft, quinquefid or five-cleft, septernfid, or

seven-cleft, or multifid {many-cleft), according to the number of

their fissures; or two-lobed, three-lobed, four-lobed, &c., from the

number of divisions or lobes. A leaf is also said to be tripartite,

or trisected, &e., in the same manner, according to the number of

partitions, or segments. These terms are more especially used

with paImately-veined simple leaves.

The divisions of the lamina are always arranged in the direc-

tion of the prominent veins. Thus those of feather-veined or

pinnately-veined leaves are directed towards the midrib ; while

those of palmately- or radiated-veined leaves are directed to-

wards the base of the lamina. Hence instead of using terms

indicating the number of lobes, &c., of the lamina, others are

frequently employed that define the leaf more accurately, and
which are derived from the mode of venation combined with that

of division. Thus if the lamina is feather-veined and the

incisions consequently arranged in that manner, the leaf is

said to he pinnatifid {fig. 287), as in the common Oaks ; or ptin-

natipartite {fig. 299), as in Valeriana dioica ; or pinnatisccted

{fig. 300) ; according to their depth, as already described. If

the divisions are themselves divided in a similar manner to the

lamina itself, the leaf is said to be bipinnatifid, bipinnatipartite,

or hipinnatisected, &c. Or, if the subdivisions of these are again

divided in a similar manner, tripinnatifid, tripinnatipartite,

tripinnatisected, &c. Or, if the lamina is still further divided,

the leaf is said to be decoraposed, laciniated, or slashed.

Certain modifications of these forms have also received special

names ; thus when a pinnately-veined leaf is deeply divided, and
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the divisions are very close and narrow like the teeth of a comb

{fig. 301), \t\B pectinate, as in theWater Milfoil ; when the terminal

Fig. 299. Fig. 300. Fig. 301.

Fig. 299. Leaf of a species of
Valerian {Valeriana dioica).

Fig. 300. Leaf of a
specie's of Poppy (Papa-
ver Argcmone). Fig. 301.

Pectinate or comb-shaped
leaf.

lobe of a pinnately- veined leaf is large and rounded, and the

lateral lobes which are also more or less rounded become gradu-

Fig. 302. Fig. 303.

Fig. 304.

Fig. 302. Lyrate leaf of tlie

common Turnip (Bras-
sica Bapa) Fig. 303.

Runcinate leaf of Dan-
delion (Leontndon Ta-
raxacum). Fig. 304.

Fiddle-shaped leaf of
Bumex pulcher.

ally smaller towards the base, it is hjmte or lyre-shaped, as in

the common Turnip {fig. 302) ; when the terminal lobe is trian-
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gular, and the other lobes which are also more or less of the

same shape have their points directed downwards towards the

base, as in Dandelion {fig. 303), the leaf is said to be runcinate
;

or when a lyrate leaf has but one deep recess on each side, so that

it resembles a violin in shape, it is termed 2)ci7iduriformoTfidcUe-
shaped, as in the Fiddle Dock {fig. 30i).

The above terms are those which define incised feather-veined

leaves ; but when they are palmately-veined and incised in various

ways, other terms are used according to the degree of division.

In describing such leaves, the terms bifid, trifid, quinqnefid, S^'c,

bipartite, tripartite, cfr., bisected, trisected, ^'C, are employed
according to the number of their fissures, partitions or seg-

ments, as already noticed; or the terms palmatifid, palmatipar-

tite, piahnatisectcd, derived from the direction of the veins, «fec.,

are used. Special names are also applied to certain modifications

of these palmately-veined leaves as with those of the feather-

veined leaves. Thus, when the blade of such a leaf has five spread-

ing lobes united at their base by a more or less broad expansion

of parenchyma, so that the whole has a resemblance to the palm
of the hand with spreading fingers, the leaf is termed palmate,

as in some species of Passionflower {fig. 305,) and in the Palmated
Ehubarb ; or when there are more than five lobes, the leaf is

described as ixdraatifid or palmately-cleft, as in the Castor-oil

plant {fig. 306.) Some writers, however, use the terms palmate
and palmatifid indifferently to describe either of the above modifi-

cations of leaves, but the sense in which they are defined above, is

Fig. 305. Fig. 306.

Fig. 305. Palmate leaf of a species of
Passionflower (Prt^sJ^ora). Fig.
306. Palmatifid leaf of tbe Castor-
Oil plant iEicinus comvmnis).

far more precise, and should alone be used. "WTien the lobes are
less spreading, narrower, and somewhat deeper than in a true
palmate leaf, the leaf is digitate ; or when there are more than five

lobes of a similar character, as in the Bitter Cassava, it is some-
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times termed digitipartite, or even digitate, (though improperly so,)

by some authors. When the lamina is divided nearly to its base
into numerous narrow thread-like divisions, as in the submerged
leaves of the Water Crowfoot {fig. 307), the leaf is said to be dis-

Fig. 307.

^IS MM,

Fig. 307. Dissected leaf of the Water Crowfoot {Ranunculus aquatilis).

sected. When the lateral lobes, &c., of what would be otherwise a
palmate leaf are themselves divided into two or more divisions

{fig. 308), the leaf is termed pedate, from the resemblance it

is supposed to bear to a bird's foot, as in Stinking Hellebore.

This kind of leaf is by some botanists described as compound,
to which, in many cases at least, it properly belongs. It may be
considered as a transitional form between simple and compound

leaves.

Fig. 308.

Fig. 308. Pedate leaf.

Besides the above modifica-

tions of palmately-veined leaves,

others also occur, in consequence
of the lobes of the lamina
becoming themselves divided,

either in a pinnately-veined, or
palmately-veined manner, and
terms are used accordingly, the

application of which will be at

once evident from what has been
already stated.

3. Apex.—This differs very
considerably in the blades of dif-

ferent leaves. Thus the apex is obtuse or blunt, when it is rounded
or forms the segment of a circle {figs. 318 and 320), as in the
Primrose

;
it is retuse when it is obtuse, with a broad shallow

notch m the middle, as in the Ked Whortleberry
( Vaccinium
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Vitis-idcBCi) and the leaflets of Logwood; or when under the
same circumstances the notch is sharp, or nearly triangular,

it is emarginate, as in some kinds of Senna {Cassia obovatd)

{fig. 309), and common Box {Bv.xv.s sempemrens). "When the
lamina terminates Ter\' abruptly, as if it had been cut across in a
straight line, the apex is truncate, as in the leaf of the Tulip-

tree {Liriodendron tidipifcra) {fig. 310); or if under the same

Fig. 309. Fig. 310.

Fig. 309. Leaflet of Cassia obovata. It is obovate in form, oblique at tlie

base, and emarginate at its apex. Fig. 310. Branch of Tulip-tree
(Liriodeiidron tidipifera) with flower and leaves. The latter terminate
abruptly, hence they are said to be truncate.

circumstances the termination is ragged and irregular, as if it

had been bitten off, it is prceraorse, as in the leaf of Caryota

urens. When the apex is sharp, so that the two margins form
an acute angle with each other {figs. 312 and 319), it is acute

or sharp-pointed, as in the leaf of the Lady's Slipper {Cypripe-

dium Calceolus) and most lanceolate leaves; when the point

is very long, and tapering {fig. 317), it is acuminate or tafer-

pointed, as in the leaf of the White Willow {Salix alba) and
common Eeed {Fhragynites cojnrnunis) ; or when it tapers

gradually into a rigid point, it is cuspidate, as in many Rubi.

When the apex is rounded, and has a short hard or softened

.point standing on it, it is mucronate, {fig. 316), as in the leaf of

Statice mucronata and Lathyrus pratensis.

4. Genercd Outline.—By the general outline of the lamina we
understand the superficial aspect or figure which is described by
its margins. This is subject to great variations, depending, as

we have seen, according to DeCaudoUe (p. 151), upon the direc-

tion and length of the veins. The development of veins and
parench}Tna is usually nearly equal on the two sides of the

midrib, or petiole, so that the lamina of the leaf is in most in-

stances nearly symmetrical and of some regular figure ; in which
case the leaf is said to be eq\ud{fig. 319). When, as occasionally

happens, the lamina of the leaf is more developed on one side



158 OBGANOGEAPHY.

than on the other, the leaf is termed unequal or oblique {figs. 309
and 311) ; this is remarkably the case in the species of Begonia

{fig. 312). Generally speaking the leaves with ribbed, parallel,

or feather-veined venation are longer than broad ; while those

which are radiated or palmately-veined are more or less

rounded. When the lamina of a leaf is nearly of the same
breadth at the base as near the apex, narrow, and with the two
margins parallel {figs. 289, a, and 313), the leaf is called linear,

as in the marsh Gentian {Gentiana Pneumonanthe) and most
Grasses ; when a linear leaf terminates in a sharp rigid point

Fig. 311. Fig. 314.

Fig. 317. Fig. 31 Fig. 319. Fig. 320,

Fig 311. Leaf of Elm, with its margin biserrate, and unequal at its base.

Fig. 312. Unequal or oblique leaf of a species of Begonia. Fig.

313. Linear leaf of Goose-grass (GaUnm Aporine). Fig. 314. Lanceo-

late leaf. Fig. 315. Acerose or needle-shaped leaves of Juniper (Juni-

perun communis). Fig. 316. A cuneate and mucronate-pointed leaf.

Fig. 317. Cordate and acuminate leaf. Fig. 318. Oblong leaf of

Bladder-Senna {Colatea arborescens). Fig. 319. Ovate leaf, with its

margin serrated. Fig. 320. Obovate leaf.

like a needle, as in the common Juniper {Juniperus communis)

{fig, 315), and many of our Pines, Rrs, and Larches, it is



OEGAKS OF NUTEITION. 159

acerose or needle-shaped. "When the blade of a leaf is very nar-
row and tapers from the base to a very fine point, so that it

resembles an awl in shape, as in the common Furze
( Ulex euro-

pcBus), the leaf is subulate or awl-shaped. When the blade of
a leaf is broader at the centre than at its two extremities, and
tapers towards both base and apex, as in the AVhite "Willow
{Salix alba), the leaf is lanceolate {fig. 314) ; when it is longer
than broad, of the same breadth at its base and apex and
slightly acute at these points, it is oval or elliptical {fig. 322),
as in the Lily of the Valley {Cofivallaria majalis); or if

under the same circumstances it is obtuse or rouuded at each
end {fig. 318), it is oblong; the latter term is better applied
only to leaves which are longer than those of an elliptical

form, and either acute or rounded at the two extremities ; it was
used in this sense by Sir J. E. Smith ; the above definitions

of elliptical and oblong are those of Lindley. If the lamina of
a leaf is more or less rounded at the base and broader at this

part than at the apex, so that the whole is of the shape of an
egg cut lengthwise, the leaf is ovate or egg-shaped {fig. 319), as
in the Periwinkle

(
Vinca major) ; or if of the same figure, but

with the apex broader than the base {fig. 320), it is obovate or
inversely egg-shaped. "When the lamina is broad at the apex,
and abrupt-pointed, and tapers towards the base {fig. 316), as

in some Saxifrages, the leaf is cuneate, cuneiform, or wedge-

Fig. 322. Fig. 323.

Fig. 321

Fig.

324.

Fig. 321. Spalhulate leaf. Fig. 322. Oval leaf of Pear-tree
(Pyrus co?n?H«?t?s), with a serrated margin. Fig. 323. Reni-
form leaf of Ground Ivy iKepetaGlechoiHo), v/ith a crenate
margin. Fig. 324. Trifoliate leaf with obcordate leaflets.

or if the apex is broad and rounded, and tapers down to

{fi^. 321), it is spathulate, as in the Daisy. When the
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lamina is broad and hollowed out at its base into two round

lobes, and more or less pointed at the apex, so that it somewhat
resembles in shape the heart in a pack of cards, the leaf is

cordate or heart-shaijied {fig. 317), as in the Black Bryony {Tamus
communis) ; or if of the same shape, but with the apex broader

than the base, and hollowed out into two round lobes, it is oh-

cordate or inversely heart-sha/ped {fig. 324). When a leaf resembles

Fig. 325. Fig, 328.

Fig. 327. Fig. 329. Fig. 330.

Fig. 325. Lunate or crescent-shaped leaf. Fig. 326. Sagittate leaf.

Fig. 327. Hastate leaf. Fig. 328. A portion of the stem of Woody
Nightshade {Solanum Dulcamara), bearing flowering stalk and an auricu-
late leaf. Fig. 329. A subrotund or rounded leaf, with entire margin.

Fig. 330. Orbicular peltate leaf.



ORGANS OF NUTEITIOX. 161

a cordate one generally in shape, but vrith. its apex rounded,

and the whole blade usually shorter, and broader (Jig. 323), it

is reniform or kidney-shaped, as in the Asarabacca (Asanim

europceum) ; when a leaf is reniform but with the lobes at the

base of the lamina pointed, so that it resembles the form of a

crescent {fig. 325), it is lunate ov crescent-shaped, as in Passiflora

lunata. When the blade is broad and hollowed out at its base

into two acute lobes, and pointed at the apex, so that it resem-

bles the head of an arrow (fig. 326), the leaf is sagittate or arrow-

shaped, as in the Arrow-head {Sagittaria sagittifolia): when the

lobes of such a leaf are placed horizontally, instead of passing

downwards, it is hastate or halbert-shaped {fig. 32"). as in

Sheep's Sorrel {Rumex Acetosella) ; or when the lobes of such a

leaf are separated from the blade, as in the upper leaves of the

"Woody Nightshade {Solatium Dulcamara), it is auricidate {fig.

328). When the blade is perfectly round, the leaf is orhicidar

{fi'g. 330), a figure which is scarcely or ever found, but when it

approaches to orbicular, as in Pyrola rotundifolia, the leaf is

suhrotund or rounded {fig. 329).

It frequently happens, that a leaf does not present accurately

any of the above-described figures, but exhibits a combination

of two of them, in which case we use such terms as ovate-lance-

olate, linear-lanceolate, cordate-ovate, cordate-lanceolate, elliptico-

lanceolate, roundish-ovate, &c., the application of which will be

at once evident.

6. Form.—By this term we understand the solid configuration

of a leaf, that is including its length, breadth, and thickness. The
terms used in defining the various forms are therefore especially

applicable to thick, fleshy, or succulent leaves—namely, those

which are commonly produced when the veins are connected by
a large development of parenchjTua. Such leaves either assume

/ some regular geometrical figures, as cylindrical, pyramidal, coni-

cal, prismatic, &c., or approach to some well-known objects, and
are hence termed acicidar or needle-shaped, ensiform or sword-

like, acinaciform or scimitar-shaped, dolahriform or axe-shaped,

clavate or club-shaped, linguiform or tongue-shaped, &c. The
above terms need no further description. In other instances,

the leaf, instead of having its veins entirely connected by paren-

chyma, is more or less hollowed out in its centre, when it is said

to be tubular, hood-shaped, urn-shaped, &c. Various other sin-

gular forms are also found, some of which will be hereafter

alluded to in speaking of the transformation of leaves.

Besides the above described modifications of tJae Margin, In-

cision, Apex, Outline, and Form of the blades of simple leaves,

they also present various modifications with regard to their

surface, texture, colour, &c. For an explanation of these we
must refer to the contents generally of this manual.

2. CoJiPouND Leaves.—We have already defined a compound
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leaf (see p. 149). Its separate leaflets are subject to similar
modifications of margin, incision, apex, outline, form, &c., as
the blade of simple leaves, and similar terms are accordingly

Fig. 332.

Fig. 331. Fig. 333.

pig. 331. Impari-pinnate or unequally pinnate leaf of Rdbinia. Fig.zZ2.
iSqually or abruptly pinnate leaf. Fig. 333. Interruptedly pinnate
leaf of the Potato {Solanum tuberosum). Fig. 334. Lyrately pinnate
leaf.

used in describing them. We have therefore only now to speak

of compound leaves as a whole, and the terms which are used in

describing their various modifications. We divide them into two
lieads ; namely, 1 . Pinnately or feather-veined Compound leaves,

and 2. Talmatdy or radiated-veined Compound leaves.

1, Pinnately- veined Compound Leaves.—When a leaf present-

ing this kind of venation is separated into distinct portions or

leaflets, it is tevm.edi pinnate {fig. 331). The leaflets {ov pinncB

as they are then called) are arranged along the sides of the

lachis or common petiole in pairs, and according to their

number, the leaf is said to be unijugate or one-paired, as in

Lathyrus sylvestris and latifoHus, bijugate or two-paired, trijugate

or three-paired, and multijugate or many-paired (Jig. 331).

Several kinds of pinnate leaves have been distinguished. Thus
when a pinnate leaf ends in a single leaflet {fig. 331), as in

the Eiose and Elder, it is impari-pinnate or unequally pinnate, or

ith an odd leaflet ; it is equally or abruptlypinnate, or
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pari-jnnnate when it ends in a pair of leaflets or pinnse (Jl^. 332),

as in some species of Cassia, theMastich ^lant {PistaciaLenHscus),

Fig. 335.

Fig. 335. Bipinnate leaf of a species of Gleditschia.-
plnnate leaf.

-Fig. 336. A tri-

Logwood {HcBmatoxylum Campechianum), and Orohus tuherosus ;

it is interrwptedly pinnate {fig. 333) when the leaflets are of

diflPerent sizes, so that small pinnae are regularly or irregularly

intermixed with larger ones, as in the Potato and Silver Weed
{Potentilla anserina). "When the terminal leaflet of a pinnate

leaf is largest, and the rest gradually smaller as they approach
the base {fig. 334), it is lyrately pinnate; this leaf and the trud

lyrate (p. 154) are frequently confounded together by botanists,

and the two forms frequently run into each other, so that it

is by no means uncommon to find both on the same plant, as in

the common Turnip and Yellow Eocket.

m2
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Fig. 337.

When the leaflets of a pinnate leaf become themselves pinnate,

or in other words when the partial petioles which are arranged

on the common petiole exhibit the characters of an ordinary-

pinnate leaf, it is said to be bipinnate (fig. 335), as in some
species of Acacia. The leaflets

borne by the partial or secondary

petioles are commonly termed pin-

nides. When the pinnules of a bi-

pinnate leaf become themselves pin-

nate, it is tripinnate {fig. 336), as

in the Meadow Eue {Thalictrum

minus). When the division extends

beyond this, the leaf is decompound

{fig. 337), as in many Umbelliferous

Plants.

2, Palmately -veioicd Com'pound
Leaves.—Such a leaf is formed when
the ribs of a palmately-veined leaf

bear separate leaflets. These leaves

are readily distinguished from those

of the pinnate kind, by their leaflets

coming off from the same point.

We distinguish several kinds ; thus,

a leaf is said to be Innate, bifoliate,

or unijugate, if it consists of only-

two leaflets springing from a com-
mon point {fig. 338), as in Zygo-
phyllwn ; it is ternate or trifoliate

if it consists of three leaflets arranged in a similar manner {figs.

324 and 339), as in the genus Trifolium (Trefoil), which receives

its name from this circumstance; it is quadrinate or quadri-

Fig. 337. A decompound Jeaf.

Fig. 338. Fig. 339. Fig. 340.

Fig. 338. A binate leaf. Fig. 339. Ternate or trifoliate leaf.-

Quadrifoliateleaf of Marsilea quadrifolia.
-Fig. 340.

foliate if there are four leaflets {fig. 340), as in Herb Paris
{Paris quadrifolia) ; it is quinate or quinquefoliate if there are
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five {fig. 341), as in Potentilla argentea and alha ; it is septenate

or septemfoliate, if there are seven {fig. 342), as in the Horse-

chestnut and some Potentillas; it is multifoliate if there are

Fig. 341. Fig. 342.

Fig. 341. Quinate or quinquefoliate leaf. Fig. 342. Septenate leaf of
the Horse-chestnut (^sculus Mppocastanwn).

more than seven {fig. 343), as in many of the Lupin tribe. The
term digitate is sometimes employed to characterise a compound
leaf of five leaflets, but this name should be confined to a simple
leaf, and used in the sense already noticed. In speaking of pal-

mately-veined compound leaves in a general sense, they are com-
monly, although improperly, termed palmate or digitate.

Compound palmately-veined leaves may become still more
divided. Thus if the common petiole divides at its apex into

Fig. 343. Fig. 344.

Fig. 343. Multifoliate leaf of a Lupin. Fig. 344. A biternate leaf.

three partial ones, each of which bears three leaflets {fig. 344),

as in the Masterwort {Imperatoria Ostruthium), the leaf is
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termed biternate; or when the common petiole divides at its

apex into three secondary ones, and each of these again divides

into three others, each of which bears three leaflets, as in the

Yellow Fumitory {Corydalis tutea), and Epimedium, the leaf is

triternate or trijply-ternate {fig. 345) ; when such a leaf is still

further divided, it is said to be decompound.

Fig. 345.

Fig. 345. Triternate leaf of Bane-berry {AcUbo).

5. PETIOLE OR LEAF-STALK.

The petiole or leaf-stalk is that part which connects the blade

of the leaf with the stem {figs. 247, p and 248, p). It is fre-

quently absent, and the leaf is then said to be sessile ( figs. 259
and 260). It consists of one or more fibro-vascular bundles

{fig. 346, /f), surrounded by parenchyma {pc), and the whole
covered by epidermis, which contains but few or no stomata. The
fibro-vascular bundles vary in their nature in the leaves of the dif-

ferent classes of plants, being merely prolongations of those of the

three kinds of stem already fully described ; thus, in Dicotyledo-

nous Plants, the vascular bundles {fig. 250) consist of spiral,

pitted, and laticiferous A'essels, and wood-cells, or of the same



OEGAXS OF XUTEITIOX. 16/

The ramification of the

Fig. 346.

elements essentially as the \rood itself,

fibro-vascular bundles of the petiole

in the lamina constitute the ribs

or yeins of the leaves, which have
been already described under the head
of venation.

The petiole is either sira'ple or im-

divided, as in all simple leaves, and
in those of a compound character in

Tvhich the leaflets are sessile ; or it

is cora'pound -when it divides into two
or more portions, each of which bears

a leaflet {fig. 352). The divisions of

the petiole or the stalks of the leaflets

are then c-Ale^ i^ctiohdes, stalklets, or

jpariial petioles, while the main petiole

is called the rachis oTcornmon petiole.

The petiole is frequently more or

less contracted at the base where it

joins the stem owing to the presence

of an articulation ot joint (fig. 346,

f). Leaves thus furnished with an
articulated petiole fall away from the

stem after they have performed their

functions ; in doing so they leave a

scar, called a cicatrix (fig. 185, b,b.).

This cicatrix frequently exhibits on
its surface several little points, which are produced by the rupture

of the vascular bundles of the petiole. The outline of the cicatrix

and the arrangement of its ruptured vascular bundles vary miich

in different species of plants, and thus frequently form charac-

ters by which we may distinguish one plant from another after

the leaves have fallen. It is probable that the number and dis-

tribution of the vascular bundles of the petiole influence, to some
extent at least, the arrangement of the leaves upon the stem, and
also their varying forms. In compound leaves the petiole is not

only generally articulated to the stem, but the partial petioles

are frequently articulated to the common petiole, so that each

leaflet becomes detached separately from the rachis when the

leaf begins to decay, as in the Sensitive Plant. By many botan-

ists, indeed, no leaf is considered truly compound unless it pre-

sents this characteristic ; consequently all leaves however much
divided, and apparently compound, but which have not their

separate portions articulated, are considered simple. Such a

distinctive character cannot, however, be well carried out in prac-

tice, and when we consider that the presence of an articulation

is by no means constant even in simple leaves, I can see no

sufficient grounds for insisting upon this character in the sepa-

Fig. 346. Section of the stem
and the base of a leaf, show-
ing the passage of a flbro-

vascular bundle fv into the
petiole. ;3C,pc. Parenchyma-
tous tissue of the stem and
petiole, c. Pulvinus. /. Ar-
ticulation between the leaf

and stem. b. Leaf bud in the
axil of the leaf. m. pith.
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rate portions of a leaf as evidence of its compound nature. The
distinctive characters of simple and compound leaves as adopted

Fia 347. Fia 348 ^^ ^®' ^^.ve been already treated

'of under the head of composition

of leaves.

The presence of an articulation

is to some extent a character of dis-

tinction between the three great

classes of plants. Thus the leaves

of Dicotyledonous Plants are in

the majority of instances articu-

lated; while those of Monocoty-
ledonous and Acotyledonous Plants

are non-articulated. Hence the

leaves of the two latter classes,

when they have performed their

functions, instead of falling away
and leaving a cicatrix as the former,

decay gradually upon their respec-

tive plants, to which they give a

ragged appearance. There are

many instances, however, in which
the leaves of Dicotyledonous Plants

are not articulated, as in the Oak.

In such cases, the leaves, although

dead, remain attached to their

respective plants frequently for

months, which thus form a striking

contrast in their appearance to the

surrounding trees, which have lost

their leaves in consequence of these

being articulated.

On the lower surface of the petiole at its base, the parenchyma
frequently forms a slight swelling

( iig. 346, c), to which the

name of j5?f/t;i«2fs has been given. A somewhat similar swelling

may be also seen in many compoimd leaves at the base of each

partial petiole {fig. 347), which is termed the struma. The
compound pinnate leaves of the Sensitive Plant afford a good
illustration of the presence of both pulvinus and struma.

The form of the petiole A-aries ; it is usually rounded below,

and flattened, or more or less grooved above. In other

cases it is cylindrical, especially in the leaves of Monocotyle-
donous Plants, while in other plants of the same class, especi-

ally in Grasses, it becomes widened at its base, and surrounds

the stem in the form of a sheath or vagina {fig. 348, g). This

sheath in all true G-rasses terminates above in a membranous
appendage {fig. 348, tig), which is either entire, or incised in

various ways, or divided into two symmetrical portions ; to this

Fig. ."47. A portion of a liranch and
leaf of the Sensitive Plant (M-
inosa pHclica), sliowing pulvinus
at the base of the petiole, and
struma at the base of the partial
petioles. Fig. 348. Stem of a
Grass with a leaf attached. 1.

Blade, g. Sheathing petiole. Iig.

Ligule.
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appendage the name of lignle has been given. This appendage

is supposed by most authorities to be analogous to the stipides.

In the Aspen {PopiiJv.s treiuida) the petiole is flattened in a line

at right angles to the blade ; this is the cause of the peculiar

Fig. 349. Fig. 350.

->^^&

Fiy.M9. A portion of the stem with some leaves of Tenus's Fly-trap

{Dioncea muscipula). I. Lamina fringed with hairs, hence it is said to

be ciliated, p. Winged petiole. Fig. 350. Decurrent leaves of the
Comfrey (Symphytum).

mobility of such leaves ; in other plants it is flattened in a

horizontal direction. In Water Plants the petiole is frequently

more or less dilated from the presence of a number of air

cavities, as in Pontederia and Trapa; such petioles by di-

minishing the specific gravity of the plants enable them to

float readily in the water. At other times the petiole becomes

dilated at its base, and embraces the stem, in which case the

leaf is said to be amplexicaul{fig. 255); this commonly occurs

in Umbelliferous Plants. Frequently the petiole presents at its

two edges a leaf-like border called a wing, when it is said to

be winged or bordered; examples of such a petiole occur in

the Orange {fig. 294, p), Venus's Ply-trap {fig. 349,^), Sweet

Pea {fig. 359), and many other plants. In some plants the

winged expansion does not terminate at the base of the petiole,

but it is continued downwards along the stem; in which
case the stem is also termed winged, and the leaf is said to

be decurrent {figs. 257 and 350). Besides the above forms of

petiole, others still more remarkable occur, which will be al-

luded to hereafter, under the head of Anomalous Forms of

Leaves.
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Fig. 351. Generally speaking the

petiole is less developed

than the lamina ; it is also

commonly shorter than it,

and of sufficient thickness

to support it without bend-

ing. When the petiole

is very long or thin, or

when the lamina is very
heavy, and in other cases,

it becomes more or less

bent downwards towards
the earth, and no longer

supports the lamina in a

horizontal direction.

6. STIPULES.

Stipules are small leafy

bodies situated at the base

and usually on each side

of the petiole {fig. 248,

s, s). They have the same
structure as the blades of

leaves, and are liable to

similar modifications as

regards venation, outline,

margin, &c. The sti-

pules are often entirely

„. „ , . ^. , ., « , . , wanting, and the leaves
Fuj. 351. A portion of the flowering stem of .i -1^1 j.-

the common Pea, with a pinnate leaf ter- are then said to be exstt-

miuated hy a tendril, and having two large pulate: when present the
stipules at its hase, the lower margins of i -• 7 ^ m
which are dentate. l.ea.ves a.ve sUpiUafe. lliey

are often overlooked from
their small size ; while in other cases they are very large, as

in the Pansy (fig. 353), and in the common Pea {fig. 351).

In the leaves of Lathyrus Aphaca again {fig. 360), there are no
true blades, but the stipules are here very large and perform
all their functions. It sometimes happens that the leaflets of a
compound leaf possess little stipules of their own, as in the Bean
and Bladder-Nut ; to these the name of stipels has been given,

and the leaf is then termed stipellate.

Stipules either remain attached as long as the leaf, when they

are said to be 2^(^^sistcnt ; or they fall off soon after its expan-

sion, in which case they are deciduous. In the Beech, the Fig,

the Magnolia, &c., they form the tegmenta or protective coverings

of the buds, and fall off as these open (see page 93),

The stipules vary in their position with regard to the petiole

and to each other, and have received different names accord-
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ingly. Thus, wlieii they adhere on each side to the base of the

petiole, as in the Eose {fig. 352, s, s), they are said to he adnate,

Fig. 352. Fig. 353.

Fio. 352. A portion of a branch, r, of the common Rose {Bosa canind). a.

A prickle. 6. Bud in the axil of a compound leaf /. p. Petiole, s.s. Ad-
nate or adherent stipules. Fig. 353. Leaf of Pansy {Viola tricolor)

•with large caulinary stipules at its base.

adherent, or petiolar. TVTien they remain as little leaflets on each

side of the base of the petiole, but quite distinct from it, as in

many Willows {fig. 248, s, s), and Pansy {fig. 353), they are

called caulinary. When the stipules are large, it sometimes
happens that they meet on the opposite side of the stem from
which the leaf grows, and become united more or less by their

outer margins, and thus form one stipule, as in the Astragahis
;

they are then said to be synochreate or opjjosite {fig. 354, s); if

under similar circumstances they cohere by their inner margins,

as in Melianthus annuus and Routtuynia cordata {fig. 355, s),

they form a solitary stipule which is placed in the axil of the

leaf, and is accordingly termed axillary ; if such stipules cohere

by both outer and inner margins so as to form a sheath which
i encircles the stem above the leaf {fig. 247, d), as in the Ehubarb,
and most Polygonacese, they form what is termed an ochrea or

intrafoliaceous stipule.

All the above forms of stipides occur in plants with alternate

leaves, in which such appendages are far more common than in

those with opposite leaves. When the latter have stipules it
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generally happens that these are situated in the intervals between
the petioles on each side, and are hence termed interpetiolar

.

Fig. 354

Fig. 354. A portion of the stem r, and leaf/, of the Astragalus Onobrychis.

s. Synochreate or opposite stipule. Fig. 355. A portion of the stem r,

and leaf/, of Houttuynla cordata. s. Axillary stipule.

In such eases, it frequently happens that the opposing stipiiles

of each leaf cohere more or less completely by their outer margins,

Fig. 356. A portion of a branch r, with two opposite leaves //, of Cepha-
lanthus occidentalis. s. Interpetiolar stipule.

so as to form but one interpetiolar stipule on each side of the

stem {Jiff. 356), as is the case in the Cinchonas, the Coffee, and
other plants of the natural order to which they belong.

Stipules, as we have already noticed, are not always present

in plants, but their presence or absence in any particular plant

is always regular, and although the appearance and arrange-

ment of them also vary in different plants, they are always uni-

form in those of the same species, and even, in some cases,

throughout entire natural orders, and thus they frequently

supply important distinctive characters in such plants and
orders. Thus the plants of the Cinchonacese are distinguished

from those of the allied order Caprifoliacese by possessing inter-
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petiolar stipules ; and the plants of the Polygonacese from those

of allied orders by intrafoliaceoiis stipules.

Stipules are very rare in Monocotyledons, except the ligule

of Grasses be considered as analogous to them. The only orders

of Monocotyledons in which they undoubtedly occvir are the

Naiadacese and Araceae.

The flat dilated portion at the base of many petioles, as in

the Umbelliferse {fig. 255), is by some botanists regarded as

formed by adherent stipules ; this part is sometimes called the

pericladhim. The fibrous sheath at the base of the leaves of

Palms, -which is called the reticulum, is by some also thought to

be a stipular appendage.

7. AN03IAX0US FOEMS OF LEAVES.

We have already seen that the branches of a stem sometimes
acquire an irregular development, and take the form of Spines
and Tendrils (see page 103). In the same manner the parts of

a leaf may assume similar modifications, as well as some
others still more remarkable, which we now proceed to describe.

Spines of Leaves.—Any part of the leaf may exhibit a spiny

character owing to the non-development, or diminution of paren-
chyma, and the hardening of the veins. Thus,—1st, In the

Fig. 357. Fig. 358.

Fig. 357. A portion of a branch of tbe Barberry (Berberis vldgaris^, bearing
spiny leaves. The upper leaf is composed entirely of hardened veins,
without any parenchyma between them. Fig. 358. A portion of a
branch of the Gooseberry (^Ribes Grossidaria). f, f. Scars of leaves, with
buds in their axils, c. Spine produced from the pulvinus.

HoUy (fig. 297), and many Thistles ( fig. 257), the veins project
beyond the blade, and become hard and spiny ; in some species of
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Solatia the spines are situated on the surface of the blade ; while

in the Barberry {fig. 357) the blade has little or no parenchyma
produced between its veins, which are of a spiny character, so that

the whole blade becomes spinous. These spines may be readily

distinguished from those already described which are modified

branches, because in the latter ease they always arise from the

axil of the leaf, instead of from the leaf itself. Spines may
also be readily distinguished from prickles by their internal

structm^e and the other characters alluded to when speaking of

the spines of branches. 2nd, The petiole may assume a spiny

character, either at its apex, as in Astragalus Tragacantha and
A. massiliensis ; or at its base by the pulvinus {fig. 358), as in

Ribes Grossularia. And, 3rd, The stipules may become trans-

formed into spines, as in the False Acacia {Robinia pseudo-

acacia), {fig. 249).

Tendrils of Leaves.—Any part of the leaf may also become
cirrhose or transformed into a tendril. Thus,—1st, The midrib

of the blade of a simple leaf may project beyond the apex,

and form a tendril, as in Gloriosa su^crba ; or in other cases

Fig. 359. Fig. 361.

Fig. 360.

Fig. 359. Leaf o{ Lathyrus, s>iowing a winged petiole, with two half-
sagittate stipules at its base, and terminated by a tendril.^— FiV?. 360. A
portion of the stem of Lathyrus Aphaca, with stipules, s s, and cirrhose
tendril, v. Pig, 861. A portion of the stem of Smilax, bearing a petio-
late leaf, and two tendrils in place of stipules.

some of the leaflets of a compound leaf may become trans-

formed into branching tendrils {figs. 351 and 359), as in
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Lathyrus sylvestris. 2nd, The petiole may become cirrhose, as

in Lathyrus Aphaca {fig. 360), and many other plants of the

Leguminosae. And, 3rd, The stipules may assume the form of

tendrils ; thus in many species of Smilax there are two tendrils,

one on each side of the petiole (fig. 361).

PhyUodes or Phyllodia.—In the leaves of some plants, as in

Australian Acacias {fig. 362), the vascular bundles of the petiole,

instead of remaining till they reach the blade before separating,

begin to diverge as soon as they leave the stem or branch and be-

come connected by parenchjTua as in the ordinary blade of a leaf

;

the petiole thus assumes the appearance of a lamina, and then

Fig. 363.

Fig. 36i

Fig.Z&l. A phyllode of an Aus-
tralian Acacia. Fig. 363. Leaf
of an Acacia {Acacia hetero-

phylla), the petiole of -which as-

sumes the character of a phyl-

lode, and is terminated by a hi-

pinnate lamina. The venation
of the phyllode may be seen to

be paralleL

performs all its functions. To such a petiole the name otphyllo-

dium or j^hyllode has been applied. Li some cases, as in Acacia
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heterophylla, the phyllode is terminated by a true blade {fig.

363), and its nature is thus clearly ascertained, but in other

instances no blade is produced {fig. 362), and such plants are

commonly termed leafless. These phyllodes may be distin-

guished from true blades, not only by the frequent production

of a lamina {fig. 363) as just mentioned, but also by other cir-

cumstances. Thus,— 1st, By their venation, which is more or

less parallel
( fig. 363) instead of reticulated, as is the case

generally in Dicotyledonous Plants, in which class of plants they

alone occur. 2nd, By their being placed nearly or quite in a

vertical direction—that is, turning their margins instead of their

surfaces to the earth and heavens. And 3rd, By their two
surfaces resembling each other, whereas in true blades a mani-
fest difference is commonly observable between the upper and
lower surfaces. Trees presenting phyllodes are very common in

Australia, and they give a very peculiar character to the vegeta-

tion of that country by the singular distribution of light and
shade which they produce.

Besides the true phyllodes thus described, there are some
others, which do not possess such well-marked distinctive

characters, as the so-called leaves of some species of Ramm-
cuius. In these phyllodes the direction is horizontal as in true

blades, and in some other respects they resemble them ; they

have, however, parallel venation instead of reticulated, and be-

longing to Dicotyledonous Plants, this character will suffice to

distinguish them, as it is now become the general rule of

botanists to consider all organs occupying the place of leaves

among Dicotyledons which are not reticulated, as 'phyllodes.

Ascidia or Pitchers.—These are the most remarkable of all

the anomalous forms presented by leaves. They may be seen in

the Pitcher plants, as Nepenthes distillatoria {fig. 364), in the

Side-saddle plant {Sarracenia purpurea) {fig. 365), and in many
others. These curious organs may be either formed from the

petiole or the blade of the leaf. Thus, in Sarracenia {fig. 365),

the pitcher appears to be produced by the folding inwards of

the two margins of a phyllode, which unite below, and form

a hollow body or pitcher, but which are still separate above,

and thus indicate its origin. The origin of the pitcher from

the phyllode is, however, probably best seen in a species of

Heliamphora {fig. 366) described by Mr. Bentham, in which
the union of the margins of the phyllode is even less evident

than in the Sarracenia. In the Nepenthes {fig. 364), the

petiole first expands into a phyllode, then assumes the ap-

pearance of a tendril, and ultimately forms a pitcher ; this

is closed above by a lid, I, called an operculum, which is united

to it by an articulation. The lid is here regarded as a re-

markable transformation of the blade. This kind of pitcher

is looked upon by some botanists as a modification of such
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leaves as the Orange {fig. 294), and Venus's Fly-trap {fig. 349).
in which the petiole is articulated to the blade ; thus, if we

Fig. 364. Fig. 365.

Fig. 366.

Fig. 364. Pitcher of a species of Pitcher plant {Nepenthes distillatoria). p.
Pitcher closed by the Ud, I. Fig. 365. Pitcher f)f the Side-saddle plant
{Sarracenia Tpurpurea). Fig. 366. Pitchers of Heliamphora.

suppose the winged petiole of such plants to fold inwards and
unite by its margins, a pitcher would be formed resembling that
of Nepenthes, and the jointed blade would then be seen to be
clearly analogous to the operculum or lid of that plant. Ac-
cording to G-riffith, the pitcher of Nepenthes is a modification
of the excurrent midrib or the stalk of the pitcher, and Dr.
Hooker has confirmed his observations, and shown that it is

formed out of a gland situated at the apex of the midrib. In
the Bischidia, the pitchers are considered to be formed by the
folding inwards and union of the margins of the blades.

8. GENERAL VIEW OF THE LEAVES IN THE THREE GREAT
CLASSES OF PLANTS,

We have already seen in describing the structure and general
characters of stems and roots, that these present well-marked
distinctive characters in the three great classes of plants. The
leaves of these three classes also present certain differences,

which may be summed up as follows :

—

1. Leaves of Dicotyledonous Plants.—In these the vena-
tion is reticulated in consequence of the veins branching in

N
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various directions and becoming united with each other, so as

to form an angular network {fig. 288). In some plants, as in

Eanunculus Lingua, R. gramineus, &c., the so-called blades

have parallel veins, and have been therefore considered by
some botanists as presenting exceptions to the ordinary reti-

culated venation of Dicotyledons, but these as we have seen (see

page 176), are not true blades, but phyllodes or transformed

petioles.

The leaves of Dicotyledons are very commonly articulated to

the stem, often compound, and variously toothed or incised at

their margins.

2. Leaves of Monocotyleuonous Plants.—In these the

venation is commonly more or less parallel: either from base to

apex {fig. 285, a); or the blade presents one large central vein

from which secondary veins are given off on each side, which
proceed in a parallel direction to the margins, as already

described in the Banana, {fig. 292). The leaves of plants

belonging to the Natural orders Smilacese {fig. 361), Dios-

coreacese, &c., as well as some in the order Aracese, present

exceptions to this character, for in them the veins branch in

various directions and form a network, as in the leaves of

Dicotyledons. Some of tliese plants, as the Dioscoreacese,

Smilacese, &c., have been therefore separated from the class

of Monocotyledons by Lindley, and placed in one by themselves,

called Dictyogens, from the Greek word, signifying a net. In
this work, as will be hereafter seen, in treating of the Clas-

sification of Plants, these plants are arranged as a sub-class of

the Monocotyledons. We have already seen (page 89), that

such plants also present certain differences in the structure

of their stems from those of other Monocotyledonous Plants.

In Monocotyledonous Plants the leaves are not articulated

;

their margins are usually entire or free from toothings and in-

cisions of every kind. They are also commonly simple. Their

leaves are often sheathing at the base ; and seldom have stipules,

unless the ligule is to be considered as analogous to them,

3. Leaves of Acotyxedonous Plants.—In plants of this

class which have leaves with a true fibro-vascular system or

veins, these are arranged at first, either in a pinnate or palmate
manner, but their extremities are always bifurcated or forked

{fig. 293). The leaves of ferns are commonly cdiWedi fronds.

Such leaves are usually not articulated ; either sessile, or

stalked ; frequently toothed, or incised in various ways ; and
often highly compound.
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CHAPTEE 4.

OHGANS OF EEPEODUCTION.

Under the head of Organs of Keproduction we iiichide the

flower and its appendages ; and they are so called, because they

have for their office the reproduction of the plant by the forma-

tion of seed. Plants with conspicuous organs of reptroduction

are called 'Phcsnogainous, Flianerogamous^ or Flowering; while

those in which these parts are concealed or obscure are termed
Cryptogamous or Flowtrless. The former division includes Dico-

tyledonous and Monocotyledonous Plants; the latter Acotyle-

donous Plants.

The parts of a flower (as will be particularly shown hereafter),

are only leaves in a modified condition adapted for special pur-

poses ; and hence a flower-bud is analogous to a leaf-bud, 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. As flower-buds are thus analogous to leaf-buds they

are subject to similar laws of arrangement and development.

Section 1. Inflorescence or Anthotaxis.

The term inflorescence is applied generally to indicate the

floral axis and its ramification, or the arrangement of the flowers

upon that axis. Under the head of inflorescence we have to

examine— 1st, The Leaf from the axil of which the flower-bud

arises ; 2nd, The Stalk upon which the flower is situated ; and
3rd, The Kinds of Inflorescence.

1. Bract or Floral Leaf.

"We have just stated that flower-buds are analogous to leaf-

buds ; and this analogy is still farther proved by their occupying

similar situations to them ; thus, they are placed either at the

apex of the floral axis or branch, or in the axil of leaves.

Flower-buds, therefore, like leaf-buds, are terminal or axillary.

In the latter case the leaves from which they arise are called

bracts ox floral leaves. In strict language the term bract should

be only applied to the leaf from the axil of which a solitary-

flower or a floral axis arises, while all other leaves which are

found upon that axis between the bract and the flower properly

so called, shoidd be termed bractlets or hracteolcs. These two
kinds of bracts are, however, but rarely distinguished in prac-

tice, the term bract being generally alone used for either va-

riety, and in this sense we shall hereafter apply it.

Bracts vary much in appearance, some of them being large,

of a green colour, and in other respects resembling the ordi-

X2
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nary leaves of the plant upon wliich they are placed, as in

the White Dead-nettle {Lamium album) {fig. 367); and in the

Fig. 367.

Fig. 367. Flowering stalk of the White Dead-nettle (^Lamium album).

Pimpernel (Anagallis arvensis) {fig. 368); in which case they

are called leafy bracts. Such bracts can only be distinguished

from the true leaves by their position with regard to the flower-

stalk or flower. In most cases, however, bracts may be known
from the ordinary leaves not only by their position, but also by
differences of colour, outline, and other peculiarities. Sometimes
when the bracts are situated in a whorl immediately below the

calyx or oviter covering of the flower, it is difficult to determine

whether they should be considered as a part of the calyx or as

true bracts ; thus in most flowers of the Mallow order {fig. 369),

and many of the Pink {fig. 458) and Kose orders {fig. 370), we
have a circle of leafy organs placed just below the calyx, to

which the term of epicalyx has been given by many botanists,

but which properly comes under the denomination of involucre

182).

Almost all inflorescences are furnished with bracts of some
kind or other ; it frequently happens, however, that some of the

bracts do not develop axillary flower-buds, just in the same
manner as it occasionally happens that the leaves do not produce
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leaf-buds in their axils. In some cases the non-development of

flower-buds in the axil of bracts appears to arise simply from

Fig. 369. Fig. 370.

Fig. 368. Flowering stalk of the Pirapemel
(AnagaUisarvensis). b, b. Solitaryflowers
arising from the axil of the leafy bracts,
a,n. Fig.SQQ. Flower of Marsh-ilallow
(Althcea officinalis) surrounded by an epi-

calyx or involucre. Fig. 370. Flower
of Strawberry (Fragaria vesca), sur-
rounded by an epicalyx or involucre.

causes ; but in others, it

a regular law, thus in the

accidental

occurs as

Purple Clary (Salvia Horminum) and
the common Pine-apple {fig. 266),

there are a number of bracts without

flower-buds placed at the apex of

the inflorescence. Bracts from which
flower-buds do not arise are called

empty. When bracts are absent al-

together, as is usually the case in the

plants of the natural order Cruciferse,

and in the Boraginacese, such plants

are said to be ehracteated ; when bracts are present the in-

florescence is said to be hracteated.

Bracts follow the same law of arrangement as true leaves,

being opposite, alternate, or whorled, &c., in different plants.

The bracts of the Pine-apple fruit {jig. 266), and those of Fir

cones {figs. 267 and 394), show in a marked manner a spiral

arrangement.

Bracts vary in their duration ; when they fall immediately, or

soon after the flower-bud expands, they are said to be deciduous.

When they remain long imited to the floral axis, they are persis-

tent. In some plants, they remain and form a part of the fruit

;

thus, in the Nut and Filbert they form the husk {fig. 375), in

the Acorn they constitute the cup {fig. 37-t), and in the Hop-
fruit {fig. 395), in the Fir-cones {figs. 267 and 394), and Pine-

apple {fig. 266), they persist as membranous, woody, or fleshy

scaly appendages.
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Certain varieties of arrangement and forms of bracts have
received special names. Thus the bracts of that kind of inflo-

rescence called an Amentum or Catkin {jig. 371) (see page 191),

as seen in the Willow, Oak, Birch, &c., are termed squamce or

scales, or the bracts are described as squamous or scaly.

Fig. 372.

Fig. 371. Staminate or male catkin of the Hazel, showing a number of
scaly bracts between the flowers. Fig.Z12. Compound umbel of the
Carrot {Bmicus Carota). a. General involucre, b, b. Partial involucres.

When a circle or whorl of bracts is placed round one flower, as

in the Mallow {fig. 369) and Strawberry {fig. 370); or a number
of flowers, as in the Carrot {fig. 372) and most other umbelli-

ferous plants, they form what is termed an involucre. In some
umbelliferous plants, as for instance the Carrot {fig. 372), there

are two kinds of involucre, one at the base of the primary divi-

sions of the floral axis or general umbel {a) (see page 196); and
another at the base of each of the partial umbels or umbellules

{h); the former is then called the general involucre; and each

of the latter an involucel or 'partial involucre. In plants of the

natural order Compositse, as the Marygold {fig. 373), Artichoke,

Chamomile, Daisy, &c., and of some allied orders, a somewhat
similar arrangement of bracts takes place, and the name of in-

volucre is also applied to them. In these cases there are fre-

quently two or three rows of bracts overlapping each other.

The constituent bracts thus forming the involucre of Com-
posite flowers have been termed phyllaries. Sometimes the

bracts of an involucre grow together at their base, and form
ultimately a sort of cup-shaped body surrounding the fruit, as
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Fig. 373.the cup of the Acorn

{fig. 374), and the

husk of the Filbert or

Hazel-nut {fig. 375)

;

they then form what is

called a cupule.

When a bract is of

large size and sheath-

ing, and surrounds one,

or a number of flowers,

so as to completely

enclose them when in

a yoimg state, as in

the Iris, Narcissus,

Snow-flake {fig. 376),

the common Arum or

Cuckow-pint(/_9'. 377),

and Palms {fig. 391),

it is called a spathe.

The spathe is generally

found surrounding the

kind of inflorescence

called a spadix, (see

page 191), as in the

Arum, {fig, 377), and Palm {fig. 391); and it is also very com-
mon in other Monocotyledonous plants. The spathe may be

Fig. 373. Capitulum of Marygold (Calen-
dula), sliowing the flowers enclosed in
an involucre.

Fig. 374. Fig. 375.

Fig. 374. Fruit of the Oak (Querciis pedunculata') surrounded by a cupule.
Fig. 375. Fruit of the Hazel (jCorylus Avellana) with cupule at the
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either green like an ordinary leaf, as in the Cuckow-pint, or

coloured, as in Bichardia (sthiopica. In some Palms these spathes

Fig. 376. Fig. 377.

Fig. 376. Flower of the Spring Snow-flake (Leticojum vernum).
Fig. 377. Spadix of Cuckow-pint {Arum maculatum) enclosed in a
spathe, a portion of which has been removed to show the flowers
within it.

are of great length, sometimes even as much as twenty feet;

and as many as 200,000 flowers have been counted in some of

them. Sometimes the spadix of Palms branches {fig. 391), and
then we frequently find smaller spathes surrounding its divisions,

which have been named spathtllce. Some botanists restrict the

term spathe to the large enveloping bract of the spadix, and call

the other bracts of a like character spathaceous bracts.

Besides the bracts which surround the head of flowers of the

Compositae and form an involucre, it frequently happens that

the individual flowers are also provided with little bracts, which

are then generally of a membranous nature, and colourless, as

in the Chamomile {fig. 378, b, b); these have received the name

The only other bracts which have received special names are

those found in Grrasses and Sedges. Thus, the partial in-



ORGANS OF EEPRODTJCTION. 185

florescence of a Grass which is termed a locusta or 'spikelet, has

at its base one, or two bracts, to which the name of glumes has

been given {fig. 379, gl, gl). In the Cyperacese each flower is

Fig. 378. Fig. 379.

Fig. 378. Receptacle of Chamo-
mile (4wt7ienn's?io6(7js)bearing
flowers, a, a, and bracts, b, b

;

the latter are sometimes
termed palea. The receptacle
is here drawn much too large
at the apex, it should be coni-
cal. Fig. 379. Locusta or
spikelet of the Oat iAvena
sativa). gl, gl. Glumes. ps,pi.
Palece. a. Awn arising from
the dorsum of the outer palea,
ps. fs. An abortive flower.

surrounded by similar bracts. In the G-rasses we also find that

each flower has two other bracts {fig. 379, ps,^i), which are

commonly called palecs ; and also frequently at the base of the

ovary there are two or more little scales, also of the nature of

bracts, which are commonly termed sqicamulce, glumellules, or

lodiculcB {fig. 579, sjp).

2. The Peduncle or Flower-Stalk.

The term peduncle is applied to the stalk of a solitary flower,

whether axillary or terminal {figs. 368 and 376), or to a floral

axis which bears a number of sessile flowers {figs. 371 and 373)

;

or if the floral axis branches and each branch bears a flower {fig.

396), the main axis is still called a peduncle, and the stalk

of each flower a pedicel; or if the axis be still further sub-

divided, the general name of pedvmcle {fig. 398) is applied to

the whole, with the exception of the stalks immediately sup-

porting the flowers, which are in all cases called pedicels. When
the floral axis is thus branched, it is better to speak of the main
axis as the primary axis {fig. 409, «'), its divisions as the

secondary axes a!' , and their divisions as the tertiary axes a'", &c.

Under certain circumstances peduncles have received special

names. Thus, when a peduncle is elongated, and gives off from
its sides sessile flowers {fig. 388), or branches bearing flowers

{fig. 396), it is called the rachis or axis. When the peduncle,



186 ORGANOGEAPHY.

instead of being elongated in a longitudinal direction, becomes
shortened and dilated more or less horizontally, and bears nu-

merous flowers, it is called the receptacle. This receptacle varies

very much in form ; thus, it is flattened in the Cotton Thistle

Fig. 380. Hypanthodium of
the Pig (Ficus Carica),

showing pear-shaped fleshy

receptacle bearing flowers.

Fig. S81. Hypanthodium
of a species of Dorstenia,
with concave receptacle.

{OnopoTclum Acanthium) {fig. 401); conical in the Chamomile

[fig. 378); concave in the Dorstenia {fig. 381), pear-shaped in

the Fig {fig. 380) ; or it assumes a variety of other intermediate

forms. It should be particularly observed, that the term recep-

tacle is also applied by some botanists to the extremity of the pe-

duncle or pedicel, upon which the parts of the flower are placed,

whether enlarged or not, and whether bearing one or a number
of flowers (see Thalamus). When plants which have no aerial

stem bear flowers, the peduncle necessarily arises at, or under
the ground, in which case it is called a Scape or radical peduncle

{fig. 376), as in the Spring Snow-flake, Tulip, Hyacinth, Prim-
rose, Cowslip, &c.

In form the peduncle is generally more or less cylindrical, but

besides the departure from this ordinary appearance as exhibited

by the receptacle just described, it frequently assumes . other

forms. Thus, it may become more or less compressed, or

grooved in various ways, or it may become excessively en-

larged during the ripening of the fruit, as in the Cashew Nut

;

or it may assume a spiral appearance, as in the Vallis7ieria

{fig. 382); or become spiny, or transformed into a tendril, &c.

In the Eschscholtzia it becomes hollowed out at its apex, so as

to form a cup-shaped body, to which the lower part of the calyx

is attached.
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In some cases the peduncle becomes flattened and assumes the

form of a phyUode, in which case it is called a phylloid pe-

duncle or pedicel. Examples of this occur in the Butcher's-

Broom {Ruscus aculeatus) {fig. 383), where the flowers arise

Fig. 382. Fig. 383.

Fig. 382. Female plant of VaUisneria spiralis, vrith its flowers arranged on
spiral peduncles. Fig. 383. Portion of a branch of the Buccher's-
Broom (^Ruscus aculeatus), with phylloid pedicels bearing flowers, a.

from its surface, and in Xyloiphylla, in which the flowers are

attached to its margins. Sometimes the peduncle, or several pe-

duncles united, assume an irregular flattened appearance, some-
what resembling the fasciated branch already described, (see page

100), and bear numerous flowers in a sort of crest at their ex-

tremities, as in the Cock's-comb.

In speaking of the branches of a stem, we found that in some
cases, instead of arising in the axil of leaves, they become extra-

axillary, in consequence of adhesions of various kinds taking

place between them and the stem, &c. In like manner the

peduncle may become extra-axillary by contracting adhesions.

Thus, in the Lime tree {Tilia europaa) {fig. 384), the peduncle
adheres to the midrib of the bract for some distance, and then

becomes free. In many Solanacese {fig. 385), the peduncle also

becomes extra-axillary by forming adhesions to the stem in

various ways,

"With respect to their duration the pedtmcle and pedicel vary.

Thus, they are said to be caducous, when they fall off soon after

the opening of the flower, as in the staminate or male flowers

of a catkin ; they are deciduous, when they fall off after the

fruit has ripened, as in the Cherry ; they are persistcrit if they
remain after the ripening of the fruit and dispersion of the seed,

as in the Dandelion ; or if they enlarge or continue to grow
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during the ripening of the fruit, as in the Cashew Nut, they are

excrescent.

Fig. 384. Fig. 385.

Flo. 384. Peduncle of the Lime tree {Tllia europcea) attached to bract h.

Fig.Z%h. Branch of Woody Nightshade {Solanum Dulcamara) with
extra-axiUary peduncle.

3. Kinds of Inflorescence.

The term inflorescence is used generally to indicate the

arrangement of the flowers upon the floral axis, in the same way
as the term vernation is employed in a general sense for the

arrangement of the component leaves of a leaf-bud, and that

of aestivation for the parts of a flower-bud. As flowers are

variously arranged upon the. floral axis, we have a number of

different kinds of inflorescence, and to each mode of arrange-

ment a particular name is applied. These modifications are

always the same for the same species of plant, and frequently

for entire genera, and even natural orders, and hence their dis-

crimination is of great practical importance. All the regular kinds

of inflorescence may be arranged in two great classes ; the general

characters upon which they depend being understood, their several

modifications will be readily intelligible. These two are called

:

1st, Indefinite or Indeterminate, and 2nd, Definite ov Determinate

Inflorescence. In the former, the primary floral axis is termi-

nated by a growing point, analogous to the terminal leaf-bud of

a stem, or branch, and hence such an axis has the power of grow-
ing or elongating in an upward direction, or of dilating more or
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less horizontally, in the same manner as the terminal leaf-bud of

a stem or branch has the power of elongating, and thus adding to

its length. There is consequently no necessary limit to the

growth of such an axis, and hence the name of Indeterminate or

Indefinite which is applied to it. Such an axis as it continues to

grow upwards developes on its sides other flower-buds, from
which flowers are produced, and these, like those of a branch,

are situated in the axil of leaves called bracts, as we have before

seen. All the flowers therefore of an Indefinite Inflorescence

must be necessarily axillary, and hence such an inflorescence is

also termed axillary. The general characters of Indefinite, In-

determinate, or Axillary Inflorescence depend therefore upon the

indefinite growth of the primary axis, while the secondary,

tertiary, and other axes which are developed from it, are termi-

nated by flower-buds. In the Definite or Determinate Inflores-

cence on the contrary, the primary axis is terminated at an early

period by the production of a flower-bud ; such an axis has

therefore a limit at once put to its growth in an upward direction,

and hence the names of Definite, Determinate, or Terminal
applied to it. Each of these classes of inflorescence presents us

with several modifications, which we now proceed to describe.

Indefinite, Indeterminate, or Axlllart Inflorescence.—
The simplest kind of inflorescence in this class is that pre-

sented by such plants as the Pimpernel {Anagallis arvensis)

(^^. 368), andMoney-Wort ^-^^ 38g
[Lysi'niachia Nummularia),

^

'

in which solitary flowers,

b,b, are developed in the

axils of what are com-
monly regarded as the or-

dinary leaves of the plant,

a, a, although properly

leafy bracts, the primary
axis continuing to elongate

in an upward direction ^.^ ggg whorledl^^es or bracts and
and bearing other leaves flowers of Mare's Tail {Hippuris vul-

and flowers. The flowers ^'''^^^•

are then said to be solitary and axillary. When such flowers are

arranged in whorls round the stem, as in the common Mare's

Tail {Hippuris vulgaris), each flower being axillary to a leafy

bract, (fly. 386) they are said to be whorled.

When a number of flowers instead of a single one are de-

veloped upon an elongated or depressed floral axis placed at the

extremity of a branch, or in the axil of a bract, a number of

kinds of inflorescence arise. All these depend upon the extent

to which the axis branches, the mode in which the branching
takes place, the comparative lengths of the flower-stalks, and
other subordinate circumstances. It will be convenient to de-
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scribe these various modifications tinder two heads. 1st, Those
kinds of Indefinite Inflorescence with an Elongated Primary
axis, and 2nd, Those with a Shortened or Dilated Primary axis.

1. Kinds of Indefinite Inflorescence with an Elongated Pri-

mary Axis.—These are as follows :

—

a. The Spike.—This is a kind of inflorescence in which the

primary elongated axis simply hears sessile flowers, or flowers

in which the pedicels are very

Fig. 387. Fig. 388. short, so as not to be clearly dis-

tinguishable. Examples of it

may be seen in the Eib-grass
{Plantago) {fig. 387), and Ver-
vain {Verbena officinalis) {fig.

388). In this kind of inflores-

cence it will be observed that

the flowers at the lower part of

the spike are in fruit {fig. 388),
while those near the middle are

in full flower, and those at the
top are still undeveloped. The
flowers here therefore open flrst

at the base, and last at the
apex. Such a mode of opening
is called centripetal. This mode
of expansion is universal in the

different kinds of indeflnite in-

florescence, which in all cases

open from the base to the apex
if the axis is elongated {fig. 388),
or from the circumference to-

wards the centre if it is de-

pressed or dilated {fig. 402).
This centripetal order of ex-

pansion necessarily arises from
the mode of development of

such kinds of inflorescence
;

thus, the flower-buds situated

at the base of an elongated axis

are those that are first formed
and which are consequently the
oldest ; but as the axis elongates

upwards, it is continually pro-
ducing other flower-buds, the age of which continues to decrease
as we approach the growing point or apex ; and as flower-buds
are necessarily most developed in the order of their age, it

follows that those at the base will open first, and that the order
of expansion will proceed gradually upwards towards the apex,
or centripetally. In the same way the flower-buds situated at

Fig. 387. Spike of a species of Rib-
grass (Plantago).—Fig. 388. Spike
of Vervain (Verbena). The flowers
at tbe base may be seen to have
already passed into the state of
fruit, whilst those at the apex are
still unexpanded.
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Fig. 389. Fig. 390.

Fig. 389. Pistillate or carpellary amentum or
catkin of a species of Willow [Salix).

Fig. 390. Staminate amentum of Willow.

the circumference of a dilated

axis are first formed, and those

nearest the centre or growing
point last, and therefore their

expansion will proceed from the

circumference to the centre:

hence all indefinite inflorescences

have a centripetal order of ex-

pansion.

There are fire other kinds of

indefinite inflorescence which are

simply modifications of the spike.

These are the Amentum or Cat-

kin, the Spadix, the Locusta, the

Cone, and the Strobile.

b. The Amentum or Catkin.—
This is a kind of spike which
only bears barren flowers—that

is, only staminate {fig. 390), or

pistillate (^fig. 389) ones. The
flowers of an amentum are also

usually separated from one
another by scaly bracts, and
the whole inflorescence (at least

as regards the staminate catkins)

commonly falls off in one piece,

soon after the process of flower-

ing, or fruiting. All plants with
Fig. 391. Brancbed spadix of a
Palm (CliavicBrops), enveloped in
a spathe.
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his kind of inflorescence are called amentaceous or amentiferous.
Our trees aiFord us numerous examples, as the Oak, the Wil-
low, the Birch, the Poplar, &c.

Fig. 392. Fig. 393.

Fig. 392. Inflorescence of "Wheat (Triticuvi), consisting of numerous
sessile spikelets arranged on a common axis (rachis). Fig. 393.

Branched inflorescence of the Oat {Avena sativa).

c. The Spadix is a spike with a succulent axis, in which the

individual flowers have no special bracts, but the whole in-

florescence is enclosed in that variety of bract which is called a

spathe. This is well seen in the Cuckow-pint {Arum macidatum)

{fig. 377). Sometimes the spadix branches, as in Palms {fig.

391), in which case it is called compound or branching. The
term spadix is also frequently applied to a succulent spike,

whether enveloped in a spathe or not, as in the Sweet Flag
{Acoriis Calamus).

d. The Locusta or Spikelet.—This name is applied to the

partial inflorescence of Grasses {fig. 379), and of plants of the
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Sedge Order. It is a spike with a few flowers, and these desti-

tute of a true calyx and corolla, their place being occupied by
j)alece or pales {fig. 379, ps, pi), and the whole inflorescence

surrounded at the base by one or two empty bracts {glumes),

gl, gl. These spikelets may be either arranged sessile on the
primary axis or rachis

( fig. 392). as in

Wheat, or they may be placed on a more or

less branched axis, as in the Oat {fig. 393).

The spikelets of plants of the Sedge Order
present certain peculiarities, but they are

essentially of the same nature as those of

Fig. 394.

e. The Cone.—^This is a kind of spike,

found especially in cone-bearing plants, as the

Larch, Pine, and Fir {fig. 394). It is com-
posed of pistillate flowers, each of which has

at its base a persistent woody scale or bract.

f. The Sirobilus or Strobile.—This is a

kind of spike with pistillate flowers, each of

which has a membranous bract or scale at its base,

in the Hop {Humulus Licpuhcs) {fig. 395).

All the kinds of indefinite inflorescence at present described

owe their essential characters to the flowers being sessile upon an
elongated axis. We now pass to describe others, in which the pri-

mary axis is more or less branched, and the flowers consequently

situated upon stalks. The simplest of these is the Raceme.

Fig. 395. Fig. 396.

Fig. 394. Cone of Hem-
lock Spruce (Abies
canadensis).

It is seen

Fig. 395. Strobile of the Hop {Humulus
Lupulus). Fig. 396. Raceiae of a
species of Cherry (Cerasus).

g. The Baceme.—This name is ap-

plied to that form of inflorescence

in which the primary axis is elon-

gated, and bears flowers placed on
pedicels of nearly equal length {fig.

396).

It only differs from the spike
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Fig. 398.

Fig. 397. Simple corymb of a species of Cerasus. a'. Primary axis, bear-

ing bracts b, b, from the axils of which pedicels a", a" arise. Fig.

398. Compound or branching corymb of tiie Wild Service tree (Pyrus
torminalis). a'. Primary axis, a", a". Secondary axes, a'", a'".

Tertiary axes, b, b, b. Bracts.

in the flowers being distinctly stalked instead of sessile or nearly

so. Examples occur in the Currant, Mignonette, Hyacinth,

Laburnum, Barberry, and Fumitory.

Fig. 399

Fig. 399. Panicled inflorescence.
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Fig. 400.

h. The Corymb.—This is a kind of raceme in which the pedi-

cels are of different lengths, {fig. 397), viz. those, a" a", at the base

of the primary axis, a', longer than those towards and at the apex,

so that the whole form a level, or nearly level top. It occurs in

some species of Cerasus, the Hawthorn, &c. When the stalks

or secondary- axes of a corymb {fig. 398, a") instead of bearing

flowers immediately, divide and form tertiary, a'" a'", or other

axes, upon which they are placed, it is termed compound or

branching, as in some species of Pyrus. It sometimes happens

that when the flowers are first developed they form a corymb,

but as the primary axis elongates a raceme is produced. This

may be seen in many Cruciferous Plants.

i. The Panicle.—This is a sort of compound raceme, that is to

say, a raceme in which the secondary axes instead of pro-

ducing flowers directly, branch, and form tertiary axes, &c., the

ultimate subdivisions of which bear the flowers {fig. 399). Ex-

amples of this occur in the Yucca
gloriosa, and in the general arrange-

ment of the partial inflorescences of

the Oat (y(^. 393).

k. The Thyrsus or TJiyrse.—This is

a kind of panicle in which the pe-

dicels are generally very short, and

the whole so arranged as to form

a compact cluster {fig. 400). Ex-
amples may be found in the Horse-

chestnut and Lilac.

The above kinds of indefinite in-

florescence all possess an elongated

primary axis. We now proceed to

describe those kinds in which the

primary axis is shortened or dilated

in various ways.

2. Kinds of Indefinite Inflores-

cence with a Shortened or Dilated

Primary Axis.—Of these we shall

notice three varieties : the Capitu-

lum or Anthodium, the Hypantho-
dium, and the Umbel.

a. The Capitulum, Anthodiu7n, or

Head.—This kind of inflorescence

constitutes the Compound Flower of Linnaeus. It is formed
by a number of sessile flowers crowded together on a receptacle,

and the whole commonly sxirrounded by an involucre. The re-

ceptacle, as we have seen (see page 186), may be either flattened

as in the Cotton Thistle (/y. 401); or slightly convex, as in

the Dandelion ; or conical, as in the Chamomile ; or globular,

as in the American Button Bush ; or elliptical, &c., by which
02

Fig. 400. Tliyrsns of Vine
(Vitis vinifera).



196 ORGANOGRAPHY.

Fig. 401.

Fig. 401. Capitulum of Cotton Thistle {Onopordum Acanthium).

a variety of forms is given to the heads of flowers. This

kind of indefinite inflorescence, as well as all others with

shortened or dilated primary axes, also exhibit a centripetal

order of expansion. This may be well seen in the capitulum

of the Scabious {Jig. 402), where the outer flowers, (or florets

as they are commonly called from their smallness), are fully ex-

panded, those within them less so, and those in the centre in an

unopened condition. Here therefore the order of expansion is

towards the centre—that is, centripetally.

b. The Hypanthodiu7n.—This kind of inflorescence is but a slight

modification of the last. It is formed by a receptacle which is

usually of a fleshy nature becoming more or less incurved, and
thus partially, as in the Dorstenia {fig. 381), or entirely, as in

the Fig {fig. 380), enclosing the flowers which it bears upon its

surface. The flowers in this kind of inflorescence are usually

unisexual, and there is no involucre to them as is almost uni-

versally the case in the true Capitulum.

c. The Umbel.—•AVhen the primary axis is shortened, and
gives oiF from its apex a number of secondary axes or pedicels

of nearly equal length, each bearing a flower, and the whole ar-

ranged like the ribs of an umbrella, an umhd'isiovmQdL {fig.

403) as in the Primrose and Cowslip. When the secondary axes

themselves divide, and form tertiary axes, which are also ar-

ranged in an umbellate manner, a compound umbel is produced
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Fig. 402.

197

Fig. 403.

Fig. 402. Capitulum of Sca-
bious (Scahinsii). The
outermost florets may be
observed t<> l)e nmre ex-
panded than the inner.
Fig. 403. Simiile umbel of
a species of Allium.

(Jig. 404). This is seen in the Carrot {Jig. 372), the Fennel (Jig.

404), the Foors Parsley, the Hemlock, and other allied plants,

which are hence called umbelliferous, and give the name to the

natural order Umbelliferae. In the compound umbel (fig. 404),

the primary
umbel a is

called the
general um-
bel, and the

others, h, b,

formed by the

divisions of

this, partial

umbels or um-
bell IIIes.When
the base of the

general umbel is surrounded

by a whorl of bracts {fg. 372, fl)

they constitute a. gemral invo-

lucre, and if other bracts are

arranged in a similar manner
around the partial umbels b, b,

each whorl of })racts forms an
. . », , * t>

, , ^ 7 • 7 Fig. 404. Compound unibel of Fennel
ZnvolUCd or partial involucre. (Fanicnlum). a. General umbel. o,&, 6.

Partial umbels or umbellules.
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These varieties of arrangement have been already alluded to

when speaking of bracts (
page 182).

On comparing the simple umbel with the capitulum, it will

be seen that it bears essentially the same relation to it, as the

raceme does to the spike. The compound umbel again may be
considered to bear the same relation to the simple umbel, as the

panicle does to the raceme. Or if we compare all the kinds of

inflorescence now described, we perceive that the chief difference

between them arises from the shortening or non-development

of different axes, and their varying lengths.

Definite, Determinate, or Terminal Inflorescence.—
In this class of inflorescence the primary axis (as we have

seen) is arrested in its growth at an early age by the develop-

ment of a terminal flower-bud, and if the axis bears no other

flowers this is called a solitary terminal flower, and is the sim-

plest form of definite inflorescence. Examples may be seen in the

stemless Gentian {Gentiana acanlis) (Jiff. 405), and in the Wood
Anemone (Anemone nemorosa). "When other flowers are produced

Fiff. 405. Fiff. 406.

Fig. 405. Floral axis of a
species of Gentian {Genti-

ana acav.Uii), terminated
liy a solicary flower, below
whicii are two bracts.

Fig. 406. A plant of a
species of Ranunculus (Ra-
nunculus bulbusus). a', a'.

Primary axis terminated
by afully expanded flower
/'. a". Secondary axis,

wliicli is also terminated
by a flower/", not so fully

developed as/', a"'. Ter-
tiary axis terminated by
a flower-bud /'", which is

less developed than/' and
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on such an axis they must necessarily arise from axillary buds

placed below the terminal flower-bud, and if these form secondary

axes {fig. 406, a") each axis will in like manner be arrested in

its growth by a terminal flower-bud /''', and if other axes a'" are

developed from the secondary ones, these also must be axillary, and
will be arrested in a similar manner by flowers/'", and these axes

may also form other axes of a like character, and so on. Hence
this mode of inflorescence is det.'rrninate, definite, or terminal, in

contradistinction to the former or indefinite mode of inflorescence

already described, where the primary axis elongates indefinitely

unless stopped by some extraneous cause. Definite inflorescences

are most common and regular in plants with opposite or

whorled leaves, but they also occur in those which have alter-

nate leaves, as for instance in the Buttercup ( Eanuncidus) {fig.

406). In definite inflorescences the flower-buds necessarily

follow a different order of expansion from those of indefinite

inflorescences, because in them the terminal flower is the first

developed and consequently the oldest {fig. 406, f), and other

flower-buds are produced in succession from the apex to the base,

if the axis be elongated (^^.406,/",/'"); or if depressed or dila-

ted, from the centre to the circumference. The uppermost flower-

bud of the elongated axis {fig. 406,/'), and the central one of the

depressed or dilated axis will accordingly open first, and the lower-

most of the former/'", and the most external of the latter, last.

Such an order of expansion is called centrifugal. Hence while the

indefinite kinds of inflorescence are characterised by a centripetal

order of expansion, those of definite inflorescences are centrifugal.

Kinds of Definite Infiorescence

.

—The general name of cyme
is applied to all such inflorescences, but a few of them are also

distinguished by special names :

—

Fig. 407.

?ig. 407. Cyme of Laurustiaus {yiburnum Tinus),
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a. The true Cyme.—This term is commonly applied to a definite
inflorescence which is more or less branched, the whole being
developed in a corymbose or somewhat umbellate manner, so as
to assume either a flattened head, as in the Laurustinus {fig. 407),
Dogwood and Elder ; or a rounded r ne, as in the Hydrangea

; or
more or less spreading as in the Chickweed {fig. 408). In the
more perfect and compact form of cyme, as found in the Laurus-
tinus and Elder, the flower-buds are all nearly perfect before any

Fig. 408

Fig. 408. Cyme of a species of Chickweed (Cerastium). a'. Primary axis
terminated by a flower, a", a". Secondary axes, two in number, arising
from the axils of opiiosite ))racts b, and terminated also by flowers.

a'", a'", ft'", «"'. Tertiary axes, four in number, arising from l)racts b,

and bearing otlier bracts b, from wiiicl! tlie quaternary axes, eight in
number, arise, a"", a"", a"". The flowers are more developed on the
primary axis than on the other axes ; thus the one terminating that
axis is in the state of fruit ; the flowers of the axes of ft" and a'" are
also in fruit, hut less developed thaji that of «', while the flowers of
a"" are lully expanded. Fig. 409. Cymose inflorescence of the
Ci-ntfiury {Erythrcca Centauriuin). a', a", a'", a"". Floral axes. /',/",
f"',f"". Flowers terminating those axes respectively. The flowers
will be observed to be most developed in proportion to their age;
thus /' is in the state of fruit, /", f" expanded,/", /", /"', and the
others still in bud.

of them open, and then the flowering takes place rapidly, com-
mencing in the centre of the cyme, and then in the centre of each
of its divisions, and thence proceeding in an outward direction

;

and as the central flower of each cluster corresponds to the apex
of a branch, the expansion of the whole is centrifugal. By
attention to this order of expansion such cymes may be always
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distinguished from indefinite kinds of inflorescence, such as the

iinibei, or corymb, to which otherwise they bear in many cases

a great resemblance. In the Chickweed {fig. 408), and many

Fig. 410.

Fig. 410. Spiked cyme of
Sediim. Fig. 411. Race-
mose ciiue of a Campa-
nula, a'. Primary axis,
terminated hy a flower
/', which Is already withering,
ing iu a flower,/",/",/".

", a", a". Secondary axes, each end-

other plants, the formation of the secondary and other axes a"

a'" a"" goes on throughout the gi'ovving season, and in such cymes,

which are usually of a more or less spreading nature, the centri-

fugal or ci/mose (as it is also called) order of expansion may
be well observed.

The above cymes are characterised as dickotomovs, or tri-

choto-mous, according to the number of their branches ;
thus

they are dichotomous, as in the common Centaury {Eri/thraa

Ccntaurium) {fig. 409), when the primary axis a' is terminated

by a flower/', at the base of which are two bracts, each of which

developes in its axil secondary axes a" a", ending in single

flowers,/"/"; and at the base of each of these flowers there are

also two other bracts, from which tertiary axes a"' are developed,

also terminated by flowers/"', and so on, and as the division in

this case always takes place into two branches, the cyme is said

to be dichotomous. The cyme of the Chickweed {fig. 408) is also

dichotomoics. If the division of the cyme takes place in threes,
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it is said to be trichotomous. Cymes are also frequently charac-

terised as corymbose, or umbellate, from their resemblance to

the ordinary kinds of indefinite corymb, or umbel.

When a definite inflorescence does not assume a more or less

corymbose, or umbellate form, as in the true cyme just described,

it is best characterised by terms derived from the kind of inde-

finite inflorescence to which it bears a resemblance. Thus when
a cyme has sessile flowers, or nearly so, as in the Sedum {fig.

410), it is described as a spiked cyme ; when it has its flowers on

pedicels of nearly equal length, as in the Camj^anula {figAll),

Fig. 412. Fig. 413.

Fi(}. 412. Panicled cyme of the
Privet (Ligustrum vulgare). a'.

Primary axis, a", a". Secondary
axes, a'", a"'. Tertiary axes.

c,c. The central flowers of the
respective clusters, which are
seen to be in a more expanded
state than those surrounding
them. Fig. 413. Helicoid
cyme of the Forget-me-not
{Myosotis palustris).

as a racemose cyme ; or when it assumes the form of a panicle,

as in the Privet {fig. 412), as a 'panicled cyme. These forms of

Cannes are readily distinguished from the true racemes and other

kinds of indefinite inflorescence, by the terminal flowers opening

first, and the others expanding in succession towards the base,

or in a centrifugal manner ; while in the true raceme, and the
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other kinds of indefinite inflorescence, the flowers open first at

the ba?e and last at the apex, or centripetally.

Besides the true cyme and its varieties mentioned above, other

kinds have also received particular names, as the Helicoid Cyme,
the Fascicle, the Glomenile, and the Verticillaster ; these we
must now briefly describe.

b. Helicoid or Scorpioid Cyme.—This is a kind of cyme in

which the flowers are only developed on one side, and in which

the upper extremity is more or less coiled up in a circinate or

spiral manner, so as frequently to resemble a snail, or the tail of

a scorpion, and hence the names of helicoid or scorjnoid by which
such a cyme is distinguished. It is also sometimes called a

circinate or gyrate cyme. These cymes are especially developed

Fig. 414.

Fig. 414. Scorpioid cyme of Conifrey ^Symphytum offlcinaU).

in the Boraginacese, as in the rorget-me-not (Myosotis palustris)

(Jig. 413), and in the Comfrey (Symphyticm) (Jig. 414). In these
plants the leaves are alternate : but such a cyme may also occur
in opposite leaved plants, and the manner in which it is com-
monly believed to be formed in the two cases, is as follows :

—

Thus, in plants in which the leaves or bracts are opposite,

it arises by the regular non-development of the axes on
one side, while those on the other side are as regularly pro-

duced. This wiR be readily explained by a reference to the
diagram (fig. 415). Here a represents the flower which termi-

nates the primary axis ; at its base are two bracts, only one of
which developes a secondary axis b, which is in like manner
terminated by a flower, at the base of which are also two bracts,
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only one of which, (i.e. that on the same side with the first,)

produces a tertiary axis <?, also terminated by a flower with two

bracts at its base, one of which gives origin to another axis d,

placed in a similar manner, and so on. The place of the axis

which is undeveloped at each ramification is indicated by a dotted

line. In consequence of this one-sided (or as it is called secund)

manner, in which the secondary branches are produced, the

direction of the inflorescence is constantly drawn to one side

at the formation of each axillary branch, and that in propor-

tion to the size of the angle formed by it with the branch

from which it springs, and thus when the angle is large, and

many flowers are produced in succession, the upper extremity

becomes completely coiled up in a circinate manner. In a

plant with an alternate arrangement of its leaves or bracts,

the helicoid cyme arises from the primary axis {fig. 416),

Fig. 416,

Fig. 415.

Fig. 415. Diagram to Illustrate the formation of a scorploid cyme in a plant

with opposite bracts or leaves, a. Flower terminatincr tlic primary axis.

h. Secondary axis. c. Tertiary axis. d. Quaternary axis. Eacli terminated by a

flower. F)g.i\&. Diagram to illustrate tlie formati.m of a scorpioid cyme
in a plant wifii alternate bracts. The figures represent tlie respective axes, and
the dotted lines below the flowers the position of the bracts.

being terminated by a flower, and giving off below it from the

uppermost bract or leaf a secondary axis 2, which al^^o terminates

in a flower, and gives oif below it in like manner from the same

side as the former a third axis 3, which also terminates in

a flower, and so on, as seen by the figures. The place of the

bracts is indicated by the dotted lines below the flowers.

Hence, such a cyme consists of a series of single-flowered axes

(unifloral) arranged in the form of a raceme, to which kind of

inflorescence it is by some botanists considered to belong. When
the bracts are developed, however, there ought to be no difficulty

in distinguishing it, as in the ordinary raceme the flowers

always arise from the axil of the bracts, whereas in the helicoid

cyme they are placed opposite to the bracts, or at all events out
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of the axil {fig. 416). In those cases, however, where the bracts

are abortive, as in most of the Eorage order, its discrimination

from the true raceme is often difficult or even impossible, and

its nature can only be ascertained by comparison with allied

plants,

c. The Fascicle or Contracted Cyme.—This name is applied to

a cyme which is rather crowded with flowers placed on short

pedicels of nearly equal length, as in the Sweet-William and

some other plants of the Pink order to which that plant belongs.

d. The Glomendc.—This is a cjTne which consists of a number

of sessile flowers, or of those where the pedicels are very short,

collected into a rounded head, or short spike. Examples may be

seen in species of Nettle and in the Box {fig. 417). It bears

nearly the same relation to the true cyme, as the capitulum does

to the umbel.
Fig. 418.

Fig. 417.

Fig. 417. Inflorescence of the Box {Biixtis
sempervirens). Fig. 418. Mixed inflo-

rescence of a species of Stnecio.

e. The Verticillaster. This kind of c\me is seen in the White
Dead-nettle {Lamium album) {fig. 367) and generally in other

plants of the Labiate order. In it the flowers appear at first

sight to be arranged in a whorl around the stem, but upon ex-

amination it will be readily seen, that there are two clusters

axillary to two opposite leaves, or leafy bracts, the central

flowers of which open flrst, and hence the mode of expansion
is centrifugal. To each of these clusters the name of verti-

cillaster is applied.



206 ORGANOGRAPHY,

We have now finished our description of the different kinds

of regular inflorescence, and from what we have already stated,

it may be readily understood that they may be sitxiated either

at the apex of the stem, or at the extremities of branches, or in

the axils of leaves, or of bracts. Besides the above kinds, all of

which are comprehended under the two classes of indefinite and
definite inflorescence, there is a third class, which consists in a

combination of these, to which the term of mixed injiorescence

has been accordingly given.

Mixed Inflorescence.—This kind of inflorescence is by
no means uncommon. It is formed by the general inflorescence

developing in one way, and the partial or individual inflorescences

in another. Thus in plants of the natural order Compositge {Jig.

418), the terminal capitulum is the first to expand, and the

capitula, as a whole, are therefore developed in a centrifugal

manner ; while the individual capitula open, as we have seen,

their small flowers or florets from the circumference to the centre,

or centripetally ; hence, here the general inflorescence is defiiiite,

and each partial inflorescence indefinite. In Labiate Plants we
have a directly reverse arrangement (/^. 367), for here the in-

dividual clusters or verticillasters open their flowers centri-

fugally ; but the general inflorescence is centripetal ; hence the

general inflorescence is here indefinite, while each partial in-

florescence is definite.

Section 2. Of the Parts or the Plower, and their Ar-
rangement IN the Flower-bud.

In common language, the idea of a flower is restricted to that

portion in which its gay colours reside, but botanically, we
understand by the flower, the union of all the organs which
contribute to the formation of the seed. We have already stated

that the parts of the flower are only leaves in a modified con-

dition, or rather the analogues of these organs, or homologous

formations adapted lor special purposes ; and that hence a flower-

bud is to be considered as the analogue of a leaf-bud, and the

flower itself of a branch, the internodes of which are but slightly

developed, so that all its parts are placed in nearly the same
plane. The detailed examination of this theoretical notion of a

flower will be reserA'ed till we have finished the description of its

different parts or organs, when we shall be better able to under-

stand it, as well as other matters connected with its symmetry,
and the various modifications to which it is liable. (See General
Morphology.)

1. Parts of the Flower.

A complete flower consists of the essential organs of repro-

duction, enclosed in two particular envelopes which are designed
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Fig. 420, Fig. 421.

Fig, 419.

Fig. 419. 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 hence are 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 stamens, which enclose the pistil. Fig.

420. Flower of Wallflower with the calyx and corolla removed, in order
to show the essential organs of reproduction, r. Thalamus, g/. Glands.
ec, ec. Stamens, of which there are six, four long and two short, the
whole forming the andrcEcium. sti. Stigma, the summit of the gynoe-
cium or pistil. Fig. 421. One of the stamens of the Wallflower. /.

Filament, a. Anther, j'- PoUen, which is being discharged from a slit

in the anther.

for their protection. The essential organs are called the Aiidrce-

cium, (Jig. 420, ec), and Gyncecium or Pistil {fig. 420, sti).

The floral envelopes are termed Calyx {fig. 419, c), and Corolla

{fig. 419,^). The extremity of the peduncle or pedicel upon

Fig. 422. Flower of a species of S<iuill {Scilla italica). The parts compos-

ing the floral envelopes here closely resemble each other, and form
collectively a perianth. Fig. 423. Flower of Goosefoot {Chenopodium),

with only one floral envelope.



208 ORGANOGRAPHY.

which the parts of the flower are placed, is called the Thalamus
or sometimes, but improperly, the Receptacle {fig. 420, r). The
floral whorls are situated on the thalamus, proceeding from with-

out inwards in the following order:— 1. Calyx, 2. Corolla,

3. Androecium, 4. Gryncecium.

The Calyx {fig. 419, c) is the whorl of organs forming the

outer envelope or covering of the flower. Its parts are called

Sepals, and these are generally green, and of a less delicate tex-

ture than those constituting the corolla. In texture, appearance,

&c., they bear commonly a great resemblance to the true leaves.

The Corolla {fig. 419, jt), jp) is the whorl or whorls of leafy

organs situated within the calyx, and forming the inner en-

velope of the flower. Its parts, which are called Petals, are

frequently decorated with the richest colours; by which cha-

racter, 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 or Perigone { fig. 422). This term
is more particularly applied to Monocotyledonous Plants, where
the floral envelopes generally resemble each other, and are usu-

ally all coloured or petaloid in their nature. The Tulip, the

Iris, and the Crocus, may be taken as familiar examples.

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 one floral envelope

only is present, as in the Goosefoot ( Chenopodium) {fig. 423);
this is then properly considered as a 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.

„. At other times, as in the Willow {Salix) {figs.
tig. 424. ggg ^^^ 390^^ ^^^ ^^^^ ^^^^ 424), the floral

envelopes are absent, when the flower is termed
naked or Achlamydeous. When both floral en-

velopes are present, {fi^, 419), the flower is said

to be Dichlamydeotis.

The andrcucium constitutes the whorl or whorls

of organs situated on the inside of the corolla

{fig. 420, ec, ec). Its parts are called stamens.

Each stamen consists essentially of a case or

bag, called the Anther {fig. 421, a), which con-

tains in its interior a powdery substance called

the Pollen {fig. 421, p) ; this is discharged,

as represented in the figure, at certain periods,

,„, ^, through little slits or holes formed in the anther.
Fig. 424. Flower mu i.u i *.• i ^ i? i.

of tiie common These are the only essential parts oi a stamen,

floral "^'''*'iTes
^^^ '^^ generally possesses in addition a little

are altogether ab- Stalk, Called the Filament {fig. 421, /), which
^^"''- then supports the anther on its summit. When



OBGAKS OF REPRODUCTION. 209

the filament is absent, the anther is said to be sessile. The
staminal whorl is termed the Androecium from its constituting

the male system of Flowering Plants.

The Grynoicium or Tistil is the only remaining organ ; it occu-

pies the centre of the flower {fig. 420, 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, as in the Columbine {Aquilcgia vulgaris) [fig. 425),

or combined into one body, as in the Poppy {fig. 426). The
pistil is termed the gjjnoecium from its constituting the female

system of Flowering Plants. Each carpel consists of a hollow

inferior part, called the Ovary {figs. 425, o, and 427, d), in

which are placed the little bodies which ultimately by impreg-

nation become the seeds, called Ovides, o, o, attached to a part

termed the ijlacenta,^; of a Stigma, or space of variable size, com-

posed of lax parenchymatous tissue without epidermis, which is

Fig. 425. Fig. 426. Fig. 427.

Fig. 425. Gyncecium of Colnmhine (Aqnilegia vulgaris), p. Peduncle.
T. Thalamus, c. Carpels, each with an ovary, o ; style, sti/.; and stisina,
stig. Fig. 426. Gyncecium of Poppy (Papaver), with one stnmen arising
from below it. o. United ovaries, sti. Stigmas. Fig. 427. Vertical
Bection of the gyncecium of the Pansy (Viola tricolor'', c. Calyx, d.

Ovary, p. Placenta. o,o. Ovules, s. Stigma on the summit of ashore
style.

either placed sessile on the top of the ovary, as in the Poppy

{fig. 426, sti), or it is situated on a stalk-like portion prolonged

from the ovary, called the Style {fig. 425, sty). The only

essential parts of the carpel are consequently the Ovary and
Stigma ; the style being no more essential to it than the filament

is to the stamen.

The andrcecium and gyncecium are called essential organs

because their presence is necessary for the production of perfect

seed. It frequently happens, however, that either the andrce-

cium or gyncecium is absent, as in the AYillow {figs. 389 and
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390), in which case the flower is termed unisexual; and it is still

further characterised as staminate or male {fig. 390), when it

contains only an androecium, or pistillate, carpellary^ or female

{fig. 389), when it contains only a gyncecium.

2. JEstivation or Prcefloration.

As the general arrangement of the rudimentary leaves of the

leaf-bud is called vernation (the spring state), so the mode in

which the diiFerent parts of the flower are disposed in the flower-

hud is termed their (Estivation (the summer state). The term
prcefloration is also sometimes used by botanists instead of

aestivation. The terms used in describing the various modiflca-

tions of sestivation are generally the same as those of vernation
;

but the former present some peculiarities, which renders it neces-

sary for us briefly to refer to their different arrangements. The
terms used in aestivation especially refer to the relative positions

of the component parts of the calyx and corolla, because the

stamens and carpels, from their peculiar forms, can give us no
such arrangements of their parts as are exhibited by the floral

envelopes.

In describing the modifications of aestivation, we have, as in

the case of vernation, to include : 1st, the disposition of each of

the component parts of the floral envelopes, considered inde-

pendently of the others ; and 2nd, the relation of the several

members of either of the floral envelopes taken as a whole in

respect to one another. With regard to the disposition of each of

the component parts of the floral envelopes considered inde-

pendently of the others, the same terms are used as in those of

vernation, with the addition of the crumpled or corrugated form,

which is not found in the leaf-bud. This may be seen in the

petals of the Poppy {Papavcr) and Kock-rose {Helianthemiim);

it derives its name from the parts being irregiilarly contracted

into wi'inkled folds.

With respect to the relation of the several members of either

of the floral envelopes taken as a whole to one another, various

forms occur, all of which may be arranged in two divisions

;

namely the Circular, and the Imbricated or Spiral. The former

includes all those forms in which the component parts of the

whorl are placed in a circle, and in nearly the same plane ; and
the latter those where they are placed at slightly different levels

in a more or less spiral manner, and overlap one another.

1. Circular Mstivation.—We distinguish three forms of this,

i.e. the valvate or valvular; induplicative or induplicate; and
the reduplicative or reduplicate. The valvate aestivation {fig.

428), may be seen in the calyx of the Lime, and in Guazuma
ulmifolia. In this form the parts are flat or nearly so, and in
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contact by their margins throughout their whole length, with-

out any overlapping. This form of aestivation may be generally

distinguished, even when the flowers are expanded, by the mar-
gins of its component parts being slightly thickened, or at all

events not thinner than the rest of the organ ; whereas in all

forms of imbricate or spiral aestivation, the overlapping margins
are usually thinner, as may be well seen in the sepals of the

Geranium. When the component sepals, or petals, instead of

being flattened, are folded inwards at the points where they
come in contact (^_^. 429), the aestivation is induplicate, sls in

Fiff. 428. Fiff. 429. Fiff. 430.

( )

Fig. 428. Diagram to illustrate valvate asstivation. Fig. 429. Diagram
to illustrate iuduplicate estivation. Fig. 430. Diagram to illustrate
reduplicate aestivation.

the petals of Guaziima ulmifolia, and in the calyx of some
species of Clematk. When the margins are turned outwards
under the same circumstances (Jig. 430), the aestivation is re-

duplicate, as in the calyx of the Hollyhock {Althcea rosea), and
some other Malvaceous Plants, and in the corolla of the Potato.

When the parts of a whorl are at the same height, or ap-
parently so, as in the ordinary forms of circular aestivation, and
one margin of each part is directed obliquely inwards, and is over-

lapped by the part adjacent on that side, while the other margin
covers the corresponding margin of the adjoining part on the
other side, so that the whole presents a more or less twisted
appearance (Jig. 431), the aestivation is contorted or twisted.

This form may be considered as intermediate between the
Circular and Imbricated forms of aestivation. It occurs very
frequently in the corolla, but is very rare in the calyx. Ex-
amples may be seen in the corolla of the HoUyhock {Althcsa

rosea) and other Malvaceous Plants; in that of the common
Flax (Linum), and generally in the order Linaceae; in the St.

John's Wort {Hypericum); in the Periwinkle (Vinca), and in

many other plants of the same order to which this plant
belongs.

2. Imbricated, Imhricative, or Spiral Mstivation.—We shall
describe five forms of this kind of eestivation, i.e., the imbricate,

convolute or enveloping, q^uincuncial, cochlear, and vexillary. The
p2
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true imbricate aestivation, as seen for instance in the calyx of

Camellia japonica {fig. 432), is formed by the parts being placed

Fig. 431. Fig. 432. Fig. 433. Fig. 434.

#000
Fig. 431. Diagram to illustrate contorted or twisted apstivation. Fig.

432. Diagram to illustrate imbricate sestivatiou. The figures 1,2, 3, 4.5,

show that the successive parts are arranged in a spiral manner.- Fig.

433. Diagram to illustrate quincuncial aestivation. 1 and 2 are excernal,
4 and 5 internal, and 3 is partly external and partly internal.

—

-Fig.
4.34. Diagram to Illustrate cochlear aestivation. The part marked 2 in

the preceding diagram is here wholly internal instead of external as in

the quincuncial arrangement. The dotted line marked 2, indicates its

normal position in the imbricate form of aestivation.

at different levels, and overlapping each other more or less by
their margins like the tiles on a house, the whole forming a

spiral arrangement. It is a very common form of aestivation.

When the parts, instead of merely overlapping, completely en-

velope each other, as in the calyx of Magnolia grayidiflora, and in

the corolla of Camellia japonica, the aestivation is termed con-

volute by some botanists ; but this term is now more frequently

applied to the contorted form of aestivation, when the parts

overlap to a considerable degree as in the Wallflower. When
the parts of a floral whorl are five in number, and these imbri-

cated in such a manner that there are two parts phiced on the

outside, two inside, and the fifth overlapping one of the internal

by one margin, while it is itself overlapped on its other margin

by one of the external parts, the aestivation is said to be q7un-

cuncial {fig. 433). FamiHar examples of this form are afforded

by the corolla of the Rose, and the calyx of the Bindweed
(Calystcgia sepiit7n). In this form of aestivation the spiral

arrangement of the parts is well seen, and is indicated in the

diagram {fig. 433) by a dotted line. The spiral cycle thus

formed, which is the normal one in pe7itamerous or quinary

flowers (those with the parts in fives), and which occurs in the

majority of Dicotyledonous plants, corresponds to the | ov jpen-

tastichous or five-ranked arrangement of leaves. When in a

quincuncial arrangement the second part of the cycle becomes

wholly internal, instead of being external as is ordinarily the

case, the regularity of the quincunx is interrupted, and a form

of aestivation occurs, to which the \\a.m.e cochlear has been given

( fig. 434). Familiar examples of this form are afforded by
the Frogsmouth {Antirrhimim majus) and other allied plants.
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Another modification of imbricate aestivation occurs in the

flower-buds of the Pea and other allied plants, where the superior

petal 4, which is generally the largest, and called the vexillum,

is folded over the others which are arranged face

to face {fig. 435). This form of aestivation is

commonly termed vcxiUary.

It frequently happens that the calyx and corolla

exhibit different forms of aestivation. Thus, in

Guazuma idmij'olia the calyx is valvate, and the

corolla indiiplicate. In Malvaceous plants the

calyx is valvate or redujjlicate, and the corolla

contorted. In these two examples the different

forms of aestivation, as exhibited by the two
Fig. 435. Dia- floral envelopes, may be considered to belong to

frate ve^niary the same class of aestivation, i.e. the circtdar
;

ffistivntion. 1 'but instances also frequently occur where the

ai« o/w^ings,^3 forms in the cal}-x and corolla are different, and
aiid 5 the ca- belong to both classes. Tims, in the Bindweed

the' vexillum. {Calystegia), and other Convolvulaceae, the calyx

is quincuncial or imbricated, and the corolla con-

torted. A similar arrangement occurs in the Corn Cockle

{Agrostcrnma Githago), in the St. John's Wort {Hyjpericum), in

the Geranium, and in many other plants.

The forms of aestivation above described are always constant

in the same individual, and frequently throughout entire genera,

and even natural orders ; henne they are of great importance in

systematic botany. For a similar reason they are also of much
value in structural botany, by the assistance they commonly
afford in enabling us to ascertain the relative succession and
position of the parts of the flower on the axis.

The term anthcsis is sometimes used to indicate the period at

which the flower-bud opens.

Besides the definite and constant relations which the parts of

the floral envelopes have to one another in the flower-bud, they

also have a determinate and constant relation in the same plant

to the axis upon which they are placed. In describing these

positions we use the terms anterior or inferior, siq^erior or

'posterior, and lateral. Thus, we call that organ 'posterior or

.nipcrior, which is turned towards the axis ; and that next the

bract from the axil of which it arises, inferior or anterior.

"V\lien there are four organs in a whorl, one will be superior, one

inferior, and two lateral, as in the calyx of Cruciferous Plants

{fig. 419). If there are five we have two arrangements. Thus,

in the calyx of the Pea or ler of plants {Legiiminosce). two sepals

are superior, two lateral, and one inferior ; while in the corolla one

petal is superior, two inftrior, and two lateral {figs. 435 and 461).

In plants of the Rose order {Rosacea), we have a precisely reverse

position exhibited by the parts of the two floral envelopes ; thus,
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here -we have two sepals inferior, two lateral, and one superior
;

while in the corolla there are two petals superior, two lateral,

and one inferior {fig. 460).

The same definite relation with respect to the axis also holds

good in many cases in the staminal and carpellary whorls, by
which important distinctive characters are frequently obtained,

as will be seen afterwards when treating of Systematic Botany.

Section 3. The Floral Envelopes.

1. THE CALYX.

"We have already stated that the calyx is the outermost
envelope of the flower, and that it is composed of one or more
leafy organs called sepals. These sepals are xisually green like

true leaves, by which character, as well as by their position

and more delicate texture, they may in most cases be distin-

guished from the petals. There are numerous instances, how-
ever, in which there is a gradual transition from the sepals to the

petals, (especially when there is more than one whorl of these

organs,) so that it is difficult or almost impossible to say where
the calyx ends and the corolla begins. The "White "Water Lily

\Nympk(sa alba) {fig. 436), affords a familiar and good illustra-

Fig. 436.

Fig. 436. Flower of the White Water-Lily (Nymphcea alba) reduced in
size. After Jussieu. c, c, c, c. The four sepals, p, p, p, p. Petals, e.

Siamens. The parts ou the right show the gradual transition from
the calyx c to the petals p, and from these organs to the stamens e.

The stamens from 1 to 5 are gradually more distinctive.

tion of this. In some plants again, the green colour disappears,
and the calyx becomes coloured with the same tints as the corolla,

or with some other hues. In such cases it is said to be petaloid,

and the chief distinctive character between it and the corolla is
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then afforded by its position on the outside of the latter organ.

The Fuchsia, Indian Cress, Columbine, Larkspur, and Monks-
hood, may be mentioned as affording examples of a petaloid

calyx among Dicotyledonous Plants. In the Monocotyledonous
Plants generally, as in the Lily, Iris, Tulip, Crocus, and Squill i^fig.

422), as "we have mentioned, the two floral envelopes are usually

coloured, and in other respects closely resembling each other,

so that "we then use the collective name of perianth to indicate

the two whorls taken together. When there is but one whorl of

floral envelopes, as in the G-oosefoot (Chenopodmm) {fig. 423),

it is customary with some botanists to call that whorl a cal}-x,

whatever be its colour or other peculiarity. It is so termed in

this volume. Other botanists, however, under such circum-

stances, call the whorl that is present a perianth, as we have
already stated. (See page 208.)

In their general structure, venation, &c., the sepals resemble
true leaA'es, and are covered like them with epidermis, and this

is frequently furnished on the lower and outer surface with sto-

mata, and also occasionally with hairs, glands, and other append-
ages. From the duration of the sepals being usually more
transitory than that of true leaves, the veins which form their

skeleton chiefly consist of true spiral vessels, which are arranged
like those of the leaves in the two classes of plants—that is, reti-

culated in Dicotyledons, and parallel in Monocotyledons.
The sepals also exhibit various characters as regards their

outline, apex, &c., although they are by no means so liable to

variations in these particulars as the true leaves. The terms
used in defining these various modifications are applied in the
same sense as with leaves.

Sepals are almost without exception destitute of a stalk, or,

in other words, they are sessile upon the thalamus. They are

also generally entire at their margins, although exceptions to this

character occasionally occur : thus, in the Pseony and Eose {figs.

437 and 460, cf), the sepals are divided at their margins ; in many
species of Dock {Bumcx) they are toothed {fig. 438, «'); in

ChamcBlaucium 'plumosum each of the sepals is divided into five

deep lobes ; and in Passiflora foetida, the sepals are first pinnati-

sected, and then each segment pinnatifid. In their direction, the

sepals are either erect or turned upwards ; connivent or turned
inwards ; divergent ov patulous, when they spread outwards ; or

reflcxed, when their extremities are turned downwards.
The calyx may either consist of two or more separate parts

or sepals, as in the Poppy, Buttercup, Wallflower, Strawberry,

{fig. 439); or these parts may be more or less united into one
body {figs. 441-445), as in the Fuchsia, Melon, and Tobacco.
In the former case, the calyx is termed folysepalous, dialt/sepa-

lous, ox polyphyllous, the term phylla being here used instead of

sepal. When the sepals are more or less united into one body
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Fig. 437. Fig. 438.

Fig. 437. Vertical section of the flower of the Rose, r, r. Concave thala-
mus, upon which are placed several carpels, o, o, each of which is fur-
nished with a style and stigma, s. e, e. Stamens, ct. Tube of the calyx.
r/, cf. Free portions of the calyx divided at their margins. Fig. 438.
Calyx of Rumex uncatus, after jussieu. ce. Outer divisions of the calyx,
which are entire, ci. Inner divisions with hooked teeth at their mar-
gins, g. Swelling on one of the inner divisions.

the calyx is commonly called monoscpalous or monofhyllous ; but
these ai'e incorrect terms, as they indicate literally one sepal, or

one leaf, and hence many botanists use instead the more correct

terms of ganioscpalous or gamophyllous calyx, as these simply

imply that the sepals or leaves are united. The terms poly-

sepalous and monosepalous, from being in more general use, will

be commonly emploj^ed in this volume.

1. POLYSEPALOUS OR DlAlYSEPALOUS CaLYX. A polySepaloUS

calyx may consist of two or more parts, the number being in-

dicated by the prefix of Greek numerals; as discpcdous for a
calyx composed of two distinct sepals, trisepalous for one with
three, tetrasepalous if it have four, pentascpalous if five, hcxa-

sepalo2(s if six, heptascpalous if seven, and so on.

A polysepalous calyx is called regular if it consist of sepals of

equal size and like form arranged in a symmetrical manner, as

in the Buttercup (Bamincuhis) (Jig. 406), and Strawberry (fig.

439); and it is said to he irregidar when these conditions are

not complied with, as in the Monkshood {Aconitum) {fig. 440).

2. Monosepalous or Gamosepalous Calyx. — When the

sepals are united so as to form a monosepalous calyx, various

terms are used to indicate the varying degrees of union. Thus,
the union may only take place near the base, as in the Pimpernel
{AnagaUis) (fig. 441), when the calyx is said to he jjartite; or it

n)ay take place to about the middle, as in the Centaury (Ery-
thrcea) {fig. 442), when it is deft or fissured; or the sepals may
be united almost to the top, as in the Campion (Lychnis')

(fig. 443), when it is toothed; or if the union is quite com-
plete, it is said to be entire. The number of partitions,
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Fig. 440.
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Fig. 439. Flower of Strawberry (Fragaria) with a regular polysepalous
calyx surrounded by a wliorlof leafy organs, to wliich the name of epi-

calyx or involucre" has been applied. Fig. UO. Flower of Monks-
hood (Aconitum Xapellus) with an irregular polysepalous calyx. The
upper sepal is helmet-shaped or galeate.

fissures, or teeth, is indicated by the same prefixes as those

previously referred to as being used in describing analogous

divisions in the blade of a leaf; thus the above calyx where the

divisions are five, would be described as five-partite or quinque-

partite, five-cicft or quinquefid, five-toothed or quinqucdentate,

Fig. 441. Fig. 442. Fig. 443.

Fig. 441. Partite calyx of the Pimpernel (Anagallis). Fig. 442. Cleft of
fissured calyx of the Centaury {Erythrcea). Fig. 443. Dentate or
toothed calyx of Campion (Lyclmis).

according to the depth of the divisions. In like manner the terms
tripartite, trifid, or tridtntate, would indicate that a calyx was
three-partite, three-chft, or three-toothed, and so on. The
number of divisions in the majority of cases corresponds to the

number of component sepals in the calyx, although exceptions

to this rule sometimes occur, as for instance in those cases

where the divisions are themselves divided into others ; a little

care in the examination will, however, generally enable the
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observer to recognise the primary froiu the secondary divisions.

When a monosepalous calyx is entire, the number of sepals

can then only be ascertained by the venation, as the principal

veins from which the others diverge generally correspond to

the midribs of the component sepals. In a monosepalous calyx

in which the union exists to some extent, the part where the

sepals are united is called the tube, the free portion, the limb,

and the orifice of the tube, the throat ot faux {figs. 444 and 445).

If the union between the sepals is unequal, or the parts are of

different sizes, or of irregular form, the calyx is said to be irre-

gular {fig. 445) ; if, on the contrary, the parts are alike in form,

of the same size, and united

Fig. 444. Fig. 445. so as to form a symmetrical

body, it is regular {fig. 444).

Some forms of the irregular

and regular calyx have re-

ceived special names. Thus
in the Dead-nettle {Lamium)

{fig. 445), the irregular calyx

is said to be bilabiate or two-

lifped, because the five sepals

of which it is composed are

united in such a manner
as to form two lips. Of the

regular forms of the mono-
sepalous calyx a number
are distinguished under the

names of tubular, bell-shaped or campanulate, urceolate or 'pitcher-

shaped {fig. 444), conical, globose, &c. The application of these

Fig. AAA. Urceolate calyx of Henbane
(Hyoi^cyamiLft).— Fig. 445. Bilahiate
calyjc of tiie Dead-nettle {.Lamium).

Fig. 446.

Fig. 446. Vertical section of the flower of the
Myrtle (Myrtus communis), cal. Tube of the
calyx adherent to the ovary o. 3. Stamens.

will be shown when
speaking of the corol-

la, in which similar

forms occur, and in

which they are usually

more evident.

The tube of a mo-
nosepalous calyx or pe-

rianth sometimes ad-

heres more or loss to

the ovary, as in the Iris,

Gooseberry, Currant,

Myrtle {fig. 446), in all

the plants of the order

Compositae, and in those

allied to it {figs. 447,

448, and 449), and in

numerous other plants.

When this takes place.
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the calyx is said to be adherent, or, because it appears to arise
from the summit of the ovary, it is termed superior; the ovary in
such a case is then said to be inferior. When the calyx is free, or
quite distinct from the sides of the ovary, as in the Pimpernel
{fig. 441), Wallflower, Poppy, and Buttercup, it is said to h^free,
non-adherent, or in- „. „ t,.

ferior; and the ovary is
^'9- 447. Fxg. 448. Fig. 449.

then termed superior.

When the calyx or

perianth is thus ad-
herent to the ovary, the
limb presents various

modifications : thus in

the Iris, Crocus, and Or-
chids, it is pctaloid ; in

the Quince, foliaceous

{fig. 457); in the ^nn-
fi.owev {Hdianthus) {fig.

449), and Chamomile,
it is meonhranous ; in

the Madder {Euhia)

{fig. 447), it exists only
in the form of a circular

rim; while in the Ox-
eye ( Chrysanthemum )

,

it is altogether absent

{fig. 448). In the two
latter cases the calyx is

commonly described as

obsokte. In many plants of the order Compositse and the allied

orders Dipsacacese and Valerianacese, the limb of the cal}Tc is only
developed in the form of a circle or tuft of bristles, hairs, or

featheiy processes, to which the name of pappus is given, and
the calyx under such circumstances is said to be pappose. The
pappus is further described as feathery or plumose, and simple

or pilose; thus it \^feathery, as in the Valerian {fig. 450), when
each of its divisions is covered on the sides by little hair-like

projections arranged like the barbs of a feather; and pilose,

when the divisions have no visible projections from their sides,

as in the Dandelion and Scabious {fig. 451). The pappus is

also described as sessile when it arises immediately from the

tube of the adherent calyx, and thus apparently from the top of
the ovary, or fruit, as in the Valerian {fig. 450); and stalked or
stipitate, if it is raised above the ovary, or fruit, on a stalk, as
in the Dandelion and Scabious {fig. 451).

The calyx, whether monosepalous or polysepalous, is subject

to various other irregularities besides those already alluded to,

which arise from the expansion of one or more of its sepals into

Fig. 447. Calyx of the Madder (Eiibia), ad-
liereiit to the ovary, with its linil) reduced
to a mere rim.— Fig. 448. One of the tu-
bular florets of the Ox-eye {Chrysanthe-
mum). The calyx is completely united to
the ovary and presents no appearance of a
limb. Fig. 449. One of the florets of the
Sunflower (Helianthus). The limb of the
adherent calyx is membranous.
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Fig. 450. Fig. 451.

Fig. 450. Fruit of "Valerian surmounted by a featliery sessile pappus.
Fig. 451. Fruit of Scabious surmounted by a stalked pilose pappus.

appendages of different kinds ; some of the more important

of these may be briefly alluded to. Thus in the Monkshood
(Aconihcm) {Jig. 440), the superior sepal is prolonged upwards
into a sort of hood or helmet- shaped process, in which case it is

said to be hooded, helmet-shaped, or galeate. In the Wallflower
(Chriranthus) {Jig. 419), and other plants of the Cruciferse, the

two lateral sepals are expanded on one side at the base into little

Fig. 452.

Fig. 452. Flower of the Indian Cress, c. Spurred calyx. Fig. 453.
Flower of Columbine (Aquilegia vulgaris) with each of the sepals
spurred.
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sacs, when they are termed gihhous or saccate. If the calj'x has
one or more tubular prolongations downwards, it is said to be
calcarate or spurred. Only one spur may be present, as in the

Indian Cress
(
Tropceolum) {fig. 452), where the spur is formed

by three sepals, or in the Larkspur, where it is formed by one

;

or each of the sepals may be spurred, as in the Columbine {Aqui-

legia) {fig. 453). In the Pelargonium, the spur instead of being

free from the pedicel, as in the above instances, is united to it.

On the outside of the calyx of some
flowers, as in those of many plants of the

Mallow (/^. 454), Pink {fig. 458), and
Eose orders {fig. 439), there is placed a

whorl of leaf-like organs which is con-

sidered by some botanists as an outer calyx,

and to which the name of epicalyx has
been accordingly given, but this outer whorl
is evidently of the same nature as the in-

volucre already noticed (see page 182).

The duration of the calyx varies in

different flowers. Thus it is caducous or

fugacious, when it falls off as the flower

expands, as in the Poppy {fig. 455). In
the Eschscholtzia the caducous calj-x

separates from the hollow thalamus to

which it is articulated, in the form of a
funnel, or the extinguisher of a candle,

separation of the calyx occurs in the Eucalyptus, except that
here the part which is left behind after the separation of

Fig. 434. Calj-x of Bi-
bisciis surrounded by
an epir.alyx or invo-
lucre.

A somewhat similar

Fig. 455. Fig. 456. Fig. 457.

Fig. 455. Flower of Poppy, showing a caducous calyx. Fig. 4.56. Accres-
cent calyx of the Winter Cherry (,Physalis Alkekoigi). Fig. 457. Ver-
tical section of the fruit of the Quince (Ci/donia vulgaris), showing the
tube of the calyx adherent to the ovary, and its limb foliaceous.
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the upper portion, evidently belongs to the calyx, instead
of to the thalamus as in the former instance. Such a calyx
is said to be calyptrate or ojperculate. When the calyx falls

oflf about the same time as the corolla, as in the Crowfoot
or Buttercup, it is called deciduous. In other cases the calyx
remains after the flowering is over, as in the Henbane {Jig. 444)
and Mallow. When the calyx is adherent or superior it is

necessarily 'persistent, and forms a part of the fruit, as in the
Quince {fig. 457), Apple, Pear, Gooseberry, Melon, and Cucumber.
When it is persistent and assumes a shrivelled or withered
appearance, as in the Campanulas, it is marcescent; if it is

persistent, and continues to grow after the flowering, so as to

form a bladdery expansion round the fruit, as in the Winter
Cherry, and other species of Physalis {fig. 456), it is termed
accrescent.

2. THE COROLLA.

The corolla is the inner envelope of the flower. It con-

sists of one or more whorls of leafy organs, called petals. In a
complete flower {fig. 419, p) it is situated between the calyx
and andrcecium, and is generally to be distinguished from the

former, as we have already seen, by its coloured nature and
more delicate structure. When there is but one whorl of floral

envelopes, as we have also before noticed, this is to be con-

sidered as the calyx, and the flower is then termed apetaloid.

The corolla is usually the most showy and conspicuous part

of the flower, and what in common language is termed the

flower. In some rare cases, however, it is green like the calyx,

as in certain Cobceas and Asclepiadaceous plants. The corolla

is also, in the majority of flowers which possess odoriferous

properties, the seat of those odours. Sometimes, as we have
seen, there is a gradual transition from the sepals to the petals,

as in the White Water-Lily {Nyynphcea albet) {fig. 436); and in

the same plant there is also a similar transition from the petals

to the stamens.

In structure the petals resemble sepals and leaves, being com-
posed of parenchyma, supported by veins which are chiefly

formed of true spiral vessels. These veins are generally re-

ticulat ed. The whole petal is invested by a layer of epidermis,

which is usually destitute of stomata, but these organs may be
sometimes found on the lower surface. The corolla is generally

smooth, although hairs occasionally occur, as in the Bomhax
;

when they exist they are usually coloured, as in the Buckbean,
and on the inner whorl of the perianth of the Iris, which cor-

responds in position to the corolla. Petals are frequently

narrowed below into a stalk-like portion, which is analogous to

the petiole of a leaf, as in the Wallflower {Cheiranthus) {fig.
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419, p) and Pink {Dianthus) {fig. 458) ; the narro\red portion is

then termed the unguis or claw {fig. 459, o), and the expanded
portion the limb /, and the petal is said to be unguicnlate or

Fig. 459.

Fig.Ah%. The flower of a species of Pink (Dianf/itwl. &. Bracts, forming an
epicalyx. c. Calyx, p, p. Petals, e. Stamens. Fig. 459. One of the
petals of the same flower, o. Claw or unguis. I. Limb, which is fringed
at the margin.

clawed. In this particular petals must be considered to resemble
leaves more than the sepals do, as the latter organs are almost
without exception sessile, or destitute of claws.

The outline of petals, like those of leaves, is subject to great
variation. Thus, they may be linear, oblong, lanceolate, elliptic,

ovate, cordate, &c. The application of th^se terms having been
abeady fully explained when speaking of leaves, need not be
further alluded to. The condition of their margins also ; the mode
in which they are divided; and the terminations of petals are also

indicated by the same terms as those previously described under
similar heads in our chapter on leaves. Thus the petals may
be dentate, serrated; cleft, partite, sected; acute, emarginate,

&c. The petals are not however liable to any further division

than that of the original one ; thus, although sometimes pin,"

natificl, or pinnatipartite, &c., they are never hipinnatifid, or
bipinnatipiartite. One term is occasionally used in describing
the condition of the margins which has not been alluded to

when speaking of leases ; thus they are said to be fimbriated or
fringed, as in some species of Dianthus {fig. 459), when they
present long thread-like processes.

In form also, the petals may be either flat, as is usually the
case, or concave, tuhidar, boat-shaped, &c. The terms used suffi-

ciently explain their meaning. A few anomalous forms of petals

will be explained hereafter. In texture the petals are commonly
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soft and delicate, but they sometimes differ widely from this,

and become thick and fleshy, as in the Stapelia ; or dry and
membranous, as in Heaths ; or stiff and hard, as in Xylopia.

In describing their direction, we use the tevvixs erect, connivent,

divergent, patulous, or refiexed, in the same sense as already de-

scribed when speaking of similar conditions of the sepals.

The petals like the sepals may be either distinct, or more or

less united into one body. In the former case, the corolla is

said to be 'polypetalous or dialypetalous {figs. 419 and 458) ; in

the latter ononoj^etalous or gamopetaloiis {figs. 462-464). The
same objection applies to the use of the term monopetalous as

to that of monosepalous already mentioned, but we shall con-

tinue to employ it from its being the one more commonly in

use. We shall describe the different kinds of corolla under
these two heads.

1. PoLYPETALOus OR DiALYPETAious CoROLLA.—The num-
ber of petals which enter into the composition of the corolla is

indicated, as in the case of the polysepalous calyx, by the prefix

of the Greek numerals. Thus a corolla of two petals is said

to be dipetalous, of three, tripetalous, of four, ietrapetalous, of

five, pentapetalous, of six, he.vaijetcdous, of seven, heptapetalous,

of eight, octopetalous, and so on.

When the petals are all of the same size and form, and ar-

ranged in a symmetrical manner, the corolla is termed regular,

as in Cruciferous flowers {fig. 419); and when the petals vary

in these particulars, as in the Pea and allied plants {fi.g. 461),

it is said to be irregidar. Some forms of polypetalous corollas

have received special names, which we will now proceed to

describe under the two divisions of rcgtdar and irregidar.

A. Regidar Polypitalous Corollas.—Of these we may mention
three forms, viz., the cruciform or o'ticiate ; the caryophyllaceous

;

and the rosaceous.

1. Cruciform or Cruciate.—llh\s corolla gives the name to

the natural order Cruciferce or Cahhage Order. It consists of

four petals, usually with claws, as in the Wallflower {fig. 419),

and Stock, but sometimes without claws, as in the Celandine, and
the whole arranged in the form of a cross.

2. Caryophyllaceous.—This consists of five petals, with long

claws enclosed in the tube of the calyx, and with their limbs

commonly placed at right angles to the claws, as in the Campion,
Single Pink {figs. 458 and 459), Carnation, and Catchfly.

3. Rosaceous.—This is composed of five petals, without, or

with very short claws, and spreading in a regular manner, as in

the Strawberry {fig. 439) and Single Eose {fig. 460).

B. Irregidar Polypetalons Corollas.—There are many anoma-
lous forms of irregular polypetalous corollas, as in the Monks-
hood (Aconitum), and Heartsease, to which no particular

names are applied. There is one form, however, which is of

much importance, namely,
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The Pa'pilionaceous.—This derives its name from the fancied

resemblance which it bears to a butterfly. It is composed of

five petals, one of which is superior or posterior (fig. 435), and

commonly larger than the others, and termed the vexillum or

standard {fig. 461, v); two inferior or anterior, which are usu-

ally more or less united, and form a somewhat boat-shaped cavity

car, called the ked or carina ; and two lateral a, called the wmgs
or alcB.

Fig. 460.

^^K^-., 2^i^. 461.

Fig. 460. Flower of the Rose. h. Bract, ct. Tube of the calyx, cf, cf, cf,

cf, cf. Divisions of the calyx, p, p, p, p, p. Petals. Fig. 461. The
Flower of the Sweet Pea (Lathyrus odoratus). c. Calyx, v. Vexillum.
a. A]dd or wiugs. car. Cariuaor keel.

2. MoNOPETALors OR GrAMOPETALOiTS CoROLXA.—When the

petals unite so as to form a monopetalous corolla, various terms

are used as in the case of the monosepalous calyx to indicate the

degree of adhesion ; thus the corolla may hQ partite, cleft, toothed,

or entire, the terms being employed in the same sense as with

the calyx. The part also where union has taken place, is in

like manner called the tube, the free portion, the limb, and the

orifice of the tube, the throat ov faux {fig. 462).

The monopetalous corolla, like the monosepalous calyx, is re-

gular when its parts are of the same size and form, and united so

as to form a symmetrical body {figs. 462—467); or if these con-

ditions are not complied with, it is irrcgidar {figs. 468—474).

Some forms of both regular and irregular monopetalous corollas

have received special names, as follows :

—

A. Regular Monopetalous Corollas.—Of these we may de-

scribe the following:

—

1. Tubidar {fig. 462), where the form is nearly cylindrical

throughout, as in the central florets of many Compositee, as

Eagwort {Senecio), Ox-eye {Chrysanthemum) {fig. 448), and

Milfoil {Achillea).

2. Campamdate or bell-shaped, when the corolla is rounded at

the base, and gradually enlarged upwards to the sximmit, so as to

resemble a bell in form, as in the Harebell {fig. 463).

Q
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Fig. 462.

Fig. 462. Flower of Spigelia marylandica. c. Calyx, t. Tubular corolla,
I. Limb of the corolla, s. Summit of the style and stigmas. Fig.iGZ.
Flower of the Harebell {Campanula rotundifoUa), showiuR abell-shaped
corolla. Fig. 464. Flower of Tobacco {Nicotiana Tabacum), with iu-
fundibuliform corolla.

Fig. 465. Fig. 466.

Fig. 467.

Fig. 465. Flowerof a species of Primula, c. Calyx, within which is seen a
salver-shaped corolla, p. t. Tube of the corolla. I. Limb. 2^1^.466.

Flower of the Forget-me-not (Myosotis palustris). p. Rotate corolla.

r. Scales projecting from its limb. Fig. 467. Flower of a species of
Heath (JS/ica). c. Calyx, within which is au urceolate corolla, t, I.



OEGANS OF EEPBODUCTION. 227

of the

n the

Fig. 468. Fig. 469.

3. InfundibuUform or funnel-shajped, where the form
corolla is that of an inverted cone, like a funnel, as

Tobacco (Nicotiana) (Jig. 464).

4. Hypocrateriforyn or salver-shaped {fig. 465), when the

tube is long and narrow, and the limb placed at right angles to

it, as in the Primrose.

5. Rotate or wheel-shaped, when the tube is short, and the

limb at right angles to it, as in Forget-me-not {Myosotis pa-
lustris) (fig. 466), and Bittersweet {Solajium Dulcamara).

6. Urceolate or pitcher-shaped, when the corolla is swollen in the

middle, and contracted at both the base and apex, as in the Purple
Heath (Erica) (fig. 467) and Bilberry ( Vacci'nium Myrtillus),

B. Irregidar Monopetalous Corollas.—Of these we shall de-

scribe the following :

—

1. Labiate or lipped.—When
the parts of a corolla are so united

that the limb is divided into two
portions which are placed su-

periorly and inferiorly, the upper
portion overhanging the lower, and
each portion so arranged as not to

close the orifice of the tube, so that

the whole resembles in some degree

the lips and open mouth of an ani-

mal (/^5. 468—471), the corolla is

termed labiate, bilabiate, or lipped.

The upper lip is usually composed
of two petals, which are either com-
pletely united, as in the White
Dead-nettle (Lamium album) (fig.

468), or more or less divided, as in the Rosemary (Eos^narinus)

(fig. ^70) and Germander (TeMcnwwj) (;?^. 469); and the lower lip

of three, which are also, either entire, as in the Rosemary (fig. 470),
or bifid, as in Lamium (fig. 468), or trifid, as in Galeobdolon (fig.

471). When a labiate form of corolla has the upper lip much
arched, as in the White Dead-nettle (Lamium) (fig. 468), it is

frequently termed ringent or gaping. The labiate form of corolla

gives the name to the natural order Labiatse, in the plants be-

longing to which it is of almost universal occurrence. It is

found also in certain plants belonging to some other orders.

2. Personate or masked.—This form of corolla resembles the

labiate in being divided into two lips, but it is distinguished by
the lower lip being approximated to the upper, so as to close

the orifice of the tube or throat. This closing of the throat is

caused by a projection of the lower lip called the palate. It

occurs in the Snapdragon (Z^^'. 472), Tosid&ax (Linaria) (fig. 473),
&c. In the species of Calceolaria the two lips become hollowed
out in the form of a slipper, hence such a corolla, which is but

Q2

Fig. 468. Rinerent corolla of
Dead-nettle {Lamium

)

Fig.
469. Back view of the flower of
a species of Teiicriimi, showing
the bifid upper lip of the corolla.
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Fig. 470. Fig. ill.

Fig. 470. Blower of Rosemary (Eosmarimis). Fig. 471. Front view of
the labiate corolla of Oaleobdolon.

a slight modification of the personate, is sometimes termed cal-

ceolate.

3. Ligulate or strap-shaped.—If what would otherwise be a

tubular corolla is partly split open on one side, so as to become

Fig. 472. Fig. 473.

Fig. 472. Personate corolla of Snapdragon (Antirrhinum.). I. Lower lip.

u. Upper lip. h. Gibbous base. Fig. 473. Personate corolla of the
Toadflax {Linaria) spurred at its base.

flattened like a strap above, (Jigs. 474 and 475) it is called

ligulate or strap-shaped. This form of corolla frequently occurs

in the florets of the Compositse, either in the whole of those

constituting the capitulum, as in the Dandelion (Leontodon), or

only in some of them, as in the outer florets of the Ox-eye
{Chrysanthemum) {fig. 475). The apex of a ligulate corolla has

frequently fire teeth indicating its component petals {fig. 474).
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Fig. 474. Fig. 475, Fig. 476.

AA ^M\

Fig. 474. Lierulate corolla of a Composite flower. Fig. 475. Ligulate
corolla of Ox-eye (Chrysanthemum). Fig. 476. Digitaliform or glove-
shaped corolla of Fox-glove {,Digitalis purpurea .

Besides the above-described forms of Fig. 477.

regular and irregular monopetalous corol-

las, others also occur, some of which are

but slight modifications of them, arising

from irregularities being produced in cer-

tain parts in the progress of their develop-

ment. Thus in the Fox-glove {Digitalis)

(Jig. 476), the general appearance of the

corolla is somewhat bell-shaped, but it is

longer than this form, and slightly ir-

regular, and has been supposed to resem-

ble the finger of a glove ; it has therefore

received the name of digitaliforra ov glove- ^ig_ 477. irregular rotate

shaped. In the Speedwell (Vero?iica) {Jig .

'^y^J^^^^^^^f

SpeedweU

477). the corolla is nearly rotate, but the '

^'''^"*'^" •

divisions are of unequal size ; in the Eed Valerian {Centranthus),

the corolla is irregularly salver-shaped {Jig. 479) ; and some other

unimportant irregularities may be also found in the corollas of

other plants, but these require no special notice.

ANOMALOUS Forms, and Appe>t)ages of Petals.—The
corolla, like the calyx, whether polypetalous or monopetalous, is

subject to various irregularities, arising from the expansion or
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growing outwards of one or more of the petals into processes
of different kinds. Thus in the Snapdragon {Antirrhinum) {fig.
472, b), and Valerian {Valeriana) {fig. 478), the lower part of
the tube of the corolla becomes dilated on one side, so as to form
a little bag or sac, it is then termed saccate or gibbous ; this term
being

^ used in the same sense as previously described when
speaking of the calyx. At other times, one or more of the petals,

Fig. 478

Fig. 478. Flower of a species of Valerian (Valeriana), c. Calyx, adherent
to the ovary. I. Limb of the calyx rolled inwards. The corolla has a
projection towards its base, and is said to be gibbous. Fig. 479.

Flower of Red Valerian (Centranthtcs). The corolla is irregularly

salver-shaped and spurred. Fig. 480. A portion of the flower of the
Monkshood iAconiticm), with numerous stamens below, and two
stalked horn-shaped petals above.

or the tube of a monopetalous corolla becomes prolonged down-
wards, and forms a spur, in which case the corolla or petal

is described as sptirred or calcarate. Examples of spurred

petals or corollas may be seen in the Heartsease, Columbine,

Toadflax {Linaria) {fig. 473), and Ked Valerian {Centranthus)

{fig. 479). The Yellow Toadflax, which usually only produces

one spur, in rare instances is foimd with five. Such a variety

was termed by Linnseus Peloria, a name which is now applied

by botanists to all flowers which exhibit this departure from
their ordinary growth. In the Monkshood {Aconitum) {fig. 480),

the two petals which are situated under the helmet-shaped sepals

already noticed {fig. 440), are each shaped somewhat like a curved

horn placed on a long channelled stalk.

The corolla is usually composed of but one whorl of petals, and
it is then termed simple, but in some flowers there are two or more
whorls, as in the White Water-Lily {fig. 436), in which case it is

called multiple. When the corolla is composed of but one whorl.
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its parts in a regular arrangement alternate with the sepals, al-

though cases occur in which they are opposite to them. The
cause of these different arrangements will be explained hereafter,

iinder the head of the G-eneral Morphology and Symmetry of the

Flower.

On the inner surface of the petals of many flowers, we may fre-

quently observe appendages of different kinds in the form of scales

or hair-like processes of various natures. These are commonly
situated at the junction of the claw and limb, or at the base of the

petals, as in Mignonette (Beseda) {Jiff. 482), Crowfoot {fff. 481),

Fiff. 481. Fig. 482. Fiff. 483.

Fig. 481. Petal of Crowfoot with a nectarife-
rous scale at its base. Fig. 482. One of
the petals of Mignonette (Beseda). Fig.
483. A petal of the Grass of Parnassus (Par-
nassia palustris) hearing a fringed scale.

Lychnis (Jig. 484), and Grass of Parnassus {fg. 483). Similar
scales ma}' be also frequently noticed in monopetalous corollas

near the throat (as in many Boraginaceons plants, for instance the
Comfrey, Borage, Forget-me-not, (/^. 466, r); and in the Dodder,
&c. Sometimes these scales become more or less coherent and
form a cup-shaped process, as in the Daffodil (Jig. 485) ; to this

the term corona is commonly applifd, and the corolla is then said

to be crowned. By many botanists, however, this latter term is ap-
plied, whenever the scales or appendages are arranged in the form
of a ring on the inside of the corolla, whether united or distinct.

The beautiful fringes on the corolla of the Passion-flower are

of a similar nature.

The origin of these scales is by no means clearly ascertained

;

by some botanists, they are supposed to be derived from the
petals, by others, to be abortive stamens ; their origin probably
varies in different flowers. We shall return to this subject

hereafter when treating of the G-eneral Morphology and Sym-
metry of the Flower. By the old botanists many of these appen-
dages were described under the name of nectaries, although but
few of them possess the power of secreting the honey-like matter
or nectar from which they derived their names ; they were there-

fore improperly so termed. The nature of the so-called nectaries

has been already described under the head of Glands.
The duration of the corolla varies like that of the calyx, but
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it is almost alwaj's more fugitive than it. It is caducous if it

falls as the flower opens, as in the Grrape-vine ; commonly it is

Fig. 484r. Fig. 485.

Fig. 484. A petal of a si>ecies of Lychnis, o. Claw. I. Limb. a. Scaly ap-
pendages. Fig. 485. Flower of Daffodil {Narcissus Pseudo-narcissus).
The cup or bell-shaped part towards the centre is termed a corona.

deciduous, or falls off soon after the opening of the flower. In
rare instances it is persistent, in which case it usually becomes
dry and shrivelled, as in Heaths and the species of Campanulay
when it is said to be marcesccnt.

Section 4.

—

The Essential Okgans of Eepeodtjction.

The essential organs of reproduction are the aadrcecium and
gyncecium, and these form together the two inner whorls of the

flower. They are called essential organs because the action of

both is necessary for the production of perfect seed.

Flowers which possess both these organs are called herma-
phrodite or hiscx%ial {fig. 420) ; when only one is present, they are

uoiisexual or diclinous, as in the species of Carcx {fig. 486), and
those of Salix {figs. 389 and 390). The flower is also then further

described as staminate or staminiferous {figs. 390 and 486) when
it contains only a stamen or stamens, and earpellary, pistillate,

or pistilliferous when it has only a carpel or carpels {fig. 389).

When a flower possesses neither andrcecium nor gyncecium, as

is sometimes the case with the outer florets of the capitula

of the Compositee, it is said to be iieuter. When the flowers
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are iinisexual, both staminate and pistillate

flowers may be borne upon the same plant, as

in the Hazel, Oak, Cuckow-pint ( j?^. 377), and
the species of Carex, in which case the plant

is stated to be mo7icecious ; or upon different

plants of the same species, as in Salix {figs.

389 and 390), and Hemp, when it is dioecious.

In some cases, as in many Palms and Pellitory

(Parietaria), both staminate, pistillate, and
hermaphrodite flowers, are situated upon the

same individual, in which case the plant is

called polygamous.

Like the sepals and petals, the stamens and
carpels are considered as homologous with
leaves, but they generally present much less

resemblance to these organs than the floral

envelopes. Their true nature is shown, how-
ever, by their occasional conversion into leaves,

and by other circumstances which will be
described hereafter when treating of the

Greneral Morphology of the Flower.

1. THE ANDRCECIUM.

Fig. 486. -Unisexual
staminate flower of
a species of Carex.
Tbe filaments are
long and capillary,
and the anthers
pendulous and In-
nate.

The organs of

The andrcecium is the whorl or whorls of

organs situated between the corolla on the

outside and the gyncecium on the inside {figs.

419 and 420), and it is so called because it

forms the male system of Flowering Plants
which it is composed are termed Stamens. Each stamen consists

generally of a thread-like portion or stalk, called thefilament {fig.

421,/), which is analogous to the petiole of the leaf, and of a
little bag or case, a, which is the .representative of the blade,

called the anther, and which contains a powdery
matter termed the pollen, p. The only essential

part of the stamen is the anther with its

contained pollen ; when the pollen is absent,

as the stamen cannot then perform its special

functions, it is said to be abortive or sterile

{fig. 503, Is) ; in other cases it is termed /^'r^eVe.

When the filament is absent (which is but rarely

the case), as in the Cuckow-pint {fig. 487),
the anther is described as sessile.

1 . The Felament.—In its structure the fila-

ment consists, 1st, of a central usually un-
branched bundle of spiral vessels terminating
at the connective of the anther ; and 2nd, of

parenchymatous tissue which surrounds the central bundle of

^Kj. 48". Stamen
of the Cuckow-
pint {Arum macu-
latum), consisting
simply of an an-
ther sessile upon
the thalamus.
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spiral vessels, and which is itself covered hy thin epidermal
tissue. The epidermis occasionally presents stomata and hairs

;

these hairs are sometimes coloured, as in the Spiderwort (Tra-

descantia virginica), and in the Dark Mullein {Verhascum ni-

grum). The structure of the filament is thus seen to be strictly

analogous to that of the petiole of a leaf, which presents a similar

disposition of its component parts.

The filament varies in form, length, colour, and other particu-

lars ; a few of the more important modifications of which will be
now alluded to.

Form.—As its name implies, the filament is usually found in

the form of a little thread-like or cylindrical prolongation which
generally tapers in an almost imperceptible manner from the

base to the apex, when it is described as filiform, as in the Eose

;

or if it is very slender, as in most Sedges and Grrasses, it is ca'pil-

lary {figs. 486 and 488). In the latter case, the filament, instead

of supporting the anther in the erect position as it usually does,

becomes bent, and the anther is pendulous. At other times the

filament becomes enlarged, or it is flattened in various ways. Thus
in some cases, it is dilated gradually from below upwards like a

club, when it is clavate or cluh-shaped, as in Thalictrum ; or it is

slightly enlarged at the base, and tapers upwards to a point like

an awl, as in the FloM'ering Eush {Butomus umbellatus) ; in other

cases it is flattened at the base, the rest of the filament assu-

ming its ordinary rounded form, as in Tamarix gallica{fig. 489)

and species of Cmnpanula {fig. 490) ; or the whole of the fila-

Fig. 488. Fig. 489. Fig. 490.

Fig. 488. Alocusta of Wheat {Triticnm) consisting of several flowers, the
stamens of which have very long capillary filaments, and versatile
pendulous anthers. The anthers are hifurcated at each extremity, and
resemble somewhat the letter x in form. Fig. 489. Three of the sta-

mens of the Tamarix gallica, with their filaments flattened at the base
and united with one another. Fig. 490. Pistil of a species of Campa-
nula, with a solitary stamen arising from the summit of the ovary.
The filament is flattened.
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ment is flattened, and then it frequently assumes the appearance

of a petal, when it is described as jpetaloid, as in the Water-Lily

{Nymphaa) {figs. 436, e, and 507), and in Canna and allied plants.

Sometimes the filament is toothed, as in AUium {fig. 4:91),

or forked, as in Cramhe {fig. 492), or furnished -with various

appendages, as in the Borage {fig. 493, a), in -which case it is

said to be appendicidate. These appendages are evidently of the

same nature as the scales and other appendages, previously de-

scribed as occiirring on the corolla.

Length, Colour, and Direction.—The length of the filament va-

ries much. Thus in the Borage {fig. 493, /) and plants generally

Fig. 491. Fig. 492. Fig. 493.

Fig. 491. Dilated toothed fllarnent of a species of
AUmm. Fig. 492. Gynoecium and androecium
of Crarnbe. The longer filaments are forked.
Fig. 493. A stamen of the Borage (Borago offici-

vatis). f. Filament, a. Curved appendage to the
filament. I. Anther.

of the order Boraginacese, the filaments are very short {fig. 494);
in the Primrose and Primulacese generally, a similar condition

Fig. 495.Fig. 494.

CD.

Fig. 494. Corolla of Myosotis laid open. There are five stamens with very
short filaments attached to the corolla and included within its tube.

Fig. 495. Male flower of Euphorbia, consisting of a solitary stamen
6, without any floral envelopes surrounding it, hence it is said to be
naked or achlamydeous. a. Articulation, indicating the point of union
of the true filament and peduncle p.
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also occurs. In the Fuchsia, Lily, Grasses {fig. 488), &c., the

filaments are generally very long.

In colour the filaments are usually white, but at other times

they assume vivid tints like the corolla ; thus in the Spiderwort

{Tradcscantia virginica), they are blue, in various species of

Ranunculus and (Enothera, yellow, in some Poppies, black, in

Fuchsia, red, &c.

In direction the filaments and consequently the stamens are

either erect, incurved, recurved, pendidous, &c. ; these terms being

used in their ordinary acceptation. When the filaments are all

turned towards one side of the flower, as in the Horse Chestnut

and Amaryllis, they are said to be declinate. Grenerally speak-

ing, the direction is nearly the same from one end of the fila-

ment to the other, but in some cases the original direction is

departed from in a remarkable manner, and the upper part of the

filament forms an angle more or less obtuse with the lower, the

filament is then termed geniculate, as in Mahernia. This ap-

pearance sometimes arises from the presence of an articulation

at the point where the angle is produced, as in Euphorbia

{fig. 495). In such a case, or whenever an articulation exists

on the apparent filament, this is not to be considered as a true

filament, but to consist in reality of a fiower-stalk supporting

a single stamen. The flower here, therefore, is reduced to a stalk

bearing a single stamen, all the parts except it being abortive.

This is proved by the occasional production in some allied plants

of one or more whorls of the floral envelopes at the point

where the joint is situated. In the Pellitory the filament assumes

a spiral direction.

The filament usually falls off from the thalamus after the in-

fluence of the pollen has been communicated to the carpel. In
rare cases, as in the species of Campanula, the filament is

persistent, and remains attached to the ovary in a withered

condition.

Fia 496 ^* '^•^^ Anther.—Its Development, and
.

^' ' Structure.—Like the leaf, the anther is

first developed as a little protuberance

formed of parenchymatous cells, the apex

being formed first, and the whole com-
pleted like the lamina of the leaf before

the formation of the filament or stalk. At
first the cellular protuberance is solid

{fig. 496), and exhibits no appearance of

cavities apart from those common to all

cellular structures ; at an early age, how-

^'^/fyoT^nfautTefo'f ever, we may observe the formation of an
the Melon, ce. Cells epidermal layer ce, surrounding the mass

for,Sug'l:re"fleS of Cellular substance ci in its interior. As
layer, ci Internal cells, growth advances the cellular mass be-
Frorn Maout.

comes altered at certain points, usually at
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F?^. 497. Fiff.AdS.

Fig. 499.

Fig. 497. Tertioal section of a cell of a yonng anther of the Melon, show-
ing its gradual growth and separation into regions, ce. Epidermal cells.

ci. Internal cells in progress of absorption by the development of the
masses of cells, cm, in their interior. Fig. 498. Vertical section of a
cell of a young anther of the Melon in a more advanced state, ce. Epi-
dermal layer constituting the exothecium or outer covering of the
anther, ci. The internal parenchymatous cells still further absorbed.
The masses of cells, cm, are now distinctly seen to contain pollen ; they
are hence called parent or mother cells. These cells are surrounded by
a special layer of cells, cl, which ultimately forms the endotheclum.
From Maout.

four (two of which are placed in each half of the anther,) (Jigs.

497 and 498). by the formation of as many masses, cm, cm, of

large cells, which undergo a particular development to be after-

wards described, to produce the pollen ; each of these masses is

surrounded by a special layer

which ultimately forms the inner

lining of the anther, cl. As these

aggregations of cells continue to

develop they press upon the sur-

rounding parenchyma, ci, ci, to a

greater or less extent, and thus

cause its corresponding absorp-

tion. "When the absorption is

complete and the two pollen-

forming masses of cells in each

half of the anther themselves

unite, we have an anther formed

of two large pollen cavities or

cells. If these masses do not

unite, a portion of the original

celhdar mass remains as a sort

of partition between them, and
the anther consists of four cells.

The different parts ofwhich the

anther is composed may be best

Fig. 499. Transverse section ofan un-
opened anther of Xeottia picta.

From Schleiden. a. Connective, b,

B. The two lobes of the anther, a.

Vascular bundle of the connective.
5. Epidermal layer or exothecium.
c. Laver of fibrous cells forming the
endothecium. d, d, d, d. The four
loculi or cells of the anther. Each
lobe is seen to be divided into two
loculi by a septum or partition, e, e.

The sutures or points where dehis-
cence ultimately takes place.
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seen by making a transverse section as shown \nfig. 499. Tlius

here we observe two parallel lohes, b, b, separated by a portion,

A, a, called the connective, to which the filament is attached.

Fig. 500. Fig. 501. Fig. 502.

Fig. 503.

Fig. 500. Quadrllocular anther of tbe Flowering
Rush (Butomus umhellatus). a. Filament bear-
ing an entire anther, h. Section of the anther
with its four loculi. i^^ifir. 501. Androeciura of
Milkwort {Polygala), with one-celled anthers
dehiscing at their apex. Fig. 502. One of the
stamens of the Lady's Mantle (Alchemilla).

The anther is unilocular or one-celled, and de-

hisces transversely.

Each lobe is divided into two cavities, d, d,

d, d, by a septum which passes from the

connective to the walls of the anther. The
cavities thus formed in the lobes of the

anther are called cells, loculi, or theccB. All

anthers in an early stage of development
possess, as we have just seen, four loculi,

and this is considered the normal state.

When a fully developed anther exhibits a
similar structure, as in the Flowering Eush
(Buto7nus umhellatus), it is four-celled,

quadrllocular, or tetratheccd {fig. 500) ; or

when, as is more commonly the case, the

partitions separating the two loculi of each
anther-lobe become absorbed, it is two-celled,

hilocular, or dithecal {fig. 488). In rare cases,

the anther is unilocular or one-celled, as in

the Mallow, Milkwort {fig. 501), and

_. Lady's Mantle {fig. 502): this arises, either

The^Sage. ^/^Piia- from the abortion of one lobe of the an-

hetri^n
'^'

a?"on^^"7d
^^®^' ^^^ *^® absorption of the septum

a loc'uius V, contain- between the two cells of the lobe, that is

is laid to'be^fSie^
present

;
or by the destruction of the par-

and at the other end tition wall of the two lobes as well as of the
a locuius Is without ggpta between the cells of each lobe. In
pollen, in which case ^ , ^ . . • ^
it is sterile. some plants again, as m many species of

Salvia, the connective becomes elongated
into a kind of stalk, each end of which bears an anther lobe

{fig. 503), in which case there appear to be two uniloculctr or
one-celled anthers. When this occurs one lobe only, //, contains
pollen, the other, Is, is sterile.
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That surface of the anther to which the connective is attached

is called the hack{fig. 499, a, a), and the opposite surface is the

face. The latter always presents a more or less grooved ap-

pearance {figs. 499 and 504, c), indicating the point of junction of

the two lobes. Each lobe also commonly presents a more or less

evident furrow {figs. 499, e, e, and 504, b), indicating the point

at which the mature anther will open to discharge the pollen;

Fig. 504. Fig. oOo.

Fig. 506.

Fig. 504. The Essential Organs of Reproduction of the Vine (Vitis vinir

fera). a. Anther, c. Furrow in its face wliich is turned towards the
pistil, b. Suture or line of dehiscence. The anther is introrse. Fig.
505. The Perianth cut open and Stamens of the Meadow Saffron
(Colchicum autumnale) showing the anthers turned towards the floral

envelopes, and hence termed extrorse.

this furrow is termed the suture. By these furrows the face of

the anther may be generally distinguished from the back, which
is commonly smooth and has more-

over the filament attached to it. The
face is generally turned towards the

gyncecium or centre of the flower, as

in the Water-Lily (/^. 507),Vine (/(7.

504), and Tulip (fig. 508), in which
case the anther is called introrse;

in some instances, as in the Iris, and
Meadow Saffron {fig. 505), the face

is directed towards the petals or cir-

cumference of the flower, when the

anther is said to be extrorse.

In structure each lobe of the ma-
ture anther consists of two layers ; an
outer {figs. 499, h, and 506, ce), which
resembles that kind of modified

epidermis termed epithelixim, and is called the exothecium, upon
which stomata are frequently found ; and an inner {figs. 499, c,

Fig. 506. Horizontal section of
a portion of the wall of an
anther of the Cobcea scandena
at the time of dehiscence.
It is composed of an ex-
ternal epidermal layer ce,

forming the exothecium, and
an internal layer of fibrous
cells c/, forming the endothe-
cium.
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and 506, cf), which corresponds to the covering of the masses
of pollen-forming cells {fig. 498, c/), and is termed the, endo-
thccium. This inner lining consists of one or more rows of fibrous

cells {fig. 506, cf) ; commonly of that kind called reticulated,

but sometimes spiral or annular cells also occur. The membrane
forming the walls of these cells usually becomes obliterated as the
anther approaches maturity, the fibrous threads or bands alone
remaining in the form of branched filaments, spires, or rings.

The endothecium gradually diminishes in thickness as we ap-
proach the suture, and at this line it is altogether wanting.
At the suture the exotheciumis also commonly thinner than upon
the other parts of the lobe of the anther.

The connective has a structure which in its essential characters

usually resembles the filament, i.e. it is composed of a bundle of

spiral vessels enclosed in a mass of parenchyma covered by epi-

dermis. Frequently, however, the connective consists of paren-
chyma only.

We have already shown that the floral envelopes are homolo-
gous with leaves, representing them as they do in all their essen-

tial characters. We have now to examine the stamen with the

view of ascertaining whether its parts have in like manner any
resemblance to those of the leaf. We have no difficulty in re-

cognising the filament as the horaologue of the petiole, as in its

form, position, and structure it is essentially the same. The
connective cf the anther again, is clearly analogous to the

midrib of the blade, and hence we readily see that the two lobes

of the anther correspond to the two halves of the lamina folded

upon themselves ; in fact if we take the blade of a leaf and
fold it in the above manner, and then make a transverse section,

it will present a great resemblance to the section of the anther
already described {fig. 499). We may therefore conclude, that

the anther corresponds generally to the lamina of the leaf, the

connective to the midrib, the outer surface to the epidermis of its

lower side, and the septa to the epidermis of the two halves of

the upper surface of the lamina united and considerably thick-

ened. The sutures or lines of dehiscence are commonly regarded
as corresponding to the margins of the transformed leaf ; but ac-

cording to Oliver, " the sutures of the anther answer to the lines

of junction of the outer and inner thickened portions of the

lamina on either side of the midrib, and the septa as resulting,

in part at least, from the inflected epidermis of the adjacent

anther cells." The pollen is commonly regarded as corresponding

to the parenchyma situated between the epidermis of the upper
and lower surfaces of the lamina of the leaf.

Attachment of the Filament to the Anther.—The mode in which
the anther is attached to the filament varies in different plants,

but it is always constant in the same individual, and frequently

throughout entire natural orders, and hence the characters af-
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forded by such differences are important in practical botany.

There are three modes of attachment which are distinguished by

special names. Thus : 1st, the anther is said to be adnate,

when its back is attached throughout its whole length to the fila-

ment or to its continuation called the connective, as in the

Mac^nolia {fig. 511), and Water-Lily {fig. 507) ;
2nd, it is innate,

when the filament is only attached to its base and firmly adherent,

as in the species of Cflr<?a- (/^. 486); and 3rd, it is versatile,

when the filament is only attached by a point to the back of the

connective, so that the anther swings upon it, as in Grasses

generally [fig. 488), in the Lily, Evening Primrose, and Meadow

Saffron.

Fig. 507. ^^9- ^^8.

Fig. 507. A portion of the flower of the White Water-Lily (Nymphrea alba)

coiisistinsr of a Rynoeciuiii invested by a large fleshy disk iirolonK'-'d

from the thalamus l)elow it. The pistil is surrounded by some stamens
whirl) have peraloid ftlameiits and adnate anthers, and by t^'o petals.

Fig. 508. Gyiicecium and androecium of the Tulip. The stamens ei

and ee have iutrorse anthers.

Connective.—The relations of the anther to the filament, as

well as its lobes to each other, are much influenced by the ap-

pearance and size of the connective. Thus in all adnate anthers the

connective is large, and the lobes generally more or less parallel

to each other throughout their whole length {fig. 511). In other

cases the connective is very small, or altogether wanting, as in

species of Eupkorhia {fig. 509), so that the lobes of the anther are

then immediately in contact at their base. In the Lime the con-

nective completely separates the two lobes of the anther {fig. 510).

In the Sage {fig. 503) and other species of Salvia, the connective

forms a long stalk-like body placed horizontally on the top of

the filament, one end of which bears an anther lobe, / /, con-

taining pollen, the other merely a petaloid plate or abortive an-

ther lobe. Is; it is then said to be distractile. Sometimes the

connective is prolonged beyond the lobes of the anther ; either

as a little rounded or tapering expansion, as in the Magnolia

{fig. 511), or as a long feathery process, as in the Oleander
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Fig. 509. Fig. 510. Fig. oil. Fig. 512. Fig. 513.

Fig. 509. A male naked flower of a species of Euphorbia,
showing the two lobes of the aiitiier, aii(i tlie almost
total absence of the connective.- Fig. olQ. A stamen
of the Lime (Tilla) siiowing the large consiective sej'a-

rating tlie lolies of tlie anther. Fi(/. .511. An inside
view of a stamen of Magnolia glnuca, showing the ad-
nate antlter and prolonged connective.

—

-Fig. 512. Two
lit'imens of the Heartsease (F/oto tricolor). The connec-
tive of one (if them is iirolonged downwards in the form
of a spur. Fig. 5i:!. .S.iKittate anther lobes of the
Oleander (Nrrium Oleavder'i. The connective is jiro-

longed upwards iu the form of along feathery process.

{Nerium Oleander) {fig. 513), or in various other ways. At
other times again, it is prolonged downwards and backwards as

a kin^l of spur, as in the Heartsease {fig. 512). Anthers with

such appendiiges are termed appendlculate

.

Form of the. Anther Lobes and Anther.—The lobes of the anther

assume a variety of forms. Thus in Mercuricdis annua {fig.

515), they are somewhat rounded; very frequently they are

more or less oval, as in the Almond {fig. 516) ; in the Acalypha

Fig. 514. Fig. 515. 516. Fig. 517.

Fig. 514. A gt.imen of a species of Acalypha
in the bud state. /. Filament. I. Linear
nnther lobes. Fig. 51.5. A stamen of
Mnrcurialis a7i7>ua. /.Filament, c. Con-
nective. I, I. Hounded anther lobes, de-
Jiisciiig longitudinally. Fig. 5IG. An
anther of the Almond (AmygdalaH com-

wur/i'') with ov.il Iol)e8, J. f. Filament. Fig. 517. Tl»e linear and sinuose
anther lobes, I, attached to the filament, /, of the couimon bryony (Bryvnia
dioicau The above figures are from Jussieu.
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they are Ihiear {Jig. 514) ; in the Gourd tribe {fig. 517) Uyicar,

and sinuose or convoluted ; in the Solcmum {fig. 525) four-sided
;

and at other times pointed, or prolonged in various ways. These
torms combined with those of the connective determine that of
the anther, which may be oval, ohlong, &c. : or bifurcate or
forked, a.s, m t\\Q Vaccinium vliginosttm {fig. 519); or quadri-

furcate {fig. 520), as in Gualtheria procumhens ; or sagittate {fig.

513), as in the Oleander ; ot cordate, as in the common Wall-
flower {figs. 420 and 421). In the Grasses the anthers are bifur-
cate at each extremity {fig. 488), so as to resemble somewhat
the letter x in form.

The lobes of the anther also, like the connective, frequently
present appendages of

various kinds. Thus Fig. 518. Fig. 519. Fig. 520.
in the Erica cinerea

they have a flattened

leafy body at their base

{fig. 518, a); at other

times the surface of the

anther presents projec-

tions in the shape of
pointed bodies {fig. 519,

a), as in Vaccinium
uliginosum, or warts, &c.
Such anthers, like those

which present appen-
dages from the connec-

tive, are termed ajipen-

diculate.

The anther when
young is of a greenish

hue, but when fully

matured it is usually

yellow. There are how-
ever many exceptions

to this ; thus it is dark
purple, or blaok, m
many Poppies, orange in

Eschscholtzia, purple in the Tulip, red in the Peach, &c.
Dehiscence of the Anther.—When the anthers are perfectly

ripe they open and discbarge the contained pollen {fig. 421);
this act is called the dehiscence of the anther. This dehis-

cence commonly takes place in the line of the sutures {fig. 504,
b), and at the period when the flower is fully expanded, and
the pistil consequently developed to receive the influence of
the pollen ; at other times, however, the anthers burst before
the flower opens and while the pistil is still in an imperfect,

btate. All the aiitjiers may open at the same period, or in

u2

Fio-blS. Appeiidirulate fiiitber attached to fi-

lament, /, of the Fine-leaved Heath (Erica
cinerea). a. Appendix. I. Lobes, r. Lateral
pore or slit where dehiscence takes plai-e.

Fig. 519. Bifurcate anther of Vacci7iium
uliginosum attached to filament/. Z. Anther
lohes. «. Appendages, p. Points of the an-
ther lobes where dehiscence takes place.
Fig. .520. Quadrifurcate anther of Gualtheria
procumbens, AitRched to flianient/. /.Anther
lobes. The above figures are from Jussieu.
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succession ; and in the latter case the dehiscence may either

commence with the outer stamens, or with the inner. Thus
in Helleborus, the outer stamens open their anthers first, and

those in the centre last ; while in Glaucmm the inner stamens

open first, and those of the circumference last. In the common
Eue {Buta graveolens) again, where there are two whorls of

stamens, the outer stamens incline towards the pistil first and

discharge their pollen, and then return to their former posi-

tion ; the inner stamens then incline and discharge tiieir pollen

and return in a similar manner. Sometimes, as in Parnassia

palustris, each stamen curves in succession towards the pistil,

and the anthers then open and emit their pollen. Usually the

outer stamens are those which dehisce first.

The dehiscence is produced, partly by the development and

growth of the pollen in the anthers pressing upon the walls and

causing an absorption of their tissue ; and partly by the special

action of the fibrous cells which form the lining of the anther
;

and it takes place commonly at the sutures, because at these

parts, as we have already seen, the endothecium is altogether

wanting, and the exothecium is also commonly very thin, so that

the sutures are the weakest points of the anther-walls.

The dehiscence may take place in four diflTerent ways, which

are called, 1. Longitudinal, 2. Transverse, Z. Porous, 4. Valvular.

1. Longitudinal.—This, the usual mode of de-

Fig. 521. hiscence, consists in the opening of each anther

lobe from the base to the apex in a longitudinal

direction along the line of suture, as in the

Wallflower {fig. 421), and Tulip {fig. 508).

2. Transverse.—This kind ofdehiscence mostly

occurs in unilocular anthers, as those of Alche-

7mlla {fig. 502), Lemna, Lavandula, &c. It sig-

nifies that the splitting open of the anther occurs

in a transverse or horizontal direction, i.e., from

the connective to the side. It sometimes hap-

pens that by the enlargement of the connective

the loculus of a one-celled anther is placed hori-

zontally instead of vertically, in which case the

dehiscence when it takes place in the line of

the suture would be apparently transverse, al-

521 stMTnen
^^^^ugh really longitudinal. An example of this

of the Maiufw kind of dehiscence is afforded by the Mallow

tS^of whfdi (^^^^^^ (fi9- ^21), and other plants belonging to

hasan°apparent- the natural order Malvaceae. In practical botany
ly transverse de- g^^g]^ anthers, like the former, are said to dehisce
hiscence. , '

transversely.

3. Porous or Apical.—This is a mere modification of longi-

tudinal dehiscence. It is formed by the splitting down of the

anther lobes being arrested at an early period so as only to pro-
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Fig. 522. Fig. 523. Fig. 524. Fig. 525. F/^. 526.

J'jgi. 522 Anther of the Pyrola rotnndifoUa, suspended from the filament, /.

I. Lociili openine hy two pores, p. Fi^. 523. Qundriloculnr anther of
Poravihera, attached to filament, f. I. Loculi opening by pores, p.

Fig.h2i. Anther of Tefrntheca jnncea, opening by a single pore at the
apex. The^e figures are from Jussieu. Fig.52o. Anther lobes of a
species of Solnnum opening hy pores at the apex. Fig. 526. Anther
of Barberry {Berberis vulgaris) opening by two valves.

duee pores or short slits. In such anthers there is commonly no
trace of the sutures to be seen externally. The pores or slits

may be either situated at the apex, as in

the Nightshade (Solanum) (fig. 525), and Fig. 527.

Milkwort {Jig. 501) ; or laterally, as in the

Heaths (fg. 518, r). There may be either

two pores, as is usually the case {fg. 522),

or four, as in Poranthcra {fg. 523), or

many, as in the Mistletoe, or only one, as

in Tetratheca jiincea {fig. 524).

4. Valvular.—This name is applied when
the whole or portions of the face of the an-

ther open like trap-doors, which are at-

tached at the top and turn back as if on a

hinge. In the Barberry {Berberis) {fig.

526), there are but two such valves,

while in the Sassafras and other plants

belonging to the Laurel family, there are

four, that is, two to each lobe, placed in

pairs one over the other {fig. 527).

The Stamens genehallt, or the An-
DRCECiiiM.—Before describing the pollen p,-^

which is contained w^ithin the anther, it

will be better for us to take a general view
of the stamens as regards their relations

to one another, and to the other whorls of

the flower. "We shall consider this part of

our subject under four heads, namely :— 1. Number, 2. Insertion

or Position, 3. Union, 4. Relative length.

1. Number.—The number of stamens is subject to great varia-

.527. Stamen of a
species of Latirw. f.

Filament, with two
fflands g, g, at its
base. I, I. Loculi, of
which there are four.
V. Valves.
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tion, and several terms are in common use to indicate such
variations.

In the first place, certain names are applied to define the

number of the stamens when compared in this respect with the

sepals and petals. Thus when the stamens are equal in number
to the sepals and petals, the flower is said to be isostemenous, as

in the Primrose; if they are unequal, as in the Valerian, the

flower is cmisostemenous ; or when greater accuracy is required

in the latter case, we say dij^lostemeJious, if the stamens are

double the number, as in Stonecrop, meiostemenotis, if less in

number, as in the Lilac, and 'polystemenous, if more than double,

as in the Kose.

Second]}'-, the flower receives different names according to

the actual number of stamens it contains, without reference to

til e number of parts in the outer whorls. This number is in-

dicated by the Greek numerals prefixed to the word androus,

which means male or stamen. Thus :

—

A flower having One stamen is Monandrous, as in the Mare's
Tail and Eed Valerian.

,, „ Two stamens is Diandrous, as in the Ash and
Privet.

,, „ Three stamens is Triandrous, as in the Iris

and most Grasses.

„ „ Four stamens is Tetrandrous, as in the Holly
and Rib-grass.

„ ,, Five stamens is Pentandrous, as in the Cows-
lip and Henbane.

,, „ Six stamens is Hexandrous, as in the Lily and
Tulip.

,, „ Seven stamens is Heptandrous, as in the Horse
Cliestnut and Chickweed Winter-green.

„ ,, Eight stamens is Octandrous, as in the lA-y and
Heath.

,, „ Nine stamens is Enneandrous, as in the Flower-

ing Rush and Rhubarb.

„ „ Ten stamens is Decandrous, as in the Pink and
Saxifrage.

„ „ Twelve stamens is Dodecandrous, as in the

Asarabacca and Purple Loose-strife.

„ ,, Twenty stamens is Icosandrous, as in the

Strawberry.

„ ,, Numerous stamens is Polyandrous, as in the

Poppy and Water-Lily.

We shall have to refer to these terms again when treating of

the Linnsean system of classification, as many of the classes in

that system are determined by the number of stamens con-

tained in the flower.
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Fig. 530.

Fig. 5;>8. Apocarpous pistil of the Crowfoot {'Ranuncnhis'), with two stamens
arising from the thalamus helow it.—Fig. 529. Vertical section of a
flower of the Primrose (Primula), showing epipetalous stamens. The
pistil in the centre has an ovary with a free central placenta, a style, and
a capitate stigma. lig.hSO. Vertical section of theflowerof theCherry,
showing the perigynous stamens surrounding the pistil.

2. Insertion ov Position.—When the stamens are free from the

calyx and pistil, and arise from the thalamus below the latter

organ, as in the Poppy {Jig. 426) and Crowfoot (/^. 528), they are

said to be hypogymms, which signifies imder the female or pistil

;

this is the normal position of the stamens. When the .stamens

are attached to the corolla, as in the Primrose {jig. 529), they are

epipetahiis ; this is commonl}', but not universally, the case when
the corolla is monopetalous. The insertion of the stamens is al-

ways regarded as the same as that of the corolla, so that when the

Fig. 531, Fig. 532. Fig. 533.

Firi. 531. Vertical section of the flovrer of a species of Cumpavnla. with
episynous stamens. Fig. 532. Flower of Orchis mascnla. The column
in the centre is formed by the union of the stamen.^ and style. Fig.
.">33. The pistil and stamens of Birrhwort {AristolnchicD. The ovary is

seen below, and the stamens above united into a column with the style.
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former organs are epipetalous their insertion with regard to the

pistil depends upon the point where the corolla itself becomes free

;

thus, in the Primrose {fig. 529), where the stamens are epipetal-

ous and the corolla arises from the thalamus below the pistil and
free from the calyx, the stamens, as well as the corolla, are said

to be hypogynous. When the stamens adhere to the calyx more
or less, so that their position becomes somewhat lateral to the

pistil instead of below it, as in the Strawberry, Cherry {fig. 530),

and Apricot, they, as well as the corolla, are said to h^'perigynous.

When the calyx is adherent to the ovary so that it appears to

rise from its apex, the intermediate stamens and corolla also

arise from the summit, and are said to be cp^gynous, as in the

species of Campanula {fig. 531), Carrot, and Ivy:

The full understanding of the above terms is of great im-

portance in practical botany ; and the arrangements of the

organs as thus indicated by them, have been used by De CandoUe
and other botanists as the basis of some of the sub-divisions

in their systems of classification, as will be particularly described

hereafter when treating of Systematic Botany.

It sometimes happens that the stamens not only adhere to

the ovary or lower part of the pistil, as in the epigynous form

of insertion, but the upper part of the stamens and pistil be-

come completely united also, and thus form a column in the

centre of the flower, as in the Orchis {fig. 532), and Birthwort

{Aristolochia) {fig. 533) ; this column is then termed the gynosie-

mium, and the flowers are said to be gynandrous.

3. Union.—^When the stamens are perfectly free and separate

Fig. 534. Fig. 585. Fig. 536. Fig. 537.

Mci. 5n4. Syntrenesious anthers of a ppecies of Thistle (Cnnlnus). Fig.

535. Mnnadelphous staineiis of Mallow {Malva). Fig. ?>?S. Monadel-
ph on s stain ens of "Wood Sorrel (OTalin'), forming a tube round the
pistil. Fiff.bZr. Male flower of Jrrfrop7;a CitrcffS. c. Calyx, p. Corolla.

e. Stamens united hy their filaments into a tube, a, which occupies
the centre of the flower as there is no pistil.
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from one another, as in the Vine {fig. 604), they are said to be
free or distinct ; when united, as in the Mallow {fig. 635), they
are coherent or connate.

Wlien the stamens unite the union may take place either by
their anthers, or by their filaments. "\Maen the anthers cohere, the

stamens are termed, syngenesious ov synantherov.s {fig. 534). This
union occurs in all the Compositse, in the Lobelia, Violet, (fee.

"When the anthers thus unite the filaments are commonly,
although not always distinct. When union occurs between the

stamens, however, it is more common to see the filaments united,

and the anthers free. The union by the filaments may take
place in one or more bundles, the number being indicated by a

Greek numeral prefixed to the word ade/jjhous, which signifies

brotherhood. Thus, when all the filaments unite together and
form one bundle, as in the Mallow {fig. 535), and Wood Sorrel

{fig. 536), the stamens are monadel'phous. When such a union
takes place in a complete flower, the coherent filaments neces-

sarily form a tube or ring round the pistil placed in their centre,

as in the Wood »Sorrel {fig. 536). AVhen the pistil is absent,

and the flower incomplete, the united filaments form a more or

less central column, as in Jatropha Curcas {fig. 537, a). When
the filaments unite so as to form two bundles, the stamens are

termed diadeJphous, as in

the Pea {fig. 538), and Fu- Fig. 538.

mitory, in which case the

number of filaments in

each bundle may be equal,

as in the Fumitory, or

unequal, as in the Pea,

where there are ten sta-

mens, the filaments of

nine of them being united

to form one bundle, while

the other filament remains

free (/^. 538). TMienthe
stamens are united by their

filaments into three bundles they are triadelphoKS, as in most

species of St. John's Wort {Hypericuin) {fig. 540) ;
when in

more than three, polyadelphous, as in the Castor Oil Plant

{Ricinns comrmrais) {fig. 541), and Orange {fig. 539). The term

polyadelphous is applied by many botanists, in all cases where

there are more than two bundles of stamens ; it was used in this

sense by Linnseus.

The union of the filaments in the above cases may either

take place more or less completely, and thus form a tube of

varying heights, as in the Mallow {fig. 535). and Wood Sorrel

{fig. 536) ; or the union may only take place at the base, as in

the Tamarix gallica {fig. 489). The bundle or bundles, again, may

Fip. 538. Diadelphous stamens of the Sweet
Pea {Lathvrus), surrounding the pistil.

There are ten stamens, nine of which are

united and one free.
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Fig. 539.
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Fig. 540. Fig. 541.

Fig. 542.

Fig. 539. Flower of Orange divested of the corolla, showing its polyadel-

phous stamens. Fig. 540. The Pistil, a, of a species of Hiipencum. sur-

rounded by the stamens, e, e, which are united by their filaments,/,/.

Into three bundles. Fig. .541. One of the branched bundles of stamens
of the Castor Oil Plant (Ricimis communis). /. Filaments.

be either simple, as in the Mallow (Jig. 535) ; or branched, as in

the Milkwort {Jig. 501), and Castor Oil Plant {fig. 541).

When the union takes place so as to form a
tube or column, the term androphore has been
applied to the column thus formed, as in the

Mallow {fig. 535), and Wood Sorrel {fig. 536).

4. Relative Length.-—There are two separate

subjects to be treated of here, namely, 1st, the

relative length of the stamens with respect

to the corolla; and 2nd, their length with
respect to one another. In the first place, when
the stamens are shorter than the tube of the

corolla so as to be enclosed within it, as in the

Forget-me-not {Myosotis) {fig. 494), they are

said to be inchid(d\ and when the stamens
are longer than the tube of the corolla so as to

extend beyond it, as in the Valerian {fig. 542),
they are said to be exsertcd or protruding.

The relative length of the stamens with
Fig. 543. Flower of respect to one another presents several peculi-
Valerian, showing .[. /. i

•
i ,. i.

• j
the stamens pro- arities, SOme 01 whlCh are important in de-
longed beyond the scriptive botany. Sometimes, all the stamens
tube of the co- ^ -^

i /• ^i ^ .^

roiia, or exserted. 01 the flower are nearly oi the same length.
The coroiia^sgib-

.,;,^j-^j|g ^^ other times they are very unequal.

This inequality may be altogether irregular

again, following no definite rule ; or take place in a definite and
regular manner. When the flowers are polystemenous, the sta-

mens nearest the centre may be longer than those at the cir-

cumference, as in Luhea paniculata {fig. 543); or the reverse

may be the case, as in many of the Rosacese. In the case of
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diplostemenoiis flowers, as with the Willow Herb (EjnlohiKm)

,

the stamens alternating with the petals are almost always longer

than those opposite to them.

When there is a definite relation existing between the long

and short stamens with respect to number, certain names are

applied to indicate such forms of regularity. Thus in the Wall-

flower (Jig. o44), and Cruciferous Plants generally, there are

six stamens to the flower, of which four are long and arranged

in pairs opposite to each other, and alternating with two soli-

tary shorter ones ; to such an arrangement we apply the term

tetradynamoiis. ^NTien there are but four stamens, of which

Fig. 543. Fig. 544. Fig. 545.

Tig. 543. One of the bundles of stamens of Lulxea panicidata-, the inner
stamens on the right are longer than the others and are provided with
anthers: the shorter stamens are generally sterile. Fig. 544. Te-
tradynamous stamens of the Wallflower (Cheiraiithus Cheiri). Fig.

54.5. bidyuamoiis stamens of the Foxglove (.Digitalis purpurea.)

two are long and two short, as in Labiate Plants generally (fgs.

469 and 471), and in the Foxglove (Jig. 545), and most other

Sci'ophulariaceous Plants, they are said to be didynamous. In

this arrangement the two long stamens correspond to the upper

lip of the corolla, while the two short ones are more or less lateral.

The Pollen.—We conclude our notice of the androecium by
describing the nature and characters of the pollen contained

within the anther.

Development and Stnicturc.—We hare already seen that the

pollen corresponds to the parenchyma situated between the epi-

dermis of the upper and lower surfaces of the lamina of the leaf.

It has also been stated, that the ]>ollen is formed in certain cells

developed originally in the centre of the parenchyma of the

young antlier {fig. 498, cm) ; also that these cells were enclosed

in a special covering of their own {fig. 498, d), and that in the

course of growth they pressed upon the surrounding parenchyma,

ci, so as to cause its more or less complete absorption, and finally
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assisted in promoting the dehiscence of the anther. "We have

now more particularly to describe the mode of development and

structure of the pollen.

The formation of the pollen may be described as follows :

—

The large cells {fig. 498, cm), which are developed in the paren-

chyma of the young anther, and which are destined for the for-

mation of the"^ pollen, are called 'parent or mother cells : the

primordial utricle of each of these becomes infolded, so as to

divide it into four portions, either directly, or indirectly by first

dividing it into two, and then each of these being again divided

into two others {fig. 546, a, b, c, d); these four portions are called

special pareoit or mother cells ; the whole of the protoplasniic

contents in each cell then secretes a layer of membrane on its

outside, and we have thus four perfect cells {fig. 546, d), which

constitute t\ie. irwQ pollen-cells, formed in the cavity of the parent

cell. As these pollen-cells progress in development, and increase

Fiq. 546.

b

Fig. 547. Fig. 548.

Fig. 546. Formation of the rollen in the Hollyhock (Althcpa rosea). After
Mohl and Henfrey. a. shows four nuclei in the parent cell, and four
septa commencing to be formed. The primordial utricle and cell-con-

tents are contracted by the action of alcohol, b. The development of
the septa more advanced, c. The primordial utricle removed from the
jiarent cell, but not yet completely divided into four parts, d. The
division of the parent cell into four parts completed, and each part
containine: one pollen-cell. Fig. 547. Pollen of Inga unoinala.

Fig. 548. Pollen of Periploca grceca. After Jussieu.

in size, they distend the parent cell and ultimately cause its ab-

sorption ; and subsequently, by their continued growth, the

special mother cells are generally absorbed also, by which the

pollen-cells are set free in the loculus of the anther in their

perfect condition. Sometimes the membrane of tlie special

parent cells is not completely absorbed, in which case the pollen-

cells of the parent cell are more or less connected, and form a

compound body consisting of four pollen-cells, as in Feriploca

gr(sca {fig. 548) ; or if the membranes of two or more united

parent cells are also incompletely absorbed, we may have a mass
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Fiq. 549.

consisting of eight pollen-cells, as in Inga anomala (fig. 547), or
of some multiple of four, as in many species of Acacia {fig.

549). In the Onagracese, the pollen-cells are loosely connected
by long viscid filaments or threads, -which seem in this case
to be wholly derived from a secretion left by the solution of
the parent cells. In the Orchidacepe, the pollen-cells cohere in

a remarkable degree and form pollen-masses which are com-
monly of a waxy nature, to which the name of ipol-

linia has been given {fig. 650, p). In the Ascle-

piadacese somewhat similar masses occur {fig. 551) ; in

the latter, however, the whole sm-face of each pollen-

mass is invested by a special cellular covering. By a

careful examination of these pollinia, we find that

they are formed of compound masses agglutinated to- j"/^. 549. Mass
gether, and when separated, each of these masses is of spuericai

found to consist of four pollen-cells. In the pollinia from"a%e-
of the Orchidacese we also find other peculiarities; aes of Aca-

thus, each is prolonged downwards in the form of a
stalk called the caiidicle {fig. 550, c), which adheres commonly
at the period of dehiscence to one or two little glandular masses

Fig. 550. Fig. 552.

Fig.haO. Pollinia, p, of Orchis with their caudicles, r, and the retinacula,
r,r, at the base. Fig. 551. Pistil of a species of Asclepias, with the
pollinia, jt, adhering to the stigma, s. h. Pollen-masses separated.
Fig. 552. Upper part of the flower of an Orchis, showing the pollinia
adhering to the stigma by the retinacula, a.

called retinacula {figs. 552, a, and 550, r), which are placed
on the upper surface of a little projection called the rostellum

situated at the base of the anther.

We must now return to the more particular description of the
pollen-cell, or pollen-grain as it is also more frequently called.

We shall treat of it under four heads, viz. :— 1. Its Wall or Coats
;

2. Its Contents ; 3. Its Form and Size ; and 4. Its Dehiscence.
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1. Wall or Coats of the Pollen-cell.—When perfectly ripe the

wall of the pollen-cell generally consists of two membranes ; an

internal or intine, and an external or extine. In rare cases the

outer coat appears to consist of two, or even three layers ; while

in Zostera, Zannichellia, and some other submerged aquatic

plants, there is but one membrane, which is of a similar nature

to the intine.

The intine is the first formed layer, and appears to be of the

same nature and appearance in all pollen-cells. It is usually

smooth, very delicate, and transparent. It is generally applied

so as to form a complete lining to the extine, except perhaps in

those cases where the latter presents various processes, as in

Oenothera, when Henfrey believes that the intine does not extend

into them in the mature pollen.

The extine is a hard thick resisting layer forming a kind of

cuticle OA'er the intine. While the intine always presents a

similar appearance in the pollen of different plants, the extine

is liable to great variation ; thus it is sometimes

Fig. 553. smooth, at others marked with little granular

processes {fig. 28), or spiny protuberances {fig.

V;.vi-V 5o3), or reticulations {fiig. 557). The nature of

Wv^»^°*^AL tli^se markings is always the same for any par-

"l^^f^ 'S'/i:'^^ ticular species of plant, but varies much in dif-

^^^>.''^y^«^V ferent species ; the mode in which they originate

^^"^H'v*'''^ is at present unknown. The extine is generally

''^^H^'^ covered by a viscid or oily secretion, which is

supposed by some to be derived from matter re-

Fin. 553. Pollen of niaining from the solution of the parent cells.

thcearosea). The colour of pollen-cells also resides in the

extine. In by far the majority of cases the

pollen-cells are yellow, but various other colours are also found
;

thus they are red in species of Vcrbascum, blue in some species

of Epilohium, black in the Tulip, rarely green, and occasionally

of a whitish tint.

Besides the various markings just described as existing on tlie

oxtine. we find also either pons {fig. oo6), or slits {figs. 554,/,

and 555,/), or both pores and slits, and which vary in number
and arrangement in different plants. At the spots where these

slits or pores are found, it is generally considered that the extine

is absent; but some botanists believe that the outer membrane
always exists, but that it is much thinner at these points than

elsewhere. In the greater number of Monocotyledons, there is

but one slit ; while three is a common number in Dicotyledons.

Sometimes there are six, rarely four, still more rarely two, and
in some cases we find twelve or more slits. These slits are gene-

rally straight {fig. 554, /), but in Mimulus moschatus they are

curved ; and other still more complex arrangements occasionally

occur.
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The pores, like the slits, also vary as to their number. Thus
we commonly find one in Monocotyledons, as in the Grasses,

and three in Dicotyledons. Sometimes a^^ain the pores are very

numerous, in which case they are either irregularly distributed,

Fig. 656.

Fig. .=554. Elliptical pollen of
y\\]V.y/0TtlPi)lygala). e. Ex-
tine. /. Slits. Fig. 555.

The same polleu viewed
fnim above. Fig. 556.

Pollen-cell of Dacty'lis glo-

vierata. After Jussieu.

or arranged in a more or less regular manner. The pores, again,

may be simple, or provided with little lid-like processes, as in the

Passion-flower (fff. 657, o, o, o), and Gourd {fig. 658). These

processes {fig. bb%, o, o) are pushed off by corresponding pro-

Fia. 557 Fig. 559.

Fig 557. Pollen of Che Pa;islnn flower iPa^^'/orai, before bursting, o, o, o.

Lid-like processes. F/fir. 558. Pollen of the Gourd, at the period of

hiir«tin?. o, o. Lid-like processes of the e.xtine protruded by ihe pro-

jections, t, t, of the intine. From Jussieu. Fig. 559. Trigonal pollen

of the Evening Primrose (CEnothera biennis).

I'ections of the intine, t, t, when the pollen bursts, or when it

falls upon the stigma for the purpose of impregnating the ovules
;

hence such pollen-cells have been termed ojperculate. The pollen

of all Angiospermous plants (see 0^-^^le) is a simple cell as above

described, but in Gymnospermous plants the pollen is not a

simple cell, but it contains other small cells, which adhere to

the inside of its internal membrane close to the point where

the external membrane presents a slit.

2. Contents ofthe Pollen-cells, or Fo villa.—The matter contained

within the coat or coats of the pollen-cell is called the fovilla.

It is a semifluid granular protoplasm in which are suspended very

small starch granules, and what appear to be oil globules. As

the pollen-cell approaches to maturity, the fovilla becomes more

concentrated, and contains less fluid matter and more granules.
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Some of these granules are no more than about go^oo °^ ^^ ^"^^h

in diameter, while the largest are about ^^ or -^-^^q. They
vary also in form, some being spherical, others oblong, and
others more or less cylindrical with somewhat tapering extremi-

ties. When water is applied to tlie granular contents they be-

come opaque. When viewed under a high magnifying power,

the starch granules at certain periods (especially at the period of

the dehiscence of the pollen), exhibit a very active tremulous

motion, moving to and fro in various directions and appearing as

if repelled by each other. This is simply molecular motion,

analogous to that of all other very minute particles when
suspended in a liquid. The fovilla is without doubt the essen-

tial part of the pollen-cell, but the office it performs will be ex-

plained hereafter.

3. For)n and Size of the Pollen.—Pollen-cells are found of

vai'ious forms. The most common forms appear to be the spherical

(figs. 28 and 553), and oval (j?^. 554); in other cases the pollen-

cells are polyhedral, as in Chicory and Sonchus palustris, or

triangular with the angles rounded and enlarged (trigonal), as in

the Evening Primrose and plants generally of the order Ona-
gracese (fig. 559), or cubical, as in Basella alha, or cylindrical,

as in Trach scantia virginica, while in Zostera they are thread-

like or of the form of a lengthened tube or cylinder, and other

forms also occur. It should be noticed that the form of the

pollen is materially influenced according as it is dry or moist.

Thus the pollen-cells of the Purple Loose-strife and some species

of Passion-flower are oval when dry, but when placed in water

they swell and become nearly globular : this arises from endos-

motic action taking place between the thickened fovilla and the

water, by which some of the latter is absorbed, and the pollen

consequently distended. Again, when spherical pollen-cells are

exposed to the air for some time they frequently assume a more
or less oval form. In size, pollen-cells vary from about gso ^
Y^j^ of an inch in diameter; their size, however, like their form,

is liable to vary according as they are examined in a dry state

or in water.

4. Dehiscence of the Pollen.—We have already stated that

when the pollen-cells are placed in water they become distended

in consequence of endosmotic action taking place between their

thickened contents and the surrounding fluid. If this action be
continued by allowing the pollen-cells to remain in the liquid,

they must necessarily biu'st at some point or other, and allow

their contents to escape. As the intine is very extensible, while

the extine is firm and resisting, it will be found that the former
will form little projections through the pores or slits of the

latter, so as to produce little blister-like swellings on its surface

{fig. 560). Ultimately, however, as absorption of fluid by en-

dosmose still goes on, the intine will itself burst and discharge
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the contents of the pollen-cell in the form of a jet {fg. 560).

These changes will take place more rapidly if a little sulphuric

or nitric acid be first added to the water.

When the pollen is thrown upon the stigma under natural

circumstances at the period of dehiscence of the imthers, the

above-described action becomes materially modified. In this case

the pollen-cell does not burst, but its intine protrudes through

one or more of the piores or slits of the extine in the form
of a delicate tube {fys. 561 and 562, tp), filled with the fovilla,

Fig. 560. Fig. 561. Fig. 562.

F(g.560. Pollen oFCherrj- dischargincr it? fovilla througli an openingr in
the intine. Fig. 561. Trigonal pollen of CEiiathera with a pollen-rnbe.

Fig. 562. Vertical sertiou of the stiarnia and part of the style nf An-
tirrhinum rnajus. stig. StiKHia, on which two pollencplls have fallen,

each of which is provided %vith a poUeu-tube, tp, which pierces the
tissue of the style, styl,

and called the pollen-tube ; this penetrates (as will be afterwards

described) through the tissue of the stigma, and style, also, when
this is present, to the placenta and ovules. This tube is fre-

quently some inches in length, and its formation is not due, as

was formerly supposed, to endosmotic action, but it is a true

growth like that of the radicle of the embryo in the process of

germination, and caused by the noiu-ishment it derives from the

stigma and conducting tissue of the style. (See page 23o.)

Dr. P. Martin Duncan has recently proved that the pollen-

tube is not (in all cases at least), as was before common!}^ sup-

posed, a continuous tube, that is, ha^^ng but one cavity ; but
that in J'igridia conchifiora and all other monocotyledons which
he has examined with long styles, " transverse inflections of the

tubular cell-wall of the pollen-tube exist every now and then ;

"

so that then " the pollen-tube is really a tube formed by elon-

gated cells." Dr. Duncan also informs me that, so far as he has
examined, the pollen-tube in all Dicotyledons is continuous.
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2. THE DISK.

The application of the term disk is variously understood by
botanists : thus, by some it is used as synonymous with thalamus,

receptacle, or torus ; by others it is understood to include all

abnormal or irregular bodies of whatever form, which are situated

on the thalamus between the androecium and gyncecium ; by
others, again, it is defined as that part of the thalamus which
is situated between the calyx and the gyncecium, and which
forms a support to the corolla and androscium ; while otliers,

again, define the disk as the portion of the thalamus situated

between the calyx and gyncecium, when that part assumes an
enlarged or irregular appearance ; while by others, again, the
term disk is understood to include all bodies of whatever form
which are situated on the thalamus between the calyx and gynce-

cium, or upon or in connection with either of these organs, but
which cannot be properly referred to them. It is applied in

the latter sense in this volume.

Although the disk is not an essential organ of the flower, it is

best treated of in this place, as it is most commonly placed be-

tween the androecium and gyncecium, and therefore comes next in

order to the androecium as we proceed with our examination of the

parts of the flower. The disk seems, in many cases at least, to be
merely a modification of the stamens, which appears to be proved,

not only from its parts occasionally alternating with them, as

in Gesncra, but also from the circumstance of portions of it

when highly developed becoming occasionally changed into sta-

mens. It is fr^qtieiitly of a nectariferous nature, and hence was
treated of by Linnaeus and many succeeding botanists under the

name of neclaries.

Fig. 563. Fig. 564.

i^'ic?. 5G3. Flower of i\\eV^v,rn;\ {Fmniculmn"\. Theovary is surmonnted by
a disk, d. F/r/. 5G4. Flower of tlie Kue (J?Mtffl (77Yti-eo/ens). Tlie pistil
is surrounded liy a disk in th(3 form of a flesliy riiig, on the ontside of
wbicli the stamejis arc inserted.

The disk is developed in a variety of forms; thus, in the
Orange and Hue {fig. 564) it forms a fleshy ring surrounding
the base of the pistil ; in the Tree Pseony {fig. 565) it occurs
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as a dark red cup-shaped expansion covering nearly the whole
of the pistil except the stigmas ; in the Eose and Cherry {fig.

530 ) it forms a sort of waxy lining to the tube of the calyx

;

and in Umbelliferous Plants the disk constitutes a swelling on
the top of the ovaries adhering to the styles {fig. 563, d);

this latter form of disk has been termed the stylopodiian. in

other cases the disk is reduced to little separate glandular

bodies, as in Cruciferous Plants {fig. 420, gl); or to scales, as

in the Stonecrop {fig. 566) and Yine {fig. 504); or to various

petaloid expansions, as in the Columbine {Aqiiilegia).

Wlien the disk is situated under the ovar}^ as in the Orange,

Eue, and Wallflower, it is termed hypogynous ; when it is at-

tached to the calyx, as in the Eose and Cherr}', it is perigynous
;

or when on the summit of the ovary, as in Umbelliferous Plants,

epigynoxis ; these terms being used in the sense already de-

scribed when treating of the insertion of the stamens under the

head of the andrcecium.

The so-called nectaries, as already noticed, are by some botanists

treated of in this place as distinct organs. We confine the mean-
ing of the term nectary to those bodies which secrete a honey-

like fluid, and have already referred to them under the heads

of Glands and Corolla.

Fig. b^b. Fig. 566. Fig. 567. Fig. 568.

<h
Fig. 565. Pistil of the Tree Paeony invested by a large cup-shaped ex-

I-ansiou or disk. Fiy. 566. Pistil of Sconecrup (Sedum), consiscing of
five distinct carpels, on ttie outside of each of which at the l)a>e a small
scaly I'ody may l)e noticed. The pistil is compound and apoc-irpous.

Fig. 567. Pistil of Primrose (Primula), composed of several car-
pels united into one, and hence termed compound and syncarpous.
There is but one style surmounted by a capitate stigma. Fie;. 568.
Simple pistil of Broom, o. Ovary, s. Style, t. Stigma.

3. THE GYNCECIUM OR PISTIL,

We now arrive at the consideration of the last organ of the
flower, namely the gyncecium or female system. The gynce-
cium, or pistil as it is more frequently called, occupies the centre

s2
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Fig. 570.

of the flower, the andrcecium and floral envelopes being ar-

ranged around it when they are present {fig. 419) ; the floral

envelopes alone in the pistillate flower; or it stands alone when
the flower is pistillate and naked {fig. 389). The gyncecium

consists, as we have seen, of one or more modified leaves called

carpels, which are either distinct from one another, as in the

Stonecrop {Sedum) {fig. 566) ; or combined into one body, as

in the Primrose {Primula vulgaris), {fig. 567), and Tobacco

{Nicotiana Tahacum) {fig. 569). When there is but one carpel,

as in the Pea and Broom {fig. 568), the pistil is said to be

simple ; when there is more than one, as in the Stonecrop,

Tobacco, and Primrose, it is compound. Before proceeding to

examine the gyncecium or pistil generally, we proceed in the first

place to describe the parts, nature, and structure of the carpel

of one or more of which it is composed.

The Carpel.—This name is de-

rived from a Greek word signifying

the fruit, because the pistil forms,

as will be afterwards explained, the

essential part of that organ. Each
carpel, as we have already noticed,

consists, 1st, of a hollow inferior

part arising from the thalamus,

called the Ovary {fig. 570, o), con-

taining in its interior one or more
little roundish or oval bodies called

ovules, ov, which ultimately become
the seeds, and which are attached

to a projection on the walls termed
the placenta, p. 2nd. Of a stigma
or space of variable size, composed
of lax cellular tissue without epider-

mis ; the stigma is either placed
directly on the ovary, in which case

it is said to be sessile, as in the Bar-
berry {Berberis vulgaris) {fig. 570,

st) ; or it is elevated on a stalk

prolonged from the ovary, called

the sU/le {fig. 568, s). The only

essential parts of the carpel, there-

fore, are. the ovary and stigma, the

style being no more necessary to it

than the filament is to the stamen.

The terms ovary, style, and stigma,

are applied in precisely the same sense when speaking of a com-
pound pistil in which the parts are completely united {fig. 569),

as with the simple carpel. The ovary has two sutures, one of

which corresponds to the union of the margins of the lamina of

the carpellary leaf out of which it is formed, and which is

Fig. 570. Vertical
section of the
ovary of the

rry ( Berberis
l•llh/(lris^, on tiie

outside of wliich
are seen a sta-

men aud petal, o.

Ovary. oiJ. Ovules
attached to a
projection called

the placenta, st.

Stigma.

Compound pistil of

Tobacco (Nicotiana Tabacum).
t. Thalamus. o. Ovary, s.

Style, fir. Capitate stigma.
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Fig. 571.

Fig. 571. Vertical section of tVie flower of the Psony (Pteonia).

ds. Dorsal suture of the ovary, vs. Veutral suture.

turned towards the axis of the plant ; and another, which cor-

responds to the midrib of the lamina, is directed towards the

floral envelopes or to the circumference of the flower ; the

former is called the vetitnxl suture {fig. 671, vs), the latter the

dorsal (fig, 571, ds),

Nature of tJie Carpel.—That the carpel is analogous to the

leaf is proved in various ways, some of which will be more
particularly mentioned hereafter, when treating of the General
Morphology of the Flower; we shall here only allude to the

proofs of its nature which are afforded by tracing its develop-

ment, and by the appearance it sometimes presents in double or

cultivated flowers. Thus in the double flower of the Cherry,

Fig. 572. Fig. 573. Fig. 574

fVfifs. 572, 573, and 574. Carpellary leaves from the double flowers of the
Cherry tree. ?. Lamina, p. Midrib, s. Prolonged portion correspond-
ing to the stvle and stigma of a perfectly formed carpel Fiq. 575.
Carpel from the single flower of the Cherry, o. Ovary, t. Style, a
Stigma.
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it is said to be trichotomous. Cymes are also frequently charac-
terised as corymbose, or umbellate, from their resemblance to

the ordinary kinds of indefinite corymb, or umbel.
When a definite inflorescence does not assume a more or less

corymbose, or umbellate form, as in the true cyme just described,

it is best characterised by terms derived from the kind of inde-

finite inflorescence to which it bears a resemblance. Thus when
a cyme has sessile flowers, or nearly so, as in the Sedum {fig.

410), it is described as a spiked cyme; when it has its flowers on
pedicels of nearly equal length, as in the Campanula (fig. 4:11),

Fig. 412. Fig. 413.

Fig. 412. Panicled cyme of the
Privet (Ligastrum vidgare). a'.

Primary axis, a", a". Secondary
axes, a'", a'". Tertiary axes.
c,c. The central flowers of the
respective clusters, wliich are
seen to be in a more expanded
state than those surrounding
them. Fig. 413. Helicoid
cyme of the Forget-me-not
iMi/o.iotis palustris).

as a racemose cyme ; or when it assumes the form of a panicle,

as in the Privet {fig. 412), as a panicled cyme. These forms of

cymes are readily distinguished from the true racemes and other'

kinds of indefinite inflorescence, by the terminal flowers opening
first, and the others expanding in succession towards the base,

or in a centrifugal manner ; while in the true raceme, and the
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other kinds of indefinite inflorescence, the flowers open first at

the base and last at the apex, or centripetally.

Besides the true cyme and its varieties mentioned above, other

kinds have also received particular names, as the Helicoid Cyme,

the Fascicle, the Grlomerule, and the Verticillaster ; these we
must now briefly describe.

b. Helicoid or Scorpioid Cyme.—This is a kind of cyme in

which the flowers are only developed on one side, and in which

the upper extremity is more or less coiled up in a circinate or

spiral manner, so as frequently to resemble a snail, or the tail of

a scorpion, and hence the names of helicoid or scorpioid by which

such a cyme is distinguished. It is also sometimes called a

circinate or gyrate cyme. These cymes are especially developed

Fig. 414.

Fig. 414. Scoi-pioid cyme of Cotufrey {Symphytum officinale).

in the Boraginacese, as in the Forget-me-not {Myosotis pahistris)

{fig. 413), and in the Comfrey {Symphytum) {fig. 414). In these

plants the leaves are alternate : but such a cyme may also occur

in opposite leaved plants, and the manner in which it is com-
monly believed to be formed in the two cases, is as follows :

—

Thus, in plants in which the leaves or bracts are opposite,

it arises by the regular non-development of the axes on
one side, while those on the other side are as regularly pro-

duced. This will be readily explained by a reference to the

diagram [fig. 415). Here a represents the flower which termi-

nates the primary axis ; at its base are two bracts, only one of

which developes a secondary axis h, which is in like manner
terminated by a flower, at the base of which are also two bracts,
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upward direction, consequently the loose tissue by which it is

suiTouuded is to he regarded as corresponding to the epidermis

Fig. 580, Fig. 581.

Fiff. 580. Vertical section of tlie flower of Epipactin latifolia. a. One
of tlie divisions of tlie perinntli. c. Stamen, e. Ovules, x. Stigma.
cim. Oaual leading from tiie stigma to the interior of tlie ovary.
From SchleiiJen.— Fiff. 581. Transverse section of the st.vle of the
Crown Imperial (Fritillnria imperiaiis). d. Canal in its centre lined

1).V projecting pfipillae. v,v,i\ Vascular hiindies corresponding to the
tiiree stylos of wliicb tbia compoand sty)e is composed. Prom
Jussieu.

Fir/. 582. Fig. 583. Fig. 584. Fig. 585.

Fig. 582. Section showing the
strurture of the canal of the
style in Cawpaiivla. From Jus-
sieu. c, c. Parenchymatous cells

forming its walls, traversed by
spiral vessels,!), jj.jj. Variously
ii.rmed loosely a.ufc'regated cells. /,/. Elongated filiform cells, which

with the former more or less obstruct the canal. Fiff.683. A portion

of the pistil i)f Daphve Laitreola. o. Summit of the ovary. «. Style

terminated by a stigma, s. 2. A portion of the stigma highly magni-

fied, showing its papillose nature. Fig. am. A jiortion of the pistil

oi Plantaoo suxaUUs. o. Summit of the ovary, f. Style. .s,s. Bilateral

stigma, the above figures are from Jussieu. F/flr. 585. Pistil of the

Periwinkle a''«c«)- o. Ovary, t. Style. «. Hairy stigma, d. Disk.
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of the upper surface of the lamina of the leaf, merely modified to

adapt itself to the peculiar conditions under which it is placed,

in the same way as is the case with the epithelium forming the

lining of the ovary. When the carpel is fully matured, that is.

at the period when it is adapted for recei^nng the influence of

the pollen, the canal of the style becomes further obstructed by
a number of lengthened filiform cells {fig. 582, f,f), which have

been sometimes confounded with pollen-tubes, but from which
they are readily distinguished by being twice or thrice their

diameter. At the period of fecundation, these cells, as well as

those of the stigma and canal of the style generally, secrete a

peculiar viscid fluid containing gum or sugar, or both, which
is called the stigmatic fluid. The loose tissue which thus lines

the canal of the style, with the filamentous elongated cells which
are developed in it at the period of fecundation, and the secreted

fluid, together form a very loose humid tissue, to which the name
of cuiuhicting tissue has been given, because from its loosened

nature and nourishing properties it serves to conduct the pollen-

tubes down the styles to the placenta and ovules, as will be ex-

plained hereafter.

Fig. 586. Fig. 587. Fig. 588.

Fig. 586. Tentral view of the pistil of J.<Jopj/rMm bitervafnm., sliowing the
double stigma. Fig. 5S7. Pistil of Wlieat surrounded by three sta-
mens, and two sauannilae, .<!, p. Two feathery styles arise from the top
of the ovary. Fig.oSS. Pistil of Dianthus Cnrophyllns on a stalk, q,
called the gynophore. below which is the peduncle. On the top of tlie
ovary are two styles, the lace of which is traversed by a continuous
stigmatic surface.

The Stigma.—The tissue of the stigma is analogous to that
found in the interior of the style, and just described under the
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name of conducting tissue ; in fact, it seems to be nothing more

than an expansion of this tissue externally. It may be either on

one side of the style {fgs. 586 and 588), or at its apex {fig.

583), or on both sides (Ji^. 584), the position depending upon

the point or points where the canal terminatey. Its tissue is

usually elongated into papillae {figs. 583-4), hair-like {fig. 585),

or feathery processes {fig. 587), or in some cases it_ is smoother

and more 'compact. It is never covered by true epidermis. By
means of the corresponding conducting tissue of the style it is

in direct continuity with the placenta. At the period of fecun-

dation, as just noticed, it becomes moistened by a viscid fluid

which renders the surface more or less sticky, and thus admirably

adapted to retain the pollen, which is thrown upon it in various

ways at the time of the dehiscence of the anther.

The Gtyncecium.—Having now
described the parts, nature, and
structure of the carpel, we are in

a position to examine in a com-

prehensive manner the gyncecium

or pistil generally, which is made
up of one or more of such carpels.

When the gyncecium or pistil

is formed of but one carpel, as in

fVflf. 589. Pistil of iflfftT/ras. o.Ova- the Broom {fig. 568) and Pea
ry. c Persistent calyx. On the

(fiq. 589), it. is called simple, and
topof the ovary IS the style, and }, -^

^
'

• .m j
stigma, stig. the terms gyncecium or pistil ana

carpel are synonymous ; when there

is more than one carpel, the pistil or gyncecium is called com-
pound {figs. 566 and 567).

In a compound pistil or gyncecium the carpels may be either

separate from one another, as in the Stonecrop {fiig. 566), or

united into one body, as in the Primrose {fig. 567), Carnation

{fig. 588), and Tobacco {fig. 569); in the former case, the pistil

is said to be apocarpous ox dlalycarpoiis, in the latter syncarpous.

When the pistil is apocarpous, the number of carpels of which
it is composed is indicated by a Cfreek numeral prefixed to the

termination _^y;^m, which means female, and the flower receives

corresponding names accordingly. In a syncarpous pistil also,

the number of styles is defined in a similar way. Thus :
—

A flower with One carpel or One style is Monogynous, as in

Myosotis and Hippuris.

,, „ Two carpels or Two styles is Digynous, as in

most British Grasses and JDianthus.

„ „ Three carpels or Three styles is Trigynous, as

in Eumex and Silene.

,, „ Four carpels or Four styles is Tetragynous.

„ „ Five carpels or Five styles is Pentagynous.
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A flower with Six carpels or Six styles is Hexagynous.

„ ,,
Seven carpels or Seven styles is Heptagynous.

,, ,, Eight carpels or Eight styles is Oetogynous.

,, „ Nine carpels or Nine styles is Enneagynous.

„ ,,
Ten carpels or Ten styles is Decagynous.

„ „ Twelve carpels or Twelve styles is Dodeca-

g}-noiis.

„ „ More than twelve or numerous Polygynous.

These terms will be referred to again when we treat of the

Linncean System of Classification, as some of the Orders of that

arrangement are determined by the number of carpels in the

flower.

1 . Apocarpous Pistil.—An apocarpous pistil may consist of two

or more carpels, and they are variously arranged accordingly.

Thus when there are but two, they are always placed opposite

to each other ; when there are more than two, and the nimiber

coincides with the sepals or petals, they are opposite or alter-

nate with them ; it is rare, however, to find the carpels corre-

sponding in number to the sepals or petals, they are generally

fewer, or more numerous. The carpels may be arranged in one

whorl, as in the Stonecrop (Scdum) {fig. 566) ; or in several

whorls alternating with each other, either at the same level, or,

as is more generally the case, at diiferent heights upon the tha-

lamus so as to form a spiral arrangement. When an apocarpous

pistil is thus found with several rows of carpels, the thalamus,

instead of forming a nearly flattened top, as is usually the case

when the number of carpels is small, frequently

assumes a number of other shapes ; thus, in the

Magnolia and Tulip Tree, it becomes cylindri-

cal {fig. 590); in the Easpberry {fig. 592),

Eanuncidus {fig. 528), and Adonis {fig. 593),

conical; in the Strawberry {fig. 591), hemi-
spherical ; while in the Eose {fig. 437, r), the

thalamus becomes hollowed out like a cup, or

urn, and has the carpels arranged upon its

inner surface. These modifications of the tha-

lamus, together with some others, will be

more particularly referred to hereafter under
the head of Thalamus. The varying conditions

of this portion of the floral axis necessarily

lead to correspondins: alterations in the mu-
tual relation of the diflferent whorls of carpels p. ^^^ central part
which compose an apocarpous pistil. Thus, of'tiie'flowerof the

when there are two whorls of carpels placed '^l.J;;^^^^^.
upon a flattened thalamus, the inner have their Tiie thalamus, «, is

ventral sutures directed towards the centre
al-icai?''

c!* c^ Car-
of the flower, while the outer have their pels. e,e. stamens.
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ventral sutures directed towards the backs of the inner car-

pels ; or if there are several whorls, the component carpels of

Fig. 591

Fig. 591. Section of the flower of the Strawherry. The thalainus is nearly
hemispherical, and bears a number of separate carpels on its upper
portion.— Fig. 592. Section of the ripe pistil of the Raspberry, showing
the conical thalamus, I. Fig. 593. Pistil of Pheasant's Eye (^Adonis).

each wliorl are arranged in like manner with regard to those

within them. When the thalamus is convex, or in any way
prolonged upwards, the innermost carpels are upon a higher

level than the outer; or when the thalamus is concave, the

outer carpels are uppermost. These different arrangements

modify very materially the appearance of the flower. The mu-
tual relations of the component carpels, and other matters con-

nected with their order of development, may be easily traced in

apocarpous pistils, but in those cases where carpels placed under

like circumstances become united and form syncarpous pistils,

they give rise to very complicated structures, which will be

alluded to hereafter.

2. Syncmjwus Fistil.—Having now considered the simple car-

pel, and the compound apocarpous pistil, we pass to the con-

sideration of the compound syncarpous pistil, or that in which

the component, carpels are more or less united. We have already

seen in speaking of the floral envelopes and androecium, that the

different parts of which those whorls are respectively composed
may be also distinct from each other, or more or less united.

Prom the position of the carpels with respect to each other, and
from their nature, they are more frequently united than any other

parts of the flower. This union may take place either partially or

entirely, and it may commence at the summit, or at the base of the

carpels. Thus in the former case, as in many Asclepiadacese and
Xanthoxylon fraxineum (fig. 594), the carpels are united by their

stigmas only; in the Bictamnus fraxinella {fig. 610) the upper

parts of their styles are united ; while in the Labiatse (/^. 595, s)

and most Boraginaceae {fig. 596, d) the whole of the styles are

united. In all the above cases the ovaries are distinct. These
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examples are to be considered, therefore, as transitional states

between apocarpous and syncarpous pistils.

It is far more common to find the carpels united by their

lower portions or ovaries, and this union may also take place to

various extents. Thus, in the Rue {fig. 597, ov) the union only

takes place by the base of the ovaries, the upper parts remain-

Fig. 594. Fig. 595. Fig. 596. Fig. 597.

Fig. 594. Pistil of Xanthoxylon fraxineum supportpd by a gynophore, g.

The ovaries, o, and styles are distinct, but the stigmas, s, are united.
Flg.h^h. Pistil of korehound {Marrubium vulgare), a Labiate plant.

Its ovaries, ov, are distinct, tlie styles, s, being united. Fig. 596.

Pistil of Jfi/oso«i«,aBoraginaceousPlant. ov. Distinct ovaries, d. Styles
united. Fig. 59". Flower of Rue iRidagraveolensj, showing the ova-
ries, ov, united by their base.

ing distinct, in which case the ovary is commonly described as

lobed. In the Dianthus {fig. 588) the ovaries are completely

united, while the styles are distinct ; while in the Primrose

{fig. 5G7), the ovaries, styles, and stigmas are all united. When
two or more ovaries are thus completely united so as to form one

body, the organ thus resulting from their union is called a

com'pound ovary.

When two or more ovaries are completely united so as to

form a compound ovary, the compound body formed may either

have as many caA-ities separated by partitions as there are com-
ponent ovaries, or it may only have one cavity. These differences

have an important infiuence upon the attachment of the ovules,

as will be afterwards seen when speaking of plaeentation. It

will be necessary for us, therefore, to explain at once the causes

which lead to these differences. Thus suppose we have three

carpels placed side by side {fig. 598, a); each of these possesses

a single cavity corresponding to its ovary, so that if we were to

make a transverse section of the whole {fig. 598, b) we should

necessarily have three cavities, each of which would be sepa-

rated from those adjoining by two walls, one being formed by
the side of its own ovary and the other by that of the one next
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Fig. 598. a. Diagram of tliree carpels
placed side by side but not united.
b. A transverse section of the ova-
ries of tlie same. Fip. 599. a.

Diagram of tliree carjtels united by
their ovaries, the styles being free.
b. A transverse section of the ova-
ries of the same.

Fig. 599. to it ; now, if these three car-

pels, instead of being distinct,

were united by their ovaries

{fig. 599, a), so as to form a

compound ovary, the latter

must necessarily also have as

many cavities as there are

component carpels (fiff. 599,

b), and each cavity would be
separated from those adjoin-

ing by a wall which is called a

dissepiment or partition. Each
dissepiment must be also com-
posed of the united sides of the

two adjoining ovaries, and is

consequently double, one half

being formed by one of the

sides of its own ovary, the other

by that of the adjoining ovary.

In the normal arrangement
of the parts of the ovary, it

must necessarily happen that

the styles (when they are dis-

tinct) must alternate with the

dissepiments, for as the former are prolongations of the apices

of the laminae of the carpellary leaves, while the latter are

formed by the union of their margins, the dissepiments must
have the same relation to the styles as the sides of the blade

of a leaf have to its apex : that is, they must be placed right and
left of them, or alternate.

The cavities thus formed in the ovary are called cells or loculi,

and such an ovary would be termed three-celled or trilocular, or

if formed of the ovaries of two* four, five, or many carpels, it

would be described respectively as two-celled or bilocular, four-
celled or quadrilocular, five-celled or qidnquelocular, and many-
celled or omdtilocidar. As all dissepiments are spurious or false

which are not formed by the united walls of adjoining ovaries, it

must necessarily follow that a simple carpel can have no true

dissepiment, and is hence, under ordinary and normal circum-

stances, unilocular.

From the preceding observations it must also follow that

when ovaries which are placed side by side cohere and form a

compound ovary, the dissepiments must be vertical, and equal

in number to the ovaries out of which that compound ovary

is formed. When a compound ovary is composed, however, of

several whorls of ovaries placed in succession one over the other,

as in the Pomegranate, horizontal true dissepiments may be
formed by the ovaries of one whorl uniting by their base to the

apices of those placed below them.
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We have just observed that all dissepiments are said to be
spurious except those which are formed by the union of the sides of
contiguous ovaries, and it occasionally happens that sxich spurious
dissepiments are formed in the course of growth, by which the
ovary acquires an irregular character. These false dissepi-

ments commonly arise from projections of the placentas in-

wards, or by corresponding growths from some other part of the
walls of the ovaries. Some of these are horizontal, and are c lUed
phragmata, as in the Cassia Fistula [fig. 600), where the o rary,

after fertilization, is divided by a number of transverse dissepi-

ments which are projections from its walls. Others are ver ical,

as in Cruciferous Plants, where the dissepiment, called a rep'um

{fig. 601, f^), is formed from the placentas; also in JDcitura

Stramonium, where the ovary is formed of the laminae of two
Ciirpels, and is hence normally two-colled, but instead of thus
being i)ilocular, it is quadrilocular below {fig. 602) from the

Fig. 600. Fig. 601. Fig. 602. Fig. 603.

i

'nm0K

Fig. 600. A vertical section of a portion of the ma-
ture ovary oi Cathnrfocarims or Cassia Fistula,
sliowiiig a number of transverse spurious dis-
sepiments. Fl{j. 601. Vertical section of the
ovary of the Wallflower, ov. Ovules attached
by a stalk to the placenta, en. cl. A^ertical
spurious dissepiment called the replum.
Fig. 602. Transverse section of the lower part
of the ovary of the Thorn-apple {Dntnra Stra-
mo-nium), showing tlint the ovary is here
quadrilocular. Fig. GO^i. Transverse section
of the same ovary at its upper part, showing
that it is here bilocular.

formation of a spurious vertical dissepiment, but towards the
apex it is still bilocixlar {fig. 603), the dissepiment not being com-
plete throughout, and thus the true structure of the ovary is

there indicated. In the Gourd tribe also, spurious dissepiments
appear to be formed in the ovary in a vertical direction bv pro-
jections from the placentas. In the Flax again {fig. 6f)4, b),

spurious incomplete vertical dissepiments are formed in the ovary
by projections from the dorsal sutures. In the ovary of the Astra-
galus {fig. 605), a spurious dissepiment is also formed by a
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Fig. 605. Fig. 606.

Fig. 604. Transverse section of the ovary of the Flax (LinwrrO, showing
five complete and true dissepiments, a, and five incomplete spurious
dissepiments, 6. Fig. 605. Transverse section of the mature ovary of
Astragalus, showing spurious dissepiment proceeding from the dorsal
suture. Fig. 600. Transverse section of the ripe ovary of Pliaca.

folding inwards of the dorsal suture ; while in Oxytropis and
Fhaca {fig. 606), a spurious incomplete dissepiment is produced
in the ovary of each by a folding inwards of the ventral suture.

Various other examples of tlie formation of spurious dissepi-

ments might be quoted, but the above will be sufficient for

our purpose. It should be noticed that in our description of

spurious dissepiments, we have not confined our attention to

those of compound ovaries alone, but have also referred to those

of simple ovaries, in which they may equally arise. Thus the

spurious dissepiments of Cassia Fistula, Astragalus, and Oxi/-

tropis, are examples of such formations in simple ovaries.

We have now to consider the formation of the compound
ovary which presents but one cavity, instead of two or more,

as in that just alluded to. Such an ovary is formed either by
the union of the contiguous margins of the flattened open ovaries

Fig. 607. Fig. 608. Fig. 609.

plac

Fig. 607. Transverse section of the unilocularovary ofMignnnetteiRe.teda).
c. The lower flattened portion or ovary of one of the three carpels of
which it is formed, pi. One of the three parietal placentas. Pig. GOS.

Transverse section of the unilocular ovary of an Orchis, c. Tiie lower
portion or ovary of one of the three carpels of which it is formed,
slightly infolded, pi. One of the three placentas. Fig. 609. Trans-
verse section of the ovary of a species of Poppy. o(;. Ovules, plac, plac.

Placentas, which in the young oynry almost meet in the centre, and
thus the ovary becomes almost multiloctilar, but as the ovary pro-
gresses in development it is seen to be distinctly unilocular.
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of the carpels of which it is composed, as in the Mignonotte
{Reseda) (Jig. 607), and Cactus {fig. 617); or by the union of
carpels the ovaries of which are only partially folded inwards,

so that all their cavities communicate in the centre, and hence
such a compound ovary is really unilocular, as in the Orchis

{fig. 608), and Poppy {fig. 609).

Having now described the parts, nature, and structure of the

carpel, and of the gyncecium or pistil, we proceed in the next
place to allude generally to their constituent parts, namely, the
ovary, style, and stigma.

1. The Ovary.—The ovary, as already mentioned, is called

compound when it is composed of two or more ovaries com-
bined together ; on the contrary, it is

simple when it constitutes the lower part Fig. 610.

of a simple pistil, or of one of the carpels

of an apocarpous pistil. It should be
noticed, therefore, that the terms simple

pistil, and simple ovary, are not in all

cases synonymous terms ; thus, a pistil

or gyncecium is only said to be simple

{figs. 568 and 589), when it is formed of

but one carpel, the terms pistil or gynce-

cium and carpel being then mutually
convertible ; but an ovary is simple, as

Just noticed, whether it forms part of a
simple pistil, or of one of the carpels

of an apocarpous pistil.

Generally speaking, the ovary is sessile

upon the thalamus, the carpeJlary leaves

out of which it is formed having no stalks. -^'^„,^f' FrnxUidia^^'^T'^e
In rare cases, however, the ovary is more ovary is supported on a

or less elevated above the outer whorls, Ker'Sr.'"*
''' ''"'^ '"

when it is said to be stalked or stipitate,

as in the Dictamnus {fig. 610, g), and DiantJius {fig. 588, g);
this stalk has received the name of gynophore. We shall refer

to the g}'nophore again under the head of thalamus.
The ovary, whether simple or compound, as already noticed,

(see page 218), may be either adherent to the calyx, or free

from it. In the former case, as in the Myrtle {fig. 446), it is

inferior or adherent, and the calyx is superior ; in the latter, as

in the Barberry {fig. 570), and Dictamnus {fig. 610), it is supe-

rior or free, and the calyx is inferior. In some flowers the ovary

is but partially adherent to the calyx, as in the Saxifrage {fig.

611), and other plants of the genus to which that plant belongs, in

which case it is sometimes termed half-adherent or half-inferior,

the calyx being then half-superior ; the latter terms are, how-
ever, but rarely used, the ovary being commonly described as

inferior, whether its adhesion to the calyx be complete, or only

T
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partially so, and vice versd. The young observer must be careful

not to confound the inferior ovary, as now described, with the

apparently inferior ovaries of such flowers as the Kose (fig,

Fia 611 437), where the thalamus is concave and at-
^'

' tached to the calyx, and bears a number of

carpels on its inner walls. A transverse sec-

tion will at once show the difference ; thus, in

the Eose we should then find a single cavity

open at its summit, and its walls covered

with distinct carpels ; whereas, on the con-

trary, a true adherent ovary would show, under
the same condition, one or more loculi con-

taining ovules. The ovaries of the Kose are

therefore strictly superior or free.

Schleiden contends that the ovary is not
always formed of carpels, but sometimes also

, , of the stem, and at other times of the two
J%. 611. Vertical sec- , . ^ tt • ^ n
tion of the flower of combined. His Views are not generally re-
a Saxifrage, show- ceived by botanists, and we need not therefore

tialiy adiierent^To further allude to them. It is probable, how-
the calyx. ever, that the thalamus by becoming hollowed

out may, in some cases, form part of the ovary, in the same manner
as it occasionally, under similar circumstances, forms a part of

the calyx, as already noticed in Eschscholtzia. (Se*; page 221.)

The ovary varies in form and appearance ; when simple, it is

generally more or less irregular in form, but when compound,
it is commonly regular. Exceptions to the regularity of com-
pound ovaries may be seen in the Antirrhinum {fig. 612), and
in other instances. In form, the compound ovary is generally

more or less spheroidal, or ovate. The outer surface may be
either perfectly even or uniform, thus showing no trace of its

internal divisions ; or it may be marked by furrows extending

from its base to the origin of the style, and corresponding to

the points of union of its constituent ovaries. When these fur-

rows are deep, the ovary assumes a
lobed appearance, and is described as

one, two, three, four, five, or many-
lobed, according to circumstances.

Sometimes we find, in addition to the

furrows which correspond to the dis-

sepiments or points of union, of the

ovaries, others of a more superficial

character which correspond to the

dorsal sutures. At the latter points,

'''^^^nX^:^^'' however, it is more common to find

slight projections, which then give a

somewhat angular appearance to the ovary.

The epidermis covering the surface of the ovary may be
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either perfectly smooth, or furnished in various ways with dif-

ferent kinds of hairs, or prickles ; or it may assume a glandular

appearance ; in which cases the same terms

are used as in describing similar conditions of Fig. 613.

the surface of the leaves, or of the other organs

of the plant.

When the ovary is compound, the number
of carpels of which it is composed may be
ascertained in one or more of the following

ways. Thus, when the styles or stigmas re-

main distinct, the number of these generally

corresponds to the number of carpels. It

does, however, occasionally happen, as in Eu-
phorbia {fig. 613), that the styles are them- Fig. eis. Pistillate

selves divided, in which case they would S^of^^wpft^
of course indicate a greater number of carpels «>*«. with three

than are actually present ; we must then re-
^^^^^ styles.

sort to other modes of ascertaining this point, such, for instance,

as the furrows, or lobes on the external surface of the ovary, or

the number of partitions or loculi which it contains, as these

commonly correspond in number to the carpels of which that

ovary is composed. The mode of venation may in some cases

also form a guide in the determination ; while in others the

manner in which the ovules are attached must be taken into

consideration. We will now pass to the examination of the
latter point.

Placentation.—The term placenta is commonly applied to the

more or less marked projection occurring in the cavity of the ovary
to which the ovules are attached. The placentas are variously

distributed in different plants, but their arrangement is always
the same for any particular species, whence their accurate dis-

crimination is of great importance. The term 'placentation is

used to indicate the manner in which the placentas are distri-

buted. The placenta is called by Schleiden the spermophore.

In describing this subject, we shall first allude to the different

kinds of placentation, and then proceed to explain the views
generally entertained as to their origin.

1. Kinds of Place7itation.—In the simple ovary the placenta

is always situated at the ventral suture or that point which cor-

responds to the union of the two margins of the lamina of the

carpellary leaf (fig. 614), out of which it is formed ; such a pla-

centa is therefore termed marginal, or sometimes axile from its

being turned towards the axis of the plant. The latter term is

better reserved for the placentation of compound ovaries, as

described below.

In compound ovaries we have three kinds of placentation

;

namely, axile, parietal, and free central. The axile occurs in

all compound many-celled ovaries, because in these each of
T 2
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the ovaries of the component carpels is placed in a similar posi-

tion to the simple ovary, and hence the placentas situated at

their ventral sutures will

Fig. 614. be arranged in the centre

or axis, as in the Lily

{fig. 615), and Campa-
nula {fig. 616). By
many botanists this mode
of placentation is called

central, and the term
axile is restricted to the

form of placentation

where the placenta is

supposed to be a prolon-
Fig. 614. Vertical section of the flower of oration of the axis. This
the Stonecrop. pi. Placenta of one of the ° •^^ , n. j -,

ovaries arising from the ventral suture. Will be atterwards al-

luded to.

In a compound one-celled ovary there are two forms of placen-

tation, namely, the parietal, and the free central. The placenta-

tion is termed parietal, when the ovules are attached to placentas

either placed directly on the inner wall of the ovary, as in the

Mignonette {fig. 607), and Cactus ( fig. 617), or upon incomplete

Fig. 615 Fig. 61 ( Fig. 617.

Fig. 615. Transverse section of the compound ovary of the Lily. The
ovary is trilocular. The placentas, pi, are axile. Fig. 610. Transverse
section of the ovary of a species of Campanula. The ovary is flve-

celled, and the placentation, vh axile. Fig. 617. Transverse section

of the ovary of a species of Cactus. The ovary is unilocular, and the
placentation parietal.

dissepiments formed (as already noticed) by the partially in-

folded ovaries, as in the species of Orchis {fig. 608) and Poppy

{fig. 609). In parietal placentation, the number of placentas

corresponds to the number of carpels of which the ovary is

formed. When the placentas are not attached to the wall of

the ovary, but are situated in the centre of the cavity and per-

fectly unconnected with the wall, they form what is called a

free central -placenta, as in the Caryophyllacese {figs. 619 and

620) and Primulacese {fig. 621).
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Fig. 618. Fig. 619. Fig. 620.

Fig. 618. Transverse section of the
young ovary of Campion {Lych-
nis), showing five partitions
proceeding from the walls of
the ovary to the placentas in the
centre ; these partitions are de-
stroyed by the growth of the
ovary, so that the placentation
is ultimately free. Fig. 619. Vertical section of Cerastium Idrsutum
(Caryophyllacece). o. Ovary, p. Free central placenta, g. Ovules s
Styles. Fig. 620. Transverse section of the same with the two portions
separated, o. Ovary, p. Placenta, gr. Ovules, s. Styles. From Jussieu.

Besides the regular kinds of placentation just described, it

sometimes happens that the ovules are placed more or less ir-

regularly in the cavity of the ovary. Thus, in the ^lowering
Eush {Butomus) {fig. 622) they cover the whole inner surface of
the ovaries ; in the Nymphcea, they are attached all over the dis-

sepiments ; in Cahomba, they arise from the dorsal suture ; and in
Broomrape (Orobancke), from placentas placed within the mar-
gins of the ventral suture.

Fig. 622.

Fig. 621. Vertical section of the pistil of Cyclamen (Primulacecn). s. Sepals
pi. Free central pi icenta. st Style, stig. Stigma. J'fg'. 622. Vertical
section of the flower of the Flowering Rush, showing the inner surface
of the ovaries covered all over with ovules.

2. Origin of the Placenta.—Having now described the dif
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ferent kinds of placentation, we proceed to consider the views

entertained as to their origin. It is generally believed that the

placenta is, in most eases at least, a cellular growth developed

from the confluent margins of the carpels (or, more strictly

speaking, from the confluent margins of the laminae of the

carpellary leaves), and bearing ovules upon its surface. In

some cases the placenta extends along the whole line of union

of the carpel, or it may be confined to its base or apex. Each
placenta is therefore to be considered as composed of two
halves, one half being formed by each margin of the carpel.

Thus in simple ovaries the placenta is developed by a single

carpel ; in compound many-celled ovaries the placentas are in

like manner formed from the contiguous margins of each indi-

vidual carpel of which it is composed ; while in compound one-

celled ovaries presenting parietal placentation, each placenta is

formed from the contiguous margins of two carpels, and is

hence produced by two adjoining carpels. Before proceeding to

describe the nature of the free central placenta, it will be

necessary to conclude our notice of the above forms, as its de-

scription involves the discussion of a diflferent view of the origin

of the placenta.

That the placentas are really developed in the above forms

of placentation from the margins of the carpels seems to be

proved in various ways. Thus, in the first place, the placentas

always correspond to the points of union of the margins of the

carpel, and hence would naturally be considered as formed from
them ; and secondly, we frequently find, that in monstrosities

or abnormal growths where the carpel is developed in a more
or less fiattened condition, a placenta bearing ovules is formed
upon each of its margins. The production of the ovules in

these cases may be considered as analogous to the formation

of buds on the margins of leaves, as in Bryophyllum calycioium

{fig. 187), already referred to. The formation of the placentas

from the margins of the carpels in axile and parietal placenta-

tion, may be considered, therefbre, as capable of being proved

by direct observation, and from analogy to what occurs in

certain ordinary leaves.

We now pass to consider the origin of the free central pla-

centa. The theory formerly entertained was, that this also

was a development from the margins of the carpels. It was
thought that the carpels of which the compound ovary was
formed, originally met in the centre and developed placentas

from their margins in the same manner as in ordinary axile

placentation, but that subsequently the walls of the ovary grew
more rapidly than the dissepiments, so that the connexion be-

tween them was soon destroyed ; and that from this cause, and
also from the great subsequent development of the placenta, the

septa ultimately became almost or quite broken up, so that the
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placenta was left free in the cavity of the ovary. This theory is

strengthened by the fact, that in several of the Caryophyllacese,

we often find traces of dissepiments at the lower part of the

ovary (z?^. 618), whence it may be concluded that these are the
remains of dissepiments which have become ruptured on account
of the unequal development of the parts of the ovary. In the

Primrose, however, and many other plants, which have a free

central placenta, no traces of dissepiments can be found at any
period of the growth of the ovary. Duchartre, and others also,

who have traced the development of the ovary in the Primu-
lacese, state, that the placenta is free in the centre from its

eai'liest appearance ; that it is originally a little papilla on the

apex of the thalamus, and that the walls of the future ovary

grow up perfectly free, and ultimately enclose it. The forma-

tion of such a free central placenta cannot be well explained

upon the marginal theory, as the carpels have never had any
connexion with it except at their base. Hence this kind of

placentation has been supposed by Schleiden, Eudlicher, and
many other botanists, not to be formed from the carpels at all,

but to be a prolongation of the axis, which bears ovules, instead

of buds as is the case with branches generally. This theory

explains very readily the formation of the free central placenta

of Pri/Hul-a, and hence such a placenta has been denominated
axile by some botanists ; but this name having been already

applied to another form of placentation, the adoption of such a
term cannot but lead to much confusion. The free central pla-

centa of Primula can only be explained on the marginal or car-

pellary theory of the formation of placentas, by supposing, either

that the placentas are only produced at the base of the carpels,

and subsequently elongate and enlarge, or that they are formed
by a whorl of placentas developed separately from the carpels

by a process of chorisis, and that these afterwards become united

in the centre of the ovary.

Schleiden, indeed, and some other botanists regard the pla-

centa in all cases as a development from the axis of the plant.

Schleiden, particularly, has written an elaborate paper in support

of this view. The axile and free central placentation are readily to

be explained by it, but the formation of the parietal placenta is

by no means so clear. It is supposed in the latter case that the axis

ramifies in the cavity of the ovary, and that the branches curve

directly from their origin towards the side, and become blended
with the margins of the two adjoining carpels on their inner

side, and form parietal placentas bearing ovules as lateral buds.

Schleiden thinks, that the formation of the ovule in the Yew,
where it terminates a branch, and is naked, is incompatible with
the marginal theory. He thinks, also, that the formation of the

ovules generally in the Coniferse, supports his views of placen-

tation. He regards the ovid.es in these plants as being given off
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from tlie axis of the cone, which he calls a placenta, and the

scales, or bracts, which are situated between them, he believes

to be open carpellary leaves. Schleiden also states, that no

satisfactory explanation can be given by the advocates of the

mai-ginal theory of placentation, of the formation of the ovule

and placenta in Armcria, in which the ovary composed of five

carpels surrounds a single ovule, which rises from the bottom
of the axis, supported on a stalk which
curves downwards at its apex, and
thus suspends the ovule free in the

centre of the cavity {fig. 623). He
accordingly concludes, that the ovule

and placenta are developments of the

axis. Many other arguments in fa-

vour of the universal applicability of

the axial theory in the formation of the

placenta have been brought forward

by Schleiden, and others, but their fur-

ther discussion would be out of place

here.

From all that has been stated, we
may perhaps be allowed to draw the

following conclusions, namely :—that

no one theory sufficiently accounts for

the production of the placenta in all

cases ; but that the axile and some
forms of the free central placentation

may be explained on both hypotheses
;

that the parietal placentation is best explained upon the mar-

ginal theory ; and that the formation of the free central placenta

of the Primulacese, Santalacese, and some other plants, can only

be satisfactorily explained by considering the placenta as a pro-

duction of the axis.

In a practical point of view, the mode of production of the

placenta is of little importance. The accurate discrimination of

the different kinds is however of much value in descriptive botany,

by affording us constant, and hence important characters, for dis-

tingiiishing plants. Some natural orders exhibit more than one

kind of placentation, and hence cannot be distinguished by any
particular kind ; in such orders, therefore, the placentation can

only be applied in obtaining good characteristics of certain

genera. In the majority of instances, however, we find one kind

of placentation occurring throughout all the plants of a particu-

lar natural order. Thus, the Scrophulariaceae, Ericaceae, and
Campanulacese, present us with axile placentation ; the Papave-

racepe, Violacese, and Cruciferse, with parietal ; and the Caryo-

phyllaceae, Santalaceae, and Primulacese, with free central,

2. The Style.—We have already described the general nature

and structure of the style in speaking of the carpel. There

Fig. 623. Vertical section of
the flower of Armcria. The
ovary is seen to contain Init

a single oviUe suspended
from a funiculus or stallc.

The ovule is said to be recli-

nate.
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Fki. 624. One of the carpels of the
Strawl)erry with a lateral style.

Fig. 625. Carpel of Akhe-
viilla with a basilar style. The
stigma is capitate.

are certain other matters connected with it still to be alluded
to.

The style generally arises from the geometrical summit of
the ovary, of which it is a continuation in an upward direction,

as in the Primrose (fi^. 567); it is then termed apicilar or apical.

In other cases, the apex of the

ovary becomes inflected towards ^^" ^^" ^^9- °25.

the side or base, from the carpel

or carpels of which it is formed
being folded like ordinary leaves

in reclinate vernation, the style

then becomes lateral, as in the

Strawberry (Jig. 624), or basilar,

as in AlchemUla {fig. 625). In
the two latter cases, therefore,

the geometrical and organic apices

of the ovary do not correspond, as

the point of origin of the style al-

ways determines the latter.

The style is generally directly

continuous with the ovary, which
gradually tapers upwards to it, as

in Digitalis, in which case it is more or less persistent, and then
it sometimes forms a part of the fruit ; at other times, however,

there is a kind of contraction or species of articulation at the

point where the style springs from the ovary,

as in Scirpus, and then the style always
falls off after the process of fertilization is

completed, in which case it is said to be
deciduous.

When the style is basilar or lateral, and
the ovary to which it is attached more or

less imbedded in the thalamus, it frequently

appears to spring from the latter part ; such
an arrangement is called a gynohase, and the

ovary is said to be gynohasic. In the La-
biatse {fig. 595), and Boraginacese {fig, 596),

the four ovaries are free, but the styles be-

come connected and form a central column,
which appears therefore to be a prolongation

of the thalamus.

Such an arrangement must not be con-

founded with that of the ovaries and styles of

the species of Gcranium{fig. 626), and some
other plants, where the axis is prolonged in

the form of a beak-like process, to which the ^fS'a IJedesTS
ovaries and styles become united, and from nium, with the roiied-

which they separate when the fruit is ripe.
^^^^^^^'^^'^^^ '^«^-

This prolongation of the thalamus is termed a carjpojphore.

Fig. 626.
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_
We have already stated that when the styles of a syncarpous

pistil are distinct, they usually correspond to the number of car-
pels of which that pistil is composed. It sometimes happens,
however, that the style of each carpel bifurcates or becomes
forked, as in some Euphorbiacese, either once (Jigs. 613 and 628),
or twice {Jig. 627) ; so that the number of the styles above is

Fig. 627. Fig. 628.

Fig. 627. Female flower of one of the Euphorbiacew. c. Calyx, p, p. Petals.
t. Membranous expansion round the ovary, o. Ovary with three styles,
s, each of which is twice forked. Fig. 628. Ovary of Castor OilPlant,
(Bicinua communis). The styles in this case are once-forked.

then double or quadruple that of the carpels. "When two or

more styles are united into one body, this is termed a comjpoimd
style. This adhesion may take place either entirely, as in the

Primrose {Jig. 587), when the style is improperly termed sitnple,

(undivided or entire would be a better term) ; or the union is

more or less incomplete as we proceed towards its apex, and cor-

responding terms are used accordingly. These terms are similar

to those previously mentioned in describing the degrees of division

of the other parts of the plant : thus the style is said to be cleft,

when the union between the component styles extends to at least

midway between their base and apex ; and the style is said to

be hijid, trifid, quadrijid, quinquejid, or multifid, according as it

is hvo, three, four, Jive, or many-cleft. If the union between the
component styles does not extend to midway between their

base and apex, the style is partite, and is described as bipar-

tite, tripartite, quadripartite, &c., according to the number of
partitions.

Form and Surface.—In form the style is generally more or
less cylindrical ; and either tapering from the base to the apex,
as is more frequently the case, or becoming enlarged as it pro-
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ceeds upwards. At other times the style is filiform, or more or

less thickened, or angular ; and rarely thin, coloured, and flat-

tened like a petal, as in the species of Canna and Iris {fig. 629),

it is then said to be petaloid.

The surface of the style may be either smooth, or covered in

various ways with glands and hairs. These hairs when situated

on the style, frequently serve the purpose of collecting the pollen

as it is discharged from the anther, and hence are termed collecting

hairs. The collecting hairs on the style of the species oiCampanula

(figs. 133 and 134) are retractile; they have been already described

under the head of Hairs. In the Compositse, the surface of the

style is more or less covered with stiff collecting hairs {fig. 631,

Fig. 629. Fig. 630. Fig. 631.

Fig. 629. Pistil of a species of 7m. o. Ovary.
sty. Petaloid styles, sf^g. Stigmas.— Fig. 630.

Upper part of the style and stigma of Les-

chenaultia formosa. t. Style, s. Stigma, i.

ludusium. Fig. 631. Upper part of the
style, f, of a Composite Plant dividing into

two branches, which are covered above by
collecting hairs, pc. s. True stigma.

j?c),and as the style is developed later than the stamens, it is at first

shorter than these organs, but as growth proceeds, it breaks through

the adhering anthers, and thus the hairs on its surface come in

contact with the pollen and become covered with it. In allied

orders to the Compositse, namely, the Goodeniacese {fig. 630, i)

and the Lobeliacese, the hairs form a little ring below the stigma,

to which the term of indusium has been given.

3. The Stigma.—The stigma has been already described as

being connected with the placenta by means of the conducting

tissue of the style ; hence it may be considered as a portion of

the placenta prolonged upwards, but differing from it in not

bearing ovules. If this be the proper view of the structure of

the stigma, this part, like the placenta, must be regarded as

double, one half being formed by each margin of the carpellary
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leaf, and hence each simple pistil or carpel has necessarily two
stigmas, the normal positions of which are lateral. In many
Eosaceae, as in the Eose, the stigma is notched on the side

corresponding to that from which the placenta arises, which is

another proof of its double nature.

The stigmas of a syncarpous pistil are generally opposite to

the cells, and alternate with the dissepiments, but it sometimes
happens, as in the Poppy {fig. 426), that half the stigma of one

carpel unites with a similar half of that of the adjoining carpel,

and thus it becomes alternate with the cells, and opposite to

the dissepiments, which are here, however, imperfect.

The term stigma is only properly applied to that portion of

the style which is destitute of epidermis and which secretes the

stigmatic fluid ; but it is often improperly given to mere divisions

of the style. Thus in the species of Iris {fig. 629), the three

petaloid portions of the style are by some botanists termed
petaloid stigmas ; whereas the stigma is properly confined to a

little transverse space near the apex of each division. In many
plants of the natural order Leguminosse, such as Lathyrus

{fig. 589), the hairy part towards the summit of the style has

been termed a stigma, but the latter is confined to the apex of

that organ. In Labiate Plants also, the style frequently divides

above into two branches {fig. 595), and these have been called

stigmas, but the latter, as in the instances just alluded to, are

confined to the apices of the divided portions of the style.

We have already seen that the stigma may be separated from
the ovary by the style, or the latter organ may be absent, in

which case the stigma is said to be sessile, as in the Barberry

{fig. 570) and Poppy {fig. 426). In Orchids the stigma is sessile on
the gynostemium {fig. 580, x), and appears as a little cup-shaped

viscid space just below the attachment of the pollen masses.

In a syncarpous pistil the stigmas may be either united toge-

ther, as in the Primrose {fig. 587), or distinct, as in the Campa-
nula {fig. 490); in the latter case, instead of looking upon these

separate parts as so many distinct stigmas, it is tisual to describe

them as if they were portions of but one ; thus we speak of a

bifid, trifid, &c., stigma, or a bilohate, trilobate, &c., stigma,

according to the number and appearance of the divisions. The
term lobe is usually applied when the divisions are thick, as in

the Lily {fig. 632), and Melon {fig. 633); or when these are

flattened and somewhat strap-shaped, as in the Compositse {fig.

684), the stigma is fissured or cleft; or when flattened into

plates or bands they are termed lamellae, as in the Bignonia {fig.

635) and Mimulus. The number of these divisions in the majority

of instances corresponds to the number of carpels of which the

pistil is composed ; and if the latter organ is many-celled, the

number of cells will generally correspond also to the divisions of

the stigma. Thus the five-cleft stigma of some Campanulas indi-
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'ig. 632, Fig. 634.
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Fig. 633,

Fig. 633. Pistil of Lily, with one style
and a trilobate stigma. Fig. 633.

Lobed stigma of Melon. Fig. 634.

Pistil of a species of Chrysanthemum,
with one style and a bifid stigma, the
divisions with hairs at, their extre-
mities.

cates that there are five cells to the ovary, and that the pistil is

formed of five carpels. In the Graminacege {fig. 587) and Gom-
positse {figs. 631 and 634), however, we have a bifid stigma,

and but one loculus or cell in the ovary ; this probably arises

from the non-development or abortion of the ovary of one of

the carpels.

The lobes assume different appearances: thus, they may be
smooth, or thick and fleshy, as in the Melon {fig. 633) ; or fea-

thery, as in many Grasses {fig. 587), or fringed or laciniate,

as in Eumex {fig. 636).

Fig. 635. Fig. 636.

Fig. 635. Stigma, s, attached to style, t, of Bignonia arborea. In the left-

hand figure the lamellm are separate, in the other applied closely to
each other. Fig. 636. Flower of a species of Bumex, showing
fringed stigmas, pi.
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When the stigmas are united, the number of parts in the
compound stigma is usually indicated by radiating furrows, or
grooves. When the stigmas unite and form a compound body
upon the top of the style, which is larger than it, this compound
stigma or head is said to be capitate \ and this head may be
either globular, as in Daphne {Jig. 638), or hemispherical, as in

the Primrose {fig. 567), or polyhedral, or club-shaped, or peltate

or shield-shaped, as in the Arbutus {fig. 637), and Poppy {fig.

426), In the Violet {fig. 639), the stigma presents an irregular

hooded appearance.

Fig. 637. Fig. 638, Fig. 639.

Fig. 637. 5. Peltate stigma surmounting the style,*, of a species of Arbu-
tus. Fig. 638. Pistil of Daphne, o. Ovary, st. Style, stig. Stigma.

Fig. Q39. Pistil ot Pansy (Viola tricolor), cai. Calyx, o. Ovary, sty.
Style, surmounted by an Irregular hooded stigma.

4. The Thalamus, Eeceptacle, or Torus.

The extremity of the peduncle or pedicel, or the part of the

axis upon which the diiferent whorls of the flower are arranged,

has been variously distinguished by botanists as the thalamios,

receptach, or torus. The use of these names indifferently has

often led to much confusion; and the uncertainty is still further

increased in consequence of the terms receptacle and torus being

also sometimes applied in a different sense. Thus that of re-

ceptacle is employed in a special manner, as already mentioned
(page 186), to indicate an enlarged peduncle bearing a number
of flowers ; while the term torus is used by some botanists as

synonymous with disk. To prevent confusion, therefore, it

would be far better to limit the terms receptacle and torus to

their special applications ; and to confine the term thalamus to

indicate the apex of the peduncle or pedicel, or the part of the

floral axis upon which the different whorls of a solitary flower

are arranged. In this sense it has been used in this volume.

In the majority of plants, the thalamus is a little flattened

surface or point, and accordingly presents nothing remarkable

;

in other plants, however, it becomes much enlarged, and then

assumes a variety of appearances, and thus modifies to a con-
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Fig. 640. Fig. 641.

Fig. 640. thai Thalamus of Neluvibium. carp. Carpels. Fig. 641. Mon-
strous development of the flower of the Rose, showing the axis
prolonged beyond the flower and hearing true leaves. Fig. 642.

Flower of a species of Gynandropsis, belonging to the Capparidaceas.
cal. Calyx, cor. Corolla, st. Stamens, thai. Prolonged thalamus or
gynophore, supporting the ovary, ov.

siderable extent the form of the flower. Most of these forms

of the thalamus have been already referred to when describing

the apocarpous pistil, but it will be more convenient for re-

ference, &c., if we now speak of all the essential modifications.

In the species of Magnolia, Tulip Tree, and plants of the order

Magnoliacese generally, the thalamus is cylindrical {fig. 590)

;

in plants also of the order Anonaceae, it usually acquires a
somewhat similar form ; in the Raspberry {fig. 592), and spe-
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cies of Ranunculus {fig. 528), it is conical ; in the Strawberry

{fig. 591), it is hemispherical; in Nelumbium {fig. 640), it is a
large tabular expansion, in which there are a number of cavities

containing the carpels. In the Eose it forms a concavity upon
which the carpels are placed {fig. 437).

In the Primulacese, Santalacese, and in all cases where the

placenta is free from the wall of the ovary from its earliest

appearance, the thalamus becomes prolonged into the cavity of

the ovary and forms the placenta. At other times ^e thalamus
becomes prolonged beyond the ovary, as in the Geraniacege and
Umbelliferse ; this prolongation is termed a carpophore. In the

species of Geranium {fig. 626), this carpophore forms a long

beak-like process, to which the carpels are attached, and which
only separate when the fruit is ripe. In many cultivated flowers,

as in the Rose, the thalamus will frequently acquire a monstrous
development, and become extended beyond the flower into a
branch bearing true leaves {fig. 641). To this prolongation of

the axis beyond the flower the term median prolification is

usually applied.

In some plants the thalamus becomes prolonged beyond the

calyx, and forms a stalk to the ovary, to which the term of

gynophorc has been applied. Examples of this may be seen in

some of the Cappafidacese {fig. 642); in the Passion-flower, in

the Pink {fig. 588, g), Dictamnus {fig. 610), a,n^ Xanthoxylon {fig.

594, g). This prolongation or stalk of the ovary is by some con-

sidered to be formed by the union of the petioles of the car-

pellary leaves of which that ovary is composed.

Section 5.

—

The Fruit.

"We have already seen that the ovary has in its interior one or

more little oval or roundish bodies called ovules, which ulti-

mately become the seeds ; their description, therefore, in a regu-

lar arrangement, should follow that of the ovary. It is, however,

far more convenient to examine, in the first place, the structure

and general characters of the fruit, as this is composed essen-

tially of the mature ovary or ovaries, and its description comes
therefore naturally at the present time, when the details con-

nected with the ovary are fresh in our memories. Such an
arrangement has, also, the further advantage of enabling us to

describe the seed immediately after the ovule, as these two organs

are, in like manner, only different conditions of one body.

Nature of the Fruit.—After the process of fertilization has

been effected, important changes take place in the pistil and
surrounding organs of the flower, the result of which is the for-

mation of the fruit. The fruit consists essentially of the mature
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Fig. 643.

ovary or ovaries, containing the impregnated ovules or seeds.

Even the styles and stigmas mostly dis-

appear, but the remains of the style fre-

quently exist in the form of a little point

on the fruit, which is then commonly de-

scribed as apiculate. Some traces indeed of

the style TSrayH^ usually observed, by
which we are enabled to distinguish small

fruits from' seeds ; thus the fruits of the

Eanunculus, those of Labiate Plants, the

Boraginacese, Umbelliferge, &c., are thus

readily distinguished from seeds. Generally

speaking, however, the style forms but a

very small portion of the fruit, the greater

part of it, together with the stigma, dying
away soon after the process of impregnation

has been eflFected ; but in other cases, on the

contrary, the style is not only persistent

but continues to grow, and it then forms a
lengthened appendage to the fruit, as in the

Traveller's-joy (C/e/;m?'is) {fig. 651), and in

the Pasque-flower {Anemone PulsatiUa){ fig.

686). The style in these two cases being

hairy, the fruit is calledg^^y^gig^r tailed.

Although the fruitT may' thus be de-

scribed as consisting essentially of the

mature ovary or ovaries, other parts of the

flower are also frequently present, and
enter into its composition. Thus in those

cases where the calyx is adherent to the ovary, as in the Apple,

Quince {fig. 457), Pear, Melon, and Gooseberry, it necessarily

forms a part of the fruit ; in the Rose the concave thalamus {fig.

437, T r), which bears the carpels on its inner surface, becomes
a portion of the fruit; in the Strawberry, again {fig. 591), the

fruit consists of the succulent hemispheric thalamus, bearing the

carpels on its convex surface; in the Acorn {fig. 374), Hazel-

nut {fig. 375), Filbert, &c., it consists of pistil, calyx, and
bracts, combined together; while in the Pine-apple {fig. 266

\

it is composed of the ovaries, floral envelopes, and bracts of

several flowers ; in the Fig also {fig. 380), we have a fruit formed
of a number of separate flowers enclosed in a fleshy receptacle.

These examples, and a number of others might have been alluded

to, will show, that although the fruit consists essentially of the

ovary or ovaries, enclosing the impregnated ovules or seeds,

yet the term is also applied to whatever is combined with the

ovary, so as to form a covering to the seeds.

Changes produced in the Ovary iiijhe course of its Develojp-

ment.—The fruit being essentially the ovary in a mature state, it

V

Fig. 643. Fruit of the Tra-
veller's-joy (Clevtatii').

Tills fruit is called an
Achajniurn.and is cau-
date or tailed.



290 OEGAXOGEAPHT.

should correspond with it in structiire. This is the case generally,

and we find the fruit therefore consisting of the same parts

as the ovary, only in a modified condition ; thus, the walls of

the ovary commonly alter in texture, and either become dry,

membranous, coriaceous, woody, &c. ; or, on the contrary, more
or less pulpy, fleshy, &c.

At other times more important changes take place during the

ripening of the ovary, which disguise the real structure of the

fruit. These changes either arise from the addition, abortion,

or alteration of parts. Thus, 1st. The addition of parts is

commonly produced by the formation of the spurious dissepiments

already alluded to. In Datura Stramonium, for instance, we
have a two-celled ovary converted into an imperfectly four-celled

fruit, by the formation of a spurious vertical dissepiment {figs.

602 and 603) ; this dissepiment appears to be formed by the pro-

jection of the placentas on the two sides, which meet and become
united to corresponding projections from the dorsal sutures. In
Cassia Fistula, again (fig. 600), and some other fruits of a

similar nature, we have a one-celled ovary converted into a many-
celled fruit, by the formation of a number of transverse dissepi-

ments. In Pretrea zangueharica, a one-celled ovary is con-

verted into a six-celled fruit {Jig. 644), by an extension and
doubling inwards of the placenta. In Tribuhis terrestris, the

ovary is quinquelocular, but as it approaches to maturity, each

loculus {figs. 645 and 646) becomes divided into as many divi-

Fig. 644. Fig. 646.

Fig. 644. Transverse section of
the fruit of the Pretrea zan-
gueharica. From Llndley.

Fig. 645. A vertical sec-
tion of a loculus of the ovary
of Tribulus terrestris. o, o, o.

Ovules, c. Projections from
the wall whlcJi are commen-

cing to separate the ovules. Fig. 646. A vertical section of the loculus of
a ripe ovary of the same, in which the partitions, c, completely separate the
seeds, g.

sions as there are seeds contained within it, in consequence of

a corresponding number of projections from its walls. Other

examples of the formation of spurious dissepiments producing

changes in the ovary have been already mentioned when speaking

of these processes (see page 271).

2nd. Other alterations are produced by the abortion or ob-
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literation of parts, as the ovary ripens. Thus the ovary of the
Oak, and Hazel, consists of three cells, each of which contains

F' fi47
^^^ ovules, but the fruit has only one cell

^*
' and one seed, so that in the course of develop-

^_-^^ ment five ovules and one cell have become

\^'^K\ f1
obliterated. In the Birch we have an ovary

^' '""'"'

-\'i
"^^^ ^^° cells, containing one ovule in each,

but the fruit is one-celled and one-seeded, so

that here one cell and ovule have become
obliterated. In the Ash, Horse-chestnut,
Elm, and many other plants, similar changes
are produced in the ovary by the abortion or
obliteration of certain parts.

3rd. Other changes are produced in the

''^uie^strawberry'
ovary as it proceeds to maturity, in conse-

quence of the alteration of parts, as, for in-

stance, a great development of succulent parenchj-ma. Thus,
as already noticed, the thalamus of the Strawberiy {fig. 647)
becomes enlarged and siicculent, and forms what is commonly
termed the fruit, but the real fruit consists of the small dry
carpels which are scattered over its surface. The pulp of the
Guava, Gooseberry, Tomato, &e., in which the seeds are im-
bedded, appears to be produced from the placentas ; and that of
the Orange is of a similar nature.

From the above examples it will be evident, that although the
fruit consists essentially of the mature ovary, yet that in the
progress of the latter organ towards maturity, it becomes fre-

quently much altered from its original structure, so that in

order to have a clear idea of the nature of the fruit, it is im-
portant to examine that of the ovary, and trace its develop-
ment up to the fruit.

Genebal Chaeactees of the Feiht.—The structure of the
fruit resembling in all important particulars that of the ovary,

the modifications which it presents, as to composition, position,

&c., are described by similar terms. Thus we may have simple

and compoimd fruits, as also apocarpous and sy7icaipous ones.

Simple fruits, like simple ovaries, 2ixe novm-dWy imilocuhr; while
a compound fruit may have one or more cells, according as the
dissepiments are absent or present, and the nimiber of cells is

indicated by similar terms to those used when speaking of the

compound ovary.

The frmt, again, is described as superior or inferior, in the
same sense as these terms are used in speaking of the ovary,

Thus a fruit is inferior, when it is formed from an inferior ovary,

in which case the calyx necessarily enters into its composition,
as in the Melon, Apple, Pear, and Quince {fig. 457) ; or it is su-

perior, as in the Poppy {fig. 426), and Pea {fig, 654), when the
ovary is superior, and the cal}^ non-adherent.
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The base of the fruit is that point by which it is united to

the thalamus ; the apex is indicated by the attachment of the

style, hence in those ovaries where the style is lateral or basilar,

as in many Eosacese (figs. 624 and 625), Labiatse (fig. 595),

and Boraginacese {fig. 596), the organic apex of the fruit will be

also thus situated, so that the geometrical and organic apices

will be very different.

Pericarp.—The fruit when perfectly formed consists of two
parts ; namely, the shell or pericarp, and the seeds, which are

contained within it. In the majority of cases the pericarp

withers, and the fruit does not ripen, when the seeds are abortive.

There are, however, many exceptions to this ; thus, many
Oranges and Grapes produce no seeds, but the pericarp is

nevertheless fully developed ; and in the Bananas, Plantains, and
Bread-fruit the pericarps develop most extensively, and become
best adapted for food, when the seeds are chiefly abortive.

Generally speaking, however, the development of the seeds and
pericarp proceeds together after the process of fertilization has

l3een effected, and then only perfect fruit can be formed, for

although in common language we apply the term fruit in those

instances where no seeds are produced, yet strictly speaking

such are not fully formed fruits, but only enlarged and swollen

pericarps.

The pericarp, like the ovary, necessarily possesses a placenta,

to which the seeds are attached ; and the same terms are used

in describing the different kinds of placentation, as with those

of the ovary ; these kinds are usually more evident in the fruit.

Having now alluded to the seeds as a component part of the

perfect fruit, we must leave their particular examination till

we have become acquainted with the structure of the ovules, and
now proceed, therefore, to the description of the shell of the

fruit or pericarp.

In the majority of fruits, the pericarp consists simply of the

walls of the ovary in a modified state ; but, when the calyx is

adherent, it necessarily presents a more complicated structure.

The pericarp exhibits three layers or regions (fig. 681), an
external, called the epicarj) or exocarp, ep ; a middle, the meso-

carp, one ; and an inner, the endocarp, en. The middle layer,

being frequently of a fleshy or succulent nature, is also termed the

sarcocarp; while the inner layer, from its hardness in some
fruits, is then termed the stone or pictamen. When the pericarp

consists simply of the matured walls of the ovary, its three

parts correspond to the three parenchymatous layers of the

lamina of the carpellary leaf : thus the epicarp represents the

epidermis of the under surface, or that on the outer surface of

the ovary ; the mesocarp corresponds to the general parenchyma
of the lamina, or that of the ovary ; and the endocarp to the

epidermis on the upper surface, or to the epithelium or inner

lining of the ovary. When the calyx is completely united to
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the ovary, the relation of parts must necessarily differ, and

probably somewhat vary according to circumstances : thus in

the Apple, which we may take as an illustration of an inferior

fruit, the epicarp corresponds to the epidermis of the under

surface of the calyx ; the mesocarp to the rest of the calyx, and

the whole of the ovary except the inner lining, which corre-

sponds to the endocarp. The parenchyma of the fruit, like

that of the ovary and the lamina of a leaf, is traversed by fibro-

vascvdar bundles.

In some cases the pericarp clearly indicates its analogy to the

lamina of a leaf, by remaining in a condition not very dissimilar

to that organ folded

inwards and united Fig. 648.

by its margins, as in ^i^T^~'*s^»*T»,=;,,^ —
the Bladder Senna ^^-J^'^^^**'^^//^'^^ r"^^
{Colutea arhoreS' ^\^ ' ^"^""^^^"^^^^s,,^^-:^?
cr/?s)(y/^.648); such ^^^ • ] ! ^ ^^\
a fruit is described as ^^*^^^j:^^^S^^^ ^
foliaceous or leafy.

^*«s==s^^^
'A^^nprnllv <;npaki'n'cr -F'ffi'. 648. Foliaceous bladderj' legume of the BladderU-eneiau;> speaKiUj^,

g^^^^^^ {Colutea arborescens).
however, one or more
of the layers of the pericarp become more developed, by which

its resemblance to the lamina of a leaf is rendered much less

evident. The epicarp generally retains an epidermal appearance,

suffering but little change, except in becoming slightly thickened.

The endocarp is more liable to alteration, and frequently differs

much in appearance from the corresponding part of the lamina

of a leaf or ovary ; thus its cells sometimes become hardened

by secondary deposits, and form a stony shell surrounding the

seed, called the futamen, as already noticed. The mesocarp is

however the layer which commonly presents the greatest develop-

ment, and differs most in appearance and texture from the

general parenehjTna of the lamina of a leaf.

The above remarks will be rendered more intelligible by being

illustrated by a few examples taken from well-known fruits.

Thus in the Peach, Apricot, Cherry, Plum, &c., the separable skin

is the epicarp ; the pulpy part, which is eaten, the mesocarp or

sarcocarp ; and the stone enclosing the seed, the endocarp or pu-

tamen. In the Almond, the seed is enveloped by a thin woody
shell, constituting the endocarp, which is itself surrounded

by a thin green layer, formed of mesocarp and epicai-p. In the

Apple and Pear, the skin is the epicarp ; the fleshy part, which
is eaten, the mesocarp or sarcocarp ; and the core containing

the seeds, the endocarp. A similar disposition of parts occurs in

the jMedlar, except that here the core becomes of a stony uaturo.

In the Date, the outer brownish skin is the epicarp ; the thin

papery-like layer enclosing the seed is the endocarp ; and the

intermediate pulpy part is the mesocarp or sarcocarp. In the

Walnut, the woody shell enveloping the seed, which is com-
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monly termed the nut, is the endocarp ; and the green covering
of this, called the husk, consists of mesocarp and epicarp combined.
In the Orange, the outer separable rind is composed of mesocarp
and epicarp ; and the thin membranous partitions which divide

the pulp into separate portions form the endocarp ; the edible

pulp itself, as already noticed, is a development of succulent

parenchyma from the inner lining of the ovary, or probably
from the placentas only. In the above fruits, and numerous
others might be quoted, the different layers of the pericarp are

more or less evident, but in some cases, as in the Nut, these

layers become so blended, that it is difficult, if not impossible,

to distinguish them. The examples of fruits now mentioned,
together with those previously alluded to, will show in a strik-

ing manner the very varying nature and origin of the parts

which are commonly eaten.

Sutures.—In describing the structure of the carpel, we found
that the ovary presented two sutures ; one of which, called the
ventral suture, corresponded to the union of the margins of the
lamina of the carpellary leaf, and was consequently turned
towards the axis or centre of the flower; and another, termed
the dorsal suture, corresponding to the mid-rib of the lamina,
and which was directed towards the circumference. The simple
fruit being formed, in most cases, essentially of the mature
ovary, also presents two sutures, which are distinguished by
similar names. These, like those of the ovary, may be frequently

distinguished externally, either by a more or less projecting line,

or by a slight furrow; thus in the Peach (fig. 679), Cherry,
Plum, and Apricot, the ventral suture is very evident, although
the dorsal suture has become nearly effaced ; while in the Bladder
Senna {fig. 648), Pea, and other fruits of the Leguminosse, both
dorsal and ventral sutures are clearly visible externally.

In a compound ovary with two or more cells, in which the

placentation is axile, it must be evident, of course, that the dorsal

sutures can alone be observed externally, as the ventral sutures

of the component ovaries are turned towards, and meet in the
axis of the flower, and are hence removed from view; the
number of dorsal sutures will also necessarily correspond to the
number of component ovaries of which such an ovary is formed.
In a fruit presenting similar characters, we find of course a
similar disposition of the sutures. When an ovary, on the con-
trary, is formed of the blades of two or more carpellary leaves,

the mai^ins of which are not inflected, or only partially so, and
therefore one-celled, and the placentation parietal or free central,

both ventral and dorsal sutures may be observed externally

alternating with each other. The fruit, which is formed in

a similar manner, necessarily presents a similar alternation of
the sutures on its external surface.

Dehiscence.—The pericarp at varying periods, but commonly
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when the fruit is ripe, either opens, so 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, inclehiscent. Those fruits, such as the

Nut, Cherry, Apricot, Plum, and Date, which have very hard

or fleshy pericarps, are usually indehiscent.

Dehiscent fruits open in various ways :— 1st, By a splitting

down in the line of one or both of the sutures ; or at the junc-

tion of the component ovaries only, or at these points, as well as

at the dorsal sutures ; in all such cases the pieces into which

the fruit separates are called valves, and these valves, when the

fruit is normal in its structure, are either equal in number to

the cells or component ovaries, or they are twice as numerous.

Thus in fruits formed of a single carpel or ovar}-, which only

open by the ventral or dorsal suture, there will be only one

valve corresponding to the one ovary, or its one cell ; but if the

carpels open by both sutures, there will be two valves. In

fruits formed of compound ovaries composed of several cells, the

valves will be equal in number to the cells, or component ovaries,

if the dehiscence only takes place by the dorsal suture or in the

line of union of the component ovaries ; or they will be double

the number, if the dehiscence takes place by both these parts

of the fruit. In compound one-celled fruits, the valves will be

equal in number to the component ovaries, if the dehiscence

occurs only by the ventral or dorsal sutures, or double, if by both
sutures. When there is a distinct axis left after the separation

of the valves, this is called the columella {figs. 661 and 662, a).

According to the number of valves, the fruit is described as

wii valvular, bivalvidar, trivalvular, multivalvular, &c.

2nd, Dehiscence, instead of taking place longitudinally, or in

a valvular manner, sometimes occurs in a transverse direction,

by which the upper part of the fruit separates from the lower

like the lid from a jar or box ; and 3rd, It may take place in an
irregular manner by little pores. We have thus three kinds or

classes of dehiscence, which are called respectively:— 1. Valvu-
lar, 2. Transverse or circumscissile, and 3. Porosis.

1. Yaxyttlab Dehiscence.—This may be either partial or

complete; thus, in Dianthus {fig. 650), Lychnis {fig. 649),

and many other Carj'ophyllaceous Plants, the dehiscence only

takes place at the upper part of the fruit, which then appears
toothed, the number of teeth corresponding to that of the valves.

A somewhat similar mode of partial dehiscence occurs in cer-

tain Saxifrages, and in the Mignonette {fig. 651), &c. ; in the

latter plant one large orifice may be observed at the summit
of the fruit at an early stage of its growth, and long before the
seeds are ripe. All these modes of partial dehiscence are by
some botanists placed under the head of porous dehiscence, but
from which, in most cases at least, they are really distinguish-
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Fig. 649. Fig. 650. Fig. 651.

Fig. 649. Fraitot Lychnis
Fig. 650. Fruit of Dianihus.

Fig. 651. Fruit of Mig-
nonette {Reseda).

able. At other times the separation of the fruit into valves

is more or less complete, so that the nature of the dehiscence is

at once evident. We now pass to consider the various modi-
fications of the complete forms of valvular dehiscence.

In fruits which are formed of but one carpel or ovary, the

dehiscence may take place by the ventral suture only, as in the

Hellebore, Columbine {fig. 652), and Aconite {fig. 684) ; or by
the dorsal suture only, as in some Magnolias {fig. 653) ; or by
both dorsal and ventral sutures, as in the Pea {fig. 654), Bean,

Fig. 652. Fig. 653. Fig. 654.

Fig. 6^2. Follicle of Columbine (AgJM'feym), dehiscing t)y ventral suture.

Fig, 653. Follicles of Magnolia glanca, dehiscing by tlieir dorsal

sutures. The seeds are suspended from the fruits by long stalks.

Fig. 654. Legume of the Pea which has opened by both dorsal and ven-

tral sutures ; hence it is two-valved. c. Calyx, cp. Epicarp. p?. Pla-

centa, ov. Seeds attached to the placenta by a funiculus or stalk,/.

671. Endocarp.
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and many other Leguminous Plants. This form of dehiscence

is commonly known as sutural.

In compound fruits having two or more cells, and therefore

with axile placentation, there are three leading forms of dehis-

cence, which are called respectively sejpticidal, loculicidal, and
septifragal.

A. Septicidal Dehiscence.—In this form the fruit is separated

into its component ovaries or carpels, by a division taking place

between the two halves of each dissepiment {fig. 655). It is

seen in the Colchiciim, in the Sa'ojjhularia, and the Rhododen-
dron, &c. In this dehiscence each valve corresponds to an
ovary or carpel, and the valves are said to have their margins
turned inwards. In this form of dehiscence the placentas with
the seeds attached are either carried away with the valves {fig.

656), as in the Colchicum {fig. 655) ; or the valves break away
from the placentas, which remain united and form a central

column (fig. 657).

Fig. 655. Fig. 658. Fig. 659.

Fig. 660.

Fig. 655. Capsule of the Meadow Saffron {ColcMcnm
autumnale), showing septicidal deliiscence.
Fig. 656. Diagram of septicidal dehiscence, show-
ing the placentas and seeds carried away with
the valves. Fig. 657. Diagram of septicidal de-
hiscence, showing the valves breaking away from
a central column formed by the union of the

placentas. Fig. 658. Capsule of a species of Hibiscus, dehiscing loculi-
cidally. v, v, v. Valves, c. Dissepiments, g. Seeds. Fig. 659. Dia-
gram of loculicidal dehiscence, in which the valves carry the placentas
with them. Fig. 660. Diagram of loculicidal dehiscence, in which the
valves have separated from the placentas which remain as a central
column.

B. Locidicidal Dehiscence.—This is said to occur when each
carpel or ovary opens by its dorsal suture, or through the back
of the cells, the dissepiments remaining undivided {fi.g. 658).
Here each valve is composed of the united halves of two ad-
joining ovaries or carpels, and the valves are said to bear the
dissepiments in the middle. Examples may be seen in the Lily,
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Iris, {fig. 696), and Hibiscus {fig. 658). As in septicidal dehis-

cence, the valves may either carry the placentas and seeds with

them {fig. 667), as in the Hibiscus and Iris ; or they may break

away from the placentas, and leave them united in the form of a

central column {fig. 660) ; or each ovary may simply open at its

dorsal suture, and the valves bearing the dissepiments may re-

main attached to the placentas.

In some forms of septicidal dehiscence the ovaries or carpels

separate without opening, as in the Digitalis, in which case they

may afterwards open by their dorsal sutures, or in a loculicidal

manner. In other cases, the axis is prolonged in the form of a

columella or carpophore, as in the Mallow and Castor-oil Plant

{fig. 661, a), and in the Greraniacese {fig. 662, a), Umbelliferge

{fig. 700), and the carpels which are united to it also sepa-

rate without their ovaries opening. The ovaries of such carpels

Fig. 661. Fig. 662.

J^. 661. Fruit of Castor-Oil Plant {Ricimis
cojjiwums),dehiscing inaseptiridal manner.
c,c,c. Carpels or ovaries, a. Columella, sd.

Dorsal suture where each ovary ultimately
opens. Fig. 662. Fruit of a species of
Geranium, e. Persistent calyx, a. Axis or carpophore from which
the ovaries, o, o, with their styles, t, t, are separating, s. Stigmas.

frequently open afterwards by their dorsal sutures {fig. 661, sd).

When such carpels separate with a certain amount of elasticity

from the axis to which they are attached, as in some Euphorbi-
acese, they have been called cocci (fig. 661). By some botanists,

all carpels which thus separate from the axis in a septicidal

manner are termed cocci, and the fruit is described as clicoccous,

tricoccous, &c., according to their number. In some fruits, such
as those of the Linum catharticum, the ovaries open first

by their dorsal suture, and then separate from each other in a

septicidal manner.

C. Septifragal Dehiscence.—In this form of dehiscence the

ovaries or carpels open by their dorsal sutures, and at the same
time the dissepiments separate from the walls and remain united
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to one another and to the axis, which in this case is generally
more or less prolonged {figs. 663 and 664). Here each valve is
composed of the two halves of adjoining ovaries. This form
of dehiscence may be seen in the Datura {fig. 665), and Cedrela
{fig. 663). The placentas bearing the seeds are here attached
to the axis between the dissepiments {fig. 663, a).

Fig. 663. Fig. QU.

Fig. 663. Capsule of Cedrela anguatifolia,
showing septifragal dehiscence, v,

V, V. Valves, a. Axis bearing the
dissepiments, c, c, and seeds, g.

Fig. 664. Diagram illustrating sep-
tifragal dehiscence.

In compound fruits with one cell having parietal or free central

placentation, we have two forms of dehiscence ; these are analo-

gous to the ordinary septicidal and loculicidal kinds just de-

scribed. Thus in com-
pound fruits with parietal -F^Q' ^^^'

placentation, the dehis-

cence may take place

:

either through the con-

fluent margins or sutures

of the adjoining ovaries

or carpels, so that each

placenta is di%4ded into

its two lamellae, as in

the Gentian {fig. 6^6),

in which case the dehis-

cence is analogous to the

septicidal form, and each

valve, therefore, repre-

sents one of the compo-
nent ovaries or carpels

of the fruit; or the de-

hiscence may take place

through the dorsal su-

tures, as in the Heart's-

ease {fig. 667), in which
case it is analogous to

the loculicidal dehis-

cence, and each valve is composed of the adjoining halves of

two ovaries or carpels. These forms may be readily distin-

Fig. 665. Capsule of Datura Stramonium,
showing septifragal dehiscence.
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guished by the varying attachment of the placentas and seeds

in the two cases ; thus in the former instance, each valve will

bear the placentas and seeds on its two margins {fig. 666), and
the valves are said to be jplacentiferous at their borders ; in the

Fig. 666, Fig. 667. Fig. 668. Fig. 669.

Fig. 666. Fruit of a Gentian dehiscing in a
septicidal manner. Fig. 667. Fruit of

Heart's-ease (Fiototnco/or), dehiscing in a

loculicidal manner. Fig. 668. Fruit or

siligua of the Wallflower, showing the
separation of two valves from a replum,

Fig. 669. Fruit of Celandine (Chelido-

nium majus), with the valves separating
from the placentas.

latter, the placenta and seeds will be attached to the centre

of each valve (fig. 667), and the valves are then said to be

plactntiferous in their middle. It sometimes happens, as in

the fruit of the Chelidonium (fig. 669), and Wallflower {fig.

668), that the placentas bearing the seeds remain undivided, and

the valves break away from them, so that they are left attached

to a frame or replum {fig. 601).

In compound fruits with a free central placentation, the same

forms of dehiscence occur as in those with parietal placentation,

but here it is difficult in many cases to speak positively as to

the nature of the dehiscence, from the absence of seeds or dis-

sepiments upon the valves. The means usually adopted in such

cases is to count the number of the valves and compare their

position with that of the divisions of the calyx. Thus as the

different whorls of the flower in a regular arrangement alter-

nate with each other, the component carpels or ovaries of the

fruit should alternate with the divisions or sepals of the calyx.

If the fruit therefore separates into as many portions as there

are parts or sepals to the calyx, and if these valves are then

placed alternate to them, they represent the component carpels

or ovaries, and the dehiscence is consequently analogous to the

septicidal form ; if, on the contrary, the valves are equal and
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Fig. 670.

opposite to the divisions of the calyx, each valve is composed of
the adjoining halves of two ovaries or carpels, and the dehis-

cence is analogous to the loculicidal form. Sometimes the
number of valves is double that of the calycine segments, or

sepals, in which case each valve is formed of half an ovary or

carpel, the dehiscence of the fruit having taken place both by its

dorsal and ventral sutures.

In all the above forms of valvular dehiscence, the separation

may either take place from above downwards, which is by far

the more usual form {figs. 655, 658, and 663); or occasionally

from below upwards, as in the Mahogany (Swietenia Mahagoni),
Chelidonium {fig. 669), and Cruciferous Plants (fig. 668).

2. Transverse or Circumscissile Dehiscence.—In this kind
of dehiscence, the opening takes place by a transverse line

through the fruit across the sutures, so that the upper part is

separated from the lower like the lid of a

jar or box, as in Hyoscyamus {fig. 670), Ana-
gallis {fig. 693), and Purslane. Sometimes
the dehiscence only takes place half round the

fruit, as in Jeffersonia, in which case the lid

remains attached to the pericarp on one side,

as by a hinge. The transverse dehiscence of

fruits resembles that ofcertain forms of calyx, as

that of Euccdyptus a,nd Eschscholf^m, where the

upper part separates from the lower like a lid.

The fruits or pericarps which present trans-

verse dehiscence may be supposed to be formed
either of carpellary leaves in which the laminae

are articulated to the petioles, as in the Orange

{fig. 294), and which become separated at the

point of articulation, so that the imited petiole

part of the fruit, and the united laminae the upper
result from the prolongation and hoUowing out

of the thalamus, and the articidation of the car-

pellary leaves to its circumference, so that in

the dehiscence the lower part of the fruit is

formed by the concave thalamus, and the upper
part by the carpellary leaves ; thus resembling

the separation of the calyx in Eschscholtzia

from the thalamus.

In the Monkey-pot {Lecythis) {fig. 671), the

lower part of the ovary is adherent to the tube
of the calyx, and the upper portion is free; -f^s'-eri.Prxisofthe

when dehiscence takes place, it does so in a mfoUaria), wmi
transverse manner and at the part where the transverse dehis-

upper free portion joins the lower adherent one,

so that it would appear as if the adherence of the calyx had
some effect in this case in producing the transverse dehiscence.

Fig. 670. Fruit of Hen-
bane (Hi/oscyamus)
with transverse de-
hiscence. This fruit
is termed a pyxis,
•which Is a kind of
capsule.

1 form the lower
or it may

Fig. 671.
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Such fruits are sometimes called operculate, a term which is

also applied by some botanists to all forms of transverse de-

hiscence in which the upper portion of the fruit or pericarp

separates from the lower in the form of a lid or operculum.
Transverse dehiscence may also occur in fruits which are formed

by a single ovary or carpel, as well as in the compound fruits

mentioned above. Thus the legumes of Coronilla, Hedysarum

{fig. 672), Ornithovus, &c., separate when ripe into as many

Fig. 673. Fig. 674.

Tig. 672. Fruit of a species of Hedysarum separating transversely
into one-seeded portions. Fig. 673. Fruit of a species of Campa-
nula, p. Pericarp, t, t. Pores at the sides, c, c. Persistent calyx
united toelow to the wall of the fruit so as to form a part of the peri-

carp. Fig. 674. Fruit of a species of Campanula dehiscing by pores
at its base.

portions as there are seeds. The separation taking place in

these cases has been supposed to be effected by a process called

solubility. Some botanists regard such legumes as formed of

folded pinnate carpellary leaves analogous to the ordinary pinnate

leaves of the same plants, the divisions taking place at the points

of union of the different pairs of pinnae.

3. Porous Dehiscence.—This is an irregular kind of dehis-

cence, in which the fruits open by little pores or slits formed in

their pericarps by a process called rupturing. These openings

may be either situated at the apex, side, or base of the fruit,

hence they are described accordingly, as apicular, lateral, or

basilar. Examples of this kind of dehiscence occur in the Poppy

{fig. 426), in which a number of pores are placed beneath the

peltate disc to which the stigmas are attached ; in the Antirrhi-

num {fig. 612), where there are two or three orifices, one of which
is situated near the summit of the upper cell or ovary, and the other

(one or two) in the lower; and in various species of Campanula,

&c. {figs. 673 and 674). In the latter the calyx is adherent to

the ovary, and the pores which have a very irregular appearance
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at their margins, penetrate through the -walls of the pericarp

formed by the adherent calyx and ovary ; these pores correspond

to the number of cells in the ovary, and are either situated at

the side {fig. 673), or towards the base {fig. 674).

Kinds of Fruit.—A number of different kinds of fruit have
been distinguished and named, and several classifications of the

same have been proposed at various times, but at present there is

but little accordance among botanists upon this subject. This

is much to be regretted, as there can be no doubt but that a

strictly definite phraseology of fruits, founded essentially upon
the structure and position of the ovary, would be of great value

in descriptive botany. The difficulties attending this subject

have been also much increased, by the same names having been
given by diflFerent authors to totally distinct kinds of fruits, and
even to different classes of fruits. In a work like the present it

would be impossible to describe all the different kinds of fruits

which have received names. At the same time, I consider the

subject of far too much importance to be hastily disposed of,

and shall accordingly devote as much space as possible to its

consideration. Those who wish to investigate the matter
further than my limits will allow me to do, would do well to

consult Lindley's Introduction to Botany, for of all writers upon
Carpolog}', this author has done most to reduce a perfect chaos

to at least some degree of regularity, and I have accordingly

made much use of his labours in classifj'ing and defining the

different kinds of fruits. The classification, however, adopted
here, differs in some particulars from Dr. Lindley's. We have
taken the pistil as our guide, and have accordingly used the
terms when applied to fruits in precisely the same sense as

previously defined in treating of that organ.

The leading divisions of the classification here adopted are

as follows :

—

1

.

Fruits formed by a Single Flower.

a. Simple Fruits.

b. Apocarpous Fruits.

c. Syncarpous Fruits.

2. Fruits formed bv the combination of several Flowers.

1. Fruits formed by a Single Flower.

a. Simple Fruits. By a simple fruit, we mean one which is

formed of a single carpel or ovary, and only one produced by a
single flower. By some botanists this term is used to signify all

fruits of whatever nature, which are the produce of a single
flower ; thus including the simple, apocarpous, and synccupous
fruits of our classification. We describe four kinds of simple
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fruits:—namely, the Legume, the Lomentum, the Drupe, and
the Utricle.

1. Legume or Pod.—This is a superior, one-celled, one or

many-seeded fruit, dehiscing by both ventral and dorsal su-

tures, so as to form two valves, and bearing its seed or seeds on
the ventral suture. Examples occur in the Pea {fig. 654), Bean,
Clover, and most plants of the order Leguminosse, which has
derived its name from this circumstance. The legume assumes
a variety of forms, but it is generally more or less convex on its

two surfaces, and nearly straight ; at other times, however, it

becomes contorted so as to resemble a &cvew{fig. 677), or a
snail twisted, as in some species of Mcdicago {fig. 676), or coiled

up like a caterpillar, as in Scorpiurus sulcata {fig. 675), or curved
like a worm, as in Ccssalpinia coriaria, or it assumes a number
of other irregular forms. Certain deviations from the ordinary

structure of a legume are met with in some plants ; thus, in As-
tragalus {fig. 605), and Phaca {fig. 606), it is two-celled, in conse-

quence of the formation of a spurious dissepiment, which in the

first plant proceeds from the dorsal suture, in the latter from the

ventral. At other times a number of spurious horizontal dis-

sepiments are formed, by which the legume becomes divided into

as many cells as there are seeds, as in Cathartocarpus Fistula

{fig. 600). Another irregularity also occurs in the latter plant,

the legume being here indehiscent, but tlie two sutures are clearly

marked externally. Other indehiscent legumes are also met
with, as in Arachis and Pterocarpus, in which there is some-
times no evident mark of the sutures externally ; such legumes
will, however, frequently split into two valves like those of a pea,

Fig. 675. Fig. 677. Fig. 678.

^ 676.^

Fig. 675. Coiled-up legume of Scorpinrns sulcata. Fig. 676. Snail-like
legume of Medicago orbiculaia. Fig. 677. Spiral or screw-like legume
of Lucerne {Medicago). Fig. 678. Indehiscent lomentum of a species
of Acacia.
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if a little pressiire be applied as in the ordinary process of

shelling peas.

2. The Loraentum.—This is a kind of legume which is con-

tracted in a moniliform manner between each seed, as in Htdy-
sarv.m {fig. 672), Ornitliopus, and ^c«c/rt Sophora {fig. 678), It

is sometimes called a lomentaceous legume ov pod. This fruit, to-

gether with the former, characterise the plants of the Legumi-
nosge. "\Mien the lomeutum is ripe, it commonly separates into

as many pieces as there are contractions on its surface (/f^. 672),

or it remains entire {fig. 678) ; in the latter case, the seeds are

separately enclosed in cayities which are formed by the produc-

tion of as many internal spurious dissepiments as there are ex-

ternal contractions.

3. The Drupe.—This is a superior, one-celled, one or two-seeded,

indehiscent fruit, haying a fleshy or pulpy sarcocarp, a hard or

bony endocarp, and the pericarp altogether, separable into its

component parts, namely, of epicarp, sarcocarp, and endocarp.

The Drupe is sometimes called a stone-fruit. Examples occur in

the Peach (^^^\ 679 and 680), Apricot," Plum, Cherry {fig. 681),

and Oliye. In the Almond, the fruit presents all the characters of

the drupe, except that here the sarcocarp is of a toughish tex-

ture, instead of being succulent. Many fruits, such as the Wal-
nut and Cocoa-nut, are sometimes termed drupes, but improperly

so, as they are in reality compound, or formed originally from
two or more arpels or oyaries, besides presenting other dis-

Fig. 679. Fig. 680.

Fig. 679. Drape of the Peach. Fig. 680. The same cut verticallv.

tinctiye characters. A number of drupes aggregated together

on a common thalamus, form collectiyely a kind of Etaerio (see

Etjerio). Any fruit which resembles the drupe in its general

characters, is frequently termed driipaceous or drupe-like.

4. The Ftricle is a superior, one-celled, one or few-see:led fruit,

with a thin, membranous, loose pericarp, not adhering to the

se^d, generally indehiscent, but sometimes opening in a trans-

X
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verse manner. Examples of this kind of fruit may be
Amaranthus and Chenojpodium {fig. 682).

Fig. 681. Fig. 682.

Fi(]. 681. Vertical section of the drupe of the Cherry, ep. Epicarp. en.

Endocarp. m«. Mesocarp. g. Seed with embryo. i^'fir. 682. Utricular
fruit of Chenopodium, surrounded by the persistent calyx.

b. Apocarpous Peuits.— Under this name we include those

fruits which are formed of a single carpel or ovary, but of which
several are ^produced by a single flower. The simple fruits just

described are frequently placed by botanists under this head,

together with those to which we are now about to allude. Apo-
carpous fruits are also sometimes called mioltiple, and this latter

term is again applied by others to those fruits which are the

produce of several flowers. We distinguish three kinds of Apo-
carpous fruits :—The Follicle, the Achsenium, and the Etserio.

1. The Follicle.—This is a superior, one-celled, one or many-
seeded fruit, dehiscing by the ventral suture only, and conse-

quently one-valved {fig. 652). By the latter

Fig. 683. character it is known at once from the legume,

which opens, as we have seen, by two sutures,

and is two-valved ; in other respects the two
are alike. In Magnolia glauca {fig. 653), and
some other species of Magnolia, the follicle opens
by the dorsal suture instead of the ventral. Ex-
amples of the follicle occur in the Columbine

{figs. 652 and 683), Hellebore, Larkspur, and
Aconite {fig. 681), in all of which plants the fruit

is composed of three or more follicles placed

in a circular manner on the thalamus ; in the

Asch'pias, Periwinkle, and Pseony {fig. 685),

where each flower generally forms two follicles
;

in the Liriodmdron and Magnolia {fig. 653),

where the follicles are numerous, and arranged in

a spiral manner on a more or less elongated tha-

lamus. It rarely happens that a flower produces

but a single follicle; but this sometimes occurs

Tig. 68.3. Follicles ^" ^he Pseony and other plants. The two fol-

of the Columbine licles of Asclepias are more or less united at
(Aquiiegm).

their base, and the seeds, instead of remaining

attached to the ventral suture, as is the case in the true follicle,
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Fig. 684. Fig. 685.
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Fig. 684. Follicles of the Aconite {Aconitum).-
Pagony (PcBonia).

-Fig. 685. Follicles of the

lie loose in the carity of the fruit. This double fruit has there-
fore by some botanists received the distinctive name of Concep-
taculum.

2. TheAchcsnium or achene is a superior, one-celled, one-seeded
fruit, with a dry indehiscent pericarp, which is separable from
the seed, although closely applied to it. Linnseus mistook some
of these achaenia for seeds, and called the plants producing them
gymnospermous (naked-seeded). Such fruits may be, however,
generally distinguished from seeds by presenting on some point
of their surface the remains of the style. This style is in some
cases very evident, as in the Clematis {fig. 643), and Anemone

{fig. 686). Examples
Fig. 687.Fig. 686. may be seen in the

Clematis and Ane-
mone, as just noticed,

and in the plants of

the orders Labiate and
Boraginacese (fig. 687).
In rare cases we find

a flower producing but
a single achsenium.

3. The EtcErin.—
When the achaenia

Vertical section borne by a single
of an achaeuium of the fl^wpr arp sn rmmpPasque Flower Unemone IIOwer are SO nume-
Puisatiiia). The fruit is rous that they form
said to he tailed iu this „^^„ <-V,.:.v, ^ c'v^^i
instance in consequence ^^^^^ ^^^^ ^ Single
of heing surmounted bj- whorl or series, they

es/.^ASifSVuufJf constitute collectively

Bugioss {Lycopsis). an eiario. Examples
may be seen in the

species ofBanuncuhis

(fig. 528), and Adonis
X2
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{fig. 593), where the achsenia are placed upon a convex thalamus
of a dry nature; and in the Strawberry {figs. 591 and 647),
where they are placed upon a fleshy thalamus ; hence, in the

Strawberry, the so-called seeds are in reality so many separate

achsenia, while the part to which the Strawberry owes its value

as a fruit is the succulent thalamus.

In the fruit of the Kose {fig. 437), the achsenia instead of

being placed upon an elevated thalamus, as in the ordinary

etserio, are situated upon a concave thalamus, to which the

calyx is attached. This modification of the ordinary etserio has

been made a separate fruit by some botanists, to which the

name of Cynarrhodum has been given. A similar kind of fruit

also occurs in Calycanthus.

In the Kaspberry {fig. 711) and Bramble, we have a kind of

etserio formed of a number of little drupes, or drupels, as these

small drupes are sometimes termed, crowded together upon a
dry thalamus. The etserio and its modifications are placed by
Lindley under a class of fruits called by him aggregate fruits,

the characters of which are " Ovaria strictly simple ; more than a

single series produced by each flower." The term aggregate is

also by some botanists apphed to fruits which are the produce
of several flowers.

e. Syncarpous Fruits.— Under this head we include all fruits

which areformed by the more or less comflete combination of two

or more ovaries or car])els, and where only one fruit is 'produced

by a single flower. In the two former classes the fruits are

formed of simple ovaries ; in this class from ovaries of a more or

less compound nature. In describing these fruits we shall follow

generally the classification of Dr. Lindley. Thus, in the first

place, we arrange them in two divisions, according as they are

superior or inferior; and each of these divisions is again se-

parated into others, derived from the dry or fleshy nature of the

pericarp, and its dehiscent or indehiscent character.

Division 1. Superior Syncarpous Fruits.

a. WITH A DRY INDEHISCENT PERICARP.

1. The Caryopsis is a superior, one-celled, one-seeded, inde-

hiscent fruit, with a thin dry membranous pericarp, completely

and inseparably united with the seed {figs. 688 and 689). This
fruit resembles the achpenium, but it is distinguished by the com-
plete union which exists between the pericarp and the seed.

It is, moreover, generally considered as being of a compound
nature, from the presence of two or more styles and stigmas to

the ovary {fig. 587). It is found in the Oat, Maize, Eye, Wheat,
Barley, and generally in Grasses. These fruits, like the achse-

nia, are commonly called seeds, ])ut their true nature is at once

evident when they are examined in their early state.

2. 27ie Samara is a superior, two or more celled fruit, each
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Fig. 689. Fig. 690.
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Gemmule or plumule, r. Radicle.-

Maple.

Fig. 688. Caryopsis or fruit of the

Oat. Fig. 689. Tlie same cut

vertically, o. Pericarp. <. Testa

or integuments of tbe seed.

a. Albumen, c. Cotyledon, g.

—Fig. 690. Samara or fruit of the

cell being dry, iudehiscent, few-seeded, and having its pericarp

extended into a winged expansion. Each cell of the samara is

in fact an acheenium with a winged margin. Examples may be

found in the Maple {fig. 690), Ash. and Elm. By some bota-

nists each winged portion of such a fruit is called a samara,

and thus the fruit of the Maple, &c., is considered to be formed

of two united samara.

3. TJie Careerale is a superior, many-celled fruit, each cell

being dry, indehiscent, and one or few-seeded, and all more or

less cohering by their united styles to a cen-

tral axis. The common Mallow {fig. 691)

is a good example of this fruit. Each cell

of the carcerule does not differ essentially

from an achtenium, which is also the case,

as just noticed, with those of the samara,

and hence the latter fruit may be regaKled

as but a winged modification of the carcerule.

4. The Amphisarca is a " superior, many-
celled, indehiscent, many-seeded fruit, indu-

rated or woody externally, pulpy internally." -f*^

Examples, Omphalocarjpus, Adansonia, CreS'

centia.

b. WITH A DRY DEHISCENT PEEICAEP.

1. The Capside is a superior, one or more celled, many-seeded,

dry, dehiscent fruit. The dehiscence may either take place by
valves, as in Colchicum {fig. 655), and Datura {fig. 665); or by
pores, as in the Poppy (.%. 426) and Antirrhinum {fig. 612) ; or

transversely, as in the Pimpernel {fig. 693), and Henbane {fig.

Carcerule or

fruit of the Mallow
(Malva).
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670). "When the oapsiile dehisces transversely the fruit has re-

ceived the distinctive name of Fyxis. The capsule is either one-

Fig. 692. Fig. 693. Fig. 694.

Fig. 692. Spirally arranged capsule of a species of Helicteres. Fig. 693.
Pyxis or fruit of Pimpernel {Anogallis). Fig. 694. Fruit or capsule
of a species of ScrppMilaria, dehiscing in a septicidal manner.

celled as in the Mignonette (fig. 651), Heart's-ease (fig. 667),
and Grentian (fig. 666) ; or two or more-celled as in the Scro-

phularia (fig. 694), Colchictim (fig. 655), and Datura (fig. 665).
It assumes various forms, some of which are remarkable, as those

of Helicteres (fig. 692), where it is composed of five carpels

Fig. 695. Fig. 696.

Fig. 695. Fruit of Sandbox tree i^Hura crepitans'). It is composed of fifteen
carpels or ovaries which burst from the axis with great force. Fig.
696. Inferior capsule (diplotegia) of the Iris, opening in a loculicidal
manner.

twisted together in a spiral form, and lllicium anisatum, where
the carpels are arranged in a stellate manner. The capsule is a
very common *^ruit, and is found almost universally in some
natural orders, as Papaveracese, Caryophyllacese, Primulacese,

Scrophulariacese, Liliacese, Grentianacese, &c., &c.
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When a capsule consists of tliree or more cells, which sepa-

rate from the axis, and burst with elasticity (cocci), as in Ricinus

{fig. 661), Euphorbia, and Hura crepitans {fig. 695), it has

been termed a Regma.
When a fruit resembles the ordinary capsule in every respect,

except that it is inferior, as in the species of Iris {fig. 696) and
Ca/n^anula {figs. 673 and 674), it has received the name of

Biplotcgia. (See Diplotegia, p. 313.) In the characters of the

Natm'al Orders we shall describe such a fruit as capsular.

2. The Siliqua is a superior, one or two-celled, many-seeded,

long narrow fruit, dehiscing by two valves separating from below
upwards, and leaving the seeds attached to two parietal placentas,

which are commonly connected together by a spurious vertical

dissepiment, called a rephcm {fig. 668). The placentas are

opposite to the lobes of the stigma, instead of alternate, as

is the case in all fruits which are regular in structure. When
the replum extends entirely across the cavity, the fruit is two-

celled ; if only partially, it is one-celled. Examples of this fruit

occur in the Wallflower {fig. 668), Stock, Cabbage, and many
other of the Cruciferae. When a fruit possesses the general

characters of the siliqua, but with the lobes of

the stigma alternate to instead of opposite the

placentas, as in Chelidoniian {fig. 669), it has

been named a Ceratium or a siliqucpform capsule.

The siliqua is sometimes contracted in the

spaces between each seed, like the lomentum, in

which case it is indehiscent, as in Raphanus sa-

tivus. This is called a Lomentaceous siliqna.

3. T7ie Silicula.—This fruit resembles the siliqua

in every respect, except its length ; and in usually

containing fewer seeds than it. Thus the siliqua

may be described as long and narrow—the silicula, Fig, 697. Siiiruia

as broad and short. Examples occur in the Shep- of Shepiierd's

herd's Purse {fig. 697), and Scurvy-grass.
""^'^ ''^"^^

The siliqua and silicula are only found in plants of the order

Cruciferge. Both fruits are occasionally one- seeded, and inde-

hiscent.

C. "WITH A FLESHY INDEHISCENT PERICARP.

1. The Hesperidium is a superior, many-celled, few-seeded, inde-
hiscent fruit, consisting of a separable pericarp, formed of the epi-

carp and mesocarp combined together {fig. 698, pe), and having an
endocarpcZ projecting internally in the form of membranous par-
titions, which divide the pulp into a number of portions or cells,

which are easily separated from each other. This pulp, as already
noticed, is either a development of succulent parenchyma from
the inner lining of the ovary generally, or from the placentas
only. The seeds, s, s, are imbedded in the pulp, and attached to
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the inner angle of each of the portions into which the fruit is

divided. By some botanists the orange is considered as a herry
with a leathery rind, but the latter is essentially diiferent in its

origin, as it is an inferior fruit. The fruit of the Orange, Lemon,
Lime, Shaddock, &c., are examples of the hesperidium. It is

by no means uncommon to find the carpels composing the fruit

of the Qrange, &c., in a more or less separated state {jig. 699),
and we have then produced what are called ' horned oranges,'
' fingered citrons,' &c., and the fruit becomes somewhat apocar-
pous, instead of altogether syncarpous.

Fig. 699.

Fic). 698. Transverse section of the fruit of tlie Orange {Citrus Anran-
tium). p. Epicarp. e. Mesocani. d. Endocarp. s, s. Seeds. Fig. 099.

Monstrous development of the fruit of the Orange, in which the car-

pels, ce, and ci, are more or less distiuct instead of being united.
From Balfour.

2. The Tryma is a superior, one-celled, one-seeded, indehiscent

fruit, having a separable fleshy or leathery rind, consisting of

epicarp and mesocarp, and a hard two-valved endocarp, from the

inner lining of which spurious dissepiments extend so as to divide

the seed into deep lobes. It differs but little from the ordinary

drupe, except in being formed from an originally compound
ovary. Example, the Walnut.

3. The ^uculanium. This fruit, of which the Grape {fig. 703)
may be taken as an example, does not differ in any important

characters from the berry, except in being superior. (See Berry.)
This name is sometimes applied to a kind of pome, where the

cells become hard and stony, as in the Medlar.

Division 2. Inferior Syncarpous Fruits.

a. WITH A DRY INDEHISCENT PERICARP.

1. The Cremocarp is an inferior, dry, indehiscent, two-celled,

two-seeded fruit. The two cells or halves of which this fruit is

composed are joined face to face to a common axis or carpophore,

from which they separate when ripe, but to which they always
remain attached by a slender cord which suspends them {fig.

700). Each half-fruit is termed a hemicarp or mericarp, and the

inner face the commissure. Each portion of the fruit resembles
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Fig. 700.

the achsenium, except in being inferior ; hence the name di-

achcsniuM has been given to this fruit. Examples of the cremo-

carp as above defined are found universally

in the plants of the order Umbelliferse.

By Lindley, the definition of cremocarp

is extended so as to include fruits of a

similar nature, but which contain more
than two cells, as, for instance, those of

Aralia.

2. The Cypsda.—This differs in no-

thing essential from the ach^enium, except

in being inferior and of a compound
nature. It occurs in all plants of the

order Compositse. When the calyx is

pappose it remains attached to the fruit,

as in Salsafy and Dandelion.

3. The Glans or ]>!ut is an inferior, dry,

hard, indehiscent, one-celled, one or two-

seeded fruit, produced from an ovary of two or more cells, with
one or more ovules in each cell, all of which become abortive in

the progress of growth except one or two. The three layers

constituting the pericarp of the nut are firmly coherent and
undistinguishable, and the whole is more or less enclosed by
that kind of involucre called a cupule. The Acorn {fig. 37^),

and the Hazel-nut {fig. 375), may be taken as examples. By
some botanists the fruit of the Cocoa-nut Palm is called a nut,

but this differs in being superior, and in its pericarp presenting

a distinction into epicarp, mesocarp, and endocarp. Such a fruit

is better described as nut-like.

Fig. 700. Cremocarp,
fruit of Angelica.

h. ^VITH A DET DEHISCE^'T PEEICARP.

1. Diplotegia.—This is the only kind of inferior fruit which
presents a dry dehiscent pericarp. It has already been stated

under the head of Capsule, that the diplotegia differs in nothing
from it, except in being inferior. The species of Iris {fig. 696)
and Campanula {figs. 673 and 674) are examples of this fruit.

The diplotegia may open either by pores {fig. 674), or valves {fig.

696), like the ordinary capsule.

C. "WITH A FLESHY INDEHISCENT PERICAEP.

1. The Bacca or Berry is an inferior, indehiscent, one or more
celled, many-seeded, pulpy fruit {figs. 701 and 702). The pulp
is formed from the placentas, which are parietal {fig. 701, pi),

and have the seeds, s, at first attached to them ; but these be-

come ultimately separated and lie loose in the pulp p. Examples
may be found in the Gooseberry and Currant. We have already
stated, that the fruit of the Grape is called a Nuculanium {fig.

703), and that it differs in nothing essential from the berry,
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Fig. 701. Fig. 702. Fig. 703.

Fig. 701. Transverse section of a berry of the Gooseberry (Ribes Grossu'
laria). pi. Placentas, s. Seeds Imbedded lu pulp, p. Fh>. 702. Clus-

ters of berries of the Red Currant {Ribes rubrum). Fig. 703. Nucula-
niura or fruit of the Vine {Vitis vinifera).

except in being superior. The name baccate or berried is ap-

plied by many botanists to any fruit of a pulpy nature.

2. The Pepo is an inferior, one-celled, or spuriously three-

celled, many-seeded, fleshy or pulpy fruit {fg. 704). The seeds

are attached to parietal placentas, and are imbedded in pulp,

but they never become loose as is the

ease in the berry; and hence this

fruit is readily distinguished from it.

There has been mucla discussion with

regard to the nature of the pepo. By
some botanists the placentas are con-

sidered as axile, and the fruit normally

three-celled, as it is formed of three

ovaries or carpels ; while by others the

placentas are regarded as parietal,

and the fruit normally one-celled, as

defined above. Those who adopt the

first view believe that each placenta

sends outwards a process towards the

Fig. 704. Transverse section walls of the fruit, and that these pro-

of the fruit or pepo of the cesses ultimately reach the walls and
?^ p'rocesse's proceeding from then become bent inwards and bear
tiie centre towards the cir- the seeds on the curved portions ; if
cumference.t, and terminated ., • i-u j- -t •„

by curved placentas, pi, pz.pi, these processes remain, the Iruit is

pi, pi, pi. three-celled, if, on the contrary, they

become absorbed, it is only one-celled, and the placentas are

spuriously parietal. According to the view here adopted, the

placentas which are parietal, send processes inwards which

meet in the centre, and thus render the fruit spuriously three-

celled ; or, if these are afterwards obliterated, or imperfectly
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formed, the fruit is one-celled. This fniit is illustrated by the
Melon, Gourd, Cucumber, Elaterium, and other Cucurbitacese.

The fruit of the Papaw-Tree resembles a pepo generally, except
in being superior.

3. The Pome is an inferior, indehiscent, two or more celled,

few-seeded, fleshy fruit ; the endocarp of which is papery, car-

tilaginous, or bony, and surrounded by a fleshy mass consisting

of mesocarp and epicarp, which is generally considered to be
formed by the cohesion of the general parenchyma of the ovary
with the tube of the calyx. Examples may be seen in the
Apple (^fig. 705), Pear, Quince {fig. 457), Medlar, Hawthorn,
&c. By some botanists, the outer fleshy portion is considered

Fig. 705. Fig. 706.

Fig. 705. Vertical section of the pome or fruit of the Apple {Pynis Mains).
Fig. 706. Vertical section of the balausta or fruit of the Pome-

granate.

as an enlarged concave thalamus like that of the Eose {fig.

437), and the bony or cartilaginous cells are then regarded as

distinct carpels, the walls of which are formed of the three

layers of the pericarp completely united and undistinguishable.

4. The Balausta is an inferior, many-celled, many-seeded,
indehiscent fruit, with a tough pericarp. It is formed of two rows
of carpels placed above each other, and surrounded by the calyx,

and the seeds are attached irregidarly to the walls or centre.

The Pomegranate fruit {fig. 706) is the only example.

2. Fbuits formed by the combixatton of sevebax
Plowees.

These fruits are commonly termed Anthocarpo^is, as they con-

sist not only of the carpels or ovaries of several flowers united,

but also usually of the bracts and floral envelopes in combina-
tion with them. They have been also called Midtiplc, Aggregate,

or Collective fruits, and the two former terms have also been ap-

plied in a different sense, as mentioned under the head of Apo-
carpous fruits. The following anthocarpous or collective fruits

have received distinctive names ;

—
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1

.

The Cone is a collective, more or less elongated fruit, com-
posed of a number of indurated scales, each of which bears one

or more naked seeds {figs. 712). This fruit is seen in the Fir

{fig. 267), Larch, Spruce ( fig. 394), and many other plants

of the order Coniferss ; which derives its name from this cir-

cumstance. All plants of the Cycas family also which possess

fruit, have one of a similar structure. There are two views as

to the nature of the indurated scales : by some botanists they

are regarded as carpels spread open, by others as bracts. They
certainly more resemble the latter organs in appearance, as they

never present any trace of style or stigma on their surface.

2. The Galbulus.—This fruit is but a modification of the Cone

;

differing only in being more or less rounded in form instead of

somewhat conical, and having the heads of the scales much en-

larged. It is seen in the Cypress {fig. 708), and in the Juniper

{fig. 707). In the latter the scales become fleshy, and are

united together into one mass, so that it somewhat resembles at

first sight a berry, but its nature is at once seen by examining

the apex, when three radiating lines will be observed correspond-

ing to the three scales of which the fruit has been formed, and
which are here but imperfectly united.

Fig. 101, Fig. 708. Fig. 709.

Fig. 707. Galbulus or fruit of Juniper (Juniperus communis). Fig. 708.

Galbulus or fruit of tiie Cypress (Cupressus sempervirens). Fig. 709.

Sphalerocarpium or fruit of the Tew (.Taxus baccata), surrounded by
bracts at tbebase.

No other kind of fruits except the Cone and Gralbulus are

found in the natural orders Coniferse and Cycadacese.

In the Yew however {Taxus haccata) {fig. 709), and other

plants belonging to the Taxacese, an order closely allied to the

Coniferse and Cycadacese, the so-called fruit is in reality not a

fruit at all, as it consists simply, as demonstrated by Dr. Hooker,

of a naked seed, nearly enclosed in a succulent cup-shaped mass,

which is a development from the outer coat {prlmine) of the

ovule. This so-called fruit has been termed a Sphalerocarpium.

Properly speaking, even if regarded as a fruit, it does not belong
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to the class of Collective fruits at all, as it is formed of but a
single flower. "We have placed it here following Dr. Lindley's
arrangement, and because, like the two preceding fruits, its

essential character consists in its naked seed. Some other fruits

are, however, included by Lindley and others under the name of
Sphalerocarpium.

The Cone must be carefully distinguished from Cone-like
fruits, such as the Magnolia {fig. 653) and Liriodendron {fig.
590). The latter are not collective fruits at all, but they consist
of the aggregated ovaries or carpels of a single flower, placed
upon an elongated thalamus.

3. The Strohilus or Strobile.—The fruit of the Hop {Himuliis
Lupulus) {fig. 395) is by some botanists considered as a kind of
Cone with membranous scales, to which the name of Strobilus or
Strobile has been given ; but this fruit differs essentially from
the cone, in having its seed distinctly enclosed in an ovary-
placed at the base of each scale. We distinguish this fruit,

therefore, as a distinct kind, under the above name. It should
be also noticed that the term Strobilus is frequently employed
as synonymous with Cone.

4. The Sorosis is a collective fruit, formed of a number of
separate flowers firmly coherent into a fleshy or pulpy mass with
the floral axis upon which they are situated. Examples of this
may be seen in the Pine-apple {fig. 266), where each square por-
tion represents a flower ; and
the whole surmounted by a Fig. 710. Fig. 711.

crown of empty bracts. The
Bread-fruit and Jack-fruit are

other examples of the sorosis.

The MulbeiTy {fig. 710) may
be also cited as another well-

known fruit, which presents an
example of a sorosis. At first

sight, the Mulberry appears to

resemble the Easpberry {fig.

711), Blackberry, and other

fruits derived from the genus
Rubus, but in origin and struc-

ture the latter are totally dif-

ferent. Thus, as already noticed

in speaking of the Etserio, the

Easpberry and other fruits derived from the same genus, consist

of a number of drupes or fleshy acheenia crowded together upon
a dry thalamus, and are all the produce of a single flower; but
in the Mulberry, on the contrary, each rounded portion of which
the fruit is made up is derived from a flower, the calyx of which
has become succulent and united to the ovary; the combination
of a number of flowers in this case therefore forms the fruit,

while in the Easpberry, &c., the fruit is formed by one flower only.

Fig.no. Sorosis or fruit of the Mul-
berry (Morus nigra). Fig. 711. Fruit
of the Raspberry {Rubus lilwus) called
an eteerio.
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5. The Syconus is a collective fruit, formed of an enlarged

and more or less succulent receptacle, which bears a number of

separate flowers. The Fig {fig. 380) is an example of a syconus

;

in this, the flowers are almost entirely enclosed by the en-

larged hollow pear-shaped receptacle, and what are vulgarly

called seeds are in reality one-seeded fruits resembling achsenia.

The Dorstenia {fig. 381) is another example of the syconus,

although it diflfers a good deal from the Fig in its general appear-

ance ; thus the receptacle is less succulent, and only slightly con-

cave, except at its margins, so that the separate fruits are here

readily observed.

All the more important fruits that have been named and
described by botanists, have now been alluded to ; but in practice

only a few are in common use—such as the Legume, Drupe,

Achsenium, Follicle, Caryopsis, Siliqua, Silicula, Capsule, Nut,

Pome, Pepo, Berry, and Cone. This has arisen, partly from

the same names having been given by different botanists to

totally different kinds of fruits ; and partly from botanists in

many eases preferring to describe a particular fruit according

to the special characters it presents. It is, however, much to

be regretted, that a comprehensive arrangement of accurately

named and well-defined fruits should not be generally adopted,

as it cannot be doubted, that if such were the case, it would be

attended with much advantage, and save a great deal of un-

necessary description and repetition.

Section 6.

—

The Ovule and Seed.

Having now described the nature, structure, and general

characters of the gyncecium or pistil in its unimpregnated and
impregnated state, we pass to the description of the Ovules and
Seeds, which are contained within the ovary and fruit respec-

tively, and which bear the same relation to each other as regards

their condition, as the pistil does to the fruit,—that is to say.

the ovule is an unimpregnated body, the seed an impregnated or

fertilized ovule.

1. THE OVULE.

The ovule is a small, rounded or oval, pulpy body, borne by
the placenta, and which when impregnated becomes a seed. It

is either attached directly to the placenta, in which case it is

said to be sessile {figs. 427, o, o, and 620, g), or, indirectly, by a

stalk called the funiculus, podosperm, or umbilical cord {figs.

6bi,f, and 601, ov), when it is described as stalked. The point

of attachment of the ovule to the placenta if sessile, or to the

funiculus when stalked, is termed the hilum or umbilicus. These
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Fig. 712.

terms are applied to the seed in the same sense as to the ovule.

The ovule has been compared to a bud, and has been called the
seed-bud by Schleiden and others.

The ovule is in most cases enclosed in the cavity of the ovary

;

but all plants of the Coniferse, Cycadacese, and allied orders are

exceptions to this ; thus in the Cycadacese, the ovules are

situated on the margins of leaves in a peculiarly metamorphosed
condition, and in the Coniferse, at the base of indurated bracts or

open carpellary leaves (/^. 1\'2,ov). In these eases, as there is no
proper ovary, there is no style or stigma,

and the ovules therefore, instead of being

fertilized by pollen applied through the

stigma, as is commonly the case, are ex-

posed and fertilized by its direct appli-

cation. Such ovules are therefore termed
naked. The seeds of such plants are also

necessarily naked, and hence such plants

have been called Gymnospermous Hants,
—that is, plants with naked seeds

;

while those plants in which the ovules

and seeds are distinctly enclosed in an
ovary, have been called Angiospermous
Plants. It should be noticed, however,

that there are some plants in which the -f^- J12. Bract or carpeiiary

J , ,.^„
1 J • ^1 leaf, sc, of a species of Piwjts,

seeds become partially naked m the bearing two naked ovules,

course of development, as in the Mig- £:"',,^L'tL^^^^ i

mic, micro-

/ r ^ c 1 \ T J • ry 1 PJ^'^ °^ ^^^ ovule,
nonette (Jig. 651), Leontice, Cuphea,

&c., in which cases they are sometimes termed seminude. True
Gymnospermous Plants, or those in which the ovules are naked
from their earliest formation, should be carefully distinguished

from those with seminude ovules, as the former character is

always associated with important structural and physiological

peculiarities in the plants themselves, as abeady noticed in

treating of the stem and some other parts.

Number and position of the Ovules. — The number of

ovules in the ovary, or in each of its cells, varies. Thus in the

Polygonacese {fig. 713), Compositse, Thymelaeese, Dipsacaceae,

&c., the ovary contains but a solitary ovule ; in the Umbelliferae,

Araliacese, &c., there is but one ovide in each cell. "When there

is more than one ovule in the ovary, or in each of its cells, the

number may be either uniform and easily counted, when the

ovules are said to be definite, as in Mscidus {fig. 717),—and the

ovary or cell is then described as biovidate, triovidate, quadri-

ovulate, qxdnqueovulate, &c.,—or, the ovules may be very nu-
merous, when the ovary or cell is said to be midtiovulate or

indefinite, as in Viola {fig. 427).

The position of the ovules with regard to the cavity in which
they are placed is also liable to vary. Thus when there is
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but one ovule, this may arise at the bottom of the ovary or

cell and be directed towards the summit, as in Compositse

and Polygonacese {fig. 713), when it is said to be erect; or

it may be inserted at the summit of the ovary and be turned

downwards, as in Hij^puris {fig. 714), in which case it is

Fig. 713. Fig, 714. Fig. 715. Fig. 716.

Fig. 713. Vertical section of the ovary of a species of Bumex (Polygo-

nacece). p. Enlarged calyx surroutiding the ovary. The ovary contains

a single, erect, orthotropous ovule. The embryo is inverted or anti-

tropous. Fig. 714. Vertical section of the ovary of the Mare's Tail

{Hlppuris vulgaris), o. Ovule, which is inverse or pendulous, and
anatropous. s. Baseofthe.etyle. /.Funiculus, r. Raphe, c. Chalaza.

From Jussieu. Fig. 715. Vertical section of the ovary of the Pelli-

tory {Parietaria officinalis), with a single ascending ovule. The
letters have the same references as in the last figure. From Jussieu.

Fig. 716. Vertical section of the ovary of the Mezereon (Daphne
Mezereum), containing a solitary suspended ovule. The letters refer

as before.

inverse or pendulous ; or if it is attached a little above the

base, and is directed obliquely upwards, as in Parietaria {fig,

715), it is ascending; or if, on the contrary, it arises a little be-

low the summit, and is directed obliquely downwards, as in the

Mezereon {fig. 716), and Apricot, it is said to be suspended ; or

if from the side of the ovary, without turning upwards or down-

wards, as in Crassula, it is horizontal ov peltate. In some plants,

as in Armeria {fig. 623), the ovule is suspended from the end of

a long funiculus arising from the base of the ovary; such an

ovule is frequently termed 7'eclinate,

In the above cases the position of the ovule is in general

constant, and hence this character is frequently of much im-

portance in discriminating genera and natural orders. Thus

in the CompositJie, the solitary ovule is always erect; while in

the allied orders, the Valerianacese and Dipsacacese, it is sus-

pended or pendulous ;—the two latter terms are frequently con-

founded by botanists. In the Polygonacea {fig. 713), the ovule is

also always solitary and erect ; and in the Thymelacese {fig. 716),

it is suspended. In other natural orders we find the position

varying in different genera, although generally constant in the

same ; thus in the Eosacese, the genera Geum, Alchemilla, &c.



ORGANS OF EEPEODUCTION. 321

Fig. in.

have an ascending ovnle, while those of Poteriu'in, Sanguisorha,

&e., have it suspended, and in Potentilla, both ascending and

suspended ovules are found. In the Eanunculacese also we find

the ovule varying in like manner as regards its position.

We will now consider the position of the ovules Avhen their

number is more than one. Thus when the ovarj^ or cell has

two ovules (bioimlate), these may be either placed side by side

at the same level, and have the same direction, as in Nuttalia,

when they are said to be collateral ; or they may be placed at

different heights, and then either follow the

same direction, when they are superposed, or

one ovule may be ascending, and the other

suspended, as in JEscuIks {fig. 717). The po-

sition of the ovules also, in those cases where
they are in definite numbers, is usually con-

stant and regular, and similar terms are em-
ployed; but when the number of ovules in

the ovary or cell is indefinite, the relations are

less constant, and depend in a great measure
upon the shape of the cell, and the size of

the placentas. Thus in the long ovaries of many
of the Leguminosse {fig. 651) and Cruciferse

{fig. 601), the ovules are superposed, and by pig,

not crowding each other they will all be turned

in the same direction ; while, on the contrary,

if the ovules are numerous, and developed in a

small space, they will necessarily crowd each

other, and acquire irregular forms and varying

positions, according to the direction of the pres-

sure. In describing these varying positions

the same terms are used, as those referred to

when speaking of the relations of the solitary ovule. These
terms are also applied in the same sense to the relations of the

seed in the pericarp.

Formation and Structure of the Ovuxe, — The ovule

appears at first as a little roundish celhdar projection on the

placenta; this gradually enlarges and acquires ultimately a

mor^ or less ovate or somewhat conical form ; this body is

termed the micleus {fig. 718). It is at first perfectly uniform

in texture and appearance, presenting no cavity as distinct from
those of the ordinary parenchymatous cells of which it is com-
posed, and having no integuments. As development proceeds a

cavity is formed at or near the apex of the nucleus (/^. 719, c), in

which the embryo or future plant is developed ; hence this cavity

is called the emhryo-sac or sac of the amnios. In rare cases, as in

the Mistletoe, two or three embryo-sacs are formed, This sac is

either formed by a simple hollowing out of the nucleus, and the

Vertical
section of a cell

of tlie ovary of a
species of ^Sscu-
/«^ containing two
ovules, o, 0, one of
which is ascend-
ing and the other
suspended; m,'m,
niicropylc ; s. base
of the '^tyle. rrom
Jussieu.



322 ORGANOGRAPHY.

Fig. 718. Fig. 719. consequent formation of a

cavity of variable form and
size ; or it is produced (as

appears to be generally the

case) by the special develop-

ment of one of the cells of

the nucleus, which as it con-

tinues to increase in size,

presses upon the surround-

ing cells, and thus causes

„.' „,..:,;, , J, ^^ „. ., . their more or less complete
Fig. 71S. Undivided ovule of the Mistletoe , ,. rru-
(Viscum album), consisting of a nak-ed absorption. IniS sac SOme-
iiucleus. Fig. 719. The same ov.ule cut times causes the almost
vertically to show the embryo-sac, c. ,

.

, ^. j- ,•>

n. Nucleus. entire absorption oi the

nucleus, and even projects

beyond it, either through the opening in its coats afterwards to be
described, called the micropyle {fig. 722, m), or through its sides

in various directions, by which one or more saccate processes are

formed. The embryo-sac is surrounded by a thin layer of cells,

which has received the name of tercine. The sac contains at

first an abundance of fluid protoplasmic matter, in which before

impregnation (see Rkproduction or Angiospermia) three

nucleated cells, termed germinal vesicles, are usually developed.

Dr. P. Martin Duncan, however, in describing the process of

impregnation in Tigridia, states distinctly that previous to

that process taking place, the embryo-sac contains no granules

or cells, but simply colourless fluid. The protoplasmic semi-

fluid matter is by some called the liqtior amnios. Some ovules,

as those of the Mistletoe {fig. 719, c,n), consist simply of the

nucleus and embryo-sac as above described, in which case the

nucleus is termed naked. In almost all plants, however, the

nucleus becomes enclosed in one or two coats ; thus in the

Walnut, there is but one coat, which appears at first as a

little circular process around its base ; this gradually increases

in size, and by growing upwards, ultimately forms a sheath

or cellular coat to the nucleus, which it entirely closes except

at the apex, where a small opening may be always observed

{fig. 720). The coat thus formed, where there is but one, is

called the inUgmnentum simplex, s, and the orifice, end, at the

apex of the nucleus, n, is termed the micropyle or foramen.
Besides the Walnut, there is only one coat formed in the Com-
positse, Campanulacese, Lobeliacese, &c.

In most plants, however, the ovule has two coats, in which
case we observe two circular or annular processes around the

base of the nucleus, the inner one being first developed, and
consequ^ently projecting at this time beyond the outer. These

processes continue to grow upwards as before described, until

they also ultimately form two sheaths or coats, which entirely
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enclose the nucleus except at its apex {fig. 720). The inner
coat is at first seen to project beyond the outer, but the latter
ultimately reaches and en-

closes it. The inner coat is Fig. 720. Fig. 721.
usually termed the secun-

dine, s, and the outer \hepri-

mine, p. Schleiden and some
other botanists call the se-

cundine, the integumentum
prinnan intermim, and the

primine, the integumentum
secundum externum', which
on the whole are the best

terms, as they indicate, not Fig. 720. Ovule of the "Walnut (J^iglans

1 ii. J ^ J 1 regia). w. Nucleus, s. Coat covering the nu-
only the order Ot develop- cleus except at the foramen, end. Fig.

ment of the coats, but also ^21. Ovule ofa species of Po?i/(/o»«tm. /.End
,v . T ,. ... o of ovule attached to the placenta, p. Pri-
their relative position, bome mine. *•. Secundine. ex. Exostome. e?id.Eu-

Other botanists again, fol- dostome. n. Nucleus.

lowing the order of development of the coats, term the inner

coat the 'primine, and the outer the seciindine, thus reversing the

order of names as above mentioned. The orifice left at the apex
of the nucleus, as in the former instance where only one coat is

present, is called the foramen or mkropyle. The openings in

the two coats commonly correspond to each other, but it is some-
times found convenient to distinguish them by distinct names;
thus, that of the outer is called the e^vostome {fig. 721, ex), that

of the inner, endostome, end. The nucleus and its coat or coats

are intimately connected at one point by a cellulo-vaseular cord
or layer, called the chalaza {figs. 722 and 723, ch) ; at the other

parts of the ovule they are more or less distinct. This chalaza is

the point where the vessels pass from the placenta, or when the

ovule is stalked from tlie funiculus into the ovule for the purpose
of affording nourishment to it ; it is generally indicated by being
coloured, and of a denser texture than the tissue by which it is

surrounded. The chalaza is by some considered as the organic

base of the ovule, and the micropyle as the organic apex ; but it

is better to speak of the hilum as the organic base of the ovule,

and the chalaza as the base of the nucleus. Through the mi-
cropyle or organic apex of the ovule, the influence of the pollen

is conveyed to the embryo-sac, as will be hereafter fully described.

The formation and structure of the ovules as described above
refer only to those of Angiospermous plants ; those of Grymno-
spermous plants present some very striking differences, which
will be best described afterwards under the head of Eeproduction
of the Gymnospermia.
Kelation of the Hilttm, Chalaza, and Microptle to each

OTHER.—When an ovule is first developed, the point of union of
t2
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its coats and nucleus, called the chalaza, is at the base or hilum,

close to the placenta or funiculus ; in which case, a straight line

would pass from the micropyle through the axes of the nucleus

and its coats to the hilum. In rare instances this relation of parts

is preserved throughout its development, as in the Polygonaceae

{fig. 722); in which case the ovule is termed orthotropous or

atropous. In such an ovule therefore, the micropyle, m, would

be situated at its geometrical apex, or at the end farthest removed

Fig. 722. Fig. 723.
from the hilum,

and the organic

and geometrical

apices would con-

sequently corre-

spond ; while the

chalaza, ch, would
be situated at the

base of the ovule

or hilum.

It generallyhap-

pens, however,that

the ovule instead

Fig. 722. Vertical section of an orthotropous ovule of
*^* being straight

Polygonum, ch. Chalaza. prim. Primiiie. sec. Se- as in the above
cundine. 7i. Nucleus, s. Embryo-sac. '«• Micropyle. -^ Vippatyipc

Fig. 723. Vertical section of a canipylotropous in=>i'i'"Le, uecumeb
ovule of Wallflower. /.Funiculus, c/i. Clialaza. }>. more or lesS
Primine. s.-Socundine. n. Nucleus, mic. Micropyle.

(,^j.Ygf| qj. gygjj qI_

together inverted. Thus in the Wallflower (fig. 723), and other

plants, of the order to which it belongs, as well as in the Caryo-

phyllaceae, &c., the apex of the ovule becomes gradually turned

downwards towards the base, and is ultimately placed close to

it, so that the whole ovule is bent upon itself, and a line drawn
from the micropyle, 7mc, through the axes of the nucleus, n, and

its coats would describe a curve ; hence such ovules are called

cam'pylotro'pous or curved. In these ovules, the chalaza, ch, and
hilum correspond as in orthotropous ones, but the micropyle, mic,

instead of being at the geometrical apex of the ovule, is brought

down close to the hilum or base. The progressive development

of the campylotropous ovule is well seen in the Mallow, as repre-

sented in fig. 725, a, b, c, d. This kind of ovule appears to be

formed by one side developing more extensively than the other,

by which the micropyle is pushed round to the base.

In a third class of ov^iles the relative position of parts is

exactly the reverse of that of orthotropous ones— hence such

are called anatrojpous or inverted ovules. This arises from an

excessive development of the coats of the ovule on one side, by
which the chalaza {fig. 724, ch) is removed from the hilum, h, to

the geometrical apex of the ovule ; the micropyle, /, is at the

same time turned towards the hilum, h. The gradual develop-
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ment of an anatropous onile may be well seen in Chelido-

nium. In anatropous ovules, a connexion is always maintained
between the chalaza and the hilum by means of a vascular cord

or ridge, called the raphe {fig. 724, r), which is generally con-

sidered as an elongated funiculus adherent to the ovule. This
raphe or cord of nutritive vessels passing from the placenta or

funiculus, and which by its expansion forms the chalaza, is

Fig. 725.

Fig. 724. Vertical section of an anatropous ovule of
the Dandelion, h. Hilum. /. Micropyle or fora-

men. 71. Nucleus, s. Base of the nucleus, ch.

Chalaza. r. Raphe. Fig. 725. The campylotro-
pous ovule of the Mallow in its different stages of
development. From Maout. In a the curvature is

commencing, tn 6 it is more evident, in c still

more evident, and in d it is completed. /. Funi-
culus, p. Priniine. s. Secundine. n. Nucleus, ex.

Exostome. end. Endostome.

generally situated in anatropous ovules (in which alone it is

clearly distinguishable) on the side which is turned towards
the placenta or funiculus. Anatropous ovules are very com-

Fig. 726. Fig. 727.

Fig. 726. Longitudinal section of the semi-anatropous ovule of Meconch
stigma pinnatifidum. /.Funiculus, n. Nucleus, p. Primine. ^ec. Se-
cundine. s. Embryo-sac. ch. Chalaza. r. Raphe. m. Micropyle.
From Schleiden. Fig. 727. Section of the amphitropous or trans-
verse ovule of Lemna trisidca, divided longitudinally. The letters
have the same references as the last. From Schleiden.

mon; examples may be fo\md in the Dandelion, Apple, and
Cucumber.
The three kinds of ovules mentioned above, are those only
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which are commonly distinguished by special names ; but there

are two others, which appear to be but slight modifications of

the anatropous ovule, to which the names of amphitropous and
semi-anatropot(,s have been respectively given. The amphitro-

pous, or, as it is also called, heterotropous or transverse ovule, is

produced when the hilum, /, is one side of the ovule, and the

micropyle, m, and chalaza, ch, placed transversely to it {fig.

727). In this case the hilum is connected to the chalaza by
a short raphe, r. In the senii-anatropoiis ovule the relative

position of the parts is the same {fig. 726), but the funiculus,

/, is here parallel to the ovule, instead of being at right angles

"to it.

The further development of the ovule will be described here-

after under the head of Eeproduction of Phanerogamous Plants.

2. THE SEED.

The seed is the impregnated ovule. Like the ovule, it is

either attached directly to the placenta, in which case it is sessile,

or by means of a stalk, called i\iQ funiculus {fig. 728,/); its

point of attachment is also termed the

hilum or timbiliciis. The position of

this hilum may be commonly seen on

seeds which have separated from the

funiculus or placenta, by the presence

of a scar, or in a difference of colour to

the surrounding integuments. The hi-

lum varies much in size, being some-

times very minute, while in other cases

it extends for some distance over the

surface of the integuments, as in the

Horse-Chestnut and Mticuna. The
centre of the hilum, through which the

nourishing vessels pass, has been called

the omphalodium. The hilum, as in

the ovule, indicates the base of the

seed, while the apex is represented by
the chalaza. This chalaza {fig. 728, ch)

is generally more evident in the seed

than in the ovule, and is frequently of

a dififerent colour. It is well seen in

the Orange, and commonly in anatro-

pous seeas, in which case also the raphe may be generally

noticed forming a projection on the face of the seed.

The micropyle also, although smaller and less distinct than

in the ovule, owing to a contraction of the surrounding parts,

may be observed on the seed {fig. 728, m). The detection of

rap

Fig. 728. The seed of a
Pea, with its integuments
removed on one side. pi.

Placenta. /. Funiculus.
rap. Raphe, ch. Chalaza.
m. Micropyle. te. Testa
or episperni. e. Endo-
pleura. The part within
the endopleura is the
nucleus of the seed, and
Is formed of cotyledons, c,

gemmule or plumule, g,

radicle, r, and t stalk or
tigelle between the plu-

mule and radicle.
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this micropyle is of some practical importance, as the radicle,

r, of the embryo, with a few exceptions, is directed towards it.

It should be noticed that while the micropyle constitutes

the organic apex of the oviile, the chalaza indicates that of the
seed.

The terms orthotropous, campylotropous, anatropous, &c., are

applied to seeds in the same sense as to ovules ; consequently

the hilum, chalaza, and micropyle, have the same relations to

each other in the seed as in the ovule. Thus the hilum and
chalaza are contiguous to each other in an orthotropous seed,

and the micropyle is removed to the opposite end ; in a campy-
lotropous seed the hilum and chalaza are also near to each other,

and the micropyle is brought round so as to approach the hilum

;

in an anatropous seed the chalaza is removed from the hilum
and placed at the other end, while the micropyle and hilum cor-

respond to each other ; while in amphitropous and semi-anatro-

pous seeds, the chalaza and micropyle are both removed from the

hilum, and placed transversely to it.

Almost all seeds, like ovules, are more or less enclosed in an
ovary, the only real exceptions to this law being in Gymnosper-
mous plants, as already referred to under the head of the Ovule

;

and hence the division of Phanerogamous Plants, as already

noticed, into Gymnosperms and Angiosperms. The means of

distinguishing small fruits from seeds have been also already

described. (See p. 289.)

In describing the position of the seed in the ovary, the same
terms are used as already mentioned under the head of the

Ovule. Thus a seed maybe erect, inverse or pendulous, sus-

pended, asctndiyig, &c. The number of seeds contained in the
pericarp is also subject to variation, and corresponding terms
are used accordingly ; thus we say the pericarp is monospermous,
bisjiermous, trispermous, quadrispermous, quinquespermous, mtd'
tispermous, &c., or one-seeded, tivo-seeded, three-seeded, four-
seeded, five-seeded, many-seeded, &c.
The seed also varies much in form, and, in describing these

variations, similar terms are employed to those used in like mo-
difications of the other organs of the plant. Thus, a seed may
be rounded, as in the Nasturtium ( fig. 729), ovate, as in Poly-
gala {fig. 739), oval, as in Asclcpias {fig. 735), obovate, as in

Delphinium {fig. 731),reniform, as in Papaver {fig. 730), «fcc., &c.
Having now alluded to those characters, &c., which the seed

possesses in common with the ovule, we pass to the consideration

of its special characteristics.

Structure of the Seed.—The seed consists essentially of two
parts; namely, of a Nucleus or Kirnel {fig. 737, n) and Integu-

ments {fig. 737, t). We shall describe each of these parts sepa-

rately.

1. The Integuments.—There are usually two seed-coats or
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Fig. 729. Fig. 730. Fig. 731. Fig. 732.

Fig. 129. Rounded seed of the Vf^ter-Cress (Nasturtium offlcinale). The testa
is reticulated or netted. Fig. 730. Reniform or kidney-shaped seed
of the Poppy, with an alveolate or pitted testa. Fig. 731. Obovate
seed of the Larlcspur (Delphiniian), the testa of which is marked v/ith

ridges and furrows. Fig. 732. Seed of Chickweed (.Stellaria), the testa
of which is tuberculated.

integuments, which have been variously named by different bo-

tanists. The terms most frequently used, are testa or episperm

for the outer coat ; tegmen or endopleicra for the inner ; and
spermoderm for the two when spoken of collectively. Some
writers, however, use the word testa in a general sense for the

two integuments, and call the external one spermoderm. The
names first mentioned are those which will be used in this

volume. Some botanists, again, describe a third integument
under the name of sarcoderm ; this layer, however, is commonly
and more accurately considered as but a portion of the outer in-

tegument, in which sense we understand it here.

a. Testa, episperm, or outer integument {fig. 728, te). This
integument may be either formed of the primine of the ovule

only, or, as is more fi-equently the case, by the combined primine

and secundine. The testa is generally composed of ordinary

parenchymatous cells, but in some seeds, as in those of Acan-

thodmm, we have in addition a coating of hair-like cells con-

taining spiral fibres ; these cells are pressed closely to the

surface of the seed by a layer of mucilage. If such seeds be

moistened with water, the mucilage which confines these hair-

like cells to the surface of the testa becomes dissolved, by which
they are set free, and then branch out in every direction. It

frequently happens, also, that the membrane of the cells is rup-

tured, and the elastic threads which they contain also uncoil, and
extend to a considerable distance from the testa. The seeds of

Collomia, and many other Polemoniaceous Plants, &c., exhibit

this curious structure ; hence they form beautiful microscopic

objects.

Colour, Texture, and Surface of the Testa.—In colour, the testa

is generally of a brown or somewhat similar hue, as in the Al-

mond, but it frequently assumes other colours ; thus, in some
Poppies it is white, in other species of Poppy, in Indian Shot

{Canna), and Pseony blackish, in the Aruatto and Barricarri



OEGAXS OF EEPEODrCTION. 329

(Adenantkcra) red, in French Beans and the seeds of the Castor
Oil plant it is beautifully mottled, and in the seeds of other
plants various different tints may be observed.

The testa also varies in texture, being either of a soft nature,

or fleshy and succulent, or more or less spong}-, or membranous,
or coriaceous, or when the interior of its cells is much thickened

by secondary deposits it assumes various degrees of hardness,

and may become -noody, crustaceous, &c.

The surface of the testa also presents various appearances,

and is often furnished with different appendages. Thus it may
be smooth or glabrous, as in Adenanthera ; or wrinkled, as in

Nigella ; striated, as in Tobacco ; marked with ridges and fur-

rows, as in Delphinmm {fig. 731) ; netted, as in Nashirthim{fig.

729) ; alveolate or pitted, as in the Poppy {fig. 730) ; tuberculated,

as in Chickweed {fig. 732) ; spiny, as in the Mulberry, &c. The
testa of some seeds is also furnished with hairs, which may
either cover the entire surface, as in various species of Gossypium
where they constitute the material of so much value, called Cot-

ton, and in the Silk-cotton tree {Bombax) ; or they may be con-

fined to certain points of the surface, as in the Willow {fig.

736), Asclepias {fig. 735), Apocynum and Epilobmm {fig. 741);

Fig. 733. Fig. 734. Fig. 735. Fig. 736.

Fig. 733. Seed of a species of Pinus, with a winged ap-
pendage, vj. Fig. 734. Marginate or bordered seed of
Sandwort (^re?iar((i). Fig. 735. Comose oval seed of
Asclepias. Fig. 736. Comose seed of a species of
"Willow.

in the latter cases the tufts of hairs thus formed constitute what
is called a coma, and the seed is said to be comose. The hairs

thus found upon the surface of seeds facilitate their dispersion

by the wind.

Other seeds, again, have winged appendages of various kinds,

which also render them buoyant and facilitate their dispersion

;

thus in the Sandwort {Arenaria) {fig. 734), the testa is prolonged.
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Fig. 737.

so as to form a winged margin to the seed, which is then de-

scribed as marginate or bordered; in the seeds of the Pinus {fig,

733), Catalfa, Bignonia, Stoietenia, Moringa, &c., the testa forms

wings, and the seed is winged. These winged seeds must be
carefully distinguished from samaroid fruits, such as the Ash,

Elm, and Maple {fig. 690), where the wing is an expansion

of the pericarp instead of the seed. In like manner, hairy seeds

should be carefully distinguished from the pappose fruits of the

Compositse and Valerianacese {fig. 450), &c., where the hairy

expansions proceed from the calyx.

Beneath the testa, the raphe or vascular cord connecting the

hilum with the chalaza is found (this is only clearly distinguish-

able in anatropous seeds) {figs. 737 and 747, r) ; its situation is

frequently indicated by a projecting ridge on the surface of the

seed, as in the Orange, while at other times it lies in a furrow

formed in the substance of the testa, so that the surface of the

seed is smooth, and no evidence is afforded externally of its po-

sition. The testa is also usually marked externally by a scar

indicating the hilum or point by which it is attached to the

funiculus or placenta. The micropyle may be also sometimes

seen on the surface of the testa, as in the

Pea {fi^. 728, m), but in those cases where
no micropyle can be detected externally,

its position can only be ascertained by
dissection, when it will be indicated by
the termination of the radicle : this being

directed (as already noticed) towards

the micropyle. In some seeds, as in the

Asparagus, the situation of the micropyle

is marked by a small hardened point,

which separates like a little lid at the

period of germination ; this has been

termed the emhryotcgia.

On removing the testa, we also observe

the raphe, which frequently ramifies over

the inner coat, and where it terminates, it

constitutes the chalaza {fig. 1Z1, ch). The
structure and general appearances of these

different parts have been already de-

scribed.

b. Tegmen, endopleura, or internal

membrane {fig. 728, e).—The inner mem-
brane or integument of the seed is essen-

tially parenchymatous like the outer. This

coat may be either formed from the tercine only, as is usually

the case ; or of the latter combined with the embryo-sac ; or, in

some cases, probably from the secundine of the ovule. This

layer appears at times to be altogether wanting, which probably

Fig. 737. Young anatro-
pous seed of the White
Water-Lily (Nymphcca
alba) cut vertically, f.

Funiculus, a, a. Arillus.

T. Integuments of the
seed. X. Nucleus. R. Ra-
phe, ch. Chalaza. M. Mi-
cropyle. s. £mbryo-sac.
e. Rudimentary embryo.
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arises from its complete incorporation or adherence to the testa.

Sometimes the embrj^o-sac in the ripe seed remains distinct from

the albumen of the nucleus {fig. 742), and remains in the form

of a bag or sac which envelopes the embryo, as in the Nym-
phseacege, Piperacese, and Zingiberacese, To this distinct mem-
brane the name of vitellus has been given.

The endopleura is generally of a soft and delicate nature, al-

though sometimes of a fleshy character, either entirely or in part.

It is usually of a whitish colour, and more or less transparent.

This layer is closely applied to the nucleus of the seed, which it

accompanies in all its foldings and windings ; and in some cases

even dips down into the albumen of the nucleus, and thus divides

it more or less completely into a number of parts, as in the Nut-

meg and Betel-nut {fig. 7-i3, p). (See Albumen-, p. 335.)

The testa may either accompany the endopleura in its wind-

ings ; or, as more frequently happens, especially when the

nucleus is curved, the endopleura only follows the nucleus, the

testa remaining in an almost even condition.

Arilhis.—Besides the two integuments described above, as

being usually found in all seeds, we occasionally find on the sur-

face of others an additional integument, usually of a partial na-

ture {fig. 737, A, a), to which the name of arillus or aril has been

given. No trace of this structure is present in the ovule till after

the process of fertilization has taken place. Two kinds of arillus

have been described by St. Hilaire and Planchon, which have

been respectively called the true arillus, and the false arillus or

arillode. These have an entirely different origin ; thus, the true

arillus arises in a somewhat similar manner to the coats of the

o\'ule already described, that is to say, it makes its first ap-

pearance around the hilum in the form of an annular process

derived from the placenta or funiculus, and which gradually pro-

ceeds upwards, so as to produce a more or less complete additional

covering to the seed, on the outside of the testa. This arillus

is well seen in the Nymphtsa {fig. 737, a, a).

T)a.Q false arillus or arillode, according to the investigations of

St. Hilaire, and the more recent elaborate ones of Dr. Planchon,

arises from the micropyle, and seems to be a development or ex-

pansion of the exostome, which gradually extends itself over the

testa to which it forms a covering, and after thus coating the

seed, it may be even bent back again so as to enclose the

micropyle. The gradual development of the arillode in the

Spindle-tree {Euonymus), is well shown in fig. 738. In the

Nutmeg, the arillode forms a scarlet covering to the testa, which

is commonly known under the name of ynace. According to Miers,

the arillode in the Euonymus is produced from the funiculus and
not from the exostome, in which case it would necessarily be an
arillus and not an arillode as commonly described.
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Fig. 738. Progressive developTnent of the arillode of Euonymus. a. Aril-
lode. /. Funiculus. 1. reiiresents the youngest seed ; 2. and 3. the
progressive development of the arillode; 4. the oldest and fully deve-
loped seed.

Caruncules or Strophioles.—These are small irregular pro-

tuberances which are found on various parts of the testa.

They are always developed, like the arillus and arillode, subse-

quent to fertilization, and are accordingly not found in the ovule.

In the Milkwort {fig. 739), they are situated at the base or

hilum of the seed ; in the Asarabacca {fig. 740) and Violet on
the side, in a line with the raphe ; while in the Spurge, they are

placed at the exostome. Some writers consider these caruncules

as forms of the aril, of which they then distinguish four varieties,

namely:— 1. The true arillus, as in Nymphcea {fig. 737, a, a)
;

2. The arillode or onicropf/lar arillus, as in Euo7iymus {fig. 738)

;

3. The raphian arillus, as in Asarum {fig. 740); and 4. The
chalazal arillus, as in Epilobium {fig. 741), where the tuft of

Fig. 739. Fig. 740. Fig. 741.

Fiff. 739. Ovate seed of Milkwort (Poly-
gala), with a caruncula at its base or
hilum. Fig. 740. Seed of Asarabacca
(Asarum), with a caruncula on the side, which is called by some a
raphian arillus. Fig. 741. Section of the comoseseed of Epilobium.
The tuft of hairy processes is sometimes called a chalazal arillus.

hairs at one end of the seed is so regarded. Other writers again
partially adopt these views, and detine the caruncules as little

protuberances occurring upon the seed, but originating inde-

pendently of the funiculus or micropyle, so that the caruncules
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of Milkwort and Spurge, alluded to above, would come under
one of the yarieties of arillus, according to their respective

origins. Other botanists again, instead of using the two terms
strophioles and canmcules as synonymous with each other, apply

the former term only when the processes proceed from the hilum,

and the latter to those coming from the micropyle. Altogether,

there is a great difference of opinion among botanists, as to

the application of the terms caruncules and strophioles ; in

this country they are more commonly understood in the sense

in which we have first defined them.

2. The Nucleus or Kernel {figs. 728 and 737, n).—The
nucleus of the seed corresponds to the same portion of the ovule

in a mature condition. In order to understand its structure, we
must briefly narrate the changes which the nucleus of the o\nile

undergoes after the process of impregnation has been effected.

"We have already stated, that at an early period, a quantity of

protoplasmic matter of a fluid nature is deposited in the embryo-
sac. In this matter nuclei soon make their appearance ; and
their formation is succeeded by the development of a num-
ber of loose cells (see Cell Development) ; these are first pro-

duced upon the walls of the embryo-sac, and their formation

extends gradually inwards. A similar development of cells also

frequently takes place on the outside of the embryo-sac, and
therefore in the nucleus itself, which is in such cases necessarily

thickened. These cells, which contain nutritive matters of va-

rious kinds, are especially designed for the nourishment of the

embryo, which is developed in the sac after the process of ferti-

lization. (See Keproduction of Phanerogamia.)
The embryo, by absorbing the nourishment by which it is sur-

rounded, begins to enlarge, and in so doing pi-esses upon the pa-

renchymatous cells by which it is enclosed, and thus causes their

absorption to a greater or less extent according to the size to which
it ultimately attains. In some cases, the embryo continues to

develop until it ultimately causes the destruction, not only of the

parenchymatous tissue within the embryo-sac, as well as the sac

itself, but also of that of the nucleus, in which case it fills the

whole interior of the seed, and is coated directly by the integu-

ments, which have been just described. At other times, however,

the embryo does not develop to any such degree; in which case it

is separated from the integuments by a mass of parenchymatous
tissue of varying thickness, which may be derived from that of

the nucleus itself, or from the nucleus combined with that of the

embryo-sac according to the extent to which the embryo has

grown ; a tissue will thus remain, forming a solid mass round the

embryo, to which the name oiiallmmen has been applied ; but as the

nature of this substance is different from that called by chemists

vegetable albumen, it is better to designate it as the perispirm.

As this albumen or perisperm is sometimes formed as just men-
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tioned, both from the tissue of the nucleus, and that within the

embryo-sac also, it has been proposed to call the latter e^c?ospgrwi

and the former jperisperm. Both endosperm and perisperm may-

be seen in the Nyni'phsa {figs. 737 and 742).

The general name oi perisperm or albumenvfiW

be principally used here, without reference to

its origin. From the above considerations, it

will be evident, that the nucleus of the seed

may either consist of the embryo alone, as in

the Wallflower, the Bean, the Pea {fig. 728),

which is alone essential to it ; or of the embryo
enclosed in albumen or perisperm., as in the

Pansy {fig. 755, aV), Oat {fig. 689, a), and 'Nym-

phcBci {fig. 742). We have two parts, therefore, to

^'section of tifeseTd describe as constituents of the nucleus, namely,

of the White wa- the albumen or perisperm, and the embryo.

fhP ^plnhA!'n°'^l"rf ». Albiimcn ov Perisperm. — Those seeds

Closed in the re- which have the embryo surrounded by a store

bn^'-sa? o?\itei- of nourishing matter, called the albumen, are

lus, and on the said to be albuminous ; while those in which it

th?a1bun°en sui is absent, are exalbuminous. The amount of
rounded by the in- albumen will in all cases be necessarily in in-
teguments,

verse proportion to the size of the embryo.

The term albumen will in future be chiefly employed, as it is the

one best understood, and so long as we recollect its nature, the

adoption of such a name can lead to no confusion.

The cells of the albumen contain various substances, such as

starch, oily matters, &c., either separate or combined, and they

thus act as reservoirs of nutriment for the use of the embryo
during the process of germination. The varying contents of the

cells, together with certain diiFerences in the consistence of their

walls, cause the albumen to assume different appearances in ripe

seeds, and thus it frequently affords good characteristic marks
of different seeds. Thus, the albumen is described as 'mealy,

starchy, or fariiiaceous, when its cells are filled with starch-

grains, as in the Oat and other Cereal grains; it is said to be

fleshy, as in the Barberry and Heart's-ease, when its walls are

soft and thick ; when its cells contain oil-globules suspended in

a viscid mucilage, as in the Poppy and Cocoa-nut, it is oily
;

when the cells are soft, and chiefly formed of mucilage, as in the

Mallow, it is mitcilaginotcs ; or when the cells are thickened by
secondaiy deposits of a hardened nature, so that they become of

a horny consistence, as in the Vegetable Ivory Palm and Coffee,

the albumen is described as horny or corneotcs. These different

kinds of albumen are frequently more or less modified in differ-

ent seeds by the admix+ure of one with the other.

Generally speaking, the albumen presents a uniform appear-

ance throughout, as in the Vegetable Ivory ; but at other times
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it is more or less separated into distinct compartments by the
folding inwards of the endopleura as already described (see p.

331) ; in such cases, thealbiimen is said to be ruminated, as in

the Nutmeg, Betel-nut {fig. 743, 2^), and Papaw.
b. The Embryo is the rudimentary plant, and is present in all

true seeds. The presence of a true embryo is the essential

characteristic of the seed of flowering plants ; for a spore, as the

reproductive body of a flowerless plant is called, has no true

embryo, the rudimentary plant being only developed from it after

its separation from the parent (see p. 358). The embryo being
the rudimentary plant it is necessarily the most important part

of the seed, and it contains within it, in an undeveloped state,

all the essential parts of which a plant is ultimately composed.
Thus we distinguish, as already noticed (see p. 10), three parts

in the embryo ; namely, a radicle, ])hnmde or gemmnle, and one
or more cotyledons. These parts may be readily recognised in

many seeds ; thus in the embryo of the Lime {fig. 744), the

lower portion, r, is the radicle or portion from which the root is

Fig. 743. Fig. 744.

Fig. 743. Vertical section of
the fruit of Areca Catechol.

c. Remains of perianth.
/.Pericarp, j). Ruminated
albumen, e. Embryo.
Fig. 744. Embryo of the
Lime-tree (Tilia eurapcea)

.

c, c. Cotyledons, with five

lobes arranged in a pal-

mate manner, r. Radicle.

developed ; the two expanded lobed bodies above, c, c, are the

cotyledons, and between these, the plumule or rudimentary
terminal bud is placed. In the Pea, again {fig. 14), the two fleshy

lobes, c, c, are the cotyledons, between which there is situated a

little bud-like process, the upper part of which is the plumule, n,

and the lower part, r, the radicle. These parts are still better

observed when the embryo has begun to develop in the process of

germination ; thus in fig. 15, which represents the French Bean
in that condition, r is the radicle from which the roots are being
given off, the cotyledons are marked c, c, and the plumule is seen
coming off from between the cotyledons, and forming a direct

continuation of the axis from which the root is developed below.

By some botanists, the point of union of the base of the plumule
with the radicle and cotyledons, is called the caidicide or tigelle

;

this is generally a mere point, but at other times it forms a short

stalk {figs, 14, 15, and 728, t). Plants which thus possess two
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Fig.Ha. Germinating

cotyledons in their embr3^o, are called Dicotyledonous. 'But there

W^n 7±f{ is another class of plants in which there is

commonly but one cotyledon present (fffs.

745 and 689, c), and which are, accord-

ingly, termed Monocotyledono^is. Sometimes,
however, a monocotyledonous embryo has
more than one cotyledon, in which case the
second cotyledon alternates with the first,

instead of being opposite to it, as is invari-

ably the case with the two cotyledons of
dicotyledonous plants. By the difference thus
presented in the embryos of Flowering Plants,

these plants are divided into two great classes,

called respectively Dicoti/ledojis and Monoco-
tyledons. The spore of Flowerless Plants,

having no true embryo, can have no cotyle-

dons, and hence such plants are called Aco-
tyJedonous. Hence we have primarily two
great divisions in the vegetable kingdom

:

namely, Cotyledonous and Acotyledonous Plants

;

the former being again divided into Monoco-
tyledons and Dicotyledons. The structure of the
spore, and other peculiarities connected with

enibryo of'ti'i'e Oat'. Acotyledonous Plants, will be described here-

tiirouSif'^heTths^
^'^'^^^ (^^^ P- ^^^^- ^^' ^^^® "'^^' therefore,

CO. c. Cotyledon, g. Only to alhide to the embryo of Dicotyledons
Young stem. ^^(j Monocotyledons. Before doing so, how-

ever, we must say a few words as to the development of the embryo.
Development of the Embryo.—AVhen

the process of fertilization has been
effected, the embryo-sac, as already

noticed, becomes filled with a aiass

of loose cells destined for the sup-

port of the embryo, and which are

developed from the protoplasmic mat-
ter contained in its interior. The
embryo is thus furnished with mate-

rials necessary for its growth ; and it

accordingly commences an active de-

velopment. At first it is a nucleated

cell, called the germinal vesicle,

which adheres to the apex of the embryo-sac; this elongates

downwards, and its interior is soon divided by transverse par-

titions, by which it is converted into a string of cells of varying

length, which forms the stispensor or cord by which the embryo
is at first suspended from the embryo-sac (see Reproduction of

Anqiospermia). The terminal cell of this body continues to

increase in size by the process of cell-division, and soon forms a

Fig. 746. Progressive develop-
ment of a dicotyledonous
embryo. 1. Earliest stage.

2, 3. Stages of progression.
4. Most developed.
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Fig. 748.

little rounded or somewhat oval cellular body at the end of the

suspensor {fig. 746, 1). This cellular body continuing its growth
soon begins to alter in shape, and assume that of the embryo, of

which it is the early stage ; thus, the upper extremity in contact

with the suspensor, tapers somewhat and forms the radicle, while

the lower extremity gradually becomes divided into lobes, which,

by increasing in growth, form the cotyledons : the suspensor,

during this gradual enlargement, dies away, and the development
of the embryo is completed. The different stages in the develop-

ment of the embryo are well illustrated in fig. 746, 1, 2, 3, 4.

From the axil of the cotyledons, the plumule is subsequently

developed. The formation of the monocotyledonous embryo is

essentially the same, except that the lower

end remains undivided. From this mode
of development of the parts of the embryo,

it must necessarily follow, that the radicle

is pointed towards the apex of the nucleus

or micropyh {figs. 737 and 761), and the

cotyledonary portion towards the opposite

extremity or chalaza.

There are some natural orders which
offer an exception to the above process of

development. Thus in the Orchidacefe,

Orobanchaceae, and Balanophoraceae, the

radicle and cotyledons are never clearly

distinct from each other, but the embryo
appears to be arrested at one of the early

stages of its development.

It sometimes happens that more than Fig

one embryo is developed in a seed. This

is very commonly the case in the Orange,

the Mistletoe, and as a constant character

in Gymnospermous Plants (see EEPRODrc-
TiON OF Gtyxnospermia). Of these em-
bryos, only one usually becomes perfectly

developed. Plants thus producing more
than one embryo are said to be 'polyerahryonic. With these

remarks upon the development of the embryo generally, we
now proceed to the description of that of Monocotyledonous
and Dicotyledonous Plants.

a. Tlie Monocotyledonous Embryo.—The parts of the mono-
cotyledonous embryo are, in general, by no means so apparent as

those of the dicotyledonous. Thus the embryo at first sight

externally, usually appears to be a solid undivided body of a
cylindrical or somewhat club-shaped form, as in Triglockin {fig.

748); if this be more carefully examined, however, a little slit,

/, or chink, will be observed on one side near the base ; and if a
vertical section be made parallel to this slit, a small conical pro-

z

Vertical section
of a carpel of a species
of Triglochin. p. Peri-
carp, s. Stigma. 3. Seed.
r. Rapbe. /. Funiculus.
c. Chalaza. Fig. 748.
Embryo of Triglochin.
r. Radicle. /. Slit cor-
responding to the plu-
mule, c. Cotyledon. From
Jussieu.
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Jection will be noticed, which corresponds to the plumule ; and
now, by making a horizontal section, the single cotyledon will

be noticed to be folded round the plumule, which it had thus

almost entirely removed from view, only leaving a little slit cor-

responding to the union of the margins of the cotyledon ; and
which slit thus became an external indication of the presence of

the plumule. In fact, the position of the cotyledon thus rolled

round the plumule, is analogous to the sheaths of the leaves in

most Monocotyledonous Plants, which thus, in a similar manner,
enclose the young growing parts of the stem.

In other monocotyledonous embryos the different parts are

more manifest ; thus in many Grasses, as, for instance, the Oat

{fig. 689), the cotyledon, c, only partially encloses the plumule,

g, and radicle, r ; and thus those parts may be readily observed

in a hollow space on its surface {fig. 688).

We have already stated that a monocotyledonous embryo has

occasionally more than one cotyledon, in which case the cotyledons

are always alternate, and hence such embryos are readily distin-

guished from those of Dicotyledonous Plants, where the coty-

ledons are always opposite to each other if there are but two, or

whorled {fig. 753, c), when they are more numerous.

The inferior extremity of the radicle is usually rounded

{fig. 748, r); and it is through this point that the roots burst in

germination {fig. 745). The radicle is usually much shorter

than the cotyledon, and generally thicker and denser in its

nature ; but in some embryos, it is as long or even longer, in

which case the embryo is termed macropodous.

b. The Dicotyledonous Embryo.— These embryos vary very

much in form: most frequently they are more or less oval, as in

the Bean and Almond {fig. 749), where the embryo consists of

two nearly equal cotyledons, c, between which is enclosed a small

axis, the upper part of which is the 'plumule^ g, and the lower

the radicle, r, the point of union, or space between the radicle

and cotyledons, being called the caulicule or tigelle {fig. 749, t),

which upon germination appears as a little stalk {fig. 15, t),

supporting the cotyledons.

In by far the majority of cases the two cotyledons are nearly

of equal size, as in the Pea {fig. 14, c,c), but in some embryos,

as in Trapa, some Hir(sas, &e. {fig. 750, c, c), they are very un-

equal. Again, while the cotyledons usually form the greater

part of the embryo, in other instances, as in Pekea hutyrosa {fig.

752, c), they form but a small portion. In the Carapa {fig. 751)

again, the two cotyledons become united more or less completely

into one body, so that the embryo appears to be monocotyle-

donous ; but its nature is readily ascertained by the different

position of the plumule in the two cases ; thus in the mono-
cotyledonous embryo, the plumule is situated just below the

surface {fig. 689, g), but here {fig. 751), the plumule, g, is in

the axis of the cotyledons.
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Fig. 752.

Fig. 749. The embryo of the Almond
{Amygdalus communis) from which
one of the cotyledons has been re-
moved, c. Tlie cotyledon which has
been left. r. Radicle, g. Plumule.
*. Tigelle or caulicule. c'. Scar left

by the removal of the other cotyledon. Fig. 750. Vertical section of the
embryo of a species of ifirfl?a. c'. Large cotyledon, c. Small cotyledon.
g. Plumule, r. Radicle. Fig. 751. Vertical section of the embryo of
Carapa guianensis, showing the almost complete union of the cotyle-
dons, the line, c, only dividing them. r. Radicle, gr. Plumule. Fig.

752. The embrj'o of Pekea butyrosa. t. Large tigelle. c. Rudimentary
cotyledons.

The cotyledons are sometimes altogether ahsent, as in Cuscuta.

At other times their number is increased, and this may either

occur as an irregular character, or as a regular condition, as in

many Coniferae {fig. 753, c), where -we frequently find six, nine,

or even fifteen cotyledons ; hence such embr}-os have been termed
polycotylcdonous. It seems, however, that this appearance of a
larger n\imber of cotyledons than is usual in Dicotyledonous
Plants, arises from the normal number becoming divided down
to their base into segments. In all cases where the number
of cotyledons is thus increased, they are arranged in a whorl

Fig. 754.(%. 753)
The cotyledons are usually

thick and fleshy, as those of

the Bean and Almond {fig.

749), in which case they are

termed fleshy ; at other times

they are thin and leaf-like, as

in the Lime {fig. 744), when
they are said to be foUaceous.

The foliaceous cotyledons are

frequently provided svith veins,

and stomata may be also some-
times observed on their epider-

mis : these parts are rarely to

be found in fleshy cotyledons.

Fleshy cotyledons serve a simi-

lar purpose to the albumen, by acting as a reservoir of nutri-

tious matters for the use of the young plant during germina-
tion ; hence, when the albumen is absent, the cotyledons are
generally proportionately increased in size.

z 2

Fig. 753. Polycotylc-
donous embryo of a
Pmus beginning to
germinate, c. Coty-
ledons, r. Radicle.
t. Tigelle. Fig. 754.
The embryo of Gera-
nium molle. c. Coty-
ledons, each of which
is furnished with a pe-
tiole, p. r. Radicle.
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The cotyledons are commonly sessile, . and their margins are

usually entire, but exceptions occur to both these characters

;

thus in Geranium molle [fig. 754), they are petiolate ; while in

the Lime {fig. 744), and Geranium {fig. 754), they are lobed.

The cotyledons also vary in their relative positions to each

other. Generally they are placed parallel, or face to face, as

in the Almond {fig. 749), Pea {fig. 14), and Bean already

referred to ; but they frequently depart widely from such a re-

lation, and assume others, analogous to those already described

in speaking of the vernation of leaves and the sestivation of the

floral envelopes. Thus each of the cotyledons may be either

reclinate, conduplicctte, convolute, or circinate. These are the

commoner conditions, and in such instances both cotyledons are

either folded or rolled in the same direction, so that they

appear to form but one body ; or in rare cases the cotyledons are

folded in opposite directions, and become equitant or ohvolute
;

or other still more complicated arrangements sometimes occur.

The position of the radicle in relation to the cotyledons is also

liable to much variation. Thus the radicle may follow the same

direction as the cotyledons, or a diiferent one. In the former

case, if the embryo be straight, the radicle will be more or less

Fig. 755. Fig. 756 Fig. 759.

Fig. 755. Vertical section of the seed of the Pansy, h. Hilum. pi. Embryo
with its radicle, r, and cotyledons, co. ch. Chaliiza. al. Albumen, ra.
Raphe. Fig. 756. Vertical section of the seed of the Poppy, with the
embryo sliglitly curved in the axis of albumen. Fig. 757. Vertical
section of the seed of Bimias, .showing its spiral embryo. Fig. 758.
Embryo of the Woad (Inatis tinctoria). 1. Undivided. 2. Horizontal
section, c. Cotyledons, r. Radicle. Fig. 759. Embryo of the Wall-
flower. 1. Undivided. 2. Horizontal section, r. Radicle, c. Coty-
ledons.

continuous in a straight line with the cotyledons, as in the
Pansy {fig. 755, r) ; if on the contrary the emliryo is curved, the
radicle will be curved also {fig. 756), and sometimes the curva-
ture is so great, that a spiral is formed, as in Bunias {fig. 757).
In the latter case, where the direction of the cotyledons and
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radicle is different, the latter may form an acute, obtuse, or

right angle to them ; or be folded back to such an extent as to

lie parallel to the cotyledons : in the latter case, the radicle may
be either applied to their margins, as in the Wallflower {fig. 759),

when the cotyledons are said to be accumbent ; or against the

back of one of them, as in Isatis {fig. 7oS), when the cotyledons

are incurabent. These terms are chiefly used in reference to

Cruciferous Plants (see Cruciferse), which are best arranged ac-

cording to the manner in which the different parts of the embryo
are folded, and their relative positions to each other.

Having now described the general characters of the monoco-
tyledonous and dicotyledonous embryo, we have, in the last place,

to allude briefly to the relation which the embryo itself bears to

the other parts of the seed, and to the pericarp or loculus in

which it is placed.

Belation of the Embryo to the other Paints of the Seed, and to the

Fndt.—In the first place with regard to the albumen. It must
necessarily happen that when the albumen is present, the size

of the embryo will be in the inverse proportion to it; thus in

Grasses {fig. 689) we have a large deposit of albumen and but a

small embryo, while in the Nettle {fig. 760), the embrj-o is large

and the albumen small. The embryo may be either external to

the albumen {figs, 689 and 763) and thus in contact with the in-

Fig. 760. Fig. 761. Fig. 762.

Fig. 763.

Fig. 760. Tertical section of tlie achtenium of the Nettle, containing a
single seed. t. Intecuments of tlie seed. pi. Placenta, r. Radicle.
St. Stigma. Fig. 761. Vertical section of the fruit of the Dork (liu-

mex). ov. Pericarp, inic. Micropyle. ph Embryo towards one side of
the albumen, alb. ch. Chalaza. Fig. 762. Vertical section of the car-
pel of Mirabilis Jalapa, containing one seed. a. Pei-icarp. s. Style.

e. Peripherical embryo with its radicle, r, and cotyledons, c. p. Albu-
men, t. Integuments of the seed. Fig. 763. Vertical section of the
seed of Lychnis dinicu. te. Integuments, emb. Embryo on the outside
of the albumen, alb.
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teguments, as in Grasses, in which case it is described as external;

or it may he surrounded by the albumen on all sides, except on
its radicular extremity, as in the Pansy {fig. 755), when it is

internal. Sometimes the end of the radicle, as in the Coniferse,

becomes united to the albumen, and can no longer be distin-

guished.

The embryo is said to be axile or axial when it has the same
direction as the axis of the seed, as in Heart's-ease {fig. 755);
or when this is not the case, it is abaxile or eccentric, as in Eumex
{fig. 761). In the latter case, the embryo is frequently alto-

gether on the outside of the albumen, and directly below the in-

teguments, as in Mirabilis Jalapa {fig. 762), and in Lychnis {fig.

763), in which case it is described as 'peripherical.

We have already observed, that the radicle is turned towards

the micropyle, and the cotyledonary extremity to the chalaza

{fig. 761). Some apptirent exceptions to these relative positions

occur in the Euphorbiacese, &c., but such are merely accidental

deviations, arising from certain trifling irregularities in the

course of the development of the parts of the seed.

While the relation of the radicle and cotyledonary portion

is thus seen to be generally constant, it must necessarily

happen from the varying relations which the hilum bears to the

micropyle and chalaza, that its relation to the radicle and
cotyledonary portion of the embryo must also vary in like man-
ner. Thus in an orthotropous seed, as Rumex {fig. 761), the

chalaza and hilum coincide with each other, and the radicle is

then turned towards the apex of the seed or to the micropyle,

and the cotyledonary portion to the chalaza and hilum ; in this

case the embryo is said to be antitropous or inverted. In an
anatropous seed, as Pansy {fig. 755), v/here the micropyle is con-

tiguous to the hilum, and the chalaza at the opposite extremity,

the radicle will point towards the hilum or base of the seed, in

which case the embryo is said to be erect or Jiomotropous. In
a campylotropous seed, where the chalaza and micropyle are

both near to the hilum, as in Lychnis {fig. 763), the two extremi-

ties of the embryo, which in such cases is generally peripherical,

become also approximated, and it is said to be amphitropous.

Thus when we wish to know the direction of the embryo, by
ascertaining the position of the hilum, chalaza, and micropyle,

it is at once evident.

We have now only to explain the different terms which are in

use, to express the relations which the embryo bears to the cavity

or cell in which it is placed. AVe have already described the

terms used in defining the position of the seed to the same cavity

(see page 327), which we found might be either erect, suspended,

pendulous, ascending, or horizontal, in the same sense as pre-

viously mentioned when speaking of the ovule. The radicle is

said to be superior or ascending, as in the Nettle {fig. 760) and
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Rumex {fig. 761), when it is directed towards the apex of the

pericarp ; inferior or descending when it points to the base

;

centripetal if turned towards the axis or centre of the pericarp

;

and ceoitrifugal if towards the sides. The above relations of

the embryo to the other parts of the seed, and to the pericarp,

are sometimes of great practical importance.

Section 7.

—

G-exeeal jMoephologt, oe the Theoeeticae Stbuc-

TEEE OF THE fLOW^ER.

Having now taken a comprehensive view of the different or-

gans of the flower, we are in a position to examine in detail the

theory which has been kept constantly in view in their descrip-

tion, namely, that they are all modifications of one type,

—

the

leaf. The germ of this theory originated with Linneeus, but the

merit of having first brought it forward in a complete form is

due to the poet Goethe, who, as far back as 1790, published a

treatise On the Metamorphoses of Plants. The appearance of

Goethe's treatise at once drew the attention of botanists to this

subject, and it is now universally admitted, that all the organs

of the flower are formed upon the same plan as the leaf, and that

they owe their differences to especial causes connected with the

functions which they have severally to perform. Thus the leaf,

being designed especially to elaborate nutriment for the support

of the plant, has a form, structure, and colour which are adapted

for that purpose ; while the parts of the flower being designed

for the purpose of reproduction, have a structure and appearance

which enable them to perform their several functions.

It was formerly said, that the parts of the flower were meta-

morphosed leaves, but this is stating the question too broadly,

because they have never been leaves ; they are to be considered

only as horaologous parts to leaves, or parts of the same funda-

mental nature, that is, as well stated by Lindley, "constructed

of the same elements aiTanged upon a common plan, and vary-

ing in their manner of development, not on account of any ori-

ginal difference in structure, but on account of special, local, and
predisposing causes : of this plan the leaf is taken as the type,

because it is the organ which is most usually the result of the

development of those elements,— is that to which the other or-

gans generally revert, when, from any accidental disturbing

cause, they do not sustain the appearance to which they were

originally predisposed,—and moreover, is that in which we have

the most complete type of organisation," and, we may add,

is that which can always be distinctly traced by insensible

gradations of structure into all the other parts.

Having defined the general nature of the doctrine of Morpho-
logy, or that doctrine which investigates the various alterations
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of form, &c., which the different parts of plants undergo in

order to adapt them to the several purposes for which they were
designed, we proceed to prove that all the parts of a flower are

homologous with leaves. In doing so, we shall examine the several

parts of the flower, both as they exist in a natural condition,

and in an abnormal state, commencing with the bract, and then

proceeding in a regular manner with the different whorls of which

it is composed, according to their arrangement from "vvithout

inwards.

That the bract is closely allied to the leaf, is evident from its

structure, form, colour, and from the ordinary development of

one or more buds in its axil. In order to be perfectly convinced

of this analogy, let any one examine the Foxglove, the Lilac, or

the Pseony, and then it will be evident that all stages of transi-

tion occur between leaves and bracts, so that it will be impos-

sible to doubt their being homologous parts.

That the sepals are homologous with leaves, is proved, not only

by their colour, &c., but also by the fact, that many flowers ex-

hibit in a natural condition a gradual transition between sepals

and bracts, and the latter, as already noticed, are readily re-

ferrible to the leaf as a type. Thus in the Camellia, the transi-

tion between the sepals and bracts is so marked, that it is

almost impossible to say where the latter end and the former

begin. In the Marsh Mallow {fig. 369), and Strawberry {fig.

370) again, the five sepals in the flowers of the two respectively

alternate with five bracts, and the difficulty of distinguishing

them is so great, that some botanists call both sets of organs by
the name of sepals. In many flowers in a natural condition,

therefore, there is a striking resemblance between sepals and
leaves ; and this analogy is at once proved to demonstration by

the fact, that in monstrous flowers

of the Eose, Clover, Primrose {fig.

764), &c., the sepals are frequently

converted into true leaves.

We now pass to the jpetals, and
altliough these in the majority of

flowers are of a different colour

to leaves and the parts of the

flower which are placed external to

them, yet in their flattened charac-

ter and structure they are essentially

the same ; and their analogy to leaves

is also proved in many natural floM^-

Fig. 764. Monstrous Primrose, ers by the gradual transitions exhi-

tTue^eavll'''IX"LSi'." l>ited between them and the sepals.

This is remarkably the case in the

White Water-Lily {fig. 436) ; also in the Magnolia, Calycan-

thus, &c., where tha flowers present several whorls of floral
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envelopes, which so resemble each other in their general appear-

ance and colour, that it is next to impossible to say where the

sepals end and the petals begin. In many other cases also, there

is no other way of distinguishing between the parts of the calyx

and those of the corolla than by their different positions,—the

calyx being the outer series, the corolla the inner. The analogy

between petals and leaves is still further shown by the fact, that

the former are occasionally green, as in certain species of Cohaa,

in a variety oi Eanicnculus, and in one of Campanula rapuncu-

loides ; and also from their being occasionally converted, either

entirely or partially, into leaves. We may therefore consider

that petals like sepals and bracts are homologous with leaves.

The stamen is, of all organs, the one which has the least re-

semblance to the leaf. In describing the structure of the stamen

we have shown, however, that the different parts of the leaf

may be clearly recognised in those of the stamen. "We find

moreover, that in many plants the petals become gradually

transformed into stamens. This is remarkably the case in the

VvTiite Water-Lily {fig. -iSS) : thus in the flowers of this plant the

inner series of petals gradually become narrower, and the upper

extremity of each petal exhibits at first two little swellings, which,

in those placed still more internal, become true anthers containing

pollen. From the fact that the stamens can thus be shown to

be merely modified petals, while the latter have been abeady
proved to be modified leaves, it must necessarily follow that the

stamens are so also. If we now refer to what takes place in

many cultivated flowers, we have conclusive evidence at once

afforded to us of the leaf-like nature of stamens. Thus in what
are called double flowers, the niimber of petals is principally

increased by the conversion of stamens into petals ; hence the

number of the latter iucreases as the former decreases. Thus,

if a double Kose be examined, all sorts of transitions may be

observed between true petals and stamens. In other cases, the

stamens have been actually transformed into true leaves. The
stamen is therefore, consequently, also to be considered as a

modification of the leaf. As far as the stamens therefore, we have
no difiieulty in tracing both in the normal and abuonnal condi-

tions of the parts of the flower, a regular and gradual transition

from the ordinary leaves, thus forming conclusive evidence of

their being developed upon a common t}^e with them.

If we now pass to the carpel, we find that transition states

between the stamen and carpel are unknown in the normal con-

dition of flowers, the difference in the functions performed by
them respectively being so opposite, that it necessarily leads to

corresponding difierences in structiire. We must, therefore,

look to monstrosities or deviations from ordinary structure for

examples of such conditions. Even these are by no means
common. Such mav, however, be occasionally foimd in the
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Houseleek, some species of Papaver, &c. In a paper, published

by the author in the 'Pharmaceutical Journal for March, 1856,

a very remarkable instance of this transition from stamens

10 carpels was described ; it occurred in the Pa'pamr hracteatum.

In this case, several whorls of bodies, intermediate in their

nature between stamens and carpels, were found between the

true androecium and gyncecium. The outer whorls of the in-

termediate bodies differed from the ordinary stamens, in their

colour, in being of a more fleshy nature, and in being enlarged

at their upper extremity and inner surface into rudimentary

stigmas ; in other respects they resembled the stamens, and
possessed well-marked anthers containing pollen. The whorls

next in succession gradually lost their anthers, became more
fleshy, bore evident stigmas, and on their inner surfaces, which

were slightly concave, they had rudimen-

tary ovules. Still more internally, the

intermediate bodies, whilst resembling

those just described in their general appear-

ance, became more concave on their inner

surface, and bore numerous perfect ovules
;

and within these, the intermediate bodies

had their two margins folded completely

inwards and united, and thus formed per-

fect carpels. Such an example as this

shows in a striking manner, that the sta-

mens and carpels are formed upon a com-
mon type, and hence the latter are, like the

former, merely modified leaves. The ana-

logy of the carpel to the leaf is, however,

constantly shown in cidtivated flowers, even

in a more striking manner than the stamen
is thus proved to be a modified condition

of that organ. Thus in many double

flowers, as Buttercups and Roses, the car-

pels, as well as the stamens, become trans-

formed into petals. It is by no means
rare, again, to find the carpels transformed

into true leaves in cultivated Roses, &c.

A similar condition also occurs in the Dou-
ble Cherry {figs. 572-74), and has been al-

ready fully described when speaking of the

carpel ; in which place we have also shown
the analogy of the carpel with the leaf, by
tracing its development from a little concave

body but slightly differing in appearance
from a leaf, up to its mature condition

as a closed cavity, containing one or more ovules. We have,

therefore, as regards the carpel, the most conclusive evidence of

Fig. 763. A monstrous
Pear, showing the ax-
is prolonged beyond
the fruit, and bear-
ing true leaves.
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its being formed upon a common type with the leaf, and that it

is consequently homologous with it.

The carpel being thus shown to be homologous with the leaf, it

must necessarily follow that the fruit is likewise a modified con-

dition of the leaf, since it is formed of one or more carpels or

ovaries, in a matured condition.

Further proof of the homologous nature of the parts of the

flower to the leaf, is afforded by the fact, that the floral axis,

instead of producing flowers, will sometimes bear whorls of true

leaves. In other cases the axis becomes prolonged beyond the

flower, as in certain species of Epacris, and frequently in culti-

vated Eoses {fig. 641), &c., or beyond the fruit {fig. 765), and
becomes a true branch bearing leaves. To this elongation of the

axis the term median prolification is usually applied.

Various other examples might be adduced of the entire trans-

formation of the floral organs into more or less perfect leaves.

Thus in the common White Clover, the parts of the flower are

not unfrequently found in a leaf-like state. A similar condi-

tion has also been observed in monstrous Strawberry flowers.

In fact, no one can walk into a garden, and examine culti-

vated flowers, without flnding numerous instances of transitional

states occurring between the different organs of the flower,

all of which necessarily go to prove their common origin.

When a sepal becomes a petal, or a petal a stamen, or a

stamen a carpel, the changes which take place are said to

be owing to ascending or direct metamorphosis. But when a

carpel becomes a stamen, or a stamen a petal, or a petal a sepal,

or if any of these organs become transformed into a leaf, this is

called retrograde or descending metamorphosis.

We have thus proved by the most conclusive facts, that all

the organs of the flower are formed upon a common type

with the leaf, and differ only in their special development, or,

in other words, that they are homologous parts. Hence a

flower-bud is analogous to a leaf-bud, 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 ; and, as

flower-buds are thus analogous to leaf-buds, their parts are also

necessarily subject to similar laws of development and arrange-

ment, and hence a knowledge of the latter gives the clue to that

of the former.

The symmetrical arrangement of the parts of the flower arising

from their being homologous parts with the leaves, will be de-

scribed in the next section, together with the various causes

which interfere to prevent or disguise it.
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Section 8.

—

Symmetey of the Flowee.

The terra symmetry has been variously understood by dif-

ferent authors. As properly applied, a symmetrical flower is

one in which each whoii of organs has an equ.al number of

parts ; or where the parts of one whorl are multiples of those of

another. Thus in some species of Crassula {fig. 766), we
have a symmetrical flower composed of five sepals, five petals,

five stamens, and five carpels ; in Sedum {fig. 767), we have
five sepals, five petals, ten stamens in two rows, and five

carpels ; in the Elax, we have five sepals, five petals, five

stamens, and five carpels, each of which is partially divided

Fig. 766. Fig. 767.

Fiff. 766. Flower of Crassula ruhens. c, c. Sepals, p, p. Petals, e, e, e.

Stamens, o, o. Carpels, at the base of each of which is seen a scale,
a, a. Fig. 767. Flower of Sedum.

into two by a spurious dissepiment {fig. 604) ; in the Circcsa

{fig. 768), we have two organs in each whorl; in the Kue
(figs. 56-1 and 597), we have four or five sepals, four or five

petals, eight or ten stamens, and a four or five-lobed pistil ; and
in the Iris, there are three organs in each whorl. All the above
are therefore symmetrical flowers. When the number of parts in

each whorl does not correspond, or when the parts of a whorl
are not multiples of one another, the flower is unsymmetrical, as
in Verbena {fig. 388), where the calyx and corolla have flve

parts in each whorl, and the andrcecium and gyncecium only
four.

A symmetrical flower, in which the number of parts in each
whorl is the same, as in Crassula {fig. 766), is said to be
isomerous ; or when the number is unequal, as in Eue {figs. 564
and 597), and Sedum {fig. 767), the flower is anisomerous.
The number of parts is indicated by a Greek numeral prefixed

to the word m ros, signifying a part. Thus when there are two
parts in the whorls, as in Circcea {fig. 768), the flower is
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dimerous, and the symmetry is said to be Fig. 768.
binary or two-memhered : this may be con-

sidered as answering to the distichous or

two-ranked arrangement of leaves (see page

137) ; each whorl forming one cycle com-
posed of two parts the intemodes between
the several parts not being developed, or

to successive pairs of opposite leaves de-

cussating with each other. This arrange-

ment is thus marked, ^/. When there are
"^^^'flower^'f^c^™

°^ *^^

three parts in a whorl, as in the Squill
°^^^ ° "''^^'^

{fig. 422), Iris, and Lily, the flower is trimerous, and the
symmetry is ternary, trigonal, or triangular-, it is indicated
thus, ^, This may be regarded, either as answering to the
tristichous arrangement of leaves, each whorl forming a cycle of
three organs, the internodes between them not being developed;
or to successive whorls of three organs in each. When there are
four parts in a whorl, as frequently in Rue {fig. 564), the flower
is tetramerous, and the symmetry, which is marked y, is quater-
nary, tetragonal, or square. The successive whorls in such a
flower may be compared directly with whorls of leaves, each
consisting of four organs ; or indirectly with opposite decussat-
ing leaves combined in pairs, the intemodes not being de-
veloped. When there are five parts in a whorl, as in Crassula
rubens {fig. 766), the flower is said to he pentamerous, and the
symmetry, which is marked thus, ^/, quinary or pentagonal.
Such a flower may be considered as answering to the penta-
stichous arrangement of leaves with the internodes undeveloped;
or to be composed of successive whorls of five leaves, the inter-
nodes between each whorl being almost undeveloped, or very short.

Of the above arrangements, the pentamerous is most common
among Dicotyledons, although the tetra-

merous is also by no means rare ; while
the trimerous is generally found in Mono-
cotyledons.

Although a symmetrical flower, as above
described, necessarily infers that the parts

in each whorl are equal to, or some mul-
tiple of one another, still it is very com-
mon for botanists to call a flower sym-
metrical when the three outer whorls cor-

respond in such particulars, while the
parts of the gyncBcium are unequal to ^.^ ^^^ Diagram of the
them; as m btajj/iylea 2Ji7inata {fig. 769), novrerotstaphyieapin-

where the three outer whorls are penta- ""''^•

merous, while the pistil is dimerous. The gyncecium of all the
organs of the flower is that which less frequently corresponds
in the nimiber of its parts to the other whorls.
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By some writers, again, a flower is said to be s3TiimetricaI,

when it can be divided into two similar halves, as in Cruciferse,

where there are four sepals, four petals, six stamens, and two
carpels {figs. 419 and 420), and the whole so arranged, that
the flower may be separated into two equal parts.

Various other terms are used in describing flowers, which will

be best alluded to here, although some have been previously

noticed. Thus a flower is said to be complete, when the four

whorls,—calyx, corolla, androecium, and gyncecium are present,

as in the Eue {fig. 564); where one or more of the whorls is

absent, the flower is incomplete {figs. 423 and 424). "When
the parts of each whorl are uniform in size and shape, as in

the Eue {fig. 564), the flower is regular; under other circum-

stances, it is irregular, as in the Pea {fig. 461). In a normal
arrangement of the parts of the flower, the successive whorls
alternate with each other, as shown in figures 766 and 768 ;

thus here, the sepals alternate with the petals, the petals with
the stamens, and the stamens with the carpels.

A perfectly normal and typical flower should possess a calyx,

corolla, androecium, and gyncecium, each of which should be so

arranged that its parts form but a single circle : the different

whorls should consist of an equal number of members ; the parts

of successive whorls should alternate with one another ; and the

organs of each whorl should be uniform in size and shape, and
distinct from each other and from the surrounding whorls. This
normal and typical flower is, however, liable to various altera-

tions, arising from several disturbing causes, which modify and
disguise one or more of the above typical characters. Some of

these disturbing causes have been already alluded to in the de-

scription of the different organs of the flower, but it will be ne-

cessary for us to investigate them more fully here, and classify

for systematic study. All the more important deviations of the

flower from its normal character may be arranged under the fol-

lowing heads :

—

1st. The adhesion or union of the parts of the same whorl;
or those of different whorls.

2nd. The addition of one or more entire whorls in one or more
of the floral circles ; or increase in the number of parts of a
whorl, which is due to the multiplication by division of any or

all of the organs of a whorl.

3rd. The suppression or abortion of one or more whorls ; or of

one or more organs of a whorl.

4th. Irregularity produced by Tinequal growth,, or unequal
degree of union of the members of the same whorl ; or by
abnormal development of the thalamus or axis of the flower.

That part of Botany which has for its object the investigation

of the various deviations from normal structure, both in the

flower and other parts of the plant, is called Teratology.
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We shall describe the above causes of deviation in the order

in which they are placed above,

1. The changes due to union or adhesion of parts.—We
arrange these in two divisions : one of which is characterised by
the more or less complete union of the members of the same
whorl ; and the other by the adhesion of the different whorls

;

the first is frequently termed coalescence, and the X^ttex adnatUm.

a. Coalescence.—This is of very common occurrence in the

members of the different whorls of the flower. Thus it occurs in

the calyx, when it becomes monosepalous ; in the corolla, when it

is monopctalous; in the filaments, when it gives rise to mmiadel-

'phous, diadelphoiis, and polyadelphous stamens ; in the anthers,

when they are syngc7iesioiis ; and in the pistil, when the carpels

are syncarpous. All these modifications have been fully de-

scribed when treating of the several parts of the flower.

b. Adnation or adhesion of the different whorls is also by no
means uncommon. Thus the calyx may be united to the corolla,

or to the andrcecium, or with both ; or all these whorls may be
united to the ovary. These different adhesions have been
already explained, under the terms perigynous, epigynoiis, in

reference to the stamens, and superior as applied to the calyx.

Again, the stamens may be united separately to the corolla, when
they are said to be epipetalous, or to the pistil {gynandrous).

All the changes due to union or adhesion have been fully de-

scribed in treating of the different whorls of the flower.

2. Addition or multiplication of parts.—This may be also

considered under two heads :— 1st. The addition of one or more
entire whorls in one or more of the floral circles ; and secondly,

the increase in the number of parts of a whorl, which is due to

the multiplication by division of any or all of the organs of a

whorl. The former is commonly termed augmentation ; the latter

chorisis, deduplication, or U7ilini?ig.

a. Augmentation.—The increase in the number of whorls may

Fig. 770. Fig. 771. Fig. 772.

Fig. 770. Diagram of the flower of the Barberry (Berberis). Fig. 771.
DiasraiTi of the flower of Nympluea. Fig. 772. Diagram of the flower
of the Poppy.

occur in one or more of the floral circles. Thus the Barberry,

{fig- 770), has two whorls of sepals, two of petals, and two of
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stamens ; in this flower, therefore, -we have an addition of one

whorl of organs to each of the three external floral circles. In the

Poppy, we have a number of additional whorls of stamens {fig.

772). In the Magnolia family generally, the increase is chiefly

remarkable in the carpels [fig. 690, c). In Nymjpho'a {fig. 771),

the petals and stamens are greatly increased in number. In many
of the Eanunculacese {fig. 773), the stamens and carpels are very

numerous, owing to addition of whorls. As a rule, the increase

in the number of whorls is most common among the stamens.

When the increase is not excessive, the nximber of the organs so

increased is a multiple of the normal number of parts in each

whorl ; thus in the Barberry {fiig. 770), the normal number is

three, and that of the sepals, petals, and stamens, six, so that in

each of these whorls we have double the normal number. When
the addition of parts extends to beyond three or four whorls,

this correspondence in number is liable to much variation ; and

when the addition is very great, as in the stamens of species of

Clematis {fig. 773), and the carpels oi Liriodendron {fig . 590, c),

it cannot be well determined, in which case the symmetry is

disguised or destroyed ; which is also the case if the whorls are

crowded together.

b. Chorisis or dcdujAication.—This is generally looked upon

by botanists as another means of multiplication of the parts of a

flower. It consists in the division or splitting of an organ in

the course of its development, by which two or more organs are

produced in the place of one. Chorisis differs from augmenta-

tion in the fact, that it not only increases the number of parts,

but also interferes with their regular alternation ; for augmen-

Fig. 773. Fig. 774.

Fi(j. 7T3. Diagram of tLe flower of Clematis (.EammculncecB). Fig. 774.

Diagram of the flower of Rhamnus cathartictts. Buckthorn.

tation does not necessarily interfere with alternation, it only ob-

scures it when the number of additional parts is excessive, or

when the whorls are crowded together.

Chorisis may take place in two ways, either transversely, when
the increased parts are placed one before the other, which is

called ve7'tical, ixiralld, or transverse chorisis ; or collaterally,

when the increased parts stand side by side, which is termed

collatercd chorisis. Transverse chorisis is supposed to be of fre-

quent occurrence ; thus the petals of Lychnis {fig. 484), and
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many other Caryophyllaceous Plants, exhibit a little scale on

their inner surface at the point where the limb of the petal is

united to the claw. A somewhat similar scale, althoiigh less

developed, occurs at the base of the petals of some species of Ba-
HunciUus {fig. 482). The formation of these scales is supposed

by many to be due to the chorisis or unlining of an inner por-

tion of the petal from the outer. Other botanists consider these

appendages as deformed glands. Each petal of Parnassia {fig.

483) has at its base a petal-like appendage divided into a num-
ber of parts, somewhat resembling sterile stamens ; this is also

stated to be produced by transverse chorisis.

In the natural orders Rhamnacese {fig. 774), Byttneriacese,

«Scc., the stamens are opposite to the petals, hence they are sup-

posed by many botanists to be produced by chorisis from the

corolla; others, however, explain this opposition of parts by
supposing the suppression of an intermediate whorl (see p. 355).

Transverse chorisis is also frequently to be found in the andrce-

cium, but it is less frequent in the gyncecium. Examples of

chorisis in the gyncecium are furnished, however, by Sedum {fig.

566), and Crassic/a {fig. 766), where each carpel has at its base

on the outside a little greenish scale, which is supposed by some
to be due to it.

It will be observed, that in all the above cases. of transverse

chorisis, the parts which are produced do not resemble those

from which they arose, and this appears to be a universal law
in this form of chorisis.

Collateral chorisis.— AVe have a good example of this form in

the Stock, Wallflower, and other plants of the natural order

Cruciferse. In these flowers, the two floral envelopes are each

composed of four organs alternating with each other {fig. 775).

Within these we find six stamens instead of four, as should be
the case in a symmetrical flower ; of these two are placed oppo-
site to the lateral sepals and alternate with the adjacent petals,

while the other four are placed in pairs opposite the anterior and
posterior sepals ; we have here, therefore, four stamens instead of

two, which results from the collateral chorisis of those two. In
some Cruciferse, as Streptanthus {fig. 776), we have a strong con-

firmation of this view presented to us in the fact that, in place

of the two stamens, as commonly observed, we have a single fila-

ment forked at the top, and each division bearing an anther,

which would seem to arise from the process of chorisis being ar-

rested in its progress. The flowers of the Fumitory are also

generally considered to afford another example of collateral

chorisis. In these we have two sepals {fig. 777), four

petals in two rows, and six stamens, two of which are perfect,

and four more or less imperfect ; the latter are said to arise

from collateral chorisis, one stamen here being divided into

three parts. Other examples of this form are by some con-

A A
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Fig. 111.

Fig. 775. Diagram of the flower of the common Wallflower. Fig. 776.

Flower of a species of Streptanthus, with the floral envelopes removed,
showing a forked stamen in place of the two anterior stamens. From
Gray. Fig. 777. Diagram of the flower of Fumitory.

sidered to be afforded by the flowers of many species of Hyperi-

cum {fig. 540) ; in these, each bundle of stamens is supposed to

arise from the repeated chorisis of a single stamen. Collateral

chorisis may be considered as analogous to a compound leaf

which is composed of two or more distinct and similar parts.

Transverse chorisis is supposed by Gray, and some other bota-

nists, to have its analogue in the ligule of Grasses {fig. 348), as

that appendage occupies the same position as regards the leaf, as

the scales of Lychnis, &c., do to the petals.

Dr. Lindley believes that the whole theory of chorisis " is de-

stitute of real foundation for the following reasons :

—

" 1. There is no instance of unlining which may not be as well

explained by the theory of alternation.

" 2. It is highly improbable and inconsistent with the simpli-

city of vegetable structure, that in the same flower the multipli-

cation of organs should arise from two wholly different causes
;

viz., alternation at one time and unlining at another.

"3. As it is kno\\ni that in some flowers, where the law of al-

ternation usually obtains, the organs are occasionally placed op-

posite each other, it is necessary for the supporters of the unlin-

ing theory to assume that in such a flower a part of the organs

must be alternate and a part unlined, or at one time be all alter-

nate and at another time be all unlined, which is entirely op-

to probability and sound philosophy.
" 4. The examination of the gradual development of flowers,

the only irrefragable proof of the real nature of final structure,

does not in any degree show that the supposed process of unlin-

ing has a real existence."

According to Lindley's view, therefore, whenever the organs of

adjacent whorls are opposite to each other instead of alternate.
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this is supposed to arise from the suppression of a whorl which
should be normally situated between the two that are present.

It would not be perhaps difficult to show, that the above reason-

ing of Dr. Lindley's is incorrect, but the present work is not
adapted for the discussion of such a subject, as it would require

•more space than we could afford for its suitable investigation.

Those who would wish to make themselves further acquainted
with this matter, I would refer to Gray's " Botanical Text
Book," where the theory of chorisis, as well as the theoretical

structure of the flower generally, is most ably treated of.

3. Suppression or Abortion.—The suppression or abortion

of parts, may either refer to entire whorls, or to one or more or-

gans of a whorl. We shall treat this subject briefly under these

two heads.

a. Suppression or abortion of one or more whorls.—We have
already stated that a complete flower is one which contains

calyx, corolla, audroecium, and gyncecium. When a whorl is

suppressed, therefore, the flower necessarily becomes incomplete.

This suppression may either take place in the floral envelopes, or

in the essential organs.

Sometimes one whorl of the floral envelopes is suppressed, as

in Chenopodium {fig. 423), in which case the flower is apetalous

or monochlamydeous ; sometimes both whorls are suppressed, as

in Eupliorhia {fig. 495) and common Ash {fig. 424), when the

flower is naked or achlamydeous.

When a whorl of the essential organs is suppressed, the flower

is imperfect, as it then by itself cannot form seed. The andrce-

cium or gyncecium may be thus suppressed, in either of which
cases the flower is unisexual. When both andrcecium and g^Tioe-

cium are suppressed, as in certain florets of some of the Compo-
sitse, &c., the flower is neuter. When the stamens are abortive,

the flower is termed pistillate ; or when the pistil is absent, sta-

minate. The terms monoecious, dioecious, and polt/gamous, which
have reference to this point, have been already sufiiciently ex-

plained (see p. 233). Some botanists, as already noticed (p. 353),
consider that when the organs of adjacent whorls are opposite to

each other instead of alternate, such an arrangement of parts

arises from the suppression of an intermediate whorl; but this

view is manifestly insufficient to account for such a circumstance
in all cases. Thus in the Khamnacese {fig. 774), the stamens
are opposite to the petals, and frequently united to them at the
base, and we cannot but regard them as produced by transverse

chorisis from the petals. In some cases, therefore, we regard
the opposition of the parts of contiguous whorls to be due to

suppression, and in others to chorisis.

- b. Suppression of one or more organs of a whorl.—This is a
very common cause of deviation from normal structure ; we can
here only bring forward a few examples.

AA 2
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This suppression of parts is most frequent in the gyncecium.
Thus in the Cruciferae {fig. 775), we have four sepals, four
petals, six stamens, and two carpels ; here two carpels are sup-
pressed : in the Heart's-ease {fig. 778), we have a pentamerous
flower, so far as the calyx, corolla, and androecium are concerned,

but only three carpels, two carpels being here suppressed : in

many Leguminous Plants {fig. 779) we have five sepals, five

petals, ten stamens, and only one carpel, four of the latter being
here aljortive : in plants of the order Compositse the calyx, corolla,

and androecium, have each five organs, but only one, or, accord-

ing to other botanists, two carpels.

In some species of Impatiens {fig. 780), we have five carpels,

five stamens, and five petals, but only three sepals ; here two

Fig. 778. Fig. 779. Fig. 780.

Fig. 778. Diagram of the flower of the Heart's-ease. Fig. 779. Diagram
of a Leguminous flower. Fig. 780. Diagram of the flower of Impor
tiens parvijiora.

sepals are suppressed : in Tropceolum pentajohyllum {fig. 781),

there are five sepals, and but two petals ; three of the latter organs

Fig. 781. Fig. 782.

Fig. 781. Diagram of the flower of Tropceolum
pentaphylhim. Fig. 782. Diagram of flowers
of Euphorbiaceous Plants becoming more and
more simple. After Jussieu.
1. Stamiuate flower of Tragia cannabina.
2. „ „ Tragia volubilis.

3. „ „ Anthostema senegalensa.
4. „ „ A denopeltis coUiguaye.
5. „ „ Euphorbia.

being suppressed. In the Labiatse and Scrophulariaceae one of

the stamens is commonly suppressed, and sometimes three
;

thus in the Lamium we have five parts to the calyx and corolla,

but only four stamens ; and in the Salvia we have also five parts

to the calyx and corolla, but only two perfect stamens.
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The suppression of whorls and parts of a whorl is well illus-

trated by plants of the Euphorbiacese, and the above diagram
from Jussieu will show this fact in a remarkable manner {fig.

782). Thus, in No. 1 we have a flower consisting of but two
whorls, the petals and carpels being suppressed ; in No. 2, while

the same whorls are present, one of the stamens is absent ; in

No. 3 two stamens are suppressed ; in No. 4 the calyx is sup-

pressed, and one stamen, the place of the calyx being occupied

by three bracts ; while in No. 5 the place of the calyx is occu-

pied by two bracts, and there is only one stamen present ; this

of itself constitutes the flower, which is thus reduced to its sim-

plest condition.

Besides the above examples of the suppression of parts, there

is another kind of suppression, to which the term abortion more
properly applies. This consists in the degeneration or transfor-

mation of the parts of a flower. Thus in Scrophularia the fifth

stamen is reduced to a scale ; in the Umbelliferse the limb of the

calyx is commonly abortive, while in the Compositse it is reduced

to a pappose form. Many of the so-called nectaries of flowers

are merely transformed stamens. In unisexual flowers, such as

Tamus, the stamens are frequently present as little scales. In
cultivated semi-douhle flowers, such transformations are very

common ; thus we frequently find the stamens and carpels par-

tially transformed into petals ; or when the flowers are entirely

double, all the parts of the andrcecium and gyncecium are thus

converted into petals.

4. Irregularity.—This may be produced by three different

causes,—namely, unequal growth of the members of a whorl

;

unequal degree of union ; and abnormal development of the tha-

lamus or axis of the flower. The first two causes cannot well be

separated, and -will be treated of under one head.

a. Unequal growth and unequal degree of union of the members

of a whorl render such whorls irregular, and produce what are

called irregular flowers. These irregular forms have been
already treated of in describing the diflferent floral organs. All

the examples of irregular forms of calyx and corolla, therefore,

which have been alluded to under their respective heads, will

afford good illustrations. The stamens of plants belonging to

the sub-order Papilionacese of the Leguminosae will afford nu-

merous examples of unequal union in the staminal whorl ; and
other illustrations will be found under the head of the andrcecium.

b. Abnormal development of the thalamus or axis of the flower.

—The irregular forms of flowers due to this cause have been also

alluded to when describing the thalamus. Thus the flowers of

the species of l^elumbium {fig. 640), Ranuncidus {fig. 528), Eosa

{fig. 437), Bianthus {fig. 688), and Geranium {fig. 626), will

furnish examples of this form of irregularity.
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CHAPTER 5.

REPRODUCTIVE ORGANS OF CRYPTOGAMOUS, FLOWERLESS, OK
ACOTYLEDONOUS PLANTS.

The nutritive organs of Cryptogamous Plants have been already

briefly alhided to in the chapter on the General Morphology
of the Plant, and in our descriptions of the stem, root, leaf, &c.

It only remains for us to describe the reproductive organs of the

same division of plants ; this we shall do as briefly as is possible,

our space not allowing us to take more than a general view of

the subject.

The reproductive organs of Cryptogamous Plants differ widely

from those of the Phanerogamia ; for, in the first place, they

have no flowers properly so called,—that is to say, they have no
andrcecium or gyncecium, the presence of which is essential to

our notion of a flower ; hence such plants are termed Flowerless.

Although these plants have no true stamens or carpels, still

recent investigations have proved, that they have other organs

which perform analogous purposes, and to which the names of

Antheridia, and Pistillidia or Archegonia, have been applied.

These organs being more or less concealed or obscure, flowerless

plants have been also called Cryptogamous, which signifies lite-^

rally, concealed sexes. The term asexual, which was formerly

applied, has now been proved to be incorrect.

Secondly, as Cryptogamous Plants have no flowers, they do not

produce true seeds or bodies containing a rudimentary plant or

embryo ; but instead of seeds, they form reproductive bodies

called spores, which in most cases consist of one cell (rarely more),

composed of two or more membranes, enclosing a granular matter.

A spore having no embryo can have no cotyledon, which is an
essential part of the embryo, consequently flowerless plants have
been also called Acotyledonous. In germination also, as the

spores have no rudimentary stem or root, they have commonly
no definite growth, but this takes place by an indifferent exten-

sion of one or both of their membranes. Some exceptions are,

however, afforded to this latter peculiarity by certain spores

which have on their outer membrane certain spots or pores,

through which, in germination, little threads are protruded from
an extension of their inner membrane. This is exactly analo-

gous to the production of the tubes from the pollen-cells ; indeed,

in their general structure, spores (especially those of the Pungi,

which exhibit the above growth), have a striking similarity to
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pollen. It must be noticed, however, that spores, although
similar in structure to pollen, perform essentially different func-

tions. The threads which are thus produced by the germination
of spores, may either reproduce the plant directly, or giye rise to

an intermediate body of varying form, called the prothaUium,
pro'thallus, ot pro-emhryo ( fig. 787, p), from which the fructiferous

or fruit-bearing frond or stem ultimately springs.

Although Cryptogamous Plants have been thus described

above as destitute of an embryo, yet it must be admitted that the

spores of some of these plants do contain an analogous body,

—

that is to say, they contain a body which has all the elements of

the future plant in a rudimentary state. Such spores are, how-
ever, of but rare occurrence, and the rudimentary plant which
they contain is of so different a nature from the true embryo of

Phanerogamous Plants, that such exceptional cases can scarcely

be said to interfere materially with the character given above.

Such are the chief distinctive characters in the reproductive

organs of Cryptogamous and 'Phanerogamous Plants. The nature

of these organs in the different tribes of flowerless plants is,

however, so remarkable, that, in order to make ourselves ac-

quainted with them, it will be necessary for us to describe the

peculiarities of each separately.

The Cryptogamous Plants have been arranged by botanists

in two great divisions, called respectively Acrogens and Thal-

logens. The general characters of these will be described here-

after, when treating of Systematic Botany ; but it will be better

for us to keep these two groups in view in our sketch of the re-

productive organs of flowerless plants, and hence we shall treat

of them under these two heads.

Section 1.—EEPRODrcTrvE Oegaxs of Acrogens.

Acrogenous Plants have been also divide<l into several sub-

divisions, called Natural Orders or Families ; thf se are the

Filices, Equisetacea, Marsileaeece, Lycopodiaeece, Musci, Hepa-
ticacece, and CharacecB. The orderof arrangement of these Natii-

ral Orders is differently given by botanists, but as our object is

only to give a general sketch of their reproductive organs, we have
adopted the above arrangement as perhaps, upon the whole, the

simplest, and from its being the one most commonly in use.

The general characters of these orders will be described under
their respective heads in Systematic Botany ;—the nature of

their reproductive organs has now only to be described.

1. Filices or Feexs.—The fructification of these plants con-

sists of little somewhat rounded cases, called eapsides or theccB

[fig. 783, sp), springing commonly from the veins on the under
surface or back of their leaves or fronds {figs. 783 and 78-i), and
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containing spores in their interior. In a very few cases capsules

have been observed on the upper surface of the fronds, as in

Acrostichum. The capsules are arranged in little heaps, which

vary much in form, called sori {figs. 783 and 784, s), and are

either naked, as in Polypodium {fig. 783), or covered by a thin

membranous layer continuous with the epidermis, which is called

the indiisium or involucre, as in Nepkrodium Filix-mas {fig. 7^4:).

Sometimes the capsules are so densely compacted that no inter-

vening parenchyma can be distinguished—the latter being de-

stroyed by the excessive development of the former ; in such cases,

the capsules, instead of being collected in sori on the back of

the fronds, appear as little bodies arranged in a spiked manner

on a simple or branched rachis, as in Osmunda {fig. 785),

Fig. 784. Fig. 785.

Fig. 783. A portion of the frond of the rommon Polypody (Pohjpodium
viih/tire) showing two sori springing from its reins. The sori are
naked, and consist of a number of capsules, gp.in which the spores are
contained. Fig. 784. Portion of the frond of the male-fern (Nephro-
diinu FiH.r-ma»), with two sori, s, s, covered by an indnsium oriiivo-

lucie. Fig. 785. Portion of the frond of the Royal or Flowering-fern
(Oamuvdd. regalis), with its capsules arranged in a spiked manner on a
branched rachis.

The capsule is a little cellular bag or case {fig. 786, s), usu-

ally stalked, p, and more or less completely surrounded by a ring

ov\mmdus; this ring is frequently elastic, and thus causes the

bursting of the capsule when ripe, and the escape of its spores.

In some Ferns the ring is imperfect, and in others it is alto-

gether wanting ; hence Ferns provided with a ring are called

annulate, while those in which the ring is absent are said to be

cxannulate.

The spores are usually somewhat angular in form, and have

two coats like pollen-cells ; and like them also, the outer coat,

Avhich has a yellowish or brownish colour, is either smooth or

furnished with little points, streaks, ridges, or reticulations. In

germination {fig. 787), the inner coat is first protruded in the
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form of an elongated tube through an aperture in the outer coat,

which ultimately bursts, and the tubular prolongation, by cell-

division, forms a thin, flat, green parenchymatous expansion,

Fig. 787.

Fig. 786. Capsules of a Fern {Marginaria
verrMCosa). s. Capsule, supported on a
stalk, p, and surrouuded hy a ring or
aniiulus, which is a continuation of the
stalk. One capsule Is represented as
burst on one side, and the contained
spores in the act of being scattered.

Fig.787. Germinating spore of a species of Fern. s. Spore, p. Pro-
thallium, r. Radical fibre.

called a protkallium, p, from which one or more radical fibres, r,

are commonly produced in its earliest stage. On the under sur-

face of this body, there are soon produced two different struc-

tures, called antheridia and archegonia, which represent the

andrcecium and gynoecium of flowering plants. The antheridia

are stalked cellular bodies {fig. 788), containing other minute

Fig. 788

Fig. 788. Side view of an antlieridinm containing a number of .epermc^??*,

se. sp. Antherozoids escaping from the antheridium after having
burst the sperm-cells. After Henfrey. Fig 789. Vertical section of
an archegonium, passing through the canal and embryo-sac. After
Henfrey.
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cells called sperm-cells, se, in which are developed spiral ciliated

filaments, sp, termed antherozoids or spermatozoids. The arche-

gonia {fig. 789) are little cellular papillae of a somewhat oval

form, with a canal in the centre leading to a cell called the

germ-cell, which is contained in a cavity called the embryo-sac.

Before impregnation a minute corpuscle, which is termed the

embryonal corpuscle, may be also observed in the germ- cell.

Impregnation takes place by the contact of the antherozoids with

the corpuscle, and this after fertilization forms the primordial

cell from the development of which ultimately the plant with
fronds bearing capsules is produced.

The Ferns are thus seen to exhibit in their growth two stages

;

in the first of which the spore produces a thalloid expansion

resembling the permanent state of the HepaticacccB {figs. 811 and
813); and in the second, peculiar bodies are formed upon the

surface of the prothallium, by the action of which there is ulti-

mately produced a new plant resembling the one from which the

spore was originally derived. Thus, Ferns exhibit an instance

of what has been called cdternation of generations.

2. Equisetacbje or Horse-tails.—In these plants the fully

developed fructification is borne in cone-like or club-shaped

masses at the termination of the stem-like branches {fig. 11).

Each mass is composed of a number of peltate stalked scales, on
the under surface of which numerous spore-cases, called thecaov

capsules, are arranged {fig. 790). These capsules, when ripe,

Fig. 790. Fig. 791. Fig. 792.

Fig. 790. Peltate stalked scale of a species of Horse-tail (Equisetitm), bear-

ing on its lower surface a number of capsules. Fig. 791. Spore of a
Horse-tail furnished with two elaters, which are wound round it. The
ebiters are terminated at each end by a club-shaped expansion. Fig.

792. The same spore in a dry state, showing the elaters iu au uncoiled
condition.

open by a longitudinal fissure on their inner surface, and thus

set free the contained spores. These spores, like those of Ferns,

are commonly regarded as gemmcB or rudimentary buds.

The spores present a very curious structure ; they are little

rounded or somewhat oval bodies, and are regarded by Henfrey
as only possessing one true coat, in consequence of their outer

coat splitting up in a spiral direction so as to form two elastic

appendages which are attached by their middle to the spores

and terminated at each end by a club-shaped expansion {figs.
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791 and 792). These spiral elastic filaments, which are called

elaters, are at first wound round the spore {fig. 791), but when
dry they ultimately uncoil {fig. 792), and thus appear to assist

in the dehiscence of the capsule, and in the dispersion of the

spore to which they are attached.

When these spores germinate, a little pouch-like process pro-

trudes from their surface by an elongation of their membrane

;

this ultimately forms a green lobed flattened expansion, re-

sembling in all its essential characters the frotlialUum of a Fern.

Like Ferns also, this prothallium is furnished with anthe-

ridia containing antherozoids, and archegonia. From the embry-
onal corpuscle of the germ-cell of the archegonium also, after im-

pregnation by the antherozoids, as in Ferns, a new plant is ulti-

mately produced resembling in every respect that of the parent

plant from which the spores were derived. As is the case in

Ferns therefore, we have in the Equisetacese also, an instance of

alternation ofgenerations.

3. MA.RSLLEACEJE OR PepperWORTS.—In the plants of this

order the fructification is placed at the base of the leaf- stalks.

It consists usually of a two-valved stalked involucre or sporo-

carp {fig. 793, s), which is generally many-celled, or sometimes
one-celled, and appears to be a modified leaf. The contents

of the sporocarps, and the mode in which they are arranged,

differ somewhat in the different genera of this order, and
hence it will be necessary for us to allude to them separately.

Fig. 793.

Fig.l^Z. Fructification of a species of JWar-
silea. s. Two-vnlved sporocarp. p. Pe-
duncle. /. Fructification. Fig. 794.

Antheridium of the above. Fig. 795.

Ovule or sporangium of tbe above. After
Maout.

In MarsiUa, the fructification consists of a stalked two-valved
hardened sporocarp {fig. 793, s). The valves are held together

by a mucilaginous ring, which is at first connected with the
stalk of the sporocarp, but when the latter organ bursts, the
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ring becomes detaclied from the stalk at one end, straightens,

and appears as a long mucilaginotis cord protruding from the

sporocarp {fig. 793, p), and bearing on its sides somewhat oblong
spikes of fructification {fig. 793,/). These spikes are at first

enveloped in a membrane, and are composed of two distinct or-

gans, called antheridia, and ])istillidia sporangia or ovules. These
organs are attached to a sort of placenta, the antheridia being

on one side, and the sporangia on the other.

Each sporangium contains but one spore. It consists of a
central nucleus, surrounded by a cellular coating except at

its apex, where there is a little cavity {fig. 795). According to

Hofmeister, " this cavity is gradually filled up with cellular

tissue, constituting a conical prothallium confluent with the

nucleus. A single archegonium is formed in the centre, the

orifice of which coi*responds with the apex of the prothallium."

In this an embryo is ultimately formed, which, when it germinates,

gives off a frond in one direction and a root in that opposite to it.

The antheridia contain a number of small cells {fig. 794),

which ultimately develop long spiral spermatozoids. These
small cells are sometimes called pollen-spores or small spores,

while the large germinating spore is called the ovulary-spore or

large spore.

Fig. 796. Fig. 797.

Fig. 796. Transverse section of the sporocarp or spore-fruit of Pilularia
globulifera. After Henfrey. Fig. 797. Vertical section of the sporo-
carp of Salvinia, showing sporangia iu one cavity, b, and antheridia in
the other cavity, a.

In Piltdaria, the fructification consists of stalked, pill-shaped,

hairy sporocarps. The interior of each sporocarp is divided

usually into four cells {fig. 796), and when ripe it opens by four

valves. In the interior of each cell there is a mucilaginous pro-

cess or placenta attached to the walls, upon which are placed

numerous antheridia and sporangia or ovules, as in Marsilea.

The structure of these antheridia and sporangia resembles in all

essential particulars those of Marsilea. In fact, the only differ-

ence between the fructification of Marsilea and Pilularia, is the

more complicated nature of the sporocarps in Marsilea,
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The fructification of Salvinia {fig. 797) appears to resemble

that of Marsilea and Filularia, except that the antheridia, a, and
sporangia or ovules, h, are here contained in separate sacs, and
are attached to a sort of central cellular placenta {fig. 797). In
germination also, the prothallium of Salvmia differs from Mar-
silea and Pihdaria, in producing several archegonia, instead of

only one, as is the case with them.

In reviewing the fructification of the Xarsileaceae, we find

that it differs from the Filices and Equisetaceae, in producing

two distinct kinds of spores, and in the prothallium not forming

a distinct expansion on the outside of the spore as is the case

with them, but being confluent with the spore. These cha-

racters show that the Marsileacese are nearly allied to the

Lycopodiaceae, which we now proceed to describe.

4. Ltcopodiaceje or CLrB-5iossES.— The fructification in

this family is situated on the upper surface of the leaves at their

base {figs. 798 and 799). The leaves thus bearing the fructi-

fication are frequently collected together into a kind of cone or

spike {fig. 10), while at other times they are scattered along

the stem. The spores, like those of Marsileaceae, are of two
kinds, and are enclosed in separate cases. These cases are

variously named ; the names which would correspond to those

just used in describing the Marsileacese would be sporangia and
antheridia ; but the former are also commonly called oosporangia

Fig. 798. Fig. 799. Fig. 800.

Fig. 801,

Fig. 798. Scale or leaf of SelagineUa apoda, with oosporangium or oopho-
rldium in its axil. After Henfrey. Fig. 799. Pollen-sporangium or
antheridium of the above, placed in the axil of a leaf or scale. After
Henfrej-. Fig. SW. Pollen-sporangium of a species of Selaginella. It

Is two-valved, and contains a number of small spores or microspores.
Fig. 801. Oosporangium of aspecies of Selaginella. This is a two-valved,
four-lobed sac, and contains four large spores or ovules, called macro-
spores.
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or o<yphoridia{figs. 798 and 801), and ihelAttfiV pollen-sporangia

{figs. 799 and 800). The contents ofthe former are generally termed

large spores or macrospores {fig. 801), those of the latter small

spores or microsfores {fig. 800). It is greatly to be regretted that a

uniform nomenclature should not be adopted with the repro-

ductive organs of the Cryptogamous Plants by using the same

terms in the different families for homologous organs.

The oosporangia or oophoridia are usually two-valved cases

{figs. 798 and 801) with four lobes, each of which contains one

large spore. The oosporangium is commonly only one-celled, but

in some genera it is two, three, or many-celled.

The antheridia or pollen-sporangia are somewhat reniform,

two-ralved cases {fig. 799 and 800), containing a large number

of small spores {microspores), in which antherozoids or sperma^

tozoids are ultimately produced.

In Lycopodi^tm and some other Lycopodiacese, only one kind

of spore case has been found, which is of the nature of the

antheridium or pollen-sporangium.

The large spores are considered by Hofmeister and others as

the analogues of the ovules. The antheridia are therefore to

be considered as the male organs, and the oosporangia as the

female.

In germination, the large spore produces a prothallium in its

interior, thus resembling the Marsileacese ; in this archegonia

are soon developed, in which an embryo, and ultimately a new
plant, is produced.

5. Musci OK Mosses.— The reproductive organs of this vast

order of Cryptogamous Plants are of two kinds, which are called

antheridia {fig. 802), and archegonia or pistillidia {fig. 803).

Fig. 802. Fig. 803.

Fig. ^02. Aiitlieridiuni,a, of the
Hair-Moss (PoJj/fric/iMw), con-
taining a iiumlier of cells, c.

In each of which there is a
single antherozoicl, phytozoon,
or spermcUozoid. p. Para-
phyaes, surrounding the
antlieridiura. Fig. 803.

Archegoniuin or pistillidium

of a moss surrounded hy
paraphyses.

These are surrounded by leaves, which are usually of a different

form and arrangement to those of the stem, which are called

perich(stial {fig. 805,/), and in some Mosses they have, in ad-

dition to the perichsetial leaves, another covering formed of three
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or six small leaves, of a very different appearance to them,

ie.Tmed perigonial, and constituting collectively a perigone. The
antheridia are regarded as the male organs, and the archegonia

as the female.

The antheridia and archegonia sometimes occur in the same
perigone, in which case such Mosses have been termed her-

mafhrodite. More frequently, however, they are in different

perigones, and then both kinds of reproductive organs may
occiu' on the same plant, or on separate plants ; in the former

case we apply the term moncecious, in the latter dmcious {figs.

8 and 9).

The antheridium is a somewhat elliptical, more or less rounded

or elongated cellular sac {fig. 802), which is filled at maturity

with a number of minute cells, c, termed sperm-cells ov zooihectB
;

in each of these there is a single spiral antherozoid, fhytozoon,

or spermatozoid. The antheridium opens by an irregular perfo-

ration at its apex, and thus discharges the sperm-cells with their

antherozoids. Among the antheridia there are generally to be
found slender cellular jointed threads {fig. 802,^), called ^ara-

physes, which are probably nothing more than abortive anthe-

ridia, as they appear to perform no special function.

The archegonia, like the antheridia, are often surrounded by
filamentous cellular bodies, called parapJiyses, which appear to be
in this case abortive archegonia {fig. 803). The archegonmm is a

flask-shaped cellular body with a long neck, the whole somewhat
resembling an ovary with its style and stigma {fig. 803). The
neck is perforated by a canal which leads into a cavity, at the

bottom of which is a single cell, called the germ or embryonal-

cell. The case of the archegonium is called the epigone. This
germ-cell appears to be fertilized, as in Ferns, by the anthe-

rozoids passing down the canal until they reach it. In the

case of Mosses, however, the fertilized germ-cell does not di-

rectly develop a new plant like its parent, but after fertiliza-

tion has taken place, the germ-cell becomes gradually developed

into a somewhat conical body elevated on a stalk, and as it

grows upwards it bursts the epigone, and carries one portion of

it upwards as a kind of hood, while the other portion remains
below as a sort of sheath round the stalk. It will thus be seen

that what is commonly called the fructification of Mosses,

—

namely, the sporangium {figs. 805 and 806, u), is not the real

fructification, but its product. The central portion formed by
the development of the embrj-onal cell, is called the sporangium
{ ngs. 805 and 806, it, sp), the stalk the seta {fitgs. 804, t, and
805, p), the hood the calyptra {figs. 805 and 806, e), and the
sheath at the base, the vaginvXe {fig. 804, v).

The sporangiv/m, when fully formed, is a hollow urn-like case

{figs. 806 and 807), the centre of which is usually occupied by
a cellular axis, called the columella {fig. 810), and the space be-
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Fig. 805. Fig. 806. Fig. 807.

i

Tig. 804. Coscinodonpulvinatiis. sp. Sporangium enclosed in the calyptra.

t. Seta or stalk, v. Vaginule. From Henfrey. Fig. 805. The Hygro-
metric Cord-Moss {Funaria hygrometrica). f. PerichEetial leaves, p.

Stalks or setm. each of which supports a sporangium, «, covered by a
calyptra, c. Fig. 806. Sporangium of the Extinguisher-Moss (Encahjpta
vulgaris) before dehiscence, u. Sporangium, covered by a transparent
calyptra, c, and supported on a seta, k. Beneath the calyptra is seen
the lid or operculum, o. Fig. 807. Tiie sporangium, «, of 806 after

dehiscence. The calyptra and operculum, o, being removed, the
peristome, p, may be seen.

tween this axis and the walls of the sporangium is filled with

free spores, which are small cells with two coats and markings

resembling those of pollen-cells. The sporangium is either in-

dehiscent ; or it opens by four vertical slits so as to form four

valves ; or more commonly by a transverse slit close to the apex

like the transverse dehiscence of fruits, by which a kind of lid is

formed, called the operculum {figs. 807, o, and 808) ; this lid is

either persistent or deciduous. The sporangium is sometimes

much dilated at the base, where it joins the seta ; this swelling

is called an apophysis, or, if it only occurs on one side, a

struma.

The wall of the sporangium is commonly described as con-

sisting of three cellular layers, the outer of which forms the

operculum, and the inner two layers the peristomium. At the

dehiscence of the sporangium the siovia or mouth is entire, smooth,

or unfurnished with any processes {fig. 808) ; or it is surrounded

by one or two fringes of teeth, called collectively the peristome,

which are formed from the two inner layers of the wall of the spo-

rangium {fig. 807, p'). These teeth are always four or some multiple

of that number. Sometimes a membrane from the inner wall is
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Fig. 808. Fig. 809. Fig. 810.

Fig. 808. Pottia tnmcata, showing the separation of the operculum from
the sporangium. From Henfrey. Fig. H09. Sporangium,?'., of Hair-
Moss deprived of its calyptra and operculum, p. Peristome, e. £pi-
phragma or tympanum. Fig. 810. Transverse section of a sporangium
of Hair-Moss, showing the columella surrounded uj- free spores.

stretched across the mouth of the sporangium, and forms what
has been called the epiphragma or tympanum {fig. 809, e).

Wlien the mouth is naked, the Mosses in which such a sporan-

gium is found are called gymnostovious or naked-rnouthed ; when
the mouth is surrounded by a single row of teeth, the Mosses are

said to be aploperistomons ; or, when with two rows, they are

diploperistomous. The different appearances presented by the

teeth, as well as their number and degree of cohesion, form
important distinctive characters in the different genera of Mosses.

The operculum, as already stated, is formed by a projection of

the outer layer of the wall of the sporangium. At the point

where the operculum separates an elastic ring or annidtis is pro-

duced, which encircles the mouth of the sporangium.

In germination, the inner coat of the spore is protruded as a

tubular process, which, as it elongates by cell-division, forms a

green cellular branched mass, or prothallium, like a Covferva.

As described by Berkley, "this mass is very much of the same
nature as the mycelium of Fungi, and is called the Protonoma,

and is always distinguished by the cells containing chlorophyll.

Many spores may concur in the formation of this mass ; but

whether more spores than one concur in the formation of a

single plant is doubtful. Be this as it may, after a time a little

knot or swollen articulation appears upon the threads, which,

by cell-division, is developed into a leafy shoot, upon which
archegonia and antheridia are afterwards developed."

The archegonium of Mosses is regarded by Henfrey " to resem-
ble the so-called ovules of Club-mosses and Pepperworts—the

archegonium giving rise to sporangiferous individuals. There is
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thus a compound organism, in which a new individual, forming
a second generation, developed after a process of fertilization,

remains attached organically to its parent, from which it totally

differs in all anatomical and physiological characters. It is an
instance of alternation of generations."

6. Hepaticace^ OB Liverworts.—The reproductive organs
of Liverworts are of two kinds like those of Mosses, to which
this order is closely allied ; they are called antheridia, and arche-

gonia or pistillidia, and both kinds may be found on the same
plant, or on different plants.

The antheridia or male organs are variously situated in the
diiferent genera of this order; thiis in the leafy plants, they are

placed in the axil of leaves, as in some species oi Jungcrmannia ;

in other plants they occur in the substance of the frond or
thalloid expansion, as in Riccia and Fimbriaria ; and in others,

as in Marchaniia, they are found imbedded in the upper surface

of peltate or discoid-stalked receptacles {fig. 811, r). The
antheridia are small, generally shortly stalked, cellular sacs, of

an oval, globular, or somewhat flask-shaped form {fig. 812).

Fig. 811. Fig. 812.

Fig. 811. A portion of the thallns of Marchantla polymorpha, showing an
antheridial receptacle, r, supported on a stalk, s. Fig. 812. Antheri-
diuni of Marchaniia, discharging its small cellular contents (sperm-
cells).

Their walls are usually formed of a double layer of cells, sur-

rounding a number of small sperm-cells in their interior. When
ripe the antheridium bursts and discharges its contents ; the

sperm-cells also burst, and each emits a single antherozoid,

fhytozoon, or spermatozoid, in the form of a spiral thread with

two or three coils, like those of Chara {fig. 817).

The archegonia or pistillidia, hke the antheridia, are differently
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arranged in different genera ; thus in Biccia they are imbedded
in the substance of the frond, while in Jungerynannia and Mar-
chantia {fig. 813) they are contained in receptacles, r, which are

elevated above the thallus on stalks, .«?. They are usually small

flask-shaped bodies, consisting of a cellular case or epigone {fig.

814), having a canal in its upper elongated portion which leads

Fig. 813.

Fig. 813. A portion of
the thallus of Marchan-
tia polyviorpha. r. Re-
ceptacle supported on a
stalk, s. Ou the under
surface of the recep-
tacle the archegonlaare
imbedded. Fig. 814.

Archegonium of 2Iar-
chantia. b. Perigone,
open at its apex, and
surrounding an inner
cellular case or epigone,
c. Paraphyses.

Fig. 814.

to a cavity, at the bottom of which a single free cell, called the

germ or embryonal cell, is developed. This germ-cell is doubt-

less fertilized, as in Ferns and Mosses, by the passage of the

antherozoids down the canal until they come in contact with it.

The fully developed archegonia, like those of Mosses, have also

at times an additional covering surrounding the epigone, called

the perigo7ie, which frequently grows up so as to form a sort of

cup-shaped covering {fig. 814, b). At the base of the perigone, a
number of cellular filaments, pericheetial leaves, or paraphyses,

are also occasionally to be found {fig. 814, c).

As in the case of Mosses, the fertilized germ-cell does not

directly develop a new plant like its parent, but after fertiliza-

tion the germ-cell enlarges and bursts through the epigone, and
forms a sporangiiim or capside ; the epigone either remaining

as a sort of sheath round the base of the sporangium, which is

called the vaginide, or its upper part is carried upwards as a
sort of hood or styloid cah/ptra.

The sporangia vary much in different genera. In Marchantia
they are formed of two layers or sets of cells ; one external,

called the cortical or peripheral layer, and one internal, in

which -the spor<='S,&c., are developed. The cells of the cortical

layer exhibit spiral fibres, like the cells constituting the inner

lining of the anthers in Flowering Plants. The cells forming the
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internal mass are thus described by Henfrey :
—

" At an early

period the cells of the internal mass present the appearance of a

Fia 815 large number of filaments radiating from the cen-

,^
' tre of the sporangium to the wall. These soon be-

I
come free from each other, and it may then be per-

Ke ceived that some are of very slender diameter,

and others three or four tiroes as thick. The
slender ones are developed at once into the long

elaters {fig. 815, e) characteristic of this genus,

containing a double spiral fibre, the two fibres,

however, coalescing into one at the ends. The
thicker filaments become subdivided by cross par-

titions, and break up into squarish free cells,

which are the parent-cells of the spores, four of

which are produced in each." The sporangia in

this genus are situated on the under side of the

receptacle {fig. 813, r), and vary in form;—they

burst by valves. In Jungennannia the spo-

rangia are elevated upon stalks arising out of

the vaginule ; they are more or less oval in form,

and open by four valves which spread in a cross-

like form ; they contain spore-cells and elaters

with a single spiral filament. In Anthoceros

the sporangia open by two valves, and have a

central axis or columella ; they are of an elon-

gated, tubular, or conical form, situated on a

short stalk, and contain spore-cells and elaters,

but the latter have no spiral fibres in their

interior, and are much simpler in their structure

than those just described as found mMarchantia.
In Riccia the sporangia are imbedded in the

substance of the frond, and have neither elaters

nor columella. They have no regular dehiscence.

The spores have usually two coats, like the pollen-cells ; the

outer coat also frequently presents markings of different kinds :

in Marchantia, however, the spore has but one coat. They all

germinate without any well-marked intermediate prothallium,

although some produce a sort of eonfervoid mass or mycelium.

7. Charace^ or Charas.—There is still much difference of

opinion among botanists as to the position of this order. The
Charas have been commonly placed among the Algse ; but the

structure of their reproductive organs indicates for them a higher

position. They are generally considered as intermediate in their

nature between Hepaticacese and Algse, while by Berkley, whose
opinions on all matters connected with Cryptogamous Plants are

eminently worthy of consideration, they have been classed with

the Acrogens ; and, in accordance with his views, we have also

placed them in that division of Cryptogamous Plants.

Fig. 815. Elaters,

e, of Marchantia.
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The reproductive organs are of two kinds, both of "which grow
at the base of the branches {fig. 816), and either on the same
or on different branches of the same plant, or on different plants.

These organs are called respectively globules {fig. 816, g), and
nucules {fig. 816, w).

The globule, which is regarded as an antheridium, is a globu-

lar body {fig. 816, g), of a deep brick-red colour, usually placed

immediately below, but occasionally on the side of the nucule. It

consists of eight valves, each of which is composed of a number
of cells radiating from a central cell. The valves are crenate or

toothed at their margins, by which they become dovetailed as it

were, with the adjoining valves. From the centre of each valve

an oblong cell {fig. 818, c) is given off in a perpendicular direc-

tion. The eight cells from the eight valves converge in the

Fig. 816. Fig. 817. Fig. 818.

Fig. 816. A portion of the axis of Chara, with nrciile, n, arising from the
axil of a bramh, and a globule, fir, below it. Fig. 817. A portion of a
aiaineiit,y?y, of/!;.. 818, with a ciliated .-pe)~iiiato:oid or antherozoid by its

side. Fig. 818." .a globule cut in half, to show the oblong cells, c, and
the septate filaments, fil. After Heufrey.

centre of the globule, and are united at their extremities by a

little cellidar mass. A ninth cell of a similar form, but larger

than the others, joins them in the centre ; this forms the stalk

which fixes the globule to the branch upon which it is placed, and
which enters its interior by penetrating between the four lower

valves. From the point where the nine cells meet, numerous
confervoid filaments are given off {fig. 818, fil), in each cell of

which is produced a single spiral spermatozoid or antherozoid

{fig. 817X which is furnished with two very long cilise of exces-

sive fineness. These spermatozoids ultimately escape from the

cell by a sudden movement resembling the action of a spring,

and may then be seen to exhibit active movements in water.

M. Thuret (from whose description the above account of the
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globule is condensed) considers the spermatozoids of the Charas

to be unquestionably of the same nature as those of Mosses and
Liverworts.

The nucule is regarded as a pistillidium or archegonium. It

is an oval sessile body, situated
J^ig. 819. I<ig. 820. -^^ ^|^g ^^-^ ^f ^ ^^^.^^^^1^ ^^^^ 816,

w) ; it consists of a central sac

containing protoplasm, oil, and
starch granules {fig. 820), sur-

rounded by five cells, which are

wound spirally round it, and ter-

minating above in five or ten

smaller cells, the ends of which
remain free {fig. 819, a), and thus

form a kind of crown at the apex
of the nucule. At an early stage

Fig.8\9. Nucule of Chara. «. Apices _r- ^i ^\ n ^ j
of the spirally wound cells.—//£, of growth the cells are separated
820. Vertical section of the uucuie from one another, and a canal is

thus left between them extending
from the crown towards the central cell. This canal is sup-

posed to form a passage, by means of which the antherozoids

reach the central cell of the nucule, by which it is fertilized.

Ultimately the nucule drops off, and germinates in a manner
closely resembling the seed of a Monocotyledonous Plant, by
which a new plant is formed. No intermediate prothallium is

produced.

Section 2.

—

Keproductive Organs of Thallogens.

The Thallogens may be divided into three large groups or

orders, called respectively, Lichenes, Fungi, and Algse, each of

which again comprises a number of subordinate divisions. The
detailed description of these subordinate divisions would be out

of place in this manual, but an admirable description of them
maybe found in "The Microscope," by Dr. Carpenter. The
general characters of the larger groups will be described here-

after in Systematic Botany. At present we have only to examine
their reproductive organs, and of these even we can only afford

space for a general sketch.

1. Lichenes or Lichens.—The reproductive organs of this

lai'ge order of plants are by no means so well understood as

those of the Acrogenous Cryptogams already described. From
the researches of M. Tulasne and others, it would appear that

the reproductive organs of Lichens are of three kinds, namely,
1. AjJothecia of various forms, containing a number of spore-

cases, called asci or thec(S, and which are supposed to represent the

female organs ; 2. 8permogonia, spermagonia, or spermatogonia,

which have been regarded by some as antheridia or male organs

;
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and 3. Pycnidia, containing stylospores. Although it is gene-

rally believed that in Lichens we have a true sexual reproduc-

tion taking place, at present we are ignorant of the mode in

which fecundation is effected.

The ajpothecia are of various forms, and have received different

names accordingly. The more usual forms are the round {fig.

822, cp) and linear ; in the latter case they are commonly
termed Urella {Jig. 821). The apothecia maybe either sessile or

stalked ; in the latter case the stalk has received the name of

jpodetium. The apothecium is either composed of two parts,

called the thalamium and excipulinn, or, of the former only. The
latter, when present, forms a partial or entire covering to the

thalamium. The body of the apothecium constitutes the thala-

miunt, and the layer of cells at the bottom of this, upon which

the thecse and paraphyses are placed, is termed the hypothecium.

When the apothecium is divided by a vertical section, it is seen

Fig. 821.

Figs. 823, 824.

t

Fig.%ri. Thallus of Opegrapha afra showing lirell^. Fig.S^. Portion of
the th^Wus ot Parmeiia parietina, with young apothecia, ap,RnAsper-
mugcmia, sp. After Henfrey. Pigr. 823. A theca,t, of a Lichen, sur-
rounded by paraphyses. The theca contains four spores or sportdia, p.

Fig. 824. One of the spores of the above divided into two cells,

to contain a number of spore-cases called asci or thec<s {fig. 823,

t), surrounded by thread-like or somewhat club-shaped filaments,

called jparaphyses, p, which are usually regarded as abortive

asci ; the asci and the paraphyses are placed perpendicularly

upon the hypothecium. The apothecia are frequently of a

different colour from the surrounding thallus ; this is due either

to the paraphyses or the excipulum. Each of the asci generally

contains eight spores, but in some cases only four {fig. 823),

and in others sixteen ; thus the spores are generally a multiple

of two, and the number is always constant for each species. In

rare cases the asci have a large number of spores, and are hence

said to be polysporous. The spores are sometimes termed

sporidia or sporides. Some of these spores are of a very complex
structure, being divided into two {fig. 824), four, or many cells.
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They are frequently beautifully coloured, and form splendid

objects under the microscope.

In a very few genera of Lichens, as AhrotJiallus and Scutula,

certain structures have been discovered by Tulasne, called stylo-

spores. These are analogous to the stylospores of certain Fungi.

"They consist of isolated spores borne upon shortish simple

stalks. They are produced in conceptacles to which is applied

the name of ^>?/cwjVZirt,"

The spermago7iia or spermatogonia were first discovered by
Tulasne, but they have been now found in a great number of

Ijichens, and jorobably exist in all. They generally appiear as

little black specks near the margins of the thallus, in the tissue

of which they are usually more or less imbedded (Jig. 822, sp)

;

but rarely, they are quite free and above the thallus. The sper-

raagonium varies in form, and has one or more cavities, with a

small orifice at the top termed the ostiole or pore (Jig. 825, os),

with M'hich all the cavities communicate. The spermagonium,
when mature, has its interior filled with a number of bodies

called spcrmatia {figs. 825, s, and 826, s), raised on stalks,

termed spermatophorcs {figs. 825, sp, and 826, sp). The form

Fig. 825.

Oi

Fig. 826.

Fig. 825. Vertical section of a
Bperniiigouiuin of Cladonia
rangiferina. sp. Siicrmato-
phores. os. Ostiole or pore,
from which the siieniatia,

*, are escaping. After Hen-
frey. i"/;/. 826. Highly iiiag-

iiitled fratjiiuiitfrom the wall
of a speriiiHLroiiiuin of ParmeHa parietina.

phores. s. Speniiatia. After Henfrey.
sp. Articulated spermato-

of the spermatophorcs varies much ; according to Henfrey, " The
simplest are short slender stalks, simple or branched; or they

are articulated branches composed of a great number of cy-

lindroid or globular cells {fig. 826, sp) ; or the branches are
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reduced to two or three elongated cells. The spermatia are ter-

minal on the spermatophores, and consist of exceedingly minute
bodies, ordinarily linear, very thin, short or longish, straight or
curved, without appendages, and motionless, and lie in a muci-
lage of extreme transparency. These spermatia are commonly
regarded as the analogues of the spermatozoids produced in the
antheridia of the higher Cryptogams," When the spermagonium
is mature, the spermatia are discharged thro-agh the pore or
ostiole in vast numbers {fig. 825).

Besides the above reproductive organs of Lichens, there are
also to be found, in some genera, certain round cells called

gonidia, which are filled with a green substance : these are capable
of reproducing the plant when detached, and appear, therefore,

to be analogous organs to the buds of the Phanerogamia. Some-
times these gonidia, by increasing at certain parts of the thallus,

make their way to the surface and appear as little masses of
dust, which are called soredui. Dr. Hicks and other botanists

have recently proved that many of the bodies regarded hitherto

as unicellular Algae are in reality tjransitory conditions of these
gonidia.

2. Fungi or Mushrooms.—This order is remarkable for the
great development of its reproductive apparatus, which in most
cases constitutes the principil portion of the plant. This repro-
ductive structure varies very much in the different divisions of
this vast group of plants, and as many points connected with it

are at present but imperfectly known, we can only very briefly

allude to it here ; iadeed, with regard to the Fungi generally, it

may be observed that our knowledge upon many points is be-
coming rapidly enlarged, so that much of what may be now
written will probably soon require modification.

The nutritive structure of Fungi consists of coloiirless, deli-

cate, jointed, anastomosing filaments, called the raycd'mm or
spawn ( figs. 4—6,) which corresponds to the thallus of other
Thallogens.

From the researches of M. Tulasne, it would appear, that the
reproductive organs of Fungi are at least of three kinds> namely,
1. Spores, either naked (fig. 828, sjw) ; or enclosed in cases,

called thccxB, asoi, oysHdia, ov sporangia {fig. 829), and which are
supposed to represent the female apparatus; 2. Spermatia {fig,

830), which are either developed among the spore-producing
bodies, or on different parts of the plant. They are sometimes
found in distinct receptacles like those of Lichens, which are
accordingly termed spcr-magonia {fig. 830). These spermatia
have been supposed by some to be the analogues of the anthe-
rozoids or spermatozoids found in the antheridia of the higher
groups of Cryptogamous Plants, and hence to represent the male
apparatus, but their functions are as yet by no means clearly

ascertained ; and 3. Siylospores enclosed in pt^cnidia.
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The spores, as we have just mentioned, may be either naked,

or enclosed in cases. We will investigate these two structures

separately. The simplest form of the former is seen in such
Fungi as Torula, Fenicillium {fig. 5), and Botri/tis ( fig. 6) ; where
one or more cells placed at the ends of simple or branched fila-

ments springing from the mycelium, are transformed into spores.

The term conidia has been used to distinguish certain forms of

stalked spores which thus arise from the mycelium : these co7iidia

may be regarded as a fourth kind of reproductive organ. Their

nature is at present but imperfectly ascertained ; they appear
physiologically to be analogous to thegonidia of Lichens.

In other Fungi which have naked spores, or exospores as they

are sometimes termed, the reproductive apparatus upon which
they are placed is of a much more complex structure. That
of the common Mushroom {Agaricus campestris) {fig. 827)

Fig, 827. Fig. 828.

Ji^'flf. 827. Vertical section of the common Mushroom (Agaricus campes-
tris). my. Mycelium, vol. Remains of volva. si. Stipe, an. Annulus.
h. Hynienium with its lamellce, la. p. The pileus. Fig. 828. Trans-
verse section of portion of a lamella of Agaricus. bas. Basidia, each
hearing at its apex four spores, spo. a and b. The four spores sepa-
rated from the basidia. cys. Cystidia or sacs containing granular
bodies.

may be taken as an example. The fructification is here first de-

veloped in a hollow round body, called the volva, which arises

from the mycelium, my; as the fructification becomes matured
it breaks through the volva, and the following parts may then

be seen, namely, a cap-like body, called the pileus, p, placed on
a stalk or stipe, st, and at the base of which are the remains of

the volva, vol. On the under surface of the pileus a number of

vertical plates or laminse are situated, which radiate from the

centre towards the circumference, these are the lamellcB or gills,

la ; they constitute collectively the hymenium, h, upon which the

spores are arranged. The hymenium is at first enclosed in a
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membrane called the veil or mdusium, but this is soon ruptured

by the development of the pileus and stipe, and is either com-
pletely torn away from the latter, or, as is more commonly the

case, it remains as a sort of ring or annulus, an, surrounding its

upper part.

The recent researches of Professor Oersted upon Agaricv.s

variabilis appear to show that the generative process is carried

on in the Agarics and allied Fungi, in the mycelium, and that

the so-called fructification is analogous to the sporangia or

urns of Mosses and the thecfe of Perns, which are the products

of sexual union, as already noticed.

The hymenium varies in its character and position in dif-

ferent genera. In some it is on the upper surface of the pileus,

as in Helvella, instead of on the lower, as just described, in

Agaricus. Sometimes again the hymenium lines a number of

tubes, as in Polyporus and Boletus ; or a series of solid columns,

as in Hydnum, instead of being composed of vertical radiating

plates. At other times, the h}Tnenium, instead of exposing its

sporiferous membrane to the air, as in Agaricus, is enclosed

in a leathery membrane called the peridium, as in Lycoperdon.

The former are called Hymenomycetous Fungi ; the latter Gas-

teromycetous Fungi.

On the surface of certain cells of the hymenium which are

called hasidia {fig. 828, has), the spores are situated. Each
basidium commonly bears four spores, spo, a, and h, situated on

stalks or branches proceeding from it. These stalks have been

termed by some sporophores, a name which has been also used

as synonymous with hasidia. Among the basidia of the Agarics

opaque vesicles occur, which have been termed pollinaria, cysfidia,

or utricles. They appear to be paraphyses or abortive basidia.

All Fungi which thus bear their spores on the outside of pecu-

liar cells or basidia, have been called Basidiosporous or Acro-

sporous] while those in which the spores are enclosed in thecse

or sacs, have been termed Thecasporous or Ascosporous ; this

difference was formerly thought to constitute a firm basis for the

division of the Fungi, but recent researches have shown that both

basidiospores and thecaspores occur in the same species at dif-

ferent periods of their growth, and hence such a division must be
abandoned.
We must now briefly allude to the Thecasporous or Ascospo-

rous Fungi. The simplest form of these is seen in the Mildews.
Thus in Mucor {fig. 4), the spores or sporules are arranged in

great numbers without any definite order, in a roundish sac

called the theca or asci's, placed at the end of a filament which
arises from the myceliiim. In the Piziza {fig. 829) and some
other Fungi, the thecae, t, which are more or less elongated in

form, are arranged in groups in a definite order, and commonly
mixed with paraphyses, p. Each theca in the latter Fungi con-
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tains four, six, or eight spores or sporules (or, as they ha,ve been
also termed, sporidia), placed one above the other {Jig. 829, sp).

But very little is known of the spermatia of Pungi (fig. 830, s).

Fig. 829. Fig. 830.

Fig. 829. Vertiral section of the fructiflration of a Thecasporous Fangns
(Peziza). c. Cellular substance from whidi the thecw, t, arise, each of
wliich contains spores or sporidia, sp. p. Paiaphyses. Fifi. 830. Sec-
tion of a spermagonium of a Fungus. After Henfrey. s. Spermatia.
St. Sterigmata.

They were discovered by Tulasne, and are supposed to be ana-

logous to the antherozoids or spormatozoids of the higher cryp-

togams. They are sometimes enclosed in sperraagonia (Jig. 830),

like those of Lichens (p. 376). The thread-like stalks upon which
the spermatia are placed have been termed sterigmaia {fig. 830,

st). Although they have been supposed to represent the male
organs, yet at present the sexual nature of the Fungi is not

clearly ascertained. At present but little is known of the con-

ceptaeles called pgcnidia, in which are enclosed the stylospores

(see p. 376).

3. Ai-G^ OR Sea-weeds.—This order of plants, like the

Fungi, comprises a vast number of species, which vary exceed-

ingly in form, colour, size, and other peculiarities. They are all

either inhabitants of salt or freshwater, and may be microscopic

plants, or growths of enormous length. They are commonly
divided into three sub-orders, which are called respectively,

CMorospermem, Chlorosporcce, or CovfervoidecB ; Rhodospermea,
RhodosporecB, or Floridece ; and Melanosperme^, Melanosporea, or

FitcoidecB. The reproductive organs of each of these will be

very briefly described.

1. Chlorosporea, Confer voidecB, or Green-coloured Alga.—The
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simplest plants of this sub-order, as Protococcus or Palmella

{figs. 1 and 2), consist of a single cell, so that the mitritire and
reprodiictive processes cannot be separated ; but each cell has
the power of dividing by the process of cell-division (see Cell-
division) into two or four new cells, from which new individuals

are formed when the parent-cell bursts. (See Gonidia of Lichens,

p. 377-) In other cases, as in Zygnema {fig. 831), the cells of

two filaments, c, d, unite by a lateral cellular process, p, by
means of which their contents {endochrome) intermingle, and the

result is the formation of a spore, s, termed an oospore, capable

of germinating. This process is called conjugation, and will

be more particularly explained hereafter. In other plants of

this group the spore is apparently developed without conjuga-

tion. Besides these true spores, which may be called resting

or inactive spores, we have also formed in the plants of this

group, as in many other Algae, what have been called zoo-

spores or gonidia {fig. 832). These are formed apparently

without any process of fertilization out of the contents of the

cells, and are discharged, according to Henfrey, withoxit any
cellulose coat, but consist simply of a protoplasmic sac. They
are fvu'nished with cilise, by which they are enabled to move
freely for some time, hence their name ; but they afterwards

settle down and germinate, when they also acquire a cellulose

Fig, 833.

Fig. 831. Portions of two filaments of Zygnema conjugating, c, d. Tlie

contents (e7idoc/irow!e) of two cells mixing by means of alateral process,

p. s. Germinating spore (oo-spore),\vliicii results from tlie union and
mixing of the contents. Tiie two cells below contain spiral filaments.

i^tsr. 832 Zoospore of CVioctoi^/iorM, consisting of a cell, i^, with four
ciliag, c, at its apex. Fig. 833. Erid of a lllament of Vaacheria Ungeri,
with a siiigle gonidium or zoospore, g, escaping.

coat. The number of cilise varies in different plants ; in some
there are two {fig. 30), in others four {fig. 832), in others

there is a tuft of cilise at one end {fig. 31), while in others, again,
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as in Vaucheria, the spores are ciliated all over ( fig. 32). They
may be produced either singly in the cells, as in Vaucheria {fig.

833), or in great numbers, as in Achlya; and they ultimately

escape by rupturing the coats of the cell in which they are con-

tained {fig. 833, g). Some Confervoids have two kinds of

zoospores, which are termed respectively macrogonidia and micro-

gonidia ; the latter are smaller and longer than the former.

These zoospores are sometimes confounded with spermatozoids,

from which structures, however, they are quite distinct. Henfrey
has thus distinguished them :

—" The essential character of a

zoospore is, that when separated from the parent it becomes en-

cysted, and at once developed into a new individual resembling

the parent (certain obscure exceptions however occur, where the

zoospore, after germinating, at once discharges new ciliated bodies

[zoospores or spermatozoids?]). Spermatozoids are transitory

structures ; when discharged from the parent-cell they either

make their way to a germ-cell of a spore, fertihze it and dis-

appear ; or if debarred from this, at once perish without ger-

mination."

Besides the above-mentioned reproductive organs, there have
been found in certain genera of this sub-order

—

sporangia, in

which resting-spores are produced by impregnation from anthero-

zoids derived from antkeridia.

2. Rhodosporece, Floridece, or Rose-coloured Algm.—There ap-

pear to be three forms of reproductive structure in plants of this

sub-order of Algse ; these are termed respectively 1. tetraspores

;

2. spores ; and 3. antkeridia. The tetraspore is a peculiar feature

of the plants of this sub-order, and at once distinguishes them
from their allies. The sexual nature of these Algse would appear
to be tolerably well ascertained.

1. Tetraspores.—These are either naked, as in Callithamnion,

and then either situated on the outside of the frond, or more fre-

quently collected in masses and immersed in its substance {fig.

834) ; or they are collected together in distinct organs of varying

forms, called conceptacles {fig. 835), and stichidia {fig. 836).

The tetraspore consists of a more or less globular transparent

sac or cell, called the perispore, which when mature contains

within it four (or rarely three) sporules {fig. 834). The tetra-

spores are regarded by some authors as analogous to gonidia,

that is—as gemma ; but others consider them as true generative

spores, and regard the spores as gemmse.

2. The Spores, like the tetraspores, vary in their situation.

Sometimes they are collected together in masses without any
special sac ; but generally they are situated in distinct hollow

conceptacles, which have received different names, according to

their structure and arrangement : the terms favelles {fig. 837),
ceramidium {fig. 838), and coccidiiim are those which are most in

use. The spores are generally formed by the transformation of
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Fig. 834. Fig. 835.

nisj?!=P:. jRHiin

Fig. 838. Fig. 834. Section of the
frond of Rhynchococcui
coronopifolius, with te-

traspores immersed in
its substance. After
Henfrey. Fig. 835.

Section of a concep-
tacle of Eildenbrandtia
sanguinea, containing
tetraspores. After
Henfrey. Fig. 836.

Stlchidium of Dasya
Kntzingiana, contain-
ing tetraspores. After
Henfrey. Fig. 837.

Two favellcB of Callithamnion tetragonum, containing spores.
Fig. 838. Ceramidium of Bonnemais(mia asparagoides,

containing spores, and terminated by a pore.

Fig. 836.

the cells of articulated threads, situated commonly in the concep-

tacles. They consist of at least two coats of a somewhat gelatinous

nature, enclosing a dense clustered granular mass. Whether
these spores are gemm<s or true generative spores has not yet

been determined (see Tetraspores).

3. The Antheridia.—But little is known of the structure of

the antheridia of this sub-order of Algse. They are collections

of little cells of various forms, and variously arranged, in each

of which a peculiar body, called a spermatozoid or antherozoid,

is ultimately formed ; these do not, however, exhibit the spon-

taneous motion as is usually the case with ordinary antherozoids.

According to Berkley, "the spermatozoids vary a little in shape.

Derb^s and Solier figure many of them with a delicate appendage ;

but Thiu-et has in vain sought for such an appearance. There
can, however, be little doubt that they are truly impregnatory

organs. The flagelliform appendage cannot certainly be con-

sidered as essential to their functions."

Zoospores have not at present been found in this division of

the Algae.

3. Melanos])ore<8, Fncoidea, or Brown-coloured Alga.—The
sexual natiu'e of these Algse is generally considered esta,blished,
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and they are even described hj some authors, as Berkley, as mo-
noecious or dioecious. In these Algae also, the reproductive organs

seem to be, as in the last sub-order, of three kinds :—namely,

1, zoospores] 2. spores \ and 3. antheridia.

1. The zoospores are found either in large numbers, in peculiar

cells called oosporangia, sjyorangia, or commonly spores, which
are placed at the articulations {fig. 839), or summits of the divi-

sions of the frond ; or singly, in each cell of a jointed thread-like

body, which has been called the irichosporangimn. These zoo-

spores have essentially the same structure as those previously

described in plants of the sub-order Chlorosporese ; that is, when
discharged from their sporangia, they have no cellulose coat,

but consist merely of a protoplasmic sac furnished with cilice, by
which they actively move for some time

;

Fig. 839. they then become immovable, acquire a cellular

coat, and germinate. The zoospores of the

trichosporangia appear to be closely allied to

the spermatozoids. The zoospores are of an
olive-brown colour, somewhat pear-shaped, and
have but two ciliae of unequal length diverging

from each other. The zoospores are not true

generative spores, but gemmce or buds.

2. The Spores, or inactive spores as they

may be called in contradistinction to the zoo-

spores, on account of their being motionless, are

situated in sacs called sporangia {fig. 840, sp) or

perispores. In rare cases but one spore is con-

tained in each sporangium or perispore. as in

Halidrys, but generally the sporangium divides

in such a manner as to form a cluster of eight

spores or sporules, which is therefore termed an

Fig 839 Portion of
octospore. Besides the perispore, the spores are

a filament of Ecto- also enclosed in two other membranes, one situ-

hl-irmgTXJxT'oo- ^^^^ directly within it, called the epispore, and a

sporangia or svores; third internal to the latter. The oetospores ulti-

termed °lm!^s*por^e7.
Tti3,tely decay unless fecundated by antherozoids,

After Henfrey. " hence they are the true generative spores.

These sporangia are either dispersed all over

the surface of the frond ; or they are collected in definite groups
called sori on its surface ; or on the walls of globose cavities

called conceptacles or scapkidia {fig. 840), which communicate
with the external surface by a pore, s. These conceptacles are

usually grouped together in somewhat club-shaped or oval recep-

tacles, situated at the summit or side of the frond or its divisions

{fig. 7, t).

3. The Antheridia are little, usually somewhat ovate sacs

{fig. 842, a), attached to delicate jointed filaments arising from
the inner surface of the conceptacle {fig. 840). The antheridia
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may either occur in the same conceptacles -with the sporangia,

or in different ones, and then either on the same or on distinct

individuals. When conceptacles of both kinds occur on the same

Fig. 840. Fig. 841. Fig. 842.

Fig. 840. Section of a concertacle of Fucus canalicidatiis, containing spo-
rangia, sp, antheridia, and paraphyses, par. s. Opening by which the
spores escape. After Henfrey. Fig. 841. Antheridium of Fucus ser-
ratiis, with two ciliated a7itherozoids, phytozoa, or spermatozoids in its

interior. Fig.Si2. Filamentous cellular bodies, from the inner sur-
face of a conceptacle, bearing antheridia, a, a, a. p. Paraphyses or
abortive filaments.

plant, this is termed mwicecious ; if on different plants, the plants

are dioecious. By some algologists, the plants are termed herma-
phrodite when both antheridia and sporangia occur in the same
conceptacle. The delicate jointed filaments which in all cases

surround the sporangia, but upon which no antheridia are found,
are termed paraphyses (fig. 842, p). The antheridium contains

a number oi spermatozoids, anthcrozoids, or phytozoa, of various

shapes, each of which is furnished with two cilise of unequal
length {fig. 841).

Pringsheim has recently proved that the apparent decay of
the terminal cells of Sphacelaria is caused by the resolution of

their endochrome into antherozoids, which ultimately escape by
a long tubular opening which is formed in the walls of these

cells.
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BOOK 11.

SYSTEMATIC BOTANY, OR THE CLASSIFICATION OF
PLANTS.

CHAPTEE 1.

GENERAL PRINCIPLES OF CLASSIFICATION.

OiJR attention has been hitherto directed to the examination of

the structure of the various parts and organs of plants. In doing

so, we cannot but have noticed the almost infinite varieties of

forms which have thus been presented to us, and also at the

same time observed that, notwithstanding such variations, there

are some striking resemblances in the structure of the organs of

certain plants, by which a close relationship is thus clearly indi-

cated between them. It is the object of Systematic Botany to

take notice of such relationships, and thus to bring plants

together which are allied in their structure, and to separate those

that are unlike ; and in this way to take a comprehensive view

of the whole Vegetable Kingdom. In its extended sense,

Systematic Botany has for its object, the naming, describing,

and arranging of plants in such a manner, that we may readily

ascertain their names, and at the same time get an insight into

their relations and general properties.

At the present time there are at least 120,000 species of plants

kno^\^l to exisfon the earth. It is absolutely necessary there-

fore, for the purpose of study, or in order to obtain any satisfac-

tory knowledge of such a vast number of individuals, that we
should arrange them according to some definite and fixed rules.

Before we proceed to describe the systems that have been devised

at various times for their arrangement, it will be necessary

fur us to define certain terms which are in common use in such

systems.

1. Species.—By the term species we understand a collection

of individuals which resemble each other more nearly than they

resemble any other plants, and which can be reproduced by
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seed ; so that we may from analogy infer that they have all

issued originally from one common stock. Thus if we walk
into a field of Wheat, Barley, or Oats, we observe thousands of

individuals, which, although differing to a certain extent in size,

and in some other unimportant characters, we at once associate

together under a common name. In like manner we commonly
observe around us, in the gardens and fields, similar collections

of individuals. Such collections of plants, thus seen to resemble
each other in all their important parts, constitute our first idea of

a species ; and that idea is at once confirmed if, by taking the

seeds of such plants and sowing them, we obtain other plants

resembling those from which such seeds have been derived.

Varieties.—It has just been observed, that if the seed of a
species be sown it will produce a plant resembling its parent

in all its important parts. This will, however, only happen,
when the new individual has been exposed to similar influences

of soil, heat, light, moisture, &c., as its parent ; and hence we
find that any variations in such particulars will lead to certain

peculiarities in form, colour, size, and other minor characters, in

plants raised from the seeds of the same species. In this manner
we have produced what are termed varieties. In some cases such
variations are merely transient, and the individuals presenting
such peculiarities will in time return to their original specific

type, or perish altogether; while in other instances they are

permanent and continue throughout the life of the individual,

the whole plant being, as it were, impregnated with the parti-

cular variations thus impressed upon it, and hence such variations

may be perpetuated by the gardener in the operations of Bud-
ding, G-raftiug, &c. (see page 96), as is the case with many
of our fruit trees and flowers. Even these varieties, however,
cannot be propagated by seed, for if their seeds be sown, the

individuals which will be produced will have a tendency to re-

vert to the original species from Avhich such varieties have been
obtained, so that the nature of the plant raised will depend chiefly

upon that of the soil in which it is placed. Thus, if we sow the
seeds of a number of different kinds of Apples, the fruit which
will be afterwards produced by the new generation of Apple trees,

will, instead of resembling that of their parents, have a tendency
to revert to that of the Common Crab, from which species all

such variations have been originally derived. Hence a variety

differs from a species in the fact that it cannot be propagated by
seed.

Races.—Besides the varieties just alluded to there are others,

which are c?i\\%(\. permanent varieties or races, because their pecu-
liarities can be transmitted by seed. Familiar examples of such
races are afforded by our Cereal grains, as Wheat, Oats, Barley,

&c., and also by our culinary vegetables, as Peas, Lettuce, Ra-
dishes, Cabbages, Cauliflower, and Broccoli. How such races of

c c 2
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plants have originated, it is impossible to say with any certainty.

In the first case such races probably arose in an accidental

manner, for it is found that plants under cultivation are liable

to produce certain variations or abnormal deviations from their

specific type, or to si^ort, as it is termed. By further cultivation

under the care of the gardener, such variations are after a time

rendered permanent, and can be propagated by seed. Such per-

manent varieties, however, if left to themselves, or if sown in

poor soil, will soon lose their peculiarities, and either perish or

return to their original specific type ; it will be seen therefore,

that races present well-marked characters by which they are

distinguished from true species. Hence, although our cereal

grains and culinary vegetables have become permanent varieties

by ages of cultivation and by the skill of the cultivator, they

can only be made to continue in that state by a resort to the same
means, for if left to themselves they would, as just observed,

either perish or revert to their original specific type ; and hence

we see also, how important is the assistance of the agriculturist

and gardener in perpetuating and improving such variations.

Another cause, which leads to constant variations from the

specific type, is hyhrldization. The varieties thus formed, which
are called hybrids or cross-breeds, are, however, rarely transmitted

by seed—although, in some instances, such is the case for a few
generations — but they gradually revert to one or the other

parent stock.

We have now seen that species, under certain circumstances,

are liable to variations, but that all such varieties have a ten-

dency to revert to their original specific type. Hence species must
be considered as permanent productions of Nature, which are

capable of varying within certain limits, but in no cases capable

of being altered so as to assume the characters of another species.*

* The above views as to the nature of species and varieties

are those which, until recently, have been almost universally en-

tertained by naturalists, but they are altogether opposed to those

that have of late years been brought forward by Darwin and
Wallace, and which have been fully and most ably developed in

a work by the former, " On the Origin of Species," and in other

volumes. These authors contend, that species, so far from being

immutable, are liable to change of almost any extent,—in fact,

that plants, by the operation of causes acting over a long period

of time, may become so altered, that they preserve scarcely any
apparent resemblance to those from which they were originally

derived. At present, however, although fully admitting the very

great ability with which these opinions have been supported,

we must, until further evidence be adduced, adhere to the views

above expressed, as to the nature of species and varieties.
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There is not the slightest foundation for the theory, which has
been advocated by some naturalists, of a transmutation of species.

All such statements therefore, that have been made, of the
conversion of Oats into Eye, or of any species whatever into

another, are entirely without foundation, and have arisen from
imperfect observation.

In practice it is ver\- important that we should distinguish all

the above varieties from true species, for nothing is so calculated

to lead to confusion in descriptive botany as the raising of mere
varieties to the condition of species. No individuals should be
considered as constituting a species unless they exhibit important
and permanent distinctive characters in a wild state, and which
can be perpetuated by seed. G-reat imcertainty still prevails in

our systematic works as to what is a species and what is a
variety ; and hence we find different authors, who have written

on British and other plants, estimate the number of species con-

tained in such genera as Eosa, Eubus, Saxifraga, Hieracium,
Salix, and Smilax, verj- differently.

2. GrEXEEA.—The most superficial observer of plants will have
noticed that certain species are more nearly allied to one another
than to other species. Thus, the different kinds of Eoses,

Brambles, Heaths, Willows, may be cited as familiar examples
of such assemblages of species ; for, although the plants com-
prehended under these names present certain well-marked dis-

tinctive characters, yet there are at the same time also, striking

resemblances between them. Such assemblages of species are

called genera. A genus, therefore, is a collection of species

which resemble one another in general structure and appearance
more than they resemble any other species. Thus, the various

kinds of Brambles constitute one genus, the Eoses another, the
"Willows, Heaths, Clovers, Oaks, &c., form also, in like manner,
as many different genera. The characters of a genus are taken
exclusively from the organs of reproduction, whi'e those of a
species are derived generally from all parts of the plant. Hence
a genus might be defined as a collection of species which re-

semble one another in the structure and general characters of
their organs of reproduction. It does not necessarily happen
that a genus should contain a number of species, for, if a single

species presents peculiarities of a marked kind, it may of itself

constitute a genus.

It frequently happens that two or more species of a genus
have a more striking resemblance to one another in certain im-
portant characters than to other species of the same genus ; in

which case they are grouped together under the name of a sub-

genus.

3. Ordees or Eamilies.—If we regard collections of genera
from the same point of view as we have just done those of species,

—that is, as to their resemblance or family likeness,—we shall
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find that some of tliera also resemble one another more than they

do others. Thus Mustards, Turnips, Eadishes, and Cabbages,

have a strong common resemblance, while they are unlike Straw-

berries and Brambles ; and even less so to Hazels, Oaks, and
Beeches ; and still more imlike Larches, Pines, Firs, and
Cedars. Proceeding in this way throughout the vegetable

kingdom, we collect together allied genera, and form them into

groups of a higher order called Orders or Families ; hence,

while genera are collections of related species, orders are col-

lections of allied genera. Thus Mustards, Turnips, Eadishes, and
Cabbages, all belong to dilFerent genera, but they all agree in

their general structure, and are hence included in the order

Cruciferse ; while Strawberries, Brambles, Cinquefoils, Eoses,

Apples, Plums, and Almonds, are all different genera, but from the

general resemblance they bear to one another in their structure,

they are placed in one order, called Eosacese. Again, Oaks,

Beeches, and Hazels, are different genera, but they belong to

one order ; also the Larches, Pines, and Cedars, are different

genera, but they all have a fruit called a cone, and are hence

placed in one order, the Coniferse.

"We find also that certain genera of an order, like certain

species of a genus, have a more striking resemblance to one
another than to other genera of the same order ; hence such are

grouped together into what are called Sub-orders. Thus the

Chicory, Dandelion, Sowthistle, Lettuce, Thistle, Burdock, and
Chamomile, all belong to the same order, but there is a greater

resemblance in the Chicory, Dandelion, Sowthistle, and Lettuce,

to one another, than to the remaining genera. Hence, while all

the above genera belong to the order Compositse, they are at the

same time placed in two different sub-orders. Thus the sub-

order Liguliflorai includes the Chicory, Dandelion, Sowthistle,

and Lettuce ; and the sub-order Tubuliflorse, that of the Thistle,

Burdock, and Chamomile. In like manner, while we find the

Almond, Cherry, Strawberry, Easpberry, Eose, and Apple, all

belonging to the same order Eosacese, yet some of them have
more resemblance to one another than to others. Thus the

Almond and Cherry have a drupaceous fruit, and belong to a
distinct sub-order, which is called Amygdalese; the Strawberry,

Easpberry, and Eose, are much more like each other than they

are to the Almond and Cherry, or to the Apple, hence they are

placed in a sub-order called Eoseee ; while the Apple is placed

in a sub-order termed Pomese.
It is found convenient at times to subdivide sub-orders

into Tribes and Sub-tribes, by collecting together into groups

certain very nearly allied genera, but it is not necessary for ns

to illustrate such divisions further, as the principles upon which
they depend have been now sufficiently treated of.
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4. Classes.—By a class we understand a group of orders which

possess some important structural characters in common. Thus
•we hare the classes Monocotyledones, Dicotyledones, and
Acotyledones, which present certain distinctive characters in

their embryos, from which they derive their names ; and such

classes present, moreover, other important anatomical differ-

ences.

The Classes are again subdivided into sub-classes and other

divisions, in the same mauner as the orders are thus subdivided
;

but as such divisions vary in different systems, and are all more

or less artificial, it is not necessary to dwell upon them further.

The more important divisions of plants, and those which are

found in all systems of classification, are Classes, Orders, Genera,

and Species.

The following table will include all the groups we have al-

luded to ; the more important and those of universal use being

indicated by a larger type.

1. Classes.

Sub-classes.

2. Ohdees or Families.

Sub-orders.

Tribes.

Sub-tribes.

3. Gen-era.

Sub-genera.

4. Species.

Varieties.

Kaces or Permanent Varieties.

Henslow has taken as an illustration of these different divi-

sions Anthyllis Vuhieraria, thus

:

1. Class
Sub-class

2. Order
Sub-order

Tribe .

Sub-tribe

3. Gexls
Sub-genus

4. Species

Variety

Kace
Variation

Dicotyledones.

. CalyciflorcB.

LeguminoscB.

. Pa2nlionace(B.

. Lotece.

GenistecE.

Anthyllis.

Vulneraria.

Vidncraria.

. DiUenii.

. Florihi'.s coccineis.

. Foliis hirsntissim is.
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Characters.—By the term character, we mean a list of all

the points by which any particular variety, sjoecies, genus, sub-

07'der, order, sub-class, or class, is distinguished from another.

We have also two kinds of characters, which are called, re-

spectively, essential and natural. By an essential character, we
understand an enumeration of those points only by which any
division of plants may be distinguished from others of the same
nature ; such may be also called diagnostic characters. A
natural character, on the other hand, is a complete description

of a given species, genus, order, or class, including an account
of every organ from the root upwards, through the stem, leaves,

flowers, fruit, and seed. Such characters are necessarily of

great length, and are not required for general diagnosis, al-

though of great value when a complete history of a plant or

group is required. Those characters again, which refer to a
species, are called specific, and are taken generally from all the

organs of the plant, and relate chiefly to their form, surface,

division, colour, dimc7isio7i, and duration, or to characters of a
superficial nature, and without reference to internal structure.

The characters of a genus are called generic, and are taken from
the organs of reproduction. The characters of an order are

termed ordinal, and are derived from the general structure of the

plants in such groups, more especially of the organs of repro-

duction; while the characters of a class, as already mentioned,

are derived from certain important anatomical peculiarities

which the plants of such divisions exhibit. The essential cha-

racter of a genus, when indicated in Latin, is put in the

nominative case, while that of a species is placed in the ablative.

Nomenclature.—The names of the classes are derived from
some important and peraianent characters which they possess,

relating either to their structure or mode of development.

Such names vary, however, according to the views of different

systematic botanists. Those more commonly used in this

country, and which have been accordingly adopted in this work,

are, Acotylcdones, Monocotyledones, and Dicotyledones,—terms
which, as we have already explained, are derived from the stnic-

ture of the embryo in the three classes respectively. Other
terms also in common use, are derived from the absence or pre-

sence of a stem, and its mode of development : such are Exogens,
Endogens, Acrogens, and Thallogens. The above names are

used especially in what are called Natural Systems of Classifi-

cation ; while the names of Classes in the Artificial System of

Linnseus, are derived chiefly from the number and other cha-

racters presented by the stamens.

The names of the Orders in the Artificial System of Linnseus

are chiefly derived from the pistil and fruit. Those of Natural

Systems are usually taken from some well-known genus which
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is included in any particular oKler, and which may be regarded

as the type of that order. Thus the genus Eanunculus gives the

name Eanuncidacece to the order to which it belongs; the genera

Papaver, Malva, Hypericum, Geranium, Rosa, Lilium, Orchis,

and Iris, in like manner, give names respectively to the orders

PapavcracecB, MalvacecB, Hypericacecs , Gtraniacece, Bosacece, Li-

liacea, OrchidacccB, and Irklacea. At other times, the names of

the orders are derived from some characteristic feature which the

plants included in them present. Thus the order CrucifercB

is so named, because the species it includes have the four petals

of their flowers arranged in a cross-l^ke form ; the order Legti-

minoscB comprises plants whose fruit is a legume ; the Umbel-

lifercB are umbel-bearing plants ; the Labiates have a labiate

corolla ; the Comfcrm are cone-bearing plants ; and so on.

The names of the genera are derived in various ways : thus

either from the name of some eminent botanist, as Linnpea after

Linnfeus, Smithia after Smith, Hookeria after Hooker, Jussisea

after Jussieu, Tournefortia after Tournefort ; or from some
peculiarity of structure, or habit of the plants comprised in

them, and from various other circumstances. Thus, Crassida

is derived from the genus comprising plants with succulent or

thickened leaves; Duitaria derives its name from presenting

dentate roots ; Are?iaria from growing in sandy places ; Litho-

spenmini from its so-called seeds, or properly achsenia, having a

stony hardness ; and so on.

The names of the species are also variously derived. The specific

names are usually written after the generic, and these taken toge-

ther constitute the proper appellation of a plant. The species of

the genus Viola, as shown by Gray, exhibit the origin of many
specific names. "Thus, specific names sometimes distinguish the

coimtry which a plant inhabits, for example, Viola canadensis, the

Canadian Violet; or the station where it naturally grows, as Viola

pali'stris, which grows in swamps, Vio^a arvcnsis, in fields

;

or they express some obvious character of the species, as Viola

rostrata, where the corolla bears a remarkably long spur, Viola

tricolor, which has tricoloured fiowers, Viola rotundifoUa, with
rounded leaves, Viola lanceolata, with lanceolate leaves, Viola

pedata, with pedately-parted leaves, Viola pri/indafolia, where
the leaves are compared to those of a Primrose, Viola asarifolia,

where they are likened to those of Asarum, Viola ptibescens,

which is hairy throughout, &c. Frequently the species bears

the name of its discoverer or describer, as Viola Muhicnbergii,

Viola Nuttalii, &c." Specific names are written after the

generic, as indicated above in the different species of the genus
Viola; they are also commonly adjectives, and agree in gender
and case with the name of the genus. "When a species is named
after its discoverer or describer, it is usually placed in the
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genitive case, as Viola MuJdenhcrgii, V. Nuttalii, &c. ; but when
such names are merely given in honour of botanists who have
had nothing to do with their discovery or description, the specific

names are usually put in the adjective form, as Carex HooJceriana,

Vero7iica Lindleyana : such a rule is, however, frequently de-

parted from. Sometimes the specific name is a noun, in which
case it does not necessarily agree with the genus in gender

;

such specific names are often old generic ones, as Bictamnus
Fraxmdla, Rhus Cotinus, Lytlirum Salicaria, Ehus Coriaria,

Dlantlms Armeria, Asclepias Vinceioxictc7Ji. In such cases the

specific name should begin with a capital letter ; a similar rule

should also be adopted when it is derived from a person
;

but in all other instances it is better that the specific name
should begin with a small letter. The specific name was called

by Linnseus the trivial name ; thus, in the particular kind of

Violet called Viola palustris, Viola is the generic, and pahcstris

the specific or trivial name.
Abbreviations and Symbols.— It is usual in botanical

works to use certain a,bbreviations and symbols. A few of the

more important can alone be mentioned here. Thus the names
of authors, when of more than one syllable, are commonly ab-

breviated by writing the first letter or syllable, &c., as follows :

—

L. or Linn, means Linnaeus ; Juss. is the abbreviation for

Jussieu ; D. C. or De Ca^id. for De Candolle ; Br. for Brown
;

Lindl. for Lindley ; Bich. for Richard ; Willd. for Willdenow

;

Hook, for Hooker ; With, for Withering ; Endl. for Endlicher
;

Bah. for Babington ; Berk, for Berkley, &c., &c.

It is common to put such abridged names after that of the

genus or species which has been described by them respectively.

Thus Eriocaidon, L. indicates that the genus Eriocaulon was
first described by Linnseus ; Miltonia, Lindl. is the genus Mil-

tonia as defined by Lindley; Fuphar pumila, B. C. is the

species of Nicphar defined by De Candolle, &c., &c.

Other abbreviations in common use are. Bad. for root ; Caid.

for stem ; Fl. for flower ; Cal. for calyx ; Cor. for corolla

;

Per. for perianth ; Fr. for fruit ; Ord. for order ; Gen. for

genus ; Sp. or Spec, for species ; Var. for variety ; Herb, for

herbarium, &c. Again,

—

V. V. c. ( Vidi vivam cultam) indicates that the author has seen

a living cultivated plant as described by him.

V. V. s.
(
Vidi vivam spontaneam) indicates that the author has

seen a living wild plant.

V. s. c.
(
Vidi siccarn cidtam) indicates that a dried specimen of

the cultivated plant has been examined.

V, s. s. {Vidi siccam spordaneam) indicates that a dried speci-

men of the wild plant has been examined.
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The more important symbols are as follows :

—

O) O) C^> or A, signifies an anmial plant.

O O) (2J,
or B, means a biennial plant.

2/. , A , or P, signifies a perennial.

>2 or Sh. means a shrnb.

T signifies a tree.

( twining to the right
; ) twining to the left.

J a staminate fiower.

$ a pistillate flower.

5 a hermaphrodite flower.

5 - $ a moncBcions plant.

5 : ^ a dicecious species.

§ 5 ^ a polygamous species.

O = signifies that the cotyledons are accmnbent, and the

radicle lateral.

O II
Cotyledons incumbent, radicle dorsal.

O P Cotyledons conduplicate, radicle dorsal.

O II II
Cotyledons twice folded, radicle dorsal.

O II II II
Cotyledons three times folded, radicle dorsal.

? The note of interrogation is used to indicate doubt or un-
certainty as to the genus, species, locality, &c.

! The note of exclamation indicates certainty in the above
particulars.

* The asterisk indicates that a good description is to be found
at the reference to which it is appended.

CHAPTER 2.

SYSTEMS OF CLASSIFICATION.

We hare already stated that Systematic Botany has for its

object the naming, describing, and arranging of plants in such

a manner, that we may readily ascertain their names, and at the

same time get an insight into their relations and general proper-

ties. Every system that has been devised for the arrangement of

plants does not comprise all the above points ; for, while some
systems are of value simply for affording us a ready means of

ascertaining their names, others not only do this, but at the same
time give us a knowledge of their affinities and properties. Hence
we divide the different systems of Classification under two heads

;

namely. Artificial and Natural,—the former only necessarily

enabling us to ascertain readily the name of a particular plant,
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while the latter, if perfect, should comprise all the points

which come within the object of Systematic Botany. The great

aim of the botanist, therefore, should be the development of a
true Natural System ; but, in its day, the Artificial System of

Linnseus has been of great value, and even now, to those com-
mencing the study of Botany without the aid of a teacher, it

cannot but prove of essential service. Linnseus himself never

devised his system with any expectation or desire of its serving

more than a temporary purpose, or as an introduction to the

Natural System, when the materials for its formation had been
obtained. The same may be remarked of all the artificial

systems that have been devised. When used in this sense, the

Artificial System of Linnseus may still be used with advantage

as an index to the Natural System. Its merits have been
well remarked upon by the late Professor Edward Forbes in his

Inaugural Lecture on Botany, delivered in King's College, London,
as follows :

—" Those who slightingly think of the Linnsean

system, forget in the present to look back fully and fairly on
the past. They should remind themselves of the state in which
Botany was when Linnseus undertook to make its treasures

consultable. The understandirag of things depends greatly on
the perception of their order and relations. When that order

and those relations require deep study ere we can comprehend
them clearly, the man who gives us a clue, however insignificant

it may be in its own nature, is not only conferring on us an in-

valuable benefit, but endowing the despised instrument with

golden value. Such a clue did Linnseus give when he put forth

the artificial system. The scientific systematist, surrounded by
the stores of his herbarium, should not forget that those treasures

were often amassed, in the first instance, by adventurous and
earnest men rendering good service by their hands and energy,

as good, in its humble way, as that which he gives by his head

and philosophy. It was not to be expected of such men that

in the field they should occupy themselves with thoughts of ar-

rangement or affinity ; their part was to observe and select, and
the guide to their observation and selection was, in most cases,

no other than the Linnsean system. In the scientific hive, as in

the apiary, there must be working-bees and neuters, as well

as queens and drones,—it is necessary for the economy of the

commonwealth. An easy means of acquiring and arranging

information is a great help to the workmen of science; and no
department has gained more thereby than Botany, which, through

the facilities afforded by the artificial method devised by Lin-

nseus, has had its facts amassed in enormous quantity for the

use of its more philosophic votaries, and owes its present ad-

vanced state, in a great measure, to such humble means.
" The clue to the labyrinth, then, having served such a noble

purpose, becomes a consecrated object, and should rather be
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hung up in the temple than thrown aside with ignominy. The
traveller, returning from his adventurous and perilous journey

of discover}', hangs up his knapsack with affection on the wall

of his study. But travellers must return to the fields if more is

to be done—and so must botanists; and each must have re-

course, again and again, to those helps which aided them so

well in their earliest journeys."

In both artificial and natural systems, the lower divisions

—

namely, the genera and species—are the same, the difference

between them consisting in the manner in which these divisions

are grouped into orders and classes. Thus in the Linnsean and
other artificial systems, one, or at most a few characters are

arbitrarily selected, and all the plants in the Vegetable King-
dom are distributed under classes and orders according to

the correspondence or difference of the several genera in such

respects, no regard being had to any other characters. The
plants in the classes and orders of an artificial system have,

therefore, no necessary agreement with one another, except in

the characters selected for convenience as the types of those

divisions respectively. Hence such a system may be compared
to a dictionary, in which words are arranged, for convenience of

reference, in an alphabetical order, adjacent words having no
necessary agreement with each other, except in commencing
with the same letter. In the Natural System, on the contrary,

all the characters of the genera are taken into consideration,

and these are grouped together into orders which correspond

in the greatest number of important characters ; and these orders

are again united, upon the same principles, into groups of a

higher order, namely, the classes. Wbile it must be evident,

therefore, that all the knowledge we necessarily gain by an
artificial system, is the name of an unknown plant ; on the other

hand, by the Natural System, we learn not only the name, but
also its relations to the plants by which it is surrounded, and
hence we get a clue to its structure, properties, and history.

Thus, supposing we find a plant, and wish to ascertain its name,
if we turn to the Linnsean System, and find that such a plant is

the Menyanthes trifoliata, this name is the whole amount of the

knowledge we have gained ; but by turning to the Natural
System instead, and finding that our plant belongs to the order

Gentianace(B, we ascertain at once from its affinities, that it

must have the tonic and other properties which are possessed

by the plants generally of that order, and, at the same time,

we also learn that it accords in its structure with the same
plants; and hence, by knowing the name of a plant by the
Natural System, we at once learn all that is most important in

its history. It is quite true that all the orders, as at present
constituted, are by no means so natural as that of the Gen-
tianaceae, but this arises from the present imperfection of our
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systems, and can only Le remedied as our knowledge of plants

extends ; even a system, devised as perfectly as possible one day,

may be deficient the next, in conseqiience of new plants being

discovered which might force us to alter our views ; for at

present the Floras of many regions of the globe are almost

unknown. Sufficient, however, is known of plants at present

for us to establish certain great divisions according to a natural

method, and which after discoveries are not likely to affect to

any important extent. The present imperfections of the Natural

System are, accordingly, comparatively unimportant, and will

no doubt disappear as our knowledge of the Flora of the globe

becomes extended.

Having now described the general characters upon which the

artificial and natural systems depend, and the particular merits

and disadvantages of the two classes of systems respectively, we
proceed in the next place to describe more particularly the

principles upon which such systems are founded, commencing

with those of an artificial character.

Section 1.

—

Artificial Systems of Classification.

The first artificial system of any importance, of which we have

any particular record, is that of Csesalpinus in 1583. Only 1520

plants were then known, which were distributed into fifteen

classes, the characters of which were chiefiy derived from the

fruit. The next systematic arrangement of an artificial cha-

racter was that of Morison, about the year 1670, He divided

plants into eighteen classes, which were constructed according

to the nature of the flower and fruit, and the external appear-

ance of the plant. The systems of Hermann and others, were

also constructed upon somewhat similar principles, while that of

Camellus was framed from the characters presented by the

valves of the pericarp, and their number. In the system of

Kivinus, which was promulgated in the year 1690, plants were

divided into eighteen classes, which were founded entirely upon

the corolla—its regularity or irregularity, and the number of its

parts being taken into consideration. The system of Christian

Knaut was but a slight alteration of that of Eivinus. That of

Tournefort, which was promulgated about the year 1695, was
for a considerable time the favourite system of all bo^anists;

but it was ultimately superseded by that of Linnseus. About
8000 species of plants were then known to botanists ; these

were distributed by Tournefort into twenty-two classes. He
first arranged plants in two divisions, one of which comprised

herbs and imder-shruhs, and the other trees and shrubs ; each of

these divisions was then divided into classes, which were chiefly
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characterised according to the form of the corolla. Many other

systems were devised which were simply alterations of the fore-

going, as that of Pontedera. Magnoliiis, however, framed a

system entirely on the calyx, while Gleditsch attempted one in

which the classes were founded on the situation of the stamens.

All the above systems were, without doubt, useful in their day,

and paved the way for those of a more comprehensive nature,

such as that of Linnaeus, which, being still in use to some extent,

requires to be particularly examined.

LixxJEAx System.—This celebrated system was first promul-

gated by Linnaeus in his " Systema Xaturse," published in the year

1735. It has been somewhat altered by subsequent botanists

;

but, in its essential characters, the Linnaean system, as now
adopted, is the same as debased by the great Linnaeus himself.

In describing this system we shall adopt the arrangement of the

present day.

The classes and orders in the Linnaean system are taken exclu-

sively from the essential organs of reproduction, the sexual nature

of which Linnaeus had just before clearly established ; hence this

artificial scheme is commonly termed the Sexual System.

Classes. — In this system plants are at firtt divided into

Flowering and Flowerless, the latter of which constitute a class

by themselves, under the name of Cryptogamia ; while the former,

called the Phanerogamia, are divided into twenty-three classes—
the characters of twenty of these depend upon the number, posi-

tion, relative length, and connection of the stamens ; while those

of the other three are derived from the unisexual nature of

their flowers. The names by which the classes are characterised

are all derived from the Greek, and express their distinctive

peculiarities.

The first eleven classes comprise all hermaphrodite flowers

the stamens of which are all distinct from each other, and about
the same length, or, at all events, neither didynamous nor
tetradynamous. The individual classes are distinguished by the

absolute number of such stamens, and their names are formed
by the combination of the Greek numeral expressing the num-
ber, with the termination anclria (from avTjp, a man or male), in

reference to their office in the process of fertilization. Thus :

—

Class 1 . Monandria, includes all such plants which have but
one stamen to the flower, as Hipptcris, and CentrantJius

{fig. 479).
Class 2. Biandria, those plants which have two stamens in the

flower, as the Ash {fig. 424), Lilac, and Privet.

Class 3. Triandria, those with three stamens, as most Grasses,

Valerian {fig. 478), and Iris.

Class "4. Tetrandria, those with four stamens, as the Holly,
Plantain, and E^nmedhcm. {Fig. 849.)
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Class 5. Pentandria, those with five stamens, as the Cowslip,

Nightshade, and Vine. (Fig. 504.) This is a very

extensive class.

Class 6. Hexandria, those with six stamens, as the Lily Order
of the Natural System. (Fig. 508.)

Class 7. Heptandria, those with seven stamens, as the Horse-
chestnut {fig. 891), and Trientalis.

Class 8. Octandria, those with eight stamens, as the Heath,

Ivy, and Eue. {Fig. 564.)

Class 9. Etmeandria, those with nine stamens, as the Flowering
Eush {fig. 576), and Khubarb.

Class 10. Decandria, those with ten stamens, as the Pink, and
Sediojn. {Fig. 767.)

Class 1 1 . Dodecandria. This class includes all plants possessing

the characters above described, which have flowers

containing from twelve to nineteen stamens, as the

Asarabacca, and Mignonette.

The two succeeding classes include plants with hermaphrodite

flowers, having twenty or more unconnected stamens, which
vary as to their mode of insertion ; but the names of the classes

are not here exactly descriptive. Thus:

—

Class 12. Icosandria, (literally twenty stamens). This includes

all plants which have twenty or more stamens to the

flower, and inserted on the calyx or 'perigynous, as

in the Rose Order. {Fig. 530.)

Class 13. Polyandria, (literally many stamens), those which have
twenty or more stamens inserted on the thalamus

—

that is hypogynous ; as in the Buttercup {figs. 843
and 844), Poppy, and Anemone.

The characters of the two succeeding classes depend upon the

relative length of the stamens, the flowers being also herma-
phrodite; thus:

—

Class 14. Didynamia, includes plants with four stamens to the

flower, two of which are long and two short,—or, in

other words, didyjiamous, as in the Poxglove {fig.

545), and Dead-nettle.

Class 15. Tctradynamia, includes plants with six stamens, o'^

which four are long and two short—or, in other

words, tetradynamous; as in the Wallflower and
Cruciferous Plants generally. {Fig. 544.) This

class corresponds to the natural order Cruciferse,

The names of the two latter classes are derived from the

Greek, and signify in the former class that the two longer, and

in the latter that the four longer stamens, are more powerful

than the shorter.
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The three next classes are characterised by the connection of
the stamens into one or more bundles. Their names are derived

from the combination of the G-reek numeral expressing the

number of bundles, with the termination adelphia or brother-

hood, which is used metaphorically for a bundle ; thus :—

Class 16. Monadelphia, includes all plants the stamens of which
are united by their filaments into one bundle or

brotherhood, as in the plants of the Mallow Order

{fig. 535) and Geranium.

Class 17. Biadelphia, those with the filaments imited into two
bundles or brotherhoods, as in the Pea {fig. 538) and
many other Papilionaceous flowers, and Fumitory.

Class 1 8. FoJyadelphia, those with the stamens united into more
than two bundles or brotherhoods, as in the St.

John's-wort, Castor Oil Plant, and Orange. {Figs.

539 and 540.)

In the next class the character is derived from the coherence

of the anthers, and the name is derived from two Greek words,

signifying to grow together; thus:

—

Class 19. Si/figc7iesia, includes all plants the flowers of which
have their anthers united into a tube or ring, the

filaments being distinct, as in all Composite Plants.

(Fig. 534.)

The character of the next class is founded on the union of the

andrcecium to the pistil.

Class 20. Gyjiandria. This includes all plants in which the

andrcecium and gynceciura are united together into

one column, as in the Orchis Order. {Fig. 532.)

The name of this class is derived from two Greek words, one

of which gynia, in combination gyn, is used metaphorically for

pistil, and the other, andria, as already mentioned, means male
or stamen.

In the preceding twenty classes the flowers all contain both

an andrcecium and a gynoecium or pistil. In the three following

classes the andrcecium and pistil are in separate flowers, either

on the same plant, or on two or more different plants of the

same species ; thus :

—

Class 21. Moncecia, includes plants where the andrcecium and
pistil are in separate flowers, but on the saine indi-

vidual, as in the Euphorbia, Oak, and Arum. {Figs.

377 and 537.) The name is derived from the Greek,

and signifies one hotisekold.

D D
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Class 22. Dioecia, includes plants in which the andrcecium and
pistil are in separate flowers, situated on different

individuals of the same species, as in the Willow,

Hop, and Hemp. {F{gs. 389 and 390.) The name
signifies literally two households.

Class 23. Folygamia. includes plants which have an androecium

and pistil, separate in some flowers and united in

others, either on the same or on two or three

different individuals of the same species, as in some
Palms. The. name is derived from the Greek, and
signifies many marriages.

The last class includes all Flowerless Plants, in which the

essential organs are said to be concealed ; hence its name
Cryptogamia.

Class 24. Cryptogamia. This includes the Filices {fig. 12),

Musci {figs. 8 and 9), Hepaticacese {figs. 811 and
813), Lichenes {figs. 821 and 822), Fungi {figs.

4—6), and Algse {fig. 7), all of which plants are

distinguished by being flowerless, and having their

organs of reproduction more or less concealed.

Orders.—The above Classes are subdivided into Orders as

follows :

—

The orders in the first thirteen classes, from Monandria to

Polyandria, are founded on the number of styles, or of the

stigmas if the styles are absent. Their names are derived from

a combination of a Greek numeral with the termination gynia,

meaning woman or female, and which is used metaphorically

for pistil, in allusion to its functions in the process of fertiliza-

tion. Thus :

—

Order 1. Monogynia, includes all plants of any of the first

thirteen classes, which have but one style to each

flower, as the Privet, Speedwell, and Primrose.
{Fig. 567.)

Order 2. Digynia, includes those with two styles, as in most
Grasses and Dianthus. {Fig. 588.)

* Order 3. Trigynia, includes those with three styles, as Silene

and Rumex. {Fig. 636.)

Order 4. Tetragynia, those with four styles^ as the Holly and
Sagina.

Order 5. Pentagynia, those with five styles, as Flax, Helle-

bore, Columbine, Larkspur, and Monkshood. {Fig.

425.)

Order 6. Hexagynia, those with six styles, as Actinocarpus,

Butomus, and Drosera. {Fig. 578.)
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Order 7. Heptagynia, those with seven styles. Xo examples
among British Plants.

Order 8. Octogijnia, those with eight styles. No examples
among British Plants.

Order 9. Enncagynia, those Avith nine styles. Xo examples
among Bi'itish Plants.

Order 10. Decagynia, those with ten styles. No examples
among British Plants.

Order 11. Dodecagynia, those, with eleven or twelve styles, as in

the common House-leek.

Order 12. Polygyjiia, those with more than twelve styles, as in

the Eose, Buttercup, Strawberry {fig. 591), Ane-
mone, and Clematis.

The 14th Class, Didynamia, is divided into two orders, the

characters of which are derived from the structiu'e of the seed-

vessel, namely

:

Order 1. Gyinnospcrriiia. This term is derived from the Greek,
and signifies 7i«A-ec? S(ec7s, because the single-seeded

fruits of these plants were mistaken by Linnseus for

seeds. This order includes those plants in which
the fruit consists of achsenia, of which there are

commonly four, as in the Dead-nettle and other

Labiate Plants.

Order 2. Angiospermia. This includes those plants in which
numerous seeds are enclosed in an evident seed-

vessel or pericarp, which is commonly two-celled

as in the Poxglove and Snapdragon, {t'igs. 612 and
694.) The name is derived from the Greek, and
means seids in a vessel.

The 15th Class, Tctradynamia, is also divided into two
orders, which are in like manner characterised by the nature ot

the fruit, as follows :

—

Order 1. Silicidosa ; the fruit a Silicula or short pod, as in the

Shepherd's Purse, Sea Kale, and Scurvy-grass.
{Fig. 697.)

Order 2. SiUqtiosa ; the fruit a Siliqua or long pod, as in Mus-
tard, Stock, and Wallflower. {Fig. 668.)

The orders of the 16th, 17th, and 18th Classes are distin-

guished by the number of stamens, and have names, therefore,

similar to the first thirteen Classes. The number of stamens
is, however, never less than three. Thus :

—

Order 1. Triandria, with three stamens, as in Tamarind.
Order 2. Pentandria, with five stamens, as in Erodium and

Passiflora.

Order 3. Hexajidria, with six stamens, as in Fumitory.
DD 2
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Order 4. Heptandria, with seven stamens, as in Pelargonium.

Order 5. Octandria, with eight stamens, as in Polygala.

Order 6. Decandria, with ten stamens, as in the Pea, Vetch,

and many other Papilionaceous flowers. {Fig. 538.)

Order 7. JDodecandria, with twelve to nineteen stamens, as in

the Orange. {Fig. 539.)

Order 8. ToJyandria, with twenty or more stamens, as in the

Mallow and St. Johu's-wort. {Fig. 540.)

In the 19th Class, Syngenesia, we have five orders. The
flowers in all are compound. By Linnaeus a sixth order was in-

cluded in this class, iinder the name of Monogamia, which em-
braced all solitary flowers that had united anthers, as Lobelia

and Violet; but this order was afterwards abolished, so that the

class Syngenesia, as it now stands, is essentially a natural one,

and corresponds to the order Compositge of the Natural Systems.

The names and characters of the orders are as follows :

—

Order 1. Polygamia aqualis. This includes all plants in which
the flowers or florets of the capitula are all perfect

or hermaphrodite, as in Lettuce, Chicory, and Dan-
delion.

Order 2. Polygamia superflua, where the florets of the disk or

centre of the capitula are hermaphrodite, and those

of the ray or of the margin are pistillate, as in the

Daisy, Elecampane, and Chamomile.

Order 3. Polygamia frustranea, where the florets of the disk are

hermaphrodite, while those of the ray are neuter,

as in Centaurca, the only British genus which
presents this structure.

Order 4. Polygamia nccessaria, where the florets of the disk

are staminate and sterile, while those of the ray

are pistillate and fertile, as in the Marigold {Calen-

dida).

Order 5. Polygamia segregata, where each flower or floret of the

capitulum has an involucre of its own, as in the

Globe-thistle {Echinops). The last two orders do
not include any British Plants.

The Orders in the 20th, 21st, and 22nd Classes are founded

on the number and union of the stamens; as such characters

are not taken into consideration in the definition of these Classes.

Thus :—

Order 1. ^jonandria, with one stamen, as in the genus Orchis,

and many other Orchidaceous Plants.

Order 2. Diandria, with two stamens, as in the Venus' Slipper

( Cypripedium) .

Order 3. Triandria, with three stamens, as in the plants of the

genus Carcx and Typha,
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Order 4. Tetrayidria, with four stamens, as in the Box, Alder,

and Nettle.

Order 5. Fentandria, with five stamens, as in the common Hop
and Bryony.

Order 6. Hexcmdria, with six stamens, as in the Birthwort

and Black Bryony
(
Tavms).

Order 7. Octandria, with eight stamens, as in the Poplar.

Order 8. Enncavdria, with nine stamens, as in Mercurialis

and Frog-bit.

Order 9. Becandria, with ten stamens.

Order 10. Bodecandria, with twelve stamens, as Stratiotes.

Order 11. Foli/andria,vrith numerous stamens, as in Poterium

and Sagittaria.

Order 12. Monadelphia, with the stamens united into one

bundle, as in the Yew, Juniper, and Fir.

Order 13. Polyadelphia, with the stamens in several bundles, as

in the Castor Oil Plant.

The Orders in the 23rd Class, Polygamia, are three, namely

:

Order 1. Monoscia, with staminate, pistillate, and hermaphro-

dite flowers on the same plant, as in Atriplex, the

only British genus comprised in this Class.

Order 2. Bicecia, with hermaphrodite flowers on one plant, and

staminate and pistillate flowers on another plant, as

in Htppophae.

Order 3. Triceda, M^here one plant bears hermaphrodite, another

staminate, and a third pistillate flowers.

The Orders of the 24th Class, Cryptogamia, are natural, and

will be described under their respective heads in treating of the

Natural System. They are :

—

Order 1. Filices, the Ferns. {Fig. 12.)

Order 2. Musci, the Mosses. {Figs. 8 and 9.)

Order 3. HcpaticacecB, the Liverworts. {Figs. 811 and 813.)

Order 4. Lichencs, the Lichens. {Figs. 82i and 822.)

Order 5. Fungi, the 3Iushrooms. {Figs. 4—6.)

Order 6. Algce, the Seaweeds. {Fig. 7.)

The following table of the Classes and Orders of the Linnsean

System, will show at a glance their distinctive peculiarities :

—
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Section 2.— Natueal Systems of Classification.

The object of all natural systems, as already noticed, is to

group together those plants which correspond in the greatest

number of important characters, and to separate those that

are unlike. The mode in which this has been attempted to

be carried out, varies according to the particular views of

botanists as to the relative value of the characters furnished by
the different organs of plants ; hence it will be necessary for

us, before proceeding to describe the more important natural

systems, to make some remarks upon this subject. The obser-

vations of Dr. Lindley are here so much to the point, that we
cannot do better than quote them, although it will be afterwards

seen, that we venture, in accordance with the views of many other

botanists, to differ in some particulars from that well-known

systematist :

—

" The only intelligible principle by which to estimate the

respective value of the characters furnished by the different

organs is according to their known physiological importance;

regarding those organs of the highest rank which are most es-

sential to the life of the plant itself; placing next in order those

with which the plant cannot dispense if its race is to be pre-

served ; assigning a still lower station to such organs as may be

absent without considerable disturbance of the ordinary functions

of life ; and fixing at the bottom of the scale those parts, or

modifications of parts, which may be regarded as accessory, or

quite unconnected with obviously important functions.

" The first office which all organized beings have to perform is

that of feeding, for it is thus only that their existence is main-

tained. The second is that of propagating, by means of which
their species is perpetuated. These being functions of the

highest importance, it is reasonable to conclude that the organs

pro'\'ided for their proper execution must be of the highest im-

portance also, and hence that they are, beyond all others,

valuable for the purposes of classification. And, again, be-

cause the power of feeding must come before that of propa-

gating, it might be conjectured beforehand, that the organs

destined for the former operation would afford the first elements

of a natural method. But since the act of feeding is very

simple in the Vegetable Kingdom, because of the similar modes
of life observable among plants, while, on the contrary, the act

of propagation is highly diversified, on account of the very

varied nature or structure of the parts by which it is accom-

plished ; so might we conjecture that the organs of nutrition

would afford but few distinctions available for purposes of
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classification, while those of fructification would furnish many
;

and such is the fact. Hence it is that the great classes of

plants are principally distinguished by their organs of growth,

and that in the numerous minor groups such peculiarities are

comparatively disregarded, their chief distinctions being derived

from their parts of reproduction."

Taking these principles as our guide, we should regard the

structure of the embryo as of the first importance, as it contains

within itself in a rudimentary condition all the essential organs

of a plant. Hence, according to its presence or absence, we
divide plants into two great divisions, called Cotyledonous and

Acotyledonous ; the fomier being propagated by true seeds, in

which the embryo possesses one or more cotyledons, a radicle,

and a plumule; while the latter are propagated by spores, in

which we can discover no such distinction of parts. As Coty-

ledonous Plants vary in the number of their cotyledons, these

may be again divided into two classes—those possessing one

cotyledon being called Monocotyledonous, those with two

Dicotyledonous.

Next in value to the embryo, is tlie growth and internal struc-

ture of the axis. Thus, the mode in which the root is produced,

furnishes us with three characters, called respectively, Hetero-

rhizal, Endorhizal, and Exorhizal. The growth and internal

structure of the stem also supplies us with three characters,

called Acrogenous, Endogenous, and Exogenous ; while those

plants which have no stem, are termed Thallogenous.

Next to the axis we place the leaf, which, as regards vena-

tion, presents three distinctive characters; thus, in Acrogenous

Plants the leaves or fronds have commonly a forked venation

;

those of Endogenous Plants are parallel-veined ; while those of

Exogenous Plants are net-veined or reticulated. Again, stem-

less plants have no true leaves, but produce a flattened cellular

expansion or thallus, which is veinless.

If we now proceed to the organs of reproduction, we find that

while some plants have flowers with evident sexes, others have

no flowers, and their sexual organs are more or less concealed
;

hence the former are called Phanerogamous or Phgenogamous,

the latter Cryptogamous. The andrcecium and gyncecium are

of the first importance amongst the reproductive organs, because

they are essential to the formation of the seed of flowering plants;

while the antheridia and archegonia may be considered as

possessing about the same importance among flowerless plants.

Next in order comes the fruit; thus the presence of a true

pericarp is the main characteristic of Angiospermous, and its

absence that of Gymnospermous Plants.

Next to the fruit must be placed the floral envelopes, which,

as regards the number of their parts, are usually ternary

in Monocotyledonous Plants, and quinary or quaternary in
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Dicotyledons. Lindley remarks, that "the floral envelopes seem,

to be unconnected with functions of a high order, and to be
designed rather for the decoration of plants, or for the purpose
of giving variety,to the aspect of the A^egetable world ; and, conse-

quently, their number, form, and condition, presence or absence,

regularity or irregularity, are of low and doubtful value, except

for specific distinction. There seems, indeed, reason to expect

that every natural order will, sooner or later, be found to con-

tain within itself all the variations above alluded to,"

The presence or absence of bracts, as well as their appearance
and general arrangement ; and the characters derived from the

different modes of inflorescence, are even of less value than those

of the floral envelopes, and must be considered, therefore, as

occupying the lowest place in our series of the relative value of

characters furnished by the organs of plants.

Such are the general principles which must be attended to by
those who desire to arrange plants according to their natural

affinities, and those systems of classification will be most natural

in which the organs of the highest value, and those least liable

to change, are especially relied on, in the determination of the

affinities of plants. It must be borne in mind, however, that in

the best devised natural systems there must be (at least at pre-

sent) much that is artificial, so tliat all that we mean by the

Natural System is, that it expresses, as far as is possible only, the

arrangement of plants according to their natural affinities. (See

p. 397.) This imperfection of our natural systems necessarily

arises from our incomplete knowledge of existing plants ; for as

our acquaintance with new kinds is becoming every day extended,

our views are liable to be modified or changed, and even supposing

plants be ever so naturally arranged, we should be still unable

to place them in a linear series, for "Different groups touch each

other at several different points, and must be considered as al-

liances connected with certain great centres. We find also that

it is by no means easy to fix the limits of groups. There are

constantly aberrant orders, genera, and species, which form links

between the groups, and occupy a sort of intermediate territory.

In this, as in all departments of natural science, there are no
sudden and abrupt changes, but a gradual transition from one

series to another. Hence exact and rigid definitions cannot be

carried out. In every natural system there must be a certain

latitude given to the characters of the groups, and allowances

must be made for constant anomalies, in as far as man's defi-

nitions are concerned."

Natural Systems.—We now proceed to give an abstract of

the more important natural systems. The first attempt at

arranging plants according to their natural affinities was by
our celebrated countryman, John Eay, in the year 1682 ; and
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imperfect as any scheme must necessarily have heen at that day,

when the number of plants known was very limited, still his

arrangement was in its leading divisions correct, and has formed

the foundation of all succeeding systems. He divided plants

thus :

—

1. Flowerless.

2. Flowering ; these being again subdivided into

a. Dicotyledons.

b. Monocotyledons.

Eay still further grouped plants together into genera, which were

equivalent to our Natural Orders, many of which indicated a

true knowledge of natural affinities, and are substantially repre-

sented at the present day by such natural orders as the Fungi,

Musci, lilices, Coniferse, Labiatae, Compositae, Umbelliferae,

and Leguminosse.

Next in order was the celebrated author of the most perfect

artificial system ever devised for the arrangement of plants,

namely, Linnaeus, who, about the year 1751, drew up a sketch

of the natural affinities of plants under the name of Fragments.

Many of the divisions thus prepared by Linnaeus are identical

with natural orders as at present defined, among which we may
mention Orchideae, Grramina, Compositfe nearly, L'mbellatae,

Asperifoliae, Papilionaceae, Filices, Musci, and Fungi. Some of

these groups had been pre^-iously recognised by Eay and other

botanists who had preceded him ; while others were then first

promulgated by himself. No characters, however, were given by
Linnaeus to the above Fragments. These examples of Linnsean

orders will show that while their author was engaged in the

formation of his admirable artificial system, he only regarded

it as paving the way to the formation of a true natural system,

which he himself states to be the jprimwn et ultinmm in botanicis

desideratum.

JussiEu's Natural System.—To Antoine Laurent de Jussieu,

however, belongs the great inerit of having first devised a com-

prehensive natural system. His method was first made known
in the year 1789. It was founded upon the systems of Eay and
Tournefort, to which he made some important additions, more
especially in considering the position of the stamens with re-

spect to the ovary. The following table, which requires no ex-

planation, represents his arrangement :—
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Acotyledones

Monocotyledones

fApetalse

Monopetalae

^ J-

{Stamens hypogynous.
Stamens perigynoiis.

Stamens epigynous.

{Stamens epigynous.

Stamens perigynous.

Stamens hypogynous.

Corolla hypogynous.
Corolla perigynous.

Corolla epigynous.

Class

1.

2.

3.

4.

5.

6.

7.

Acotyledones.

Monohypogynse.
Monoperigynse.

Monoepigynse.

Epistaminese.

Peristaminese.

Hypostaminese.

8. Hypocorollse.

9. Pericorollfe.

10. Epicorollse Syn-
antherge (an-

thers coherent).

11. Epicorollse Co-
risantherse (an-

thers distinct).

12. Epipetalse.

13. Hypopetalse.

14. Peripetalse.

15. Diclines.

{Petals epigynous.

Petals hypogynous.
Petals perigynous.

i^Diclines irregulares

Under these fifteen classes he arranged 100 natural orders or

families. Jussieu's was the first natural arrangement in which
an attempt was made to assign characters to natural orders, but
so admirably were these drawn up that they have formed the

basis for all succeeding systematists. Indeed, the limits of a
great many of Jussieu's orders are identical with those of the
present day.

De Candolle's Natural System.—The next system of note,

after that of Jussieu, was that of Augustin Pyramus de Candolle,

which was first promulgated in 1813. This system, modified

however in some important particulars, is that which is gene-

rally in use at the present day, and which, in most of its essential

divisions, we shall adopt in this volume. In the first place he
divided plants into two great divisions or sub-kingdoms, called

Vasculares or Cotyledonefe, and Cellulares or Acotyledoneae, the

characters of which are as follows :

—

Division 1. Vasculares, or CoiyhdonecB ; that is, plants possessing

both cellular tissue and vessels ; and having an
embryo with one or more cotyledons.

Division 2. Cellulares, or AcotyledonecB ; that is, plants composed
of cellular tissue only ; and whose embryo is not
furnished with cotyledons.

The former division was again divided into two classes, called

Exogense or Dicotyledonese, and Endogense or Monocotyledonese,

the essential characters of which may be thus stated :

—

Class 1. Exogena, or DicotyledonecB ; that is, plants whose vessels

are arranged in concentric layers, of which the
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youngest are the outermost and the softest; and
having an embryo with opposite or whorled coty-

ledons.

Class 2. Endogcnce, or MonocoU/Jedonccs ; that is, plants whose
vessels are arranged in bundles, the youngest being
in the middle of the trunk ; and having an embrj-o
with solitary or alternate cotyledons.

These classes were again divided into sub-classes or groups.
Thus, under the Dicotyledonese were placed four groups, named
Thalamiflorfe, Calyciflorje, Corolliflorae, and Monochlamydese.
Under the Monocotyledonefe two groups were placed, called

Phanerogamge and Cryptogamse. The latter group, which in-

cluded the higher Cryptogamia, was placed under Monocotyle-
donese from a mistaken idea that the plants included in it

possessed an embryo, of a somewhat analogous character to that

of monocotyledonous plants. The Acotyledoneae were also

divided into two groups, called Foliosse and Aphyllse.

The following is a tabular \iew of De Candolle's system.

Sub-kingdom 1. Vasculares, or Cotti-edontls;.

Class 1. ExogencB, or BicotyledonecB.

{Petals distinct, inserted with
the stamens on the tha-

lamus.

{Petals distinct, or more or

less united, and inserted

on the calyx.

Q n^^^ma^^^ /Petals united, and inserted
•'

(^ on the thalamus.

4. MonocMamydecB. |^^7i^« ""^^^ \ '^"^^^ <^^'^"
^

\^ otiiorai envelopes, or none.

Class 2. EndogencB, or Monocotyledonea.

Sub-class 1. PhanerogamcB. |
Fructification visible, regu-

2. CTyptogam<B.
/Fructification hidden, un-

^^ ^
\^ known, or irregular.

Sub-kingdom 2. Cellulares, or Acottledoxe.t;.

Sub-class 1. FolioscB. / Having leaf-like expansions,

l_
and known sexes.

2. AphyllcB.
(Haying no leaf-like expan-

^ ^
|_ sions, and no known sexes.

Under these sub-classes he arranged 161 Natural Orders.
The enumeration of these is unnecessary in an elementary
volume ; we shall content ourselves with mentioning a few only,

as examples of the different groups. Thus, as examples ot

ThalamiJiorcB—Cruciferse, Caryophyllese, and Xalvace«; of Caly-

ciflorcB—Rosacese, Umbelliferse, and Compositae ; of CorolliflorcB
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—Convolvulacese, Solanege, and Labiatse ; of Monochlamydem—
Polygonese, Urticese, and Amentacese : of PhanerogamcB—Orchi-

dese, Iridese, and Gramineae ; of Oryptoffama—Yihces, Equise-

tacese, and Lycopodinese : of Foliosce—Musci and Hepaticse
;

and of Aphi/Uce—Lichenes, Fungi, and Algse.

In this system it will be observed that De Candolle adopted the

primary divisions of Jussieu, but he reversed the order of their

arrangement ; for, instead of commencing with Acotyledons,

and passing through Monocotyledons to Dicotyledons, he began

with the latter, and proceeded by the Monocotyledons to Acoty-

ledons. The reason for taking this course is thus explained:

—

" I place Dicotyledons first because they have the greatest

number of distinct and separate organs. Then, as I find

families where some of these organs become consolidated, and
consequently seem to disappear, I refer them to a lower rank.

This principle gives me the series as exhibited in the tabular

arrangement above. I have adopted this series partly because

I think it is that which is least removed from a natural sequence,

and partly because it is convenient and easy for study. But let

no one imagine that I attach the least importance to it. The
true science of general Natural History consists in the study of

the symmetry peculiar to each family, and of the relation which
these families bear to each other. All the rest is merely a

scaffolding, better or worse suited to accomplish that end."

Since the appearance of De Candolle's system numerous other

arrangements have been proposed by botanists, as those of

Agardh, Perleb, Dumortier, Bartling, Lindley, Schultz, Endlicher,

and many others. As all these systems, with the exception of

those of Lindley and Endlicher, were nevermuch used, and are not

adopted in great systematic works of the present day, it will be

unnecessary for us to allude to them an}' further. A full account

of them all may be found in Lindley's valuable work on the Vege-

table Kingdom. The systems of Endlicher and Lindley, however,

having been used in important systematic works, it will be ad-

visable for us to give a general sketch of their leading characters.

A new Genera Plantarum, by Bentham and Hooker, is now
in course of publication, but at present it is too incomplete to

be especially referred to in a students' manual ; but from the

high reputation and great practical experience of the authors,

and judging from the volume that has already appeared, im-

portant changes may be expected in the arrangement, &c. of

genera. It is hoped, therefore, that the work will be completed

with as little delay as possible.

Endlicher's Natural System.—The system of Endlicher

is adopted in his Ge7ieraPIantarum,^Vi\A\^\vQ(}i between the years

1836—1840. The following is a sketch of tliis system. He
divides plants into two great divisions, which be has denominated
Regions, and named Thallophyta and Cormophyta. These were

again divided into Sections and Cohorts, as follows :

—
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Region 1. Thallophtta. Plants -vvith no opposition of stem and
root ; with no vessels and no sexual organs ; and
with germinating spores lengthening in all direc-

tions.

Section 1 . Frotophyta. Plants developed without soil ; draw-
ing nourishment from the element in which they
grow; and having a vague fructification; as in

Algse and Lichenes.

Section 2. Hyderophyta. Plants formed on languid or decay-
ing organisms ; nourished from a matrix ; all the
organs developing at once, and perishing in a
definite manner ; as in Pungi.

Region 2. Coemophyta. Plants with stem and root in opposite
directions; spiral vessels and sexual organs dis-

tinct in the more perfect.

Section 3. Acrobrya. Stem growing at the point only, the
lower part being unchanged, and only used for
conveying fluids.

Cohort 1. Anophyta. Having no spiral vessels ; both sexes
perfect ; spores free in spore-cses. Examples,
Hepaticse and Musci.

Cohort 2. Frotophyta. Having vascular bundles more or
less perfect; male sex absent; spores free in
one- or many-celled spore-cases. Examples,
Pilices and Equisetacese.

Cohort 3. Hysterophyta. Having perfect sexual organs

;

seeds without an embryo, polysporous
;
para-

sitic. Example, Rhizantheee.

Section 4. Amphihrya. Stem growing at the circumference.
Examples, Grraminese, Liliaceae, Iridaceae, Orchi-
dacese, and Palmaeese.

Section 5. Acramphihyra. Stem growing at both the apex
and circumference.

Cohort 1. GymnospermcB. Ovules naked, receiving impreg-
nation immediately by the micropyle; as in
Coniferse.

Cohort 2. Apdahe. Calyx absent, rudimentary or simple,
calycine or coloured, free or united to the
ovary. Examples, Cupuliferae, Urticacese, and
Polygon ese.

Cohort 3. Gamopetalce. Both floral envelopes present, the
outer calycine, the inner corolline, the latter
being monopetalous ; rarely abortive. Ex-
amples, Compositse, Labiatse, Scrophularineee,
and Ericaceae.
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Cohort 4. Bialypctala. Both floral envelopes present, the

outer being monosepalous or polysepalous, free

or united to the ovary, calycine or sometimes
corolline ; the inner being corolline with
distinct petals, or rarely cohering by means of

the base of the stamens, and with an epigynous,

perigynous, or hypogynous insertion ; rarely

abortive. Examples, Umbelliferse, Eanuneu-
lacese, Cruciferse, Caryophyllese, Rosacese, and
Leguminosae.

Under these di-visions Endlicher included 277 Natural Orders.

After Jussieu, he commenced with the simplest plants and
gradually proceeded to the more complicated, placing those of

the Leguminosae at the highest point of the series.

Lindley's Natural System.— To Dr. Lindley especially,

belongs the merit of ha^nng been the first botanist who made
any serious attempts to introduce a natural arrangement of

plants into use in this country. The first system proposed by
him in 1830 was but a slight modification of that of De Can-
dolle, and was as follows:

—

Class 1.

—

Vasculares, or Flowering Plants.

Sub-class 1 . Exogens, or Dicotyledons.

Tribe 1. Angiospermge.

§ 1. Polypetalous, Apetalous, and Achlamydeous Plants.

% 2. Monopetalous Plants.

Tribe 2. Gymnospermse.
Sub-class 2. E?}doqens, or Monocotyledons.

Tribe 1. Petaloidese.

Tribe 2. Glumacese.

Class 2.

—

Celltjlares, or Flowerless Plants.

Tribe 1. Filicoideae, or Fern-like plants.

Ti'ibe 2. Muscoidese, or Moss-like plants.

Tribe 3. Aphyllse, or leafless plants.

No attempt was made in this system to form minor groups or

divisions of the tribes ; but in 1833, in a new system, Lindley

arranged the natural orders m groups subordinate to the higher

divisions, which were called Nixus (tendencies). The following

was the arrangement then proposed :

—

(Vasculares

Sexuales

'1. Exogense, Angiospermse.

2. Exogense, Gymnospermse.
, 3. Endogense.

(Evasculares . 4. Rhizanthese.

5. Esexuales.

These primary divisions were again divided into Sub-classes,

Cohorts, and Nixus or groups of nearly allied Natural Orders.
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In 1838, Liudley modified his views so far as regarded Exo-
gens, and proposed the following divisions for that class of
plants :

—

EXOGEI^S, OK DiCOTTLEDONS.

Albumen extremely abundant ; embryo
minute 1. Albuminosze.

Albumen absent,, or in small quantity.

Sexes in the same flower.

Ovary inferior . . . .2. Epigynosse.

Ovary superior.

Elowers, if monopetalous, not with

a dicarpous ovary . . .3. Polycarposse.

Rowers monopetalous, with a di-

carpous ovary . . . .4. Dicarposse.

Sexes in different flowers . . .5. Diclinosse.

In the year 1839, Lindley proposed to increase the number
of the primary classes of plants to eight, in the following
manner :

—

State 1. Sexval, or ELOWEErs-G PLA>rTS.

Cydogtns.
f
Class 1. Exogens.

Dinsion 1. Exogens . •] t Class 2. Gyranogens.
Class 3. Homogens.

/ a f
Class 4. Dietyogens.

Division 2. Ekdogens J
P^^^g^^is.

^ Q^^gg ^^ Endogens.
i Class 6. Sporogens,or

Ehizanths.

State 2. EsExuAx, oe Floweeless Plants.

/ Class 7. Cormogens
(distinct

Division 3. Aceogens , . . -( m o nZ ^^
Class 8. Thallogens

(no distinct

stem).

Lindley finally, in the year 1845, modified his views again,

and proposed the following scheme, which is that adopted by
him in " The Vegetable Kingdom."

LINDLETS NATURAL SYSTE3I, 1846.

1. Asexual, or Eloweeless Plants.

Stem and leaves undistinguishable . Class 1. Thallogens.
Stem and leaves distinguishable . . Class 2. Acrogens.
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2. Sexuax, oe Flowering Plants.

Fructification springing from a thallus Class 3. Rhizogens.

Fructification springing from a stem.

Wood of stem youngest in the centre;

cotyledon single.

Leaves parallel-veined, permanent;
wood of the stem always confused Class 4. Endogens.

Leaves net -veined, deciduous;

wood of the stem, when peren-

nial, arranged in a circle with

a central pith Class 5. Dictyogens.

Wood of stem youngest at the cir-

cumference, always concentric

;

cotyledons two or more.

Seeds quite naked . . . Class 6. Gymnogens.
Seeds enclosed in seed-vessels . Class 7. Exogens.

The Exogens were further divided into four sub-classes thus :

—

Sub-class 1. Dicli7ious Exogens, or those with unisexual flowers,

and without any customary tendency to form
hermaphrodite flowers.

Sub-class 2. Hypogynous Exogens, or those with hermaphrodite
or polygamous flowers ; and stamens entirely free

from the calyx and corolla.

Sub-class 3. Perigynous Exogens, or those with hermaphrodite
or polygamous flowers, and with the stamens
growing to the side of either the calyx or

corolla ; ovary superior, or nearly so.

Sub-class 4. Ej)igynotis Exogens, or those with hermaj hrodite

or polygamous flowers, and with the stamens
growing to the side of either the calyx or

corolla ; ovary inferior, or nearly so.

Neither of the other classes are divided into sub-classes, but

of Endogens, four sections are distinguished thus :

—

1. Flowers glumaceous; (that is to say, composed of bracts not

collected in true whorls, but consisting of imbricated

colourless or herbaceous scales).

2. Flowers petaloid, or furnished with a true calyx or corolla,

or with both, or absolutely naked ; unisexual (that is,

having sexes altogether in different flowers, without half-

formed rudiments of the absent sexes being present).

3. Flowers furnish-ed with a true calyx and corolla, adherent to

the ovary ; hermaphrodite.

4. Flowers furnished with a true calyx and corolla, free from
the ovary ; hermaphrodite.
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Under the above classes Lindley has included 303 Natural
Orders, which he has arranged in fifty-six groups subordinate to

the sections, sub-classes, and classes, and to which he has given

the name of Alliances.

Having now given a brief description of the more important
natural systems which are in use at the present day, we shall

conclude our notice of them by the following table of Hen-
slow. (See next page.)

Natural System adopted in this Manual.—The natural

arrangement adopted in this volume, which is founded upon
those of Jussieu, De CandoUe, and Lindley,—that of De Candolle

being the basis, is as follows :

—

The Vegetable Kingdom is first divided into two sub-king-

doms, namely :—Phanerogamia, Flowering, or Cotyledonous
Plants ; and Cryptogamia, Flowerless, or Acotyledonous Plants.

Sub-kingdom 1. Phanerogamia, includes plants which have
evident flowers ; and which are propagated by seeds containing

an embrj'o with one or more cotyledons.

Sub-kingdom 2. Cryptogamia, are those plants which have no
flowers ; and which are propagated by spores, and are therefore

acotyledonous.

The Phanerogamia is divided into two classes, and other sub-

divisions, thus :

—

Class 1. DicoTYLEDONES, in which the embryo is dicotyledonous

;

the germination exorhizal ; the stem exogenous

;

the leaves with a reticulated venation ; and the
flowers with a quinary or quaternary arrangement.
In this class we have two divisions.

Division 1. Angiospermia, in which the ovules are enclosed in

an ovary, and are fertilized indirectly by the
action of the pollen on the stigma. In this

diA-ision we have four sub-classes :

—

Sub-class 1. ThalamiflorcB, that is, plants with flowers usu-
ally furnished with both a calj-x and corolla

;

the latter composed of distinct petals in-

serted on tlie thalamus ; stamens hypogy-
nous, or adherent to the sides of the ovary.

Sub-class i Calyciflorce.—Flowers having usually a calyx
and corolla, the latter mostly with distinct

petals, and inserted on the calyx ; stamens
either perigynous, or epigynous. This sub-
class has two sub-divisions:

—

1. 'Perigyncc, in which the calj-x is free, or nearly so ; the
stamens usually perigynous ; and the ovary superior.
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2. EpigyncB, in which the calyx is more or less adherent

;

and the ovary inferior.

Sub-class 3. Corolliflorcs.— Flowers having both a calyx

and corolla, the latter with united petals
;

stamens inserted on the corolla or ovary, or

free and arising from the thalamus. Of this

sub-class we have three sub-divisions :

—

1. Epigyna, in which the calyx is adherent ; and the

ovary consequently inferior.

2. HypostaminccE, in which the stamens are inserted on
the thalamus, and do not adhere to the corolla

;

ovary superior.

3. EpipetalcB, or E-jncorolla, in which the corolla arises

from the thalamus, and has the stamens attached to

it ; ovary superior.

Sub-class 4. Monochlamydea, or Apctalce.—Flowers either

having a calyx only, or without both calyx

and corolla.

Division 2. Gymnospermia, in which the ovules are naked or

not enclosed in an ovary, and are fertilized di-

rectly by the action of the pollen.

Class 2. MoNOCOTYLEDONES, in which the embryo is monoco-
tyledonous ; the germination endorhizal : the stem
eudogenous ; the leaves usually with a parallel vcnn-
tion ; and the flowers with a ternai'y arrangement.
In this class we have three sub-classes :

—

Sub-class 1. DictyogencB.—Leaves with a reticulated vena-

tion, deciduous ; rhizome and root with the

wood arranged in a concentric manner ; floral

envelopes verticillate.

Sub-class 2. Petaloidea, or Floridce.-—Leaves with a parallel

venation, permanent ; floral envelopes (pe-

rianth) verticillate and usually coloured,

rarely scaly, sometimes absent. This sub-

class has three sub-divisions :

—

1. Epigyn^, in which the flowers are usually herma-
phrodite ; the perianth adherent ; and the ovary
inferior.

2. HypogyiKB, in which the flowers are usually herma-
phrodite ; the perianth free ; and the ovary superior.

3. Blclines, in which the flowers are usually unisexual

;

the perianth either absent, or consisting of a few
scales.

Sub-class 3. Glumaccce.— Leaves parallel-veined, perma-
nent ; flowers glumaceous, that is, having no
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proper perianth, but consisting of imbricated

bracts.

The Cryptogamia constitutes a class by itself, thus :

—

Class 3. AcoTYLEDONES, are those plants which are propagated

by spores, and are therefore acotyledonous, and have

an indefinite or vague (heterorhizal) germination;

the stem is present or absent, in the former case,

when woody, it is aerogenous ; the leaves are also

either absent or present, in which latter case the

veins are forked ; they have no true flowers. This

has two sub-classes :

—

Sub-class 1. Acroffencp.—^lsints with the stems and leaves

distinguishable ; and possessing stomata.

Sub-class 2. J'hallogence.— Plants with no distinction of

stems and leaves ; stomata absent.

The following is a tabular arrangement of the above system :

—

VEGETABLE KINGDOM.
Sub-kingdom 1. Phanerogamia, Cotyledones, or Flowering

Plants.

Class 1. DiCOTYLEDONES.

Division 1. Angiospermia.

Sub-class 1. Thalamiflorse.

2. Calyci florae.

1. Perigynse.

2. Epigynse.

3. Corollifloi-jse.

1. Epigynse.

2. Hypostaminese.

3. Epipetalffi.

4. Moiiochlamydese.

Division 2. Gymnospermia.

Class 2. MONOCOTYLEDONES.

Sub-class 1. Dictyogense.

2. Petaloidese, or Floridse.

1. Epigynse.

2. Hypogynse.

3. Diclines.

3. Glumacese.

Sub-kingdom 2. Cryptogamia, Acotyledones, or Elowerless

Plants.

Class 3. Acotyledones.
Sub-class 1. Acrogense.

2. Thallogense.
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CHAPTER 3.

AREAXGE3IENT, CHARACTERS, DISTRIBrTION, PROPERTIES, AND
rSES or THE NATURAL ORDERS.

Having now given a general sketch ofthe more important Natural
Systems—and especially of that one which we propose to

follow in this volume—and described the characters of its

divisions, we now proceed to the description of the various

natural orders which we arrange under those divisions. Our
attention will be chiefly directed to the more important orders,

and especial importance will be given to their diagnostic cha-

racters,—or those which are absolutely necessary for their

distinction. In this portion of our subject we have made free

use of "Lindley's Vegetable Kingdom," to which valuable

work we refer those who require fuller details than our object

and space will admit of.

In our notice of the more important natural systems, we have
seen that some authors, as Jussieu, Endlicher, and Lindley,

commence with the simplest forms of plants, and end with the

most complicated ; while others, as Eay and De Candolle, take

an opposite course, and proceed from the most highly developed

plants to the simplest. "We have adopted the latter plan here,

because the more highly developed plants are much better known
than the lower, and will be moreover of more general interest to

the majority of our readers.

SUB-KIXGDOM I.

PHAXEROGA^HA, COTYLEDOXES, OR FLOW-
ERING PLANTS.

Class I. DICOTYLEDOXES.

Division I. Angiospermia.

Sub-class I. Tkalamiflora.

Natural Order 1. EAxrNcrxACE^, the Crowfoot or Butter-
cup Order {figs. 843—848).—Character.

—

Herbs, or rarely
climbing shrubs, with an acrid watery juice. Leaves alternate

or opposite, generally much divided {figs. 307, 345), or some-
times entire, with usually dilated and sheathing petioles. Sti-

pules sometimes present, but always united to the base of the
petiole. Ca?i/x of 3—6, usually 5 {fig. 843) distinct sepals,
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re^lar {fig. 406) or irregular [fig. 440), green or rarely petaloid,

deciduous or very rarely persistent; JBstivation generally im-
])ricate {fig. 843), sometimes valvate {fig. 773) or induplicate.

Corolla of 3— 15, usually 5 {fig. 84:3). distinct petals, regular or

irregular, aestivation imbricate {fig. 843), sometimes absent {fig.

11Z). Stamens numerous {figs. 843 and 844), or very rarely

Fig. 843. Fig. 844.

Fig. 845.

Fig.MZ. Diagram of the Flower of a Bpecies of Ranunculus. Fig.SiAi.

Vertical section of tlie Flower of lianunculus acris. c. Calyx, pe. Pe-
tals, e. Statnens. p. C.irpels. Fig. 845. Ailiiate anther of a llanun-
culaceous plant. Fig. 846. Numerous follicles of Trolling europaius.

Fig. 847. Vertical section of the seed of the Monkshood (AconiiumK
.«p. Coverings of the seed. emb. Einbrj-o. alb. Alhumen. Fig. S4S.

Vortical section of a carpel of Ranunculus acris. o. Ovary, g. Ovule.
8. Stigma.

few, hypogynous {fig. 844, e) ; anthers adnate {fig. 845), bursting

longitudinally. Carjxis numerous {fig. 843), distinct, one-celled

{fig. 848) or rarely united so as to form a compound many-
celled ovary ; ovary with one {fig. 848, g) or many ovules ; ovulct

anatropal, attached to the ventral suture {fig. 848) ; styles simple

{fig. 844). Fruit various, either consisting of a number of

achsenia, or of several follicles {fig. 846), or a one or more seeded
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berry. Seeds solitary or numerous, when solitary erect or pen-

dulous ; embryo minute {fig. 847, emh), at the base of homoge-
neous horny albumen, alh.

Diagnosis.—Herbs or rarely shrubs with a watery acrid

juice. No stipules separate from the petiole. Sepals, petals,

and stamens distinct, hypogynous. Corolla with an imbricated

sestivation. Stamens usually numerous, hypogynous ; anthers

adnate, bursting longitudinally. Carpels, except in a few in-

stances, more or less distinct. Seeds -odthout an aril, and with

homogeneous horny albumen, anatropal.

Division of the Orchr, and Examples of the Genera.—The
order is divided into five tribes :

—

Tribe 1. Clematidem. Calyx ralvate or indupHcate. Fruit

consisting of a number of achcenia. Seed pendulous. Ex-
ample :—Clematis.

Tribe 2. Anemonece. Calyx imbricated, usually coloured. Fruit

consisting of a number of achaenia. Seed pendulous. Ex-
amph

:

—Anemone.
Tribe 3. Ranuncidece. Calj'x imbricated. Fruit consisting of

a number of achsenia. Seed erect. Example:—Ranunculus.

Tribe 4. Helleborecs. Calyx imbricated. Fruit consisting of

one or more whorls of many-seeded follicles. Examples:—
Helleborus, Aconitum.

Tribe 5. Actceece of Lindley. Cal}rs coloured, imbricated.

Fruit succulent, indehiscent, one or many-seeded. Examples:

—Actsea, Podophyllum.

Distribution and Numbers.—The plants of this order occur

chiefly in cold damp climates, and are almost unknown in

the tropics, except on mountains. The order includes about

1000 species.

Properties and Uses.—The plants of this order generally

aboirnd in an acrid principle, which in some is even vesicant.

This acridity is, however, very volatile, so that in most cases it

is dissipated by drying the plants, or by infusing them in

boiling or even sometimes in cold water ; it varies also in dif-

ferent parts of the same plant, and even in the same parts at

different seasons. Some plants contain in addition a narcotic

principle. When these principles are in excess they are virulent

poisons. Grenerally the plants of this order are to be regarded

with suspicion, although some are simply bitter and tonic ; the

following are the more important plants, and the uses to which
they are applied :

—

Aconitum.—Some species of this genus are very virulent poisons. The
dried root of Aconitinn fi^rox has been usually considered as the sole source
of the celebrated Indian drug and poison, " Bikh or Bish," but as stated by
Dr. Hooker, this is also obtained indifferently from A, Xapellus, A. luridum,
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and A.palmatum. Aeonitum Napellns, a European species, commonly called
Monkshood, is the officinal plant of the British Pharmacopoeia. The leaves,
flowering tops, and root are veiy poisonous, but when used in proper doses
they are narcotic and diaphoretic. Several cases of poisoning have occurred
from the root having been mistaken for Horse-ratlish. The other European
species are almost inert. The properties of the above species are especially
due to a very powerful alkaloid, called aconitia. This alkaloid has been much
used externally in Neuralgia and Rheumatism, and also occasionally inter-
nally in Acute Rheumatism and Diseases of the Heart. The Aconitutn/erox
contains the largest amount of aconitia of any known species. The root or
rhizome of Aeonitum heterophyllum has no poisonous properties ; it has a re-
putation in India as a tonic and anti periodic medicine.

Actcea.—The rhizome with the attached rootlets of Adcea (Cimici/uga)
racemosa has been long used in the United States as a remedy in rheuma-
tism, and anomalous forms of nervous diseases. It has lately been intro-
duced into this country, and employed with some success in similar diseases.
The rhizome of Actcea spicata, BanebeiTy, is a frequent adulteration of Black
Hellebore rhizome.

Clematis erecta and C. FlammuJa.—The leaves of these plants have been
used as rubefacients and vesicants. Some other species possess analogous
properties.

Coptis.—The root of Coptis trifoKata, Gold Thread, which is a native of
North America, is a pure and powerful bitter, and is used as a stomachic
and tonic. The root of Coptis Teeta is found in the bazaars of India. It is

known under the names of Mishmee-Bitter or Mahmira. It is intensely and
powerfully bitter, and is a valuable tonic.

Delpliinium Staphysagria.—Thc seeds of this plant are sometimes employed

;

they are commonly known under the name of Staves-acre seeds. They con-
tain an alkaloid, called detiihinia. They have been chiefly used for destroy-
ing vermin. Delphinia has also been used externally in Neuralgia and
Rheumatism.

Helleborus.—The rhizome and rootlets of HeUehorus offlcinalis constituted
the Black Hellebore of the ancients, which was much used by them as a
drastic purgative. IleUeborus niger is still occasionally employed in this
countiy, and possesses similar properties. Helleborus viridis and II. foetidus
are also of a like nature, and may be used as efficient substitutes.

Hydrastis catiadeiisis.—The rhizome and rootlets, under the names of Yellow
Root and Golden Seal, are used in the United States for their tonic properties

;

and are reputed also to exercise an especial influence over mucous surfaces.
Their action is due to the presence of berberia and a peculiar alkaloid called
hydrastia.

Nigella satira.—The seeds were formerly employed instead of pepper. They
are used in India as a carminative. It is supposed that these seeds, or those
of another species used by the Affghans for flavouring curries, form the
Black Cummin of Scripture (Isaiah xxviii. 25, 27).
Podophyllum peltatum, May-apple.—The rhizome and rootlets possess

cathartic properties, owing especially to the presence of one or more resins.

The rhizome and the resin have been introduced into the British Pharma-
copoeia, and are now largely used in this country.

Ranunculus.—R. sceleratus and R. Flammula are very acrid, which pro-
perty is also possessed to a certain extent by many other species. R. Fi-
caria has thickened roots which contain a good deal of starch ; hence they
have been used as food.
Xanthorrhiza apiifolia.—The root has a pure bitter taste, and possesses

well-marked tonic properties. It contains berberia as an ingredient.
Many plants of the order are commonly cultivated in our gardens; as

various species of Clematis. Anemone, Ranunculus, Eranthis (Winter Aco-
nite), Helleborus (Christmas Rose), Aquilegia (Columbine), Delphinium
(Larkspur), Aeonitum (Monkshood), Pceonia (Pseony). Moutan officinalis is

the Tree Paeony of China, which is remarkable for its very large showy
flowers, and for the number of its blossoms ; thus, Fortune mentions a plant
in the neighbourhood of Shanghae which yearly produced from 300 to 400
flowers. ,.
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Natural Order 2. Diixexiace^.— The Dillenia Order.

—

Character.

—

Trees, shrubs, or rarely herbs. Leaves usually

alternate, very rarely opposite, generally exstipuJate. Sepals 5,

persistent, in two rows. Petals 5, deciduous, hypogynous, im-

bricated. Stamens numerous, hypogynous. Carjnls 2—5, rarely

1, more or less distinct. Fruit formed of from 2—5 distinct

or adherent carpels, rarely 1. Seeds numerous, or 2 or 1 by
abortion, anatropal, arillate ; albumen homogeneous, fleshy : em-

bryo minute.

Diagnosis.— Stipules absent, except in rare cases. Sepals

and petals 5 each, hj-pog^-nous, the former persistent in two

rows, the latter with an imbricated aestivation. Carpels more

or less distinct. Seeds arillate ; albumen fleshy, homogeneous.

Distribution, ^c.—The plants of this order occur chiefly in

Australia, India, and equinoctial America ; a few species have

been also found in equinoctial Africa ; none occur in Europe.

Examples of the Genera:—Dillenia, Candollea, Tetracera. There

are above 200 species belonging to this order.

Properties and Uses.—The plants of the order have usually

astringent properties, and have been used as vulneraries, and
for tanning in Brazil. The young calyces of some species of

Dillenia have an acid taste, and are employed as an ingredient

of curries in some parts of India. Some species of Dillenia

grow to a large size and form hard durable timber. There

are no plants belonging to the order which are applied to any
use in this country.

Most of the Indian species belonging to the genus Dillenia,

are remarkable not only for their evergreen foliage, but also

fur the beauty of their flowers. They are sometimes cultivated

as stove or greenhouse plants in this country.

Natural Order 3. ]\lAGNOLiACE.ii.—The Magnolia Order.

—

Character.

—

Trees or shrubs, with altprnate leathery leaves

{fig. 310), and with usually large convolute stipules, which en-

close the leaf-bud and fall off as it expands. Sepals usually

three to six, deciduous. Petals three or more, hypogjmous, in

two or more rows. Stamens numerous, hypogj-nous {fig. 590,

e). Carpels several, one-celled, often arranged upon an elon-

gated thalamus {fig. 590, c). Fruit consisting of numerous,

dry or succulent, dehiscent {fig. 653) or indeliiscent carpels,

distinct or somewhat coherent. Seeds anatropal, with or without

an aril, solitary or several, often suspended from the fruit by a

long funiculus {fig. 653) ; embryo minute ; albumen fleshy,

homogeneous.
Dieignosis.—Trees or shrubs. Leaves alternate. Stipules

usually present, and then large and sheathing the leaf-bud,

deciduous. Sepals and petals with a ternary arrangement of

their parts, hypogynous, the former deciduous, the latter with an

imbricated aestivation. Carpels distinct. Albi^en homogeneous.
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Division of the Order, and Examples of the Genera.—The
order is divided into two tribes :

—

Tribe 1. Magnoliea.— Carpels arranged upon an elongated

thalamus in a cone-like manner. Leaves not dotted, or scarcely

so. Examples:—Liriodendron, Magnolia.

Tribe 2. Wintere(S.—Carpels forming but one whorl. Leaves

dotted, and often exstipulate. Examples:—Drimys, Illicium.

Distribution and J^icmbcrs.—The majority of the order are

found in North America. Some also occur in the West Indies,

Japan, China, India, South America, Australia, and New
Zealand. None have been found in Africa or any of the ad-

joining islands, or in Europe. The order contains 170 species.

Properties and Uses.—The plants of the order are chiefly

remarkable for bitter, tonic, and aromatic properties. The fol-

lowing are the more important :

—

Drimvs Winteri or aromatica.—The bark, which was formerly Irnown
under the name of Winter's bark, has tonic, aromatic, and stimulant pro-

perties. It was often confounded with Canella Bark, which has been tei-med

Spnrious Winter's Bark. It was formerly much employed in this country,

but at present it is seldom or never used. The Winter's Bark, as now found
in commerce, is derived from Cinnamodendron corticosu/n, a native of Jamaica.
Lrimps granatensis possesses similar properties.

Jllirmm anisatum. Star Anise.—Tne whole plant, pai-ticularly the fruit,

has the flavour and odour of the European Anise plant {Pimpivella Antsum).
(See Pimpinella.) Star Anise fruit is used by the Chinese as an ai-omatic

and carminative, and as a spice. The greater portion of the Oil of Anise of

commerce is now derived from Star Anise fruit. This oil is officinal in the

British Pharmacopoeia, and is generally regarded as a superior oil to that

obtained in Europe from the fruit of Pimpinella Anisum.
Liriodendron tuHpifera, Tulip-tree.—The bark possesses bitter and tonic

properties.

Magnolia.—M. glattcn. Swamp Sassafras or Beaver Tree. The bark is tonic

and aromatic, resembling Cinchona in its a:tion. The unripe fruits of

other species, as Magnolia Frazeri and M. acuminata, have similar properties.

Tasmannia aromatica.—The fruit is used in New Holland as a substitute

for pepper.
The plants of this order are also remarkable for the fragrance and beauty

of their flowers and foliage ; hence they are favourite objects of culture in

this co-mti-y, either as hardy plants, such as several Magnolias, and tlie

Tulip-tree, or as stove or greenhouse plants.

Natural Order 4. Anonace^.—The Custard-Apple Order.

—

Character. — Trees or shrubs. Leaves alternate, simple,

exstipulate. Calyx of three sepals, generally coherent at the

base, persistent. Corolla of six petals, in two whorls, leathery;

(Bstivation usually valvate, hypogynous, rarely united, or more

rarely altogether absent. Stamens usually numerous, and in-

serted on a large hypogynous thalamus ; connective enlarged,

4-angled ; anthers adnate. Carpels usually numerous, distinct

or united, with one or more anatropal ovules. Fruit composed

of a number of dry or succulent carpels, which are distinct, or

united so as to form a fleshy mass. Seeds one or more, ana-

tropal; embryo mmnie. ; albumen r^xvcimviteA.
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Diagnosis.—Trees or shrubs. Leaves alternate. No stipules.

Calvx of 3 sepals, persistent. Petals 6, in two rows, hypogy-
nous, usually valvate. Anthers adnate, with an enlarged 4-cor-

nered connective. Albumen ruminated.

Distribution, ^'C.—The plants of this order are almost entirely

confined to the tropical regions of Asia, Africa, and America.

None are found in Europe. Examphs of the Genera :—Xylopia,

Anona, Monodora. There are about 300 species in this order.

Properties and Uses.—Grenerally aromatic and fragrant in all

their parts. Some are useful, as the following :

—

Anona squamosa and A. viuricata jieM the delicious succulent fiiiits of

the East and West Indies, called Custard-apples ; the fruit of A. squamosa is

called Sweet-sop ; that of A. muricata, Sour-sop. Other species are also

esteemed for their fruits, as Anona reticulata, which yields the netted Cus-
tard-apple, and A. Cherimolia, which produces the Cherimoyer of Pern.
Another species, namely, A. palustris, is the source of West Indian Cork-
wood, so called fi'om its elasticity and lightness.

Coelocline (Unona) polijcarpa, D.C.—The Berberine or Yellow-dye tree
of Soudan.—The bark of this tree yields a beautiful yeUow colour, which
is much used as a dyeing material in certain parts of Africa. When reduced
to a coai-se powder, it is also a topical remedy of great repute in the treat-

ment of indolent ulcei-s, and chronic leprous sores of the extremities. It
contains Berberia, to which its medicinal virtues are probably due.

Duguetia quitavensis.—According to Schomburgk, the strong elastic wood
called Lance-wood, chiefly used by coachmakers, is furnished by this plant,
which is a native of Guiana.
Monodora Myristica, the Calabash Nutmeg, has somewhat similar aromatic

qualities to the true Nutmeg of commerce.
Uvaria febrifuga.—The fruit of this species is supposed to be the one which

is used as a febrifuge by the Indians on the Orinoco ; according to Martiua,
however, that is obtained from the Xylopia grandiflora.

Xylopia.—X. aromatica {Habzelia cethiopica), D.C., commonly kno^Ti as
Piper sethiopicum. The dried fruit of this plant is used by the African
negroes on accoimt of its stimulant and carminative effects, and also as a
condiment. Xylopia undulata has nearly similar properties. Xylopia glabra
yields the Bitter wood of the West Indies, which has tonic properties.

Natural Order 5. Lardizabaxace^.—The Lardizabala Order.

Character.— Shrubs of a twining habit. Leaves alternate,

exstipulate, compound. Flowers unisexual. Barren flower:—Calyx and Corolla with a ternary arrangement of their parts,

each in one or two whorls, deciduous. Stamens 6, opposite the

petals, usually monadelpbous, sometimes distinct. BvMmeatary
carpels 2 or 3. Fertile flower:— Calyx and corolla as before,

but larger, hypogynous. Stamens 6, very imperfect and sterile.

Carpels distinct, generally 3, rarely 6 or 9, 1-celled; ovtcles usually

numerous, rarely 1, imbedded on the inner surface of the ovary.

Fruit baccate, or sometimes follicular. Seed with usually a
minute embryo in a large quantity of solid albumen.

Diagnosis.—Twining shrubs. Leaves alternate, exstipulate,

compound. Unisexual flowers. Carpels distinct, superior.

Seeds parietal, imbedded ; embryo usually minute, with abundant
homogeneous albumen.

Distribution, ^'c.—There are about 15 species belonging to
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this order. According to Lindley, two genera inhabit the cooler

parts of South America, one is a tropical form, and the remainder
are from the temperate parts of China. Examples of the Genera:
— Stauntonia, Lardizabala.

Properties and Uses.—The plants of this order appear to be
without any active properties. Some have edible fruits. Others

have been introduced into our greenhouses as evergreen

climbers.

Natural Order 6. Schizandraceje.—The Schizandra Order.

Character.—Trailing shrubs. Leaves alternate, exstipulate,

simple, often dotted. Flowers unisexual. Calyx and corolla

with a ternary arrangement of their parts, hypogynous, im-

bricated. Barren flower

:

—Stametis numerous, monadelphous
or distinct, hypogynous ; anthers 2-celled, extrorse, with a
thickened connective. Fertile flower:— Carpels numerous, 1-

eelled, distinct or coherent ; ovules 2, pendulous. Fruits nume-
rous, collected into a cluster, baccate. Seeds with abundant
solid fleshy albumen ; embryo very minute.

Diagnosis.— Scrambling shrubs. Leaves alternate, exstipu-

late, simple. Flowers unisexual. Sepals and petals imbricated.

Stamens numerous, hypogynous. Ovules pendulous; embryo
very minute, with abundant homogeneous albumen.

Distribution, ^'c.—This small order only contains 12 species.

They occur in India, Japan, and the southern parts of North
America. Examples of the Genera

:

—Schizandra, Hortonia.

Properties and Uses.—The plants of this order are insipid and
mucilaginous. Some have edible fruits. A species of Schi-

zandra and one of Sphcerostema are cultivated in our green-

houses and stoves.

Natural Order 7. Menispermaceje.—The Moon-Seed Order.

Character.—Climbing or trailing shrubs. Leaves alternate,

simple, exstipulate, usually entire. Flowers generally dioecious,

but sometimes imperfectly unisexual, rarely perfect or poly-

gamous. Barren flower:— Calyx and corolla with a ternary

arrangement of their parts, generally in two whorls, imbricate

or valvate. Steimens usually distinct, sometimes monadelphous.

Carpfi^s rudimentary or wanting. Fertile flower

:

—Sepals and
petals usually resembling those of the barren flower. Stamens
imperfectly developed, or wanting. Carpels usually 3, sometimes

6, commonly supported on a gynophore, distinct, 1 -celled, each

containing one curved ovule. Fruits drupaceous, curved around
a central placental process, 1 -celled. Seeds 1 in each cell, and
curved so as to assume the form of that cell ; embryo curved

;

albumen present or absent ; when present homogeneous, or par-

tially divided into plates or convolutions by the projection

inwards of the membranous covering of the seed.

Diagnosis. — Trsiilmg or climbing shrubs. Leaves alternate,
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simple, exetipulate. Flowers usually dioecious. Sepals, petals,

stamens, and carpels, with a ternary arrangement, hypogynous.
Carpels distinct. Fruits 1 -celled, curved. Seed solitary, curved

;

embryo curved ; albumen absent, or usually small in amount,
and then either homogeneous or divided.

Mier remarks, " that there is probably no family so completely
heteromorphous as the Menisperniaceae, or presents such extreme
and aberrant features at variance with its normal structure."

Hence there is great difficulty in drawing up a satisfactory

diagnosis of this order.

Blstrihution, ^'c.—The plants of this order are chiefly found
in the forests of the tropical parts of Asia and America. None
occur in Europe. Examples of the Genera : —Coscminm, Meni-
spermum, Cocculus. There are about 340 species included in

this order.

Properties and Uses.—The plants of this order are chiefly

remarkable for their narcotic and bitter properties. A few are

mucilaginous. When the narcotic principle is in excess they are
very poisonous. Some are valuable tonics. The more important
useful plants are as follows :

—

Anamirta Cocculus or A. pavieitlata.—The fruit of this plant, which is

known as Coccuhis indicus, is poisonous. It has been extensively employed
for a long period as a poison for taking fish and game, which it stupifies. It
is also used to a great extent (chiefly by publicans) to impait a bitter taste
to malt liquor, and to increase its intoxicating effects. In the year 1866, no
less than -50,000 lbs. of Cocculus indicus were imported from India to England,
a quantity sufficient to drug 120,000 tuns of beer. It has been also employed
externally to destroy vermin, and for the cure of some skin diseases. It
owes its active properties to a very poisonous neutral principle contained in
the seed, called Picrotoxin . The pericarp also contains t^vo al k aloids in minute
quantity, which have been named Menispermia and Paranieni-spermia, of
which but Uttle is known.

Cissa inpelos.— The root of C. Pareira is officinal, and is commonly known
under the name of Pareira brava. It possesses tonic and diuretic properties.
It would appear probable, however, that Cissampelos glaberrima, and perhaps
other aUied species, and even other plants of the same order, may also furnish
a portion of the Pareira brava of commerce. Recent investigations clearly
indicate that the Pareira brava of the ilateria Medica is not derived from Cis-

sampefox Pareira at all, but from some other ilenispermaceous plant of Brazil.
The stem possesses similar but less powerful properties ; it is, however, fre-
quently mixed with the root. Pareira brava contains an alkaloid which
has been named CissainpeUa or Pelasia, but which Dr. Fluckiger believes is

identical with beberia, the active principle of Bebeeni bark. (See Xectandra.)
Cosciniumfenestratum.—The wood and bark possess tonic and stomachic

properties. The wood has been imported into this country from Ceylon,
and sold as true Calumba-root ; it contains much berberia.

Jateorhiza.—Jaleorhiza Columba and 7. Miersii are now recognised in the
British Pharmacopoeia as yielding the Calumba root of the Materia Medica,
so well kno-wTi as a valuable stomachic and tonic. Calumba root would
appear also to possess to a certain extent narcotic properties. Irs tonic and
stomachic properties are especially due to a peculiar neutral principle, called
calumbin. It also contains berberia,

Tinospora cordifoUa or Cocculus cordifolia.—The root and stems, known
under the name of Gulancha in India", possess well-marked tonic, anti-
periodic, and diuretic properties.
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Natural Order 8. Berbebidace^.— The Barberry Order

{figs. 849-852).—Character.

—

Shrubs, or herbaceous perennial

plants. Leaves alternate {ficf. 357), compound, usually exsti-

pulate. The leaves are frequently apparently simple, but in

such cases it will be found that the blade is articulated to

Fig. 849. Fig. 850.

Fig. 851, Fig. 852.

Fig. 849. Diagram of the flower of
Epimedium. Fig. 850. Vertical
section of the flower of Epime-
dium. Fig. 851. Vertical section
of the ovary of Berberis. Fig.
852. Vertical section of the seed
of Berberis, with the embryo in

the axis surrounded by albumen.

the petiole, which is evidence of their compound nature. (See

p. 150.) The stem is generally free from hairs and other

appendages of a similar character, but it is often spiny (fig.

357). These spines are nothing more than the hardened veins

of some of the leaves, between which the parenchyma is not

developed. Sepals 3, 4, or 6, deciduous, in two whorls (fig.

770). Petals equal to the sepals in number and opposite to

them (fig. 849), or twice as many, hypogynous. Stamens hy-

pogynous (fig. 851), equal to the petals in number, and opposite

to them (fig. 849) ; anthers 2-celled, each opening by a valve

from the bottom to the top (figs. 851 and 526). Car/?^ ^ solitary,

free, 1-celled (fig. 851); st^/le somewhat lateral (fig. 850); stig-

ma orbicular (fig. 851) ; ovules anatropal, attached to a sutural

placenta (figs. 850 and 851). Fruit haccate, or dry and capsular.

Seeds (fig. 852) usually with a minute embryo; albumen hetween

fleshy and horny.
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Diagnosis.— Leaves alternate, compound, very often spiny.

Flowers regular and symmetrical. Sepals 3, 4, or 6, deciduous.

Petals hypogynous, and opposite to the sepals when equal to

them in number. Stamens definite, hypogynous, opposite to the

petals ; anthers 2-celled, each opening by a recurved valve.

Carpel solitary; placenta sutural; ovules anatropal. Seeds
with albumen.

Distrihiition, ^-e.—They are found in the temperate parts of

Europe, America, and Asia. They are very common in the

mountainous parts of the north of India. Kvampks of the Ge-
nera:—Berberis, Epimedium, Leontice. The order includes

about 100 species.

Properties and Uses,—The plants of this order are acid,

astringent, and bitter. Their acid properties are due to the

presence of oxalic acid. A few plants are useful, as

—

Berberis vulgaris, the common Barberry.—The fruits of this and other
species are acid and astringent, and form a refreshing preserve. Its bark and
stem are very astringent, and are sometimes used by dyers in the preparation
of a yellow dye. The root-bark of B. Lycium, B. asiatica, and B. a7-is(ata,

forms Indian Barberry bark. This bark possesses tonic, antiperiodic, and
dir.phoi-etic properties ; and its extract, under the name of Riisot, is em-
ployed in India as a local application in ophthalmia and other diseases of
the' eye. Their properties are especially due to the presence of the alka-
loid berberia. The Common Barberry bark is sometimes used to adulterate
Pomegranate root-bark.

Caulophyllum thalictroides, Blue Cohosh.—The root (rhizome) has a repu-
tation among the eclectic practitioners in the United States in cei-taiii

uterine affections. It is regarded as a stimulating tonic and slight narcotic.
Jeffersonia diphylla.—The root (rhizome) is popularly known as rheumatism-

root in the United States, from its reputed value in rheumatism. It is com-
monly said to resemble senega root in its action, and to possess emetic, tonic,
and expectorant properties.

Natural Order 9. Cabombace^.—The "Water-Shield Order.

—

Character.

—

Aquaticplants, with floating peltate leaves. Sepals

and petals 3 or 4, alternating with each other. Stamens definite

or numerous. Thalamus flattened, small. Carpels 2 or more,
distinct. i^rwzYindehiscent. Seeds feyv; eynbri/o minute, enclosed

in a vitellus, and outside of abundant fleshy albumen.
Diagnosis.—The only orders likely to be confounded with this,

are the Nymphseaceee and Nelumbiaceae. The plants belonging
to the Cabombacese are distinguished from the Xymphseacese,

by having distinct carpels, suturalplaceiitas, few seeds, no evident

thalamus, and by the presence of fleshy instead of farinaceous

albumen ; and from the Nelumbiacepe, by their small thalamus,

by having more than one seed in euch carpel, by their minute
imhryo, and abundant albumen.

Distribution, ^'c.—There are but 3 species belonging to this

order. They occur in America, Australia, and India. Cabomba
and Hydropeltis are the only genera.
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Properties.—They have no important properties. Hydropeltis

purpurea is said to be nutritious.

Natural Order 10. Nymph^ace^.— The Water-Lily Order

{figs. 853— 855),—Character.

—

Aquatic herbs. Xm yes floating,

peltate or cordate. Flowers solitary, large and showy. Sepcds

usually 4 (fig, 436, c, c, c, c), persistent, generally petaloid on
their inside. Petals numerous (fig. 436, p), deciduous, often

passing by gradual transition into the stamens (fig. 436, p,
1 , 2), in the same way as the sepals pass into the petals ; in-

serted on a fleshy thalamus below the stamens {fig. 607), Sta^

Fig. 853.

Fig. 854, Fig. 855.

Fig. 853. Flower of Yellow "Water-Lily {NuTphar lutea). Fig. 854. Ovary
of Nuphar with numerous radiating stigmas. Fig. 855. Vertical sec-

tion of the seed of Nymphcea alba, sliowing the embryo enclosed in a
vitellus, and on the outside of albumen.

')nens numerous, placed upon the thalamus; filaments petaloid

{figs. 436, e, 1, 2, 3, 4, 5). Thalamus large, and forming a
disk-like expansion, more or less surrounding the ovary, and
having inserted upon it the petals and stamens {fig. 853).

Carpels numerous, united so as to form a compound ovary {fig.

854); owar^ many-celled (/_9'. 771); st7/les ahsent ; stigmas v&di-

ating on the top {fig. 854), and alternate with the dissepiments.

Fruit indehiscent, many-celled. Seeds numerous, attached all

over the spongy dissepiments ; embryo minute, enclosed in a

vitellus, and on the outside of farinaceous albumen {fig. 855).

Diagnosis.—Aquatic herbs with floating leaves. Thalamus
large, and forming a disk-like expansion more or less surround-

ing the ovary. Carpels united so as to form a compound many-
celled ovary ; stigmas radiating on the top, and alternate with

the dissepiments ; ovules numerous, attached all over the dis-

sepiments. Embryo minute, on the outside of farinaceous albu-

men, enclosed in a vitellus.

Distribution, ^-c.—The plants of this order are chiefly found

in quiet waters, throughout the whole of the northern hemisphere

;

they are, generally speaking, rare in the southern hemisphere.
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Examples of the Genera

:

—Victoria, Nymphsea. There are about
50 species.

Properties and Uses.—The plants of this order have bitter

and astringent properties. They have been also generally con-

sidered to be sedative and narcotic ; but there does not appear
to be any foundation for such an opinion. Many contain a
large quantity of starch both in their rhizomes and seeds ; hence,

such parts constitute a favourite food in some countries. The
plants are chiefly remarkable for their large showy flowers, and
for the gradual transition which their parts exhibit from the

sepals to the petals and stamens. The most remarkable plant

of the order is the

Victoria regia.—TMs is a native of Equatorial America, and has been in-

troduced into this country, where it has excited much interest, both from the
beauty and size of its flowers, and from its enormous singularly constructed
leaves. The flowers when fully expanded are more than a foot in diameter ;

and the leaves, which are turned up at their margins, vary from four to
eight feet in diameter. The plant is commonly known in this country
as the Victoria Water-lily, and in South America under the name of Water-
maize, as the seeds are there used for food, for which purpose they are com-
monly roasted with Maize or Indian Corn.

Natural Order 11. Nelumbiace^.—The Water-Bean Order.

—Character.

—

Aquatic herbs. Leaves peltate, rising above
the water. Flowers large and showy. Sepals 4 or 5. Petals

numerous, in several whorls. Stamens numerous, in several

whorls
; filaments petaloid. Thalamus very large, flattened at

the top, and excavated so as to present a number of hollows,

each of which contains a single carpel {fig. 640). Fruit con-

sisting of the ripened nut-like carpels, which are half buried in

the cavities of the thalamus. Seeds solitary, or rarely 2 ; with-
out albumen ; embryo large, enclosed in a membrane, with two
fleshy cotyledons, and a much-developed plumule.

I>iagnosis.— Aquatic herbs with peltate leaves. Thalamus
very large, flattened at the top, and excavated so as to present

a number of hollows. Carpels distinct, and partially imbedded
in the large honey-combed thalamus. Fruit of numerous 1 or

2-seeded, nut-like bodies. Albumen none; plumule very large.

Distribution, cfr.—These beautiful water plants are natives of

stagnant or quiet waters of temperate and tropical regions in the
northern hemisphere ; they are most abundant in the East In-

dies. There is but 1 genus Ndumbiura, which includes 3 species.

Properties and Uses.—Chiefly remarkable for their large

beautiful flowers and leaves. The nut-like fruits of all the spe-

cies are edible, as well as their rhizomes, which contain starch

like those of the Nymphaeas. The most interesting plant is the

Nelumbium speciosum.—The fruit of this plant is commonly considered to
have been the Egyptian Bean of Pythagoras ; and the flower the Lotus so
often represented on the monuments of Egypt and India. The plant, however,
is no longer found iu Egypt, but it is common in India. The leaves and flower-
stalks contain a large number of spiral vessels, which, when extracted, are

FF 2
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used for wicks, " which on great and solemn occasions are burnt in the lamps
of the Hindoos placed before the shrines of their gods."

Natural Order 1 2. Sarraceniaceje.—The Sarracenia, Water-

Pitcher, or Side-Saddle Flower Order.—Character.

—

Peren-

nial herhs, growing in boggy places, with radical hollow leaves,

which are pitcher or trumpet-shaped {figs. 365 and 366).

Sepals 4—6, usually 5, persistent, imbricated. Petals 5, hypo-

gynous, sometimes absent. Stamens numerous, hypogynous

;

anthers adnate, 2-celled. Carpels 3—5, united so as to form a

compound 3—5-celled ovary ; ovules numerous
;
placentas axile

;

style simple and truncate, or expanded at its top into a large

shield-like angular process, with one stigma beneath each of

its angles. Capsule 3—5-celled, dehiscing loculicidally. Seeds

numerous, attached to large axile placentas ; albumen abundant.

Diagnosis.—Perennial boggy plants, with pitcher or trumpet-

shaped leaves. Calyx permanent, imbricated. Carpels united

so as to form a compound ovary, and a 3—5-celled dehiscing

fruit, with large axile placentas ; albumen abundant.

Distribution, ^x.—There are 8 species, of which 6 are confined

to the bogs of North America, 1 occurs in Guiana, and 1 is

found in California. Examples of the Genera

:

—Sarracenia,

Heliamphora.
Properties and Uses.—The pitchers are lined by hairy or

glandular appendages, which appear to secrete the peculiar fluid

always found in them, but this is by no means ascertained;

the use of this secretion is unknown. The most important genus

is that of the

Sarracenia.—The rhizome, rootlets, and leaves of Sarraceniapurpurea have
been within the last few years vaunted as a specific in small-pox, but from
extensive trials in the hospitals of this and other countries, they appear to be
entirely useless. S. variolaris and S. flava have been reputed to be diuretic

and mildly purgative, and useful in dyspepsia, headache, &c. The properties,

however, of aU the species seem to be unimportant.

Natural Order 13. Papaverace^.—The Poppy Order {figs.

856—858).—Character.

—

Herhs or shrubs, usually with a

milky juice (white or coloured). Leaves alternate, exstipulate.

Sepals usually 2 {fig. 856), or rarely 3, deciduous {fig. 455).

Petals 4 {figs. 856 and 857), or rarely 6, or some multiple

of 4, or very rarely wanting, usually crumpled in aestivation

{fig. 856), hypogynous. Stamens generally numerous {fig. 856),

hypogynous {fig. 857) ; anthers 2-celled, innate {fig. 426). Ovary
1 -celled, with 2 or more {figs. 609 and 856) parietal placentas,

which project more or less from the walls into its cavity,

and in Eomneya actually adhere in the axis ; styles absent

{fig. 426), or very short ; stigmas 2 {fig. 857, sti), or many

{fig. 426, sti), opposite the imperfect dissepiments; when nu-

merous, they form a star-like process on the top of the ovary

{fig. 426); ovules numerous. Fruit 1-celled, and either pod-

shaped, with 2 parietal placentas {fig. 858), or capsular, with
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several placentas ; dehiscing by valves {fig. 858) or pores, or

sometimes indehiseent. Seeds usually numerous; embryo in

fleshy-oily albumen {fig. 756).

Fig. 856. Fig. 857. Fig. 858.

Fig. 856. Diagram of the flower of the Poppy, with two sepals,

four crumpled petals, uumerous stamens, and a compouud
ovary with several parietal placentas. F'ig. 8.57. Flower of

Celandine (Chelidcmium majiis). i<ii. Two stigmas on tlie apex
of a lengthened or pod-liWe ov.nry. Fig. 85*. Sili'iuaeform

or pod-shaped capsule of Celandine.

Diagnosis.—Usiially herbs with a milky juice. Leaves

alternate and exstipuiate. Peduncles 1-flowered ; flowers regular

and symmetrical. Calyx and corolla with a binary or ternary

arrangement of their parts, deciduous, hypogynous. StameDS
numerous, hypogynous ; anthers innate. Ovary compound,
1-celled, with parietal placentas, stigmas opposite to the imper-

fect dissepiments. Fruit 1-celled. Seeds numerous, albuminous.

Distribution, cW.—Nearly two-thirds of the plants of this

order are natives of Europe, and are mostly annuals. They
are almost unknown in tropical regions, and are but sparingly

distributed out of Europe in a wild condition. Examples of

the Genera:—Papaver, G-laucium, Eschscholtzia. There are

above 130 species in this order.

Properties and Uses.—The plants of this order are in almost

all cases characterised by well-marked narcotic properties.

Some are acrid, while others are purgative. In a medical point

of view, this order must be regarded as the most important in

the Vegetable Kingdom, from its yielding Opium, undoubtedly

the most valuable drug of the Materia Mediea. The more im-

portant plants are the following :

—

Argemone mexicana, Mexican or Gamboge Thistle.—The seeds possess

narcotico-acrid propei"ties. An oilmay be obtained from tliem by expression,

which possesses aperient and other qualities, and has been recommended
as a cure for Cholera. In the Vest Indies, the seeds are also used as a sub-
stitute for Ipecacuanha. In the East Indies, the oil is also employed as an
external application in certain skin diseases.
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CheUdonium majus, Celandine.—This plant is a native of this country,

growing in the neighbourhood of villages. It has an orange-coloured juice

of a poisonous nature, which is a popular external application for the cure

of warts, and has been «sed successfully in opacities of the cornea. It has

been also administered internally, and is reputed aperient, diuretic, and
stimulant.

Papaver.—P. somniferum. Opium Poppy.—The valuable drug Opium is the

juice, inspissated by spontaneous evaporation, obtained by incisions from the

unripe capsules of this plant. It has been known from early times, having

been alluded to by Hippocrates, Diagoras, and Dioscorides. Various kinds

of opium have been described under the names of Turkey or Smyrna, Con-
stantinople, Egyptian, Persian, European, and Indian. Smyrna opium,
which is produced in Asia Minor, is that commonly used in this country.

Its consumption is largely on the increase; thus, in 1839, the quantity

imported into Great Britain was 41,000, and in 1852, 114,000 pounds, and
it is much greater at the present time. In India the quantity of opium pro-

duced annually is probably not much less than 8,000,000 pounds. Of this

enormous quantity, at least five millions of pounds are exported to and
consumed in China, representing a market value of about as many pounds
sterling. Opium possesses in a marked degree the narcotic properties of

the plants of the order from which it is obtained. In large doses it is a

narcotic poison. It is also regarded as anodyne, stimulant, and diaphoretic.

Its properties are chiefly due to a peculiar alkaloid called Morphia, which
is combined with meconic acid. Its properties are also due, to some extent

at least, to other peculiar principles which it contains, as Codeia, Narcotine,

Narceia, Thebaia or Paramorphia, Meconine, and Meconic acid, as well as

some others occasionally found, and of which but little is known. While
the juice of the unripe pericarp has been proved to possess such active pro-

perties, the seeds are bland and wholesome. They yield by expression an
oil which is much used on the Continent, and also in this countiy, as a

substitute for olive oil, and for other purposes. It is one of the oils employed
for adulterating olive oil. The cake left after the oil has been extracted

may te used for fattening cattle. Papaver Rhoeas, the Common Red or

Corn Poppy, has scarlet or red petals, as its name implies. A syi-up pre-

pared from these petals is used as a colouring ingi-edient by the medical

practitioner. The fresh petals are also supposed to possess slight narcotic

properties.

Sanguinaria canadensis, or Puccoon.—The rhizome and rootlets of this

plant, which is a native of North America, contain a red juice, from which
circumstance it is commonly tei-med Blood-root. This so-called root is used

internally in large doses, as an emetic and purgative, and in smaller doses, it

is reputed stimulant, diaphoretic, and expectorant. It is also said by Eterle

to exercise a sedative influence on the heart, as certain as that of Digitalis.

"When applied externally, it has been stated to have well-marked escharotic

properties, and has been used, combined with chloride of zinc, as an external

application for the destruction of cancerous gi'owths ; from trials in this

country, however, it would appear, that if it produced any effect in such
cases, it must have been very small.

Many genera belonging to this order are commonly cultivated in our
gardens, as Papaver, Argemone, Roemeria, Plalysteinon, Esr.hscholtzia, &c.
The latter plant is remarkable for its enlarged hollow thalamus, from which
the calyx separates by transverse dehiscence in the form of a conical cap,

resembling the extinguisher of a candle.

Natural Order 14. Fumariace^e.—The Fumitory Order {figs.

859—862).—Character.— Smooth herbs v/'ith. a watery juice.

Leaves alternate, much divided, exstipiilate. Sepals 2 {fig. 859),

deciduous. Petals 4, cruciate, very irregular, in two whorls {fig.

859); one or both of the outer petals are saccate or spurred

{fig. 861), the two inner frequently united at the apex. Stamens
hypogynous, usually 6, diadelphous, the two bundles being
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opposite the outer petals, and containing an equal number of

stamens {figs. 859 and 861), the middle stamen of each

bundle having a 2-celled anther {fig. 859), the two outer with

1 -celled anthers ; rarely 4 stamens, which are then distinct

Fig. 859. Fig. 860. Fig.%^\.

Fig. 859. Diagram of the flower of Corydalis, with two sepals, four petals,

six stauiens in two bundles, and a one-celled ovary. F^g. 860. Vertical

section of the flower of Hupecoum. Fig. 801. Upper or posterior

petal of Corydalis, and a bundle of three stamens. Fig. 862. Vertical

section of the seed of Fumaria.

and opposite the petals. Ovary superior {fig. 860), 1-celled

{fig. 859) ; st^le filiform ; stigma with two or more points

;

ovules amphitropah Fruit indehiscent and 1 or 2-seeded ; or

two-valved, dehiscent, or a succulent indehiscent pod-like fruit;

in the two latter cases containing a number of seeds. Seeds

shining, crested ; evnlryo abaxial, minute {fig. 862) ; albumen

fleshy.

Diagnosis.—Smooth herbs, with a watery juice, and alter-

nate exstipulate much-divided leaves. Flowers very irregidar

and mis3^mmetrical, and either purple, white, or yellow. Sepals

2, deciduous. Stamens hypogynous, usually 6, diadelphous,

or 4, distinct, always opposite to the petals. Ovary superior

with parietal placentas ; o^iiles horizontal, amphitropal. Embryo
minute, abaxial, in fleshy albumen.

Distribution, S,x.—The plants of this order principally occur

in thickets and waste places in the temperate latitudes of the

northern hemisphere. Exani'ples of the Genera:—Dicentra,

Fumaria- There are 110 species.

Properties ayid Uses.—They possess slightly bitter, acrid,

astringent, diaphoretic, emmenagogue, and aperient properties.

The tubers of Dicentra {Corydalis) formosa are used by the

eclectic practitioners in North America in syphilis, scrofula, &c.;

but the properties of this and other plants of the order appear to

be unimportant. Some species are cultivated in our gardens

and greenhouses. The most important of these is Dicentra
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{Dielytra) spectabilis, which has very showy flowers, but, like

all other plants of the order, it is scentless.

Natural Order 15. Chucifer^ or Erassicaceje.—The
Cruciferous or Cabbage Order {Jigs. 863—870).—Character.—Herbs, or very rarely shrubby plants. Leaves alternate,

exstipulate. Flowers usually yellow or white, rarely purple,

or some mixture of these colours ; inflorescence racemose {fig.

864), or corymbose ; usually ebracteated. Sepals 4 {fig. 863),
deciduous ; (Estivation imbricate or rarely valyate. Petals 4

{figs. 419, p, and 863), hypogynous, arranged in the form of a
Maltese cross, alternate with the sepals, deciduous. Stamens 6,

tetradynamous {fig. 865, ec), hypogynous. Thalamics furnished

with small green glands {figs. 420 and 865, gl), placed between
the stamens. Ovary superior {fig. 865), with two parietal pla-

centas {fig. 863), 1 -celled, or more usually 2-celled {fig. 863),
from the formation of a spurious dissepiment called the replum

{fig. 601, cl); style none {fig. 865); stigmas 2 {fig. 866), oppo-
site the placentas. Fruit a siliqua {figs. 668 and 867), or
silicula {figs. 867 and 868), 1 or 2-celled, 1 or many-seeded.
Seeds stalked, generally pendulous {fig. 867) ; embryo with the
radicle variously folded upon the cotyledons {figs. 757, 758,

759, 869, and 870) ; albumen none.

Diagnosis.—Generally ebracteated herbs. Sepals and petals

4, deciduous, regular, the latter cruciate. Stigmas 2, opposite

the placentas. Stamens tetradynamous. Fruit a siliqua or
silicula. Seed without albumen, and with the radicle variously

folded upon the cotyledons. iVb other order is likely to be con-

founded with this if ordinary care be taken, as tetradynamous
staviuns only occur here, except in a very ftw plants belonging to

the natural order CappaHdacecB.

Division of the Order, and Examples of the Genera.—This
large and truly natural order has been divided into sub-orders

according to the nature of the fruit, and also as to the mode in

which the embryo is folded. The sub-orders founded on the
nature of the fruit are as follows :

—

Sub-order 1. Siliquoscs. Fruit a siliqua {fig. 866), opening by
valves longitudinally {fig. 668). Examples:—Cheiranthus,
Brassica.

Sub-order 2. Silicidoscs latisept(S. Fruit a silicula opening by
valves ; the replum in its broader diameter {fig. 868). Ex-
amples :—Coehlearia, Armoracia.

Sub-order 3. Siliciilos(B angustiseptcB. Fruit a silicula opening
by valves; the replum in its narrower diameter {fig. 867).
Examples

:

—Thlaspi, Iberis.

Sub-order 4. Nucumentacea. Fruit an indehiscent silicula,

often 1-eelled, owing to the absence of the replum. Example:
—Isatis.
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Fig. 863. Fig. 864.

Fig. 8e9

Fig. S63. Diaeram of a Cruciferous flower. Fig. 854. Portion of tlie flower-

iiigr branch of the Wallflower. Fig.h^Jh. Essential organs of tiie \^:\.\\-

aov^-er iCheirantlnis Cheiii). r. Tlialamus. gr/. inlands, ec. Tetradynanious
stamens, sti. Stigma. Fig. 8G0. Siliaua of the TValltlower, with one
of tlie valve.s removed to show the rei>lum, and the stalked pendulons
seeds. Fig. 667. Tlie silicnla of Shepherd's Purse i Tnla.-'pi Bursa PasU)r'.<)

in the act of dehiscins. Fig. 8G8. Siliculaof the S'-urvygrass (Cochlears

officinalis) in the' act^ of deiiiscinir. Fig. 869. The enihryo of Bumas
orie:ititli!>. Fig. 870. The einhryo of the Cabbage (Urfl^sica oleracea),

1. Undivided. 2. Horizontal section, r. Radicle, c. Cotyledons.
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Sub-order 5. Se^ptulatce.— The valves of the fniit opening

longitudinally, and bearing transverse septa in their interior.

No examples among British plants.

Sub-order 6. Lomentace(e.—Fruit a siliqua or silicula, dividing

transversely into 1-seeded portions, the true siliqua sometimes

barren ; the beak placed above it containing one or two seeds.

Examples

:

—Cakile, Raphanus.
These sub-orders are further sub-divided into Tribes, according

to the mode of folding of the embryo.

The sub-orders founded on the mode in which the embryo
is folded, are as follows:

—

Sub-order 1. Pleurorhizecs (0 = ) {fig- 759).—Cotyledons

accumbent, flat; radicle lateral. Examples:—Cheiranthus,

Arabis.

Sub-order 2. NotorhizecB (O II) (,fig- 758).—Cotyledons incum-

bent, flat ; radicle dorsal. Examples :— Hesperis, Isatis.

Sub-order 3. Orthoplocece (O ^) {fig- 870).—Cotyledons con-

duplicate, longitudinally folded in the middle ; radicle dorsal,

within the fold. Exa7nples

:

—Brassica, Raphanus.

Sub-order 4. SpirolobecB (Q \\ ||) (figs. 757 and 869).—Cotyle-
dons twice folded, linear, incumbent. Examples:—Bunias,

Erucaria.

Sub-order 5. Biplecolohem {Q \\ \\
||).—Cotyledons thrice folded,

linear, incumbent. Examples:—Senebiera, Subularia.

Distribution and Numbers.—The plants of this order chiefly

inhabit temperate climates. A large number are also found

in the frigid zone, and a few in tropical regions chiefly on
mountains. According to Lindley the order includes about 1,600

species.

Froperties and Uses.—This order is generally characterised

by antiscorbutic and pungent properties, frequently combined
with acridity. The order is one of the most natural in the

Vegetable Kingdom, and does not contain a single poisonous

plant. The seeds frequently contain a fixed oil. Many of our

commonest culinary vegetables are derived from it. The Cruci-

ferse are also interesting in a chemical point of view, as many
of them contain much nitrogen and sulphur, and, according to

Mulder, the common Water-cress {Nasturtium officinale) contains

iodine. The more interesting plants are the following :

—

Anasfafica hierochuntina, Rose of Jericho.—This plant, which is found wild
in the deserts of Egypt and Syria, is remarkable for possessing hygrometric
properties. Thns, when it is "full grown, and its branches have become dry
and withered, it contracts and coils up, so as to assume the form of a ball,

in which state it is blown about by the winds from place to place ; but if it

be then exposed to moisture, it uncoils, and the branches expand again, as if

again possessed of life. " Some superstitious tales are told of it, among
which, it is said to have first bloomed on Christmas Eve to salute the birth
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of the Redeemer, and paid homage to His resurrection by remaining ex-
panded till Easter."
Ai-moracia rusttcaiia {Cochlearia Armoracia).—The root is the common

horse-radish, so much used as a condiment. Some lamentable cases of
poisoning have occurred from the substitution of Aconite or Monk's-hood root
for that of Horse-radish, which it is supposed to resemble. Fresh Horse-
radish is also used in medical practice : externaUy, as an iiTitant, rubefacient,
and vesicant ; and internallii, as a stimulant, diuretic, and masticatory. Its
virtues depend upon the presence of a small quantity of volatile oil, which is

almost dissipated by drying ; hence Horse-radish should always be used in a
fi-esh state.

Brassica.—This genus contains several species which are commonly culti-

vated as food for man and cattle. Thus :

—

Brassica Eapa is the common
Turnip. The Swedish Turnip is probably a hybrid between Brassica
campesiris and B. Rapa or Napus, but according to some, it is derived from
B. campestris. B. Aapus yields Rape, Cole, or Colza-seeds, fi'om which may be
expressed a large quantity of bland fixed oil, which is now much employed
for burning and other puiposes. The cake left after the expression of the oil

is also used as food for cattle, &c., under the name of Oil-Cake. The seeds of

B. chinensis yield Shanghae Oil. B. olei-acea is supposed to be the original
species from which have been derived, by cultivation, all the varieties of
Cabbages. Kohl Rabi, Greens, Brocoli, and Cauliflowers. The Kohl-Rabi is

produced by the stem enlarging above the ground into a fleshy knob, re-

sembling a turnip. Brocoli and Caiihflowers are deformed inflorescences.

Camelina sativa, Gold of Pleasure.—The seeds contain much fixed oil,

Cardamine pratensis, Cuckoo-flower.—The flowers were formerly much
used for their stimulant and diaphoretic properties, and have long been a
popular remedy for epilepsy in cliildi-en.

Cochlearia officinalis. Scurvy-grass.—This plant was long esteemed for
its antiscorbutic properties.

Cra/nbe maritima, Sea-Kale.—The stem and leaf-stalks of this plant, by
cultivation under diminished light, form a deUcious vegetable. In the ^vild

state the plant possesses a good deal of acridity, but this is almost entirely re-

moved by cultivation.

Isatis tinctoria, "Woad.—This herb yields a dark-blue dye, which was for-

merly much used in this country and other parts of Eiurope, but it is now
rarely or never employed, its use having been superseded by Indigo, In China
also, a blue dye is obtained from the fruits of /satis indigotica.

Levidium sativum. Garden Cress.—This is well knoA\Ti as a pimgent salad
;

it is commonly used with the seedlings of the Mustard plants.

Nasturtium officinaIe.~Th\s plant is the common Water-cress, so well

known as an excellent and wholesome salad. It has been lately highly
spoken of as a remedial agent in the treatment of cachectic diseases.

Raphanus sativus.—This is the common Radish so much employed as a
salad, Sac. The siUques of Raphanus caudatus, when about half-gi-own, are
good as a boiled vegetable ; and in a still younger state, they form an agree-
able salad, having a mild radish-Uke flavour.

Sinapis.—1:h.e seeds of two species of this genus are in common use in
medicine and for culinary purposes, and the seedliugs are also employed as
salads. These species are, Sinapis nigra and ^. alba. The seeds of the
former are dark-coloin-ed, and are kno\vn as Black Mustard seeds ; those of

the latter are of a yellowish colour, and are termed "White llustard seeds.

It was formerly supposed, that flour of mustard, so extensively used as a
condiment, was derived solely from black mustard seeds, but it is now
known to be prepared fi'om a mixture of commonly two parts of black
and three of white mustard seeds. Both the black and white mustard seeds

contain a large quantity of fixed oil, which is readily obtained by submitting
them to pressure ; this'expressed oil is caUed fixed oU of mustard. It is i-e-

markable that we do not find in either the black or white seeds the pungent
acrid principle for which mustard is distingitished. But when black mustard
seeds are distUled with water, they yield a very acrid and pungent volatile

oil, on which their virtues depend. The elements of tuis oil only, exist in
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the seed, in the fonns of Myronic acid and Myrosyne. These substances,

when mixed through the medium of water, foim the volatile oil of black
mustard. The active properties of white mustard-seeds are not due to the
presence of a volatile oil, as no such oil can be obtained from them by distil-

lation with water, or otherwise ; but they are owing to a fixed pungent and
acrid principle, which does not pre-exist in the seeds, but only its elements
in the form of Sinapiu or Sinapisin, and a substance resembling vegetable

albumen or emulsin. These, when brought together under the influence of

water, produce the fixed acrid principle of white mustard seeds. Internally,

flour of muE-tard is used as a stimulant, diuretic, and emetic ; and externally

applied, it is irritant, rubefacient, &c. The volatile oil is a powerful
vesicant. White mustard seeds are also taken in an entire state as stimu-
lants in dyspepsia. The seeds of Sinapis juncea, a native of India, possess

similar properties to those of Black and White Mustard seed.

Many plants of the order are favourite objects of culture in our gardens,

such as the Stock (Matthiola), Wallflower (Cheiranthus Cheiri), Candy Tuft
{Ibeiis umbellata), Honesty {Lunaria biennis), &c.

Natural Order 16. Cappaeidace^.— The Caper Order.

—

Character.

—

Herbs, shrubs, or rarely trees. Leaves alternate,

exstipulate, or rarely with spiny stipulate appendages. Sepals

4 (fgr. 642, cal), sometimes cohering more or less ; (estivation

imbricate or valvate, equal or unequal. Petals usually 4 (fig.

642, cor), cruciate, imbricate, generally unequal and unguiculate.

rarely 8, or sometimes none. Stamens numerous, or definite,

(if 6, very rarely tetradynamous), placed usually upon a prolonged

thalamus or stalk by which they are raised above the corolla {fig.

642, st). Ovary placed on a gynophore {fig. 642, ov), or sessile,

1 -celled ; 'placentas 2 or more, parietal ; style filiform or wanting
;

ovules amphitropal or campylotropal. Fruit 1 -celled, usually

many-seeded, very rarely 1 -seeded, either pod-shaped and dehis-

cent, or baccate and indehiscent. Seeds generally reniform, with-

out albumen ; embryo curved ; cotyledons leafy.

Diagnosis.—Herbs, shrubs, or trees, with alternate leaves.

Sepals and petals 4 each, the latter cruciate, and generally

imequal. Stamens usually numerous, very rarely tetradynamous,

usually inserted on a stalk, which raises them above the corolla.

Ovary 1 -celled, placentas parietal. Fruit dehiscent or indehis-

cent, 1 -celled. Seeds generally reniform; embryo curved; no

albumen.
Division of the Order, and Examples of the Genera.—The order

is divided into two sub-orders, according to the nature of the

fruit, as follows :

—

Sub-order 1. Cleomea.—Fruit capsular and dehiscent. Ex-

amples :—Grynandropsis, Cleome.

Sub-order 2. CapparecB.—Fruit baccate and indehiscent. Ex-

amples:—Cadaba, Capparis.

Distribution and Numbers.—The plants of the order are chiefly

found in tropical and sub-tropical regions of the globe. In

Africa they are especially abundant. The common Caper {Cap-
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^aris spinosa), -svliich inhabits rocky places iu the south of

Europe, is the only European species, and also that one which is

found farthest north. The order contains 350 species.

Properties and Uses.—In their properties these plants re-

semble in many respects the Cruciferfe, being generally pungent,

stimulant, and antiscorbutic. Some are aperient, diuretic, and
anthelmintic. In some plants the pungent principle is highly

concentrated, or probably is in itself deleterious, so that they are

very poisonous. The more important plants are as follows :

—

Cadaba indica.—The root is reputed to be aperient and anthelmintic.
Capparis.—The flower-bxids of various species of tWs genus are used to

form the -well-known pickle called Capers. Thus : Capparis spinosa is that
employed in the south of Europe, C. Fontanesii in Barbary, and C. cegyptiaca

in Egypt. C. cegyptiaca is stated to be the Hyssop of Scripture. Capers are
Stimulant, antiscorbutic, and aperient. The fruit of one species, said to be
allied to C. pukherrima, and which is found in the neighbourhood of Car-
thagena, is extremely poisonous.

Cleome.—Some species are very pungent, and are used as condiments like

our mustard.
Cratceva reUgiosa is commonly employed amongst the natives in India,

as a stomachic and tonic.

Gynandropsis pentaphylla, a native of India, is reputed to be antispas-

modic. The bruised leaves are rubefacient and even vesicant ; and its seeds
are used as a substitute for mustard, and, like mustard seeds, contain a fixed

oil.

Polanisia.—Some species of this genus are also employed like mustard.
The root of P. icosandra is used internally as a vermifuge, and externally as
a rubefacient, &c.

Natural Order 17. Eesedace^.—The 3Iignonette Order.

—

Character.

—

Herbs, or rarely small shrubs. Leaves alternate,

entire or divided, with glandular appendages at their base.

Cali/x with from 4—7 divisions. Petals 2—7, lacerated {Jiff.

482), unequal. Bisk fleshy, hypogynous. one-sided. Staaiens

definite, inserted on the disk. Ovary sessile, 1 -celled (Jig. 607);
placentas 3 (Jiff. 607, pi), or 6, parietal ; stiffmas 3, sessile. Fruit
opening at the apex long before the seeds are ripe (Jiff. 651),
1-celled, and with 3 or 6 parietal placentas ; or consisting of

empty carpels surroimding a central placenta. Seeds usually

numerous, reniform ; embryo without albumen.

Diaffnosis.—Usually herbs, with alternate leaves and unsym-
metrical flowers. Disk large, hypogATious, one-sided. Stamens
definite, not tetradyuamous. Ovary sessile, 1-celled; placentas
3—6, parietal ; stigmas 3, sessile. Fruit usually opening early at

its apex. Seeds generally numerous, reniform, exalbuminous.

Listrihution, <^c.—They are chiefly natives of Europe and the

adjoining parts of Africa and Asia. A few occur in the north
of India, Cape of Good Hope, and California. Examples of the

Genera:—Eeseda, Astrocarpus. There are 45 species in this

order.

Properties and Uses.—But little is known of their properties.
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The plants are generally somewhat acrid, and were formerly

supposed to be sedative. The only genus of importance is :

—

Reseda.—Reseda odorata is the Mignonette plant which is so much esteemed
for the fragrance of its flowers. Reseda luteola, a common plant in this

country, and known under the name of Weld, yields a yellow dye.

Natural Order 18. Cistacej^.—The Kock-Eose Order {fg<i.

871 and 872).—Character.--*S'Ar?(fe or herbs, often viscid.

Leaves opposite or alternate, entire, stipulate or exstipulate.

Flowers showy. /Sf^rir^s usually 5 (^^. 871), sometimes 3, per-

sistent, unequal ; (Estivation of the three inner twisted. Petals

usually 5 {fig. 871), very rarely 3, caducous, hypogynous, fre-

quently corrugated in the bud, and twisted in a reverse way
to that of the sepals. Stamens {fig. 871) distinct, hypogynous,
definite or indefinite. Ovary 1 {fig. 871) or many-celled; style

single; stigma simple. Fruit capsular, usually 1-celled, with
3—5, or rarely 10 valves; or imperfectly 3—5— 10-celled; 'pla^

centas parietal {fig. 871). Seeds definite or numerous, albumi-

nous {fig. 872) ; emhryo {fig. 872) curved or spiral, with the

radicle remote from the hilum.

Fig. 871. Fig. 872.

Fig. 871. Diagram of the flower of a species of Helianthemum. Fig. 872.
Secti(Mi of the seed of a species of Cistus, the pointed end being its

apex.

Diagnosis.—Leaves entire. Sepals and petals with a ternary

or quinary arrangement, twrsted in aestivation ; the former per-

sistent, the latter caducous. Stamens hypogynous, distinct.

Ovary with parietal placentas ; style single ; stigma simple.

Fruit capsular. Seeds with mealy albumen ; embryo inverted,

ourv'ed or spiral.

Distribution, ^x.—These plants are most abundant in the

south of Europe and the north of Africa. Some few are found
in other parts of the globe. Exam-ples of the Genera:—Cistus,

Helianthemum. There are 190 species.

Pro]perties and Uses.—These plants have generally resinous
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and balsamic properties. Some are regarded as stimulant and
emmenagogue. The most important plant of the order is

Cistvs creticus.—The fragrant resinous substance called Ladanum is ob-
tained from this plant in the Levant, and also from C. ladani/erus, C.
Ledon, &c. Ladanimi has been used as a stimulant, expectorant, and em-
menagogue. It is also much esteemed by the Turks as a perfume, and for
fumigation.

Natural Order 19. Bixace.^ or Flacotjetiace^,— The
Annatto or Arnatto Order.— Character.

—

Shrubs or small
trees. Leaves alternate, exstipulate, usually entire and leathery,

and very often dotted. Sepals 4—7, somewhat united at the
base. Petals hj-pogynous, distinct, equal in number to the se-

pals and alternate with them, sometimes absent. Stamens hypo-
gynous, of the same number as the petals, or some multiple
of them. Ovary 1 or more-celled, sessile or slightly stalked

;

placentas 2 or more, parietal, sometimes branched so as to form
a network over the inner sxu'face of the ovary and fruit. Fruit
1 -celled, dehiscent or indehiscent, having a thin pulp in its centre.

Seeds numerous, usually enveloped in a covering formed by the
withered pulp ; alhu7nenfLQs\ij-o\\y] em^r^/o straight, axial ; radicle
turned to the hilum.

Diagnosis.—Shrubs or small trees, with alternate exstipulate

leaves. Flowers polypetalous or apetalous
; petals hypogynous.

Stamens hypogynous, equal in number to the petals, or some
multiple of them. Fruit dehiscent or indehiscent

; placentas
parietal. Seeds numerous, albuminous ; embryo axial, straight

;

radicle towards the hilum.

Distribution, ^-c.—The plants of this order are almost confined
to the hottest parts of the East and "West Indies, and Africa.

Examples of the Genera .-—Bixa., Flacourtia. There are 96
species.

Properties and Uses.—Many plants of the order are feebly
bitter and astringent, and have been used as stomachics. The
bark of Aphloia is said to be emetic. The fruits of Oncoha and
of some of the Flacourtias are edible and wholesome. The
most important plants of the order are

—

Bixa OreUana.—The seeds of this plant are covered by a reddish piilp,
from which Arnatto or Annatto is made. This is used as a red dye, and for
colouring cheese and chocolate. The seeds are said to be cordial, astringent
and febrifugal.

Cochlosperpium Gossi/pium.—According to Eoyle, the trunk of this plant
yields the gum Kuteera, which in the north-western provinces of India is

used as a substitute for Tragacanth.

Natural Order 20. Violace^.—The Violet Order (Jigs.

873 and 874).—Character.

—

Herbs or shrubs. Leaves simple,

stipulate (Jig. 353), with an involute vernation, alternate,

or sometimes opposite. Sepals 5 (Jig. 778), persistent, im-
bricate, usually prolonged at the base. Petals 5 (Jig. 778),
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hypogynous, equal or unequal, one usually spurred. Stamens

equal in number to the petals {fig. 778), and usually alternate

Fig. 873. Fig. 874.
^^^^ .*/^^™' °^,

J^^^^y^ •
'^ opposite, inserted on a

hypogynous disk, often

unequal; anthers 2-

celled, sometimes uni-

ted (fig. 873), burst-

ing inwards
; filaments

short and broad {fig.

873), and elongated, so

as to project beyond
the anthers {fig. 512)

;

when the flowers are

irregular, two of the

anthers are spurred at
Fig. 873. Essential organs of the Pansy (F/o^a ,-, , , r j,-on

tricoior). St. Obliquely hooded stigma. «. United Liie Dase [^Jjg. ^(6).

RTithers, two having long appendages helow. Ovary 1-celled, With 3
Fig. 874. vertical section of the seed ,>f the Pansy,

p^^- ^^.^^ placentas (^^.

778); style single, iisually declinate {fig. 427); stigma capitate,

oblique, hooded {fig. 873, st); ovules usually numerous {fig.

427, 0, o). Fruit capsular, 3-valved, dehiscence loculicidal;

placentas on the middle of the valves {fig. 667). Seeds usually

numerous (j?9'. 667), sometimes definite; embryo straight, erect,

in the axis of fleshy albumen {fig. 874).

Diagnosis.—Herbs or shrubs. Leaves simple, stipulate, and

with involute vernation. Sepals, petals, and stamens, 5 each,

hypogynous. Stamens all perfect ; anthers introrse with the

filaments prolonged beyond them, and sometimes having appen-

dages below. Ovary 1-celled, with 3 parietal placentas; style

and stigma single. Fruit 1-celled, dehiscing by 3 valves, each

valve bearing a placenta in its middle. Seeds having a straight

erect embryo in the axis of fleshy albumen.

Division of the Order, and Examples of the Genera.—The order

has been divided into two sub-orders as follows :

—

vSub-order 1. ViolecB.—Having irregular flowers, and appendaged

anthers. Examples

:

—Viola, lonidium.

Sub-order 2. Alsodece.—With regular flowers, and anthers not

furnished with appendages. Examples ;—Alsodeia, Pentaloba.

Distribution and Numbers.—The herbaceous plants of the sub-

order Violege are chiefly natives of Europe, Siberia, and North

America ; the shrubby mostly of South America.
_
The Alsodese

are exclusively natives of South America, Africa, and Ma-

lacca. There are about 300 species belonging to the order

Violacese.

Properties and Uses.— The plants of this order are chiefly

remarkable for emetic and purgative properties. A few also are
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mucilaginous, and others hare been reputed to be anodyne. The
emetic property is due to a peculiar alkaloid named vioUa, which
greatly resembles, if it be not identical with, emetia, the active

principle of the true Ipecacuanha root. This principle is more
especially found in some of the shrubby South American species,

]jut it also occurs, to some extent at least, in many of the herba-

ceous European species. The plants of this order deserve further

trial as medicinal agents in this country. The following are the

more important:

—

lonidium.—The root of 7. Ipecacuanha, Voody Ipecacuanha, was supposed
by Linnfeus to be the source of the true Ipecacuanha. It is the false

Ipecacuanha of Brazil, and is employed as an emetic in that region. It

contains eniptia. Other species of lonidium, as /. parviflorum, I. Itubi/. S:c.,

]wssess similar properties. The roots of /. pat-viflorum (/. microphyllum,
Hnmb. <t Dec.) constitute the Cuchnnchully de Cuenga, which is much used
in the province of Venezuela as a remedy for elephantiasis.

Fio/a.—The fiowers of V. odorata, the" March or Sweet Violet, have been
always highly esteemed for their fr.-igrance. An infusion or syrup of the
petals is a useful chemical test, as the violet or purplish colour is changed
into red by acids, and green by alkalies. The syrup is employed partly on
account of its colour and odour, but chiefly as a laxative for very young
children. The flowers were formerly regarded as anodyne. The roots,

stems, and seeds have been also regarded as emetic and purgative. They
contaiu vioUa. Viola canina, the Dog Violet, is said to be efficacious in

certain cutaneous diseases, llola tricolor, a common indigenous plant, is

the origin of all our cultivated varieties of Pansies or Heart's-ease. The
Violets" generally have been used on the Continent, as demulcent expecto-
rants.

Natural Order 21. SAuvAGBSiACKa:.—The Sauvagesia Order.

—Character.—This order is by some botanists considered

as merely a sub-order of Violacese. It is distinguished by its

plants having either 5 perfect stamens alternate with 5 sterile

ones, or numerous stamens ; if only 5, these are also opposite

the petals ; the anthers are also extrorse, and have no appen-
<lages. The fruit also bursts septicidally, and hence each valve

i>ears the placentas at its margins.

Distribution, ^c.—They are natives chiefly of South Ame-
rica and the "West Indies. ExampUs of the Genera

:

—Sauvagesia,

Lavradia. Lindley enumerates 1 5 species.

Fropertis and tfscs.—But little is known of the properties of

the plants in this order. Sauvagesia erccta contains a good deal

of mucilaginous matter, and has been used internally as a diu-

retic, and in inflammation of the bowels, and also externally in

diseases of the eye.

Natural Order 22. DEOSEEACEiE.— The Sun-dew Order.

—

Character.—Herbaceous plants growing in boggy or marshy
place:;, frequently glandular. Leaves alternate, fringed at their

base {fg. 349), and with a circinate vernation. Peduncles,

when yotmg, circinate. Sepals and petals o, hypogynous, equal,

imbricate, persistent. Stametis as many as the petals and alter-

nate with them, or twice, thrice, or four times as many, distinct,

G G
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withering, hypogynous ; anthers extrorse. Ovary 1 -celled, supe-

rior; sti/les 3—5, distinct or connected at the base; ovules

numeroiis, anatropal. Fruit capsular, 1 -celled, bursting by 3

or 5 valves, which bear the placentas in their middle or at their

base ; hence the dehiscence is loculicidal. Seeds numerous, with

or without an aril ; embryo minute, at the base of abundant fleshy

albumen.
Diagnosis.—Bog or marsh herbs, with alternate exstipulate

leaves, and a circinate vernation. Peduncles when young, cir-

cinate. Flowers regular and symmetrical, hypogynous, with a

quinary arrangement of their parts, which are also persistent

and imbricate. Anthers extrorse. Placentas parietal. Fruit

capsular, 1 -celled, with loculicidal dehiscence. Seeds numerous

;

embryo small at the base of copious fleshy albumen.

Distribution, <Sfc.—These plants are found in almost all parts

of the world, with the exception of the Arctic regions. Ex-

amples of the Genera

:

—Drosera, Dionsea. There are about 90

species in this order.

Properties and Uses.—They possess slightly acid and acrid

properties. Some of the Droseras are said to be poisonous to

cattle, but there is no satisfactory proof of such being the case.

It has been supposed that certain species of Drosera would yield

valuable dyes, because they communicate a brilliant purple stain

to the paper upon which they are dried, and also from the cir-

stance of their yielding a yellow colour when treated with am-
monia. The plants of the order are, however, chiefly interesting

from the peculiar irritability of the glands or hairs on their

leaves. Thus the Sun-dews {Droseras) are fringed with beau-

tiful stalked glands, which close more or less in diflferent species

when insects alight upon them ; while Dionaa muscipitla {fig,

349), a native of North America, has two-lobed leaves, each of

which is furnished on its upper surface with three stiff hairs,

which, when touched, cause the two halves of the leaf to collapse

and enclose the object touching them. This plant is sometimes

cultivated in our stoves, and is commonly known as Venus's

Fly-trap.

Natural Order 23. FRANKENiACEiE.—The Frankenia Order.

—

Character.

—

Htrbs or uvdershrubs, much branched. Leaves o-p-

posite, exstipulate, with a membranous sheathing base. Flowers

sessile. Calyx tubular, with 4 or 5 di^nsious, equal, persistent.

Petals 4 or 5, distinct, imbricate, often appendaged, unguiculate,

hypogynous. Stamens 4 or 5, or twice as many as the petals,

hypogynous, distinct; anthers versatile. Ovary 1 -celled, supe-

rior; "^style 2, 3, or 4-fld ; ovules numerous, anatropal; placetitas

parietal. F)'uit capsular, with septicidal dehiscence, 1-celled,

many-seeded, 2, 3, or 4-valved, enclosed in the calyx. Seeds

numerous, very minute ; embryo straight, erect, in the middle of

albumen.



THALAMIFLOEJE. 451

Diagnosis.— Herbs or tindershrubs, much branched, with

opposite exstipulate leaves, and sessile flowers. Calyx tubular,

furrowed, persistent. Petals unguiculate, 4 or 5, hypogynous.

Stamens hypogynous, distinct. Ovary superior, 1 -celled, with

parietal placentas. Fruit capsular, 1 -celled, enclosed in the

calyx, and dehiscing in a septicidal manner. Seeds numerous

;

embryo straight, erect, in the middle of albumen.

Distribution, ^'c.—The plants of this order are scattered over

the globe, except in tropical India and North America, but they

chiefly occiu' in the south of Europe and north of Africa. Ex-

amples of the Genera:—Frankenia, Beatsonia. There are 24

species mentioned by Lindley.

Properties and Uses.—Unimportant. They have been reputed

mucilaginous and slightly aromatic. The leaves of a species of

Beatsonia are used at St. Helena as a substitute for tea.

Natural Order 24. Tamaricace^.— The Tamarisk Order.

Character.— Shrubs or herbs. Leaves alternate, scaly, en-

tire, usually pitted. Flowers in spikes or racemes. Calyx 4 or

5-parted, persistent, imbricate. Petals distinct, adherent to

the cal}^, withering, imbricate. Stamens hypogynous, as many
as the petals, or twice as numerous, distinct or united ; anthers

introrse. Ovary superior ; styles 3 ; ovuhs numerous. Fruit
1 -celled, dehiscing by three valves in a loeulicidal manner ; henc*

each valve bears a placenta in its middle, or sometimes at its

base. Seeds numerous, comose, exalbuminous ; embryo straight
;

radicle next the hilum.

Diagnosis.—Shrubs or herbs, with alternate entire scale-like

leaves. Calyx 4—5-parted, imbricate, persistent. Petals dis-

tinct, and attached to the calyx, withering, imbricate. Stamens
hypogynous ; anthers introrse. Ovary superior with distinct

styles. Fruit dehiscing loculicidally by 3 valves. Seeds nume-
rous, comose, without albumen, and having a straight embryo,
with the radicle towards the hilum.

Distribution, ^'c.—The plants of this order usually grow by
the sea-side, or sometimes on the margins of rivers or lakes.

They are most abundant in the basin of the Mediterranean, and
are altogether confined to the northern hemisphere of the Old
World. Examiiles of the Genera

:

—Tamarix, Myricaria. There
are 43 species.

Properties and Uses.—The bark of these plants is astringent,

slightly bitter, and tonic. The ashes of some species of Tamarix
contain much sulphate of soda.

Tamarix— T. mannifera produces a saccharine substance, which is known
under the name of Mount Sinai Manna. This is considered by Ehrenberg
as an exudation produced by a species of Coccus, which inhabits this plant.
T. gallica, orientalis, and some other species of Tamarix are liable to the
attack of insects, which produce galls on their surface. Theso galls are
astringent, and are sometimes used in medicine and as dyeing agents where
astringent substances are required.

G G 2
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Natural Order 25. Elatinace^. — The "Water-Pepper

Order.—C h a r a c t e r.—Little annual marsh plants, with hollow

creeping stems. Leaves opposite, with interpetiolar membrana-
ceous stipules. Flowers minute, axillary. Sepals and j^^i^l^

3—5, imbricated, the latter hypogynous and alternate with the

sepals. Stamens hypogynous, generally double the number,
or sometimes only as numerous as the petals, distinct. Ovary
superior, 3—5-celled; styles 3— 5; stigmas capitate; ovules im-

merous, anatropal. Fridt capsular, 3— o-celled, 3—5-valved,

dehiscence loculicidal
;
placentas axile. Seeds numerous, without

albumen, wrinkled ; embryo straight ; radicle towards the hilum.

Diagnosis.— Little annual plants, with hollow stems, and
opposite leaves with interpetiolar stipules. Flowers small and
axillary. Sepals and petals 3—5, the latter, as well as the

stamens, being hypogynous. Fruit capsular, 3—5-celled, pla-r

centation axile. Styles 3—5 ; stigmas capitate. Seeds nu-
merous, exalbuminous ; embryo straight.

Distribution, Sfc.—The plants of this small order are scat-

tered all over the world. Examples of the Genera:—Elatine,

Merimea. Lindley enumerates 22 species.

Properties and Uses.—They are generally considered acrid,

hence the English name of the order.

Natxiral Order 26,

—

Caryophyllace^.—The Pink or Clove-

wort Order {figs 875-879).— Character.

—

Herbs. Stems

swollen at the joints. Leaves opposite, entire, exstipulate, often

united at their base. Inflorescence various, cymose {fig. 408).

Flowers hermaphrodite, or rarely unisexual. Sepals 4 or 5

{fig. 875), distinct, or coherent into a tube {fig. 443), persistent.

Petals equal in number to the sepals {fig. 875), hypogynous, un-

guiculate {fig. 459), often deeply divided {fig. 458), sometimes

absent, frequently raised above the calyx on a stalk {fig. 876).

Stamens equal in number to the sepals, and then either alternate

or opposite to them, or usually twice as numerous {figs. 875 and

877), or rarely fewer, frequently attached with the petals on a

stalk above the calyx {fig. 876) ;
filaments generally distinct

{fig. 877), sometimes united at the base, subulate ; anthers in-

nate. Ovary sessile {fig. 877), or supported with the petals

and stamens on a short gynophore {figs. 588, g, and 876), 1-

celled generally {figs. 619 and 620), or rarely 2—5-celled (figs.

618 and 875) ; styles 2 {fig. 588) to 5 {figs. 619 and 620), papil-

lose on their inner surface {fig. 588), and hence should properly

be regarded as stigmas; ovules few or numerous {fig. 619, ^),
amphitropal. Fruit a 1 -celled capsule, opening by 2—5 valves,

or by 4— 10 teeth, at the apex {figs. 649 and 878), and having a

free central placenta {figs. 619 and 620, p), or rarely 2—5-celled

\\ith a loculicidal dehiscence, and with the placentas slightly

attached to the dissepiments {fig. 618). Seeds usually numerous,
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Fig. 875. Diagram of the flower of a species of Bianthus. Fig. 876. Ver-
tical section of the flower of a species of Dianthust. Fig. 877. Esseu-
tial organs of a species of ftellaria. Fig. 878. Capsule of Dianthns,
dehiscing In a valvular manner by four teetli at the apex. Fig. 879.
Vertical section of the seed of Chickweed (Stellaria).

rarely few ; embryo curved round the albumen {figs, 763 and 879),

which is ofa mealy character.

Diagnosis,—Herbaceous plants with stems swollen at the

joints, and opposite entire exstipulate leaves. Flowers usually

hermaphrodite. Sepals, petals, and stamens with a quaternary
or quinary arrangement, the petals sometimes absent. Stamens
hypogynous ; anthers innate. Ovary commonly 1 -celled; styles

2—5. Capsule 1-celled, or rarely 2—o-celled
;
placenta usually

free central, sometimes in the 2—o-celled fruit slightly attached

to the dissepiments. Seeds with the embryo curved round
mealy albumen.

Division of the Order, and Eccamplcs of the Genera,—The order

has been divided into three sub-orders as follows :

—

Sub-order 1. AlsinecB, the Chickweed Sub-order. —Sepals dis-

tinct, and opposite the stamens, when the latter are equal

to them in number. Exarnples :—Alsine, Stellaria.

Sub-order 2. Silenecs, the Pink Sub-order.— Sepals cohering

into a tube, and opposite the stamens, when the latter are

equal to them in number. Kvami^les :—Dianthus, Lychnis.
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Sub-order 3. Molluginea, the Carpet-weed Sub-order.—Sepals

distinct or nearly so, and alternate with the stamens when
the latter are equal to them in number ; if the stamens are

fewer than the sepals, they are then alternate with the carpels.

ExamfUs

:

—Mollugo, Cselanthum.

Distribution and Numbers.—They are natives chiefly of tem-

perate and cold climates. When found in tropical regions they

are generally on the sides and summits of mountains, com-

monly reaching the limits of eternal snow. The order contains

about 1,060 species.

Pro-perties and Uses.—The plants of this order possess no

important properties. They are almost always insipid. Some
of the wild species are eaten as food by small animals, and some
have been said to increase the lacteal secretions of cows fed upon

them. This is supposed to be the case more particularly with

Vaccaria vidgaris. Saponarla officinalis has been used in syphilis.

It contains a peculiar principle called saponine. This principle

has also been found in species oi Lychnis, Silene, Gucubalus, and
more especially in Gypsopkila Strutkium, to which latter plant

it communicates well-marked saponaceous properties : hence it

is commonly termed Egyptian Soap-root. The other species

in which saponine is found also possess, to some extent, simi-

lar properties. Saponine is reputed to be poisonous in its

nature.

Some of the plants have showy flowers, as the species of

Dianthus, Silene, and Lychnis ; but they are generally insigni-

ficant weeds. Dianthus barbatus is the Sweet-William of our

gardens ; D. plumarius is the parent of all the cultivated varie-

ties of the Common Pink ; and D. Caryophyllus, the Clove-Pink,

is the origin of the Carnation and its cultivated varieties, which

are known commonly as Pieotees, Bizarres, and Flakes.

Natural Order 27. Vivianiaceje.—The Viviania Order.

—

Characte r.

—

Herbs or undershrubs. Leaves opposite or whorled,

exstipulate. Flowers regular, white, red, or pink. Calyx with

5 divisions and 10 ribs; estivation valvate. Petals 6, hypo-

gynous, unguiculate, persistent; estivation twisted. Stamens

twice as many as the petals, hypogynous; filaments distinct;

anthers 2-celled, bursting longitudinally. Ovary superior,

3-celled ; stigmas 3. Fruit capsular, 3-celled, with loculicidal

dehiscence. Seeds 2 in each cell; embryo curved in fleshy albu-

men ; radicle next the hilum.

Diagnosis.—The plants of this order are readily known among
the Thalamifloral Exogens by their regular flowers, valvate

10-ribbed calyx, permanent withering corolla, 10 hypogynous

stamens with distinct filaments, 2-celled anthers with longi-

tudinal dehiscence, 3-celled capsule with loculicidal dehiscence,



THALAMIFXOEJE. 455

and albuminous seeds, -n-ith a curved embryo, and radicle next

the hilum.

Distribution, cfr.—They inhabit Chili and South Brazil. Ex-

amples of the G^e«fra;—Csesarea, Viviania. There are 15 species.

Propirties and Uses.—Unimportant,

Natural Order 28. Maxvace^.— The Mallow Order (figs.

880-883).— Character.— iJcrfe, shrubs, or trees. Leaves

alternate, more or less divided in a palmate manner {Jig. 298),

stipulate. Flowers regular, usually axillary, and often sur-

Fig. 880. Fig. 881,

Fig. 8S0. Diagram of the flower of a species of Malva. The three exfer-
iial lines represijit bracts, wJiicli form an epicalys or involucre. Fig.
881. Vertical section of the flower of a Mallow. Fig.?<^2. Pistil of
Mallow siirroniidcd hy the calyx. Fig. 8S3. Horizontal section of
the fruit of Malva sylvestris. a. Axis. pi. Placenta. I. An empty cell,
c. Embrj-o.

rounded by an involucre or epicalyx (fgs. ioi and 880). Sepals
usually 5 [jigs. 454 and 880), rarely 3 or 4, more or less coherent
at their base {Jig. 454) ; with valvate or some form of ciicular
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aestivation {figs. 430 and 880). Petals hypogynous, equal in

number to the divisions of the calyx {fig. 880), with a twisted

aestivation {fig. 431), either attached to the column formed by
the united stamens {fig. 881), or free. Stamens hypogynous,
numerous, monadelphous {figs. 535 and 881); anthers 1-celled,

reniform, with a transA-erse dehiscence {fig. 521). Ovary con-

sisting of several carpels {figs. 880 and 882), which are either

apocarpous {fig. 882), or united so as to form a compound ovary,

with as many cells as there are carpels
;
placentas attached to the

ventral sutures {fig. 883, pi), or axile ; styles equalling the car-

pels in number {fig. 882), united or distinct. Fruit either con-

sisting of a number of 1-celled, indehiscent {figs. 691 and 883),

1 or many-seeded carpels ; or a capsule with loculicidal {fig. 658)
or septicidal dehiscence, and numerous seeds. Seeds sometimes
hairy ; albumen none or in small quantity ; embryo curved ; coty-

ledons much twisted {fig. 883, c).

Diagnosis.—-Leaves alternate, simple, stipulate. Regular
flowers. Calyx valvate in aestivation. Petals twisted in aestiva-

tion. iSia^^e/zs hypogynous, numerous ; anthers 1-celled, reni-

form, opening transversely; filaments united so as to form a

column. Carpels distinct or imited. Seeds with very little, or

no albumen; embryo curved; cotyledons twisted.

Division of the Order, and E.xamples of the Genera.—The order

has been divided into three tribes as follows :

—

Tribe 1. Malvecs.— Flowers furnished with an involucre or

epicalyx {fig. 880). Fruit consisting of separate carpels

(apocarpous) (^V/. 883). Examples:—Malvu, Altha?a.

Tribe 2. Hibisaa.—Flowers furnished with an involucre {fig.

454). Fruit formed by the union of several carpels (syncarpous)

{fig. 658). Examples:—Hibiscus, Gossypium.
Tribe 3. Sidecs. Flowers without an involucre. Fruit apocar-

pous or syncarpous. Example:— Sida.

Distribution and Nitmbers.— The plants of this order are

chiefly natives of the tropics and the warmer parts of temperate
regions. They diminish gradually as we "approach the north,

and are altogether absent in the frigid zone. There are about
1,000 species.

Properties and Uses.—No plant of this order possesses any
deleterious properties. The order is generally characterised by
mucilaginous and demulcent qualities. From*the liber of many
species strong and tough fibres are obtained, and the hairs cover-

ing the seeds of certain species constitute cotton. Among the

more important plants of the order, we may mention the

following :

—

Ahelmoschus.—T\\e unripe fiiiit of Ahelmoschus (Hibiscus) esculentus, known
in the East and West Indies under the names of Ochro, Gombo, Gobbo,
Bandikai, &c., is used, on account of the abundance of the mucilage it con-
tains, to thicken soups, &.C., and in Western Africa in various ways in the
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preparation of native dishes. It also possesses valuable emollient and de-
mulcent properties, and may be emploj-ed in all cases where such remedies
are required. Abelmoschus moschatus derives its speciflc name from the
musky odour of its seeds, which are regarded as cordial and stomachic, and
are sometimes mixed -s^-ith coffee by the Arabians. The powdered seeds
steeped in rum are also used in the West Indies as a remedy against the
bites of serpents.

Abuiilon esculentum, Ben9ao de Deos, is another Malvaceous plant which
furnishes an article of diet, the boiled flowers being used in Brazil as a vege-
table.

Aliheea.—The root and leaves of A. officinalis, the Marsh-Mallow plant,
abound in mucilage, particularly the root, and hence all preparations
from them are demulcent, and useful in diseases of the mucous mem-
branes, &c. An emollient cataplasm is also occasionally prepared from the
boiled root. In France, Marsh-Mallow is in much greater request than in
this country. A favourite preparation there is the Pate de Guimauve, which
is a kind of lozenge made with mucilage of Althaea, gum-arabic, sugar, and
white of egg. Althcea rosea, the Hollyhock of om- gardens, has similar
properties, and the flowers are on that account oflicinal in Greece, i rom
the leaves, a blue colouring matter resembUng indigo, is obtained^. Strong
fibres have been also obtained from the bark, and used in the i^anufacture
of good cordage.

Gossupium.—Several species of this genus furnish cotton, which is the hairy
covering of their seeds. (See p. 5G.) From the importance of the raiv
material obtainable from this genus, it must be regarded as one of the most
valuable to man in the whole Vegetable Kingdom ; indeed it is questionable
wticther there is any geniis which he would find it more difiicult to do
without at the present time, than the genus Gossypiiim. Several species
have been said to yield cotton, but many of these so-called species are pro-
bably 01.ly varieties. There appear, however, to be three species especially,

from which our commercial cotton is obtamea, viz. :— 1. Gossupium herba-
ceum (or indicum), which yields the common cotton of the East Indies. A
variety of this fm'nishes the Chinese or Nankin Cotton, remarkable for its

yellowish-brown coloiir ; this colour Avas formerly thought to be artificial,

and praluced by dyeing, but it is now known to be natural to it. 2. G.
harbadense is the species which yields all our best cotton. It is caUed in
India, Boiu-hon Cotton. From this the much-esteemed Sea-Island Cotton is

obtained, as also the New Orleans, Georgian, and other cottons derived from
the United States. 3. G. peruvianum or acitminatum furnishes the South
American varieties of cotton, as Pernambuco, Peruvian, Brazilian Cotton,
&c. Another species, Gossypium a)-boreum, is the Tree-Cotton of India, which
yields a variety of a very fine, soft, and silky nature. This is used by the
natives of India for making turbans. The amoimt of cotton employed for
manufacturing purposes in this and other countries is enormous, altliough
the supply has been much interfered with by the American war ; hence t:ie

cultivation in the East Indies, Africa, &c., of the planes yielding it, has for
some time occupied the serious attention of the government in this and
other countries, and large supplies are now obtained from the East Indies,

Egypt, &c. The increase in the consumption may be at once judged of by
the following statement. In 1800, the amount of cotton imported was
50,010,732 lbs.; in ISIO, it had increased to lo2,4SS,935 lbs.; in 1820, to
151,672,655 lbs. ; in 1S30, to 263,901,452 lbs. ; in 1840, to 592,488,000 lbs. ; and
in 1850, to about 772,000,000 lbs. This latter amount is equivalent to about
2,000,000 bales, each of wliich averages 336 lbs. in weight, making altogether
about 340,000 tons. It has been computed that the vame of this in a raw
state is about 30,000,000^., and when manufactured into cotton fabrics,

about three times that amount, or 90,000,000/. Of these about 3o,o00,00u/.

worth were exported from the United Kingdom, and G(»,Oou.uOO/. worth
consumed in this country. In the United Kingdom there were at the same
period, about 2,000 cotton factories, using a motive po-ner equivalent to
that of 90,000 lioi-ses, and employing 350,000 human beings. The above
interesting statistical record wiU exhibit in a prominent manner the im-
mense importance of cotton to the inhabitants of this country. From 1850
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up to the time of the American war the consumption of cotton enonnonsly
increased, but at the present time the quantity consumed is less than for-
merly.
Cotton is now made officinal in the British Pharmacopoeia for the pur-

pose of preparing gun-cotton {Pyroxylin) from which coUodion is directed
to be made. Collodion is a valuable local application to wounds, &c., and
in burns, skin diseases, erysipelas, &c. Cotton in itself is also a useful
application to bums and inflamed surfaces. It acts by excluding the air,

and by keeping the affected parts at a uniform temperature. The seeds of
the Cotton-plants, after the cotton has been obtained from them, upon being
submitted to pressure, yield a fixed oil, which may be used for burning in
lamps, and for (>ther piirposes. From 80,000 to 100.000 tons are imported
annually. The oil has been largely used in place of olive oil for eating pur-
poses, and for making soap. The cake left after the expression of the oil i|^,

employed for feeding cattle.

Hibiscus—H. cannahinus yields the valuable fibre, known under the name of
Simnee or Brown Indian Hemp, which is commonly used in India as a sub-
stitute for true Hemp. It is sometimes termed Sunn Hemp, but improperly
so, as the true Simn is obtained from Crotalaria jimcea, a plant belonging to
the LeguminosEe. From the seeds a fixed oil is obtained by expression.
Hibiscus arboreus, a native of the West Indies, is also remarkable for the
tenacity of its inner bark, and it is said by some authors, that the whips,
formerly used by the slave-drivers, were manufactured from its fibres. (See
Laqetia.) Hibiscus Rosa-sinensis has astringent petals, which are used by
the Chinese to blacken their eyebrows, and the leather of their shoes. The
expressed fi-esh juice of these petals is said to form a good substitute for
litmus ; and an infusion of the petals has also been repiited useful as a de-
mulcent refrigerant drink in fevers. Various other species of Hibiscus, as H.
striatus, H. tiliacens, &c., also yield valuable fibres, useful for textile fabrics,

or for paper-making.
Malaclii-a capitata.—The leaves are reputed to be anthelmintic, and are

employetl for that pui-pose in Panama.
Malra.—Malva sylrestris, the Common Mallow, has similar properties to

the Mareh-Mallow. (See Althcm.) Its bark also yields strong fibres. Malva
Alcea. The petals of this plant have astringent properties, and yield a
black dye.

Paritium elatiim.—The material known as Cuba Bast, now largely used by
gardeners for tying up plants, &c., is prepared from the liber of this tree.

Pavonia diuretica derives its specific name from its supposed diuretic pro-
perty, for which purpose it is used in Brazil.

Sida.—Sida micraittha and other species, supply fibres useful in the manu-
facture of cordage, &c. Rocket-sticks are also obtained from the stems of

S. micrantha, Sida cordifolia and »S. niauritiana have demulcent and emollient
properties. S. lanceolata has a very bitter root, which is reputed to be a
valuable stomachic. The roots of S. retusa and other species are held in
esteem by the natives of India in the treatment of rheumatism.
Many plants of the order have showy flowers, and are cultivated in our

gardens and stoves ; for example, the Althcea rosea (Hollyhock), Abuhlon,
Hibiscus, Sida, &c. Hibiscus mutabiUs is remarkable for the changing
colour of its flowers, which vary in a single day from a cream-coloured rose
to a rich rose or pink colour.

Natural Order 29. STEKCULiACEiE.—The Silk-Cotton Order.

—Character.

—

Trees ov shrubs. Leaves alternate, simple or

compound, with deciduous stipules. Flowers usually perfect,

sometimes by abortion unisexual, regular or irregular, often sur-

rounded by an involucre. CaJyx and corolla resembling the

Malvaceae, always, however, having five parts ; the petals are,

however, sometimes absent. Stamens united by their filaments

into a column, indefinite; anthers 2-celled, extrorse. Carpels 3
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or 5, either distinct, or united so as to form a compound ovary,

often stalked ; styles equal in number to the carpels, distinct or

united ; ovules usually definite, sometimes indefinite. Fruit

either composed of a number of follicles, or capsular {fig. 692),

or rarel)' baccate. Seeds with fleshy-oily albumen, or none
;

embryo straight or curved ; cotyledons either plicate or rolled

round the plumule.

Diagnosis.— The plants of this order are at once known
among the Thalamifloral Exogens, by their valvate 5-part-ed

ca,lyx ; contorted corolla consisting of 5 distinct petals ; nume-
rous perfect stamens united by their filaments into a column

;

and 2-celled extrorse anthers. The character presented by the

anthers should be particularly noticed, as that alone at once

distinguishes them from the Malvacese and Byttneriace?e, which
in many other respects they closely resemble. It should also be

observed, that the flowers of some of the Sterculiacese are uni-

sexual by abortion.

Division of the Order, and Examples of the Genera.—This

order has been divided into three tribes as follows :

—

Tribe 1 . Bomhacece.—Leaves palmate or digitate, flowers perfect.

Examples

:

—Adansonia, Bombax.
Tribe 2. Helicterece.—Leaves simple, flowers perfect. Examples:
—Matisia, Helicteres.

Tribe 3. StermdiecB.—Leaves simple or palmate, flowers uni-

sexual by abortion. Examples

:

—Heritiera, Sterculia.

Distribution and Niimbers.— Natives of the tropics, or of very
warm regions. The Bombacece are chiefly found in America, the

Stereidiece mostly in India and Africa. Xone of the Helicterece

occiir in Africa. About 130 species belong to this order.

Properties and Uses.—In their properties the plants of this

order resemble the Malvaceae: thus, they are generally muci-
laginous, demulcent, and emollient ; others have a hairy cover-

ing to their seeds; and others yield fibres. The cottony covering

of their seeds, and the fibres yielded by plants of this order, are

not, however, to be compared in importance to similar products

of the Malvaceae. Some plants are reputed to be diuretic, emetic,

or purgative. Many of the Bombacece are remarkable for their

prodigious size, height, and apparently enormous age. The
more interesting plants are as follows :

—

Adansonia diaitafa, the Baobab-tree.—Tbe fniit, commonly knoTm as

Monkey-bread or Ethiopian Soirr-gourd. has its seeds surroimded by a large

quantity of a starchy piilp Mith an acid flavour much resembling cream of
tartar. This forms a wholesome and agreeable article of food. "When mixed
with water it is used as an acid drink, which is regarded as a specific in
putrid and pestilential fevers. It is also employed in Egypt in dysentery.
All parts of the tree possess emollient and demulcent properties. Its

powdered leaves are used by the Africans under the name of Lalo, mixed
Avith their daily food, to check excessive perspii-ation. This property is owing
to the presence of an astringent matter ; hence they have been found seiwlce-
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able in diaiThcea, &c. The bark is said to be febrifugal, and its fibres are
employed by certain African tribes, living where the tree is common, in the
manufacture of various articles of dress, cordage, &c. The Baobab-tree ia

also remarkable for its enormous size, and the gi-eat age to which it attains,
in some cases reputed to be several thousand years. One tree of this species
has been found to have a trunk from 90 to 100 feet in circumference. Their
hollowed trunks are used by the natives in some districts of Africa, as
burial-places for such of their dead as are believed to have communion with
evil spirits.

Bombax.—B. Ceiba, the Silk-Cotton Tree of South America, and B. pen-
tandrum, the Silk-Cotton Tree of India, are both remarkable for their size
and height. The seeds of these plants are covered by long silky hairs ; hence
their common names. These hairs cannot be used like those of ordinary
cotton for manufacturing purposes, chiefly on account of the smoothness and
want of adhesion between their sides. They are used, however, in many
parts of the world for stufiing cushions, &c. The bark of B. pentandrum is

reputed to be emetic.
Clieirostevion platanoides is the Hand-plant of Mexico. It derives its com-

mon name from the remarkable appearance of its flowers, the anthers and
style of which are so aiTanged as to resemble a hand furnished with long
claws,

Chorisia speciosa has its seeds covered with silky hairs, which are used for
stuffing cushions, tSic. This material is termed Vegetable Silk.

Durio zibethinus.—This tree, which is about the size of the ordinary pear-
tree, yields tlie fruit called Durian, which is highly esteemed in the south-
eastern parts of Asia, being accounted next in value to the Mangosteen. It

has, however, a strong smell, which renders it disagreeable at first, but this
quality is soon forgotten after the palate has become familiar with it.

Eriodend7'on Samauma, a native of South America, is remarkable for its

great height. Its trunk frequently overtops all the surrounding trees before
it gives off a single branch. The hairy covering of the seeds of various
species of Eriodendron is employed for stuffing cushions and similar pur-
poses.

Ochroma Lagopus, a West Indian tree, has an antisjTDhilitic bark, and a
spongy wood, which is sometimes used as a substitute for cork.

Salinalia.—The bark of some species of this genus is said to be emetic,
and honey obtained from the flowers of S. malabarica is commonly regarded
as both emetic and purgative.

Stercuha.—The seeds of Sierculia (Cola) acuminata, and probably of other
species, constitute tlie Kola-nuts of Tropical West Africa, and the Guru-
nuts of Soudan. They are largely used in various parts of Africa as food and
medicine, and are also commonly stated to be employed to sweeten water
which has become more or less putrid. Their use, however, as a purifier of

water is denied by Dr. Daniell. The latter writer made the interesting dis-

covery (which has been confirmed by Dr. Attfield) of the presence of theine,

the alkaloid of tea, &c., in Kola-nuts. The seeds of other species of Ster-

culia are also eaten in different parts of the globe. This is the case with
S. Chicha, and *S'. lasiantha in Brazil, and <S. nobilis in Asia. Sterculia

Tragacantha, a native of Sierra Leone, receives its specific name from yield-

ing a gum resembling Tragacanth. It is termed African Tragacanth, and
has been lately stated by Dr. Fliickiger to be a good substitute for the
officinal Tragacanth. (See Astragalus.) S. itrens, a native of Coromandel,
yields a gum of a similar nature, wliich is called Grum Kutteera. (See also

Cochlospermirm.) Tlie fruit, seeds, leaves, or bark of other species of Sterculia,

are also used for various purposes as medicinal agents in different parts of
the globe. The seeds of all the species contain a fixed oil, which may be
used for burning in lamps, &c. According to Hooker, S. vlllosa and »Si.

guttata yield fibres, from which ropes of excellent quality, and cloth are
made.

Natural Order 30. BYTTNEUiACEiE.—Tlie Chocolate Order.

—

Character.— Trees, shrubs, or undershrubs, sometimes climb-
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ing. Leaves simple, alternate, with usually deciduous stipules.

Calyx 4—5-lobed, valvate {fig. 428). Corolla absent, or having
as many petals as there are lobes to the calyx, either twisted

or induplicate in aestivation {fig. 429), permanent or deciduous.

Stamens hypogynous, equal in number to the petals and op-

posite to them, or twice as numerous, or indefinite ; when the
stamens are more numerous thau the petals some are always
sterile

;
filanients more or less united; anthers 2-celled, introrse.

Ovary sessile or stalked, composed of 4—10 carpels united

round a central column ; style simple ; stigmas equal in number
to the carpels ; ovules 2 in each cell. Fruit usually capsular,

with a loculicidal dehiscence, or indehiscent, or the fruit separates

into its component parts when ripe—that is, in a septicidal

manner. Embryo generally lying in a small quantity of fleshy

albumen, straight or somewhat ciu'ved; cotyledons plaited or
spiral.

Diagnosis.—The only orders likely to be confounded with
this, are the Sterculiacese, Malvaceae, and Tiliaceae. From the
former, it is at once distinguished by its introrse anthers, and by
the stamens being definite, or, if more numerous than the petals,

some of them being always sterile. From the Malvaceae, it is

known by its 2-celled anthers, by the stamens being frequently

equal in number to the petals and opposite to them, or if more
numerous some of them being sterile, and also from the fila-

ments not being united into so evident a column. From the
Tiliaceae, it is distinguished readily by its monadelphous stamens,
and by the absence of a disk.

Distribution, gr.—They are chiefly tropical plants, but some
species of the order are found scattered in almost every quarter
of the globe, except Europe. Examples oftlie Genera:—Byttneria,

Theobroma, Guazuma. There are 400 species.

Properties and Uses.—The plants have properties resembling
the Malvaceae and Sterculiaceae : thus, some are mucilaginous,

as Waltheria Douradinha, the species of Pterosperymun, the
young bark of Guazuma idmifolia, and the bark of Ahroma
angustum, Dombcya spectahilis, &c. The fruit of Guazuma
ulmifolia contains a sweetish mucilaginous, agreeable pulp, which
is eaten in Brazil. By far the most important plant of the
order is

Theobro?na Cacao, the Cacao or Cocoa Tree.—This tree is a native of
Demerara and Mexico, and it is extensively cultivated in the West Indies,
Central America, Mauritius, &c. From its seeds, Cacao or Cocoa, and
Chocolate are prepared. In the manufacture of Chocolate, the seeds are
first roasted, then divested of their husks and ground, and afterwards tritu-
rated in a mortar with an equal quantity of Sugar, to which some Vanilla
or Cinnamon is added for flavouring, and a small quantity of Amatto as a
colom-iug agent. All the finer qualities are thus prepared, but the flavouring
is sometimes produced by adding Sassafras nuts, cloves, or some other aro-
matic. Chocolate derives its name from the Indian term (chocolat). Cocoa
or Cacao is either prepared by grinding up the roasted seeds with their outer
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shells or husks between hot cylinders into a paste, which is then mixed with
starch, sugar, &c.,—this forms common cocoa, rock cocoa, soluble cocoa, &c.,

—or the roasted seeds diyested of their husks, are broken into small frag-

ments, in which state they form cocoa nibs, the purest state of Cocoa. The
husks of the Cocoa-seeds are used by the poorer classes of Italy and Ii-eland

in the preparation of a wholesome and agi-eeable beverage : they are im-
ported from Italy under the name of " miserable." Both Cocoa and Chocolate
are used for the preparation of agreeable and nutritious beverages. These
beverages are not so stimulating as Tea and Coffee, but they disagree with
many persons on account of their oily nature. The generic name, Theobrvma,
was given to this tree by Linnasus, signifying " food of the gods," to mark
his opinion of the nutritious and agreeable nature of the beverages prepared

from its seeds ; but Belzoni, a traveller of the 16th century, regarded them
in a very different light, for he declared that Cocoa was a drink " fitter for a

pig than for a man." Cocoa-seeds owe their properties chiefly to a peculiar

alkaloid, named theobrojnine, which resembles theine, the alkaloid contained
in China Tea (see Thea), &c., and to a concrete oil or fat called Butter of
Cocoa, which constitutes about half their weight. It has been computed
that Cocoa and Chocolate form the common unfermented beverages of about
fifty milhons of men in Spain, Italy, France, and Central America, and that

the consumption of Cocoa annually is about 100,000,000 lbs. Cocoa is

also now largely used in Britain ; and its use has much increased of late

years. From the pulp which surrounds the seeds a peculiar kind of spirit is

distilled.

The concrete oil has been made officinal in the last British Pharma-
copoeia. It enters into the composition of the suppositories ordered in that

volume. In itself it possesses emollient properties. It is especially valuable

from not readily becoming rancid by exposure to the air.

Natural Order 31. Tiliace^.—The Lime-tree or Linden
Order {figs. 884—886).—Character.

—

Trees, shriios, or rarely

Iterbs. Leaves simple, alternate {Jig. 264), with deciduous stipules.

Fig. 884. Diagram ol the flower of the Lime. Fig. 885. Vertical section
of tiie flower of the Lime {Tiliaeuropoea).

Sepals 4 or 5 {figs. 884 and 886), distinct or coherent, valvate in

aestivation {fig. 886), deciduous. Petals equal in number to the

sepals {fig. 884), or rarely wanting, imbricated. Stamens hypo-
gynous {fig. 885), usually numerous {figs. 884— 886), distinct

{fig. 886), or polyadelphous {fig. 543); anthers 2-celled {figs.
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510 and 885), opening longitudinally, or by pores at the

apex. Z>J5^ glandular, hypogynous. Carpels'!—10, which are

generally united so as to form a compound many-celled ovary

(^.88-4), sometimes disunited; placentas axile {fig. 884); style

1 {figs. 885 and 886) ; stigmas equal in number to the carpels.

Fruit dry or pulpy, sometimes samaroid, usually many-celled, or

rarely 1 -celled by abortion. Seeds solitary or numerous ; embryo
erect, straight, in the axis

offleshy albumen; cotyledons

flat and leafy {fig. 744, c)
;

radicle next the hiliim.

Diagnosis.— This order

resembles in many respects,

the Malvaceae, Sterculiacese,

and Byttneriacese. It may
be at once distinguished

from them by having a glan-

dular disk, by the stamens
not being monadelphous,
and by the anthers being

2-celled, From all other

Thalamifloral Exogens the

plants of this order may be
known by their alternate

entire stipulate leaves ; val-

vate gfcstivation of calj'x, Fig

which is also deciduous

.

floral envelopes in 4 or 5 divisions ; stamens either distinct or

polyadelphous ; anthers 2-celled ; hypogynous glandular disk
;

many-celled fruit with axile placentas ; and embryo erect,

straight, in the axis of fleshy albumen.
Division of the Order, and Examples of the Genera.—The order

has been divided into two tribes, as follows :

—

Tribe 1 . Tiliea.—Corolla with entire petals, or wanting

;

anthers dehiscing longitudinally. Examples:— Corchorus,

Tilia.

Tribe 2. ElaocaipecB.—Petals lacerated, anthers opening at the

apex. Examples :—Elseocarpus, Vallea.

Distribictio7i and 'Numbers.—A few are foimd in the northern

parts of the world, where they form large trees, but the plants

of the order are chiefly tropical, and occur in such parts as

herbs, shrubs, or trees. There are 350 species.

Properties and Uses.—In their properties, the Tiliaceae re-

semble the Malvacese. They are altogether innocuous, and are

generally mucilaginous, emollient, and demulcent. Many of

them also yield fibres, which are much used for manufacturing

Peduncle of the Lime, bearing two
flower-buds, aud a fully expanded flower.
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purposes. Some are valuable timber-trees, and some have

edible fruits. A few of the more important plants may be men-
tioned as follows :

—

Aristotelia Maqui has an edible fruit, and from it a kind of wine has been
also made. The fibres of the bai'k and the wood, have been used in the manu-
facture of musical instruments.

Corchonis.—The fibi-es obtained from the bark of Corchorus capsularis,

the Jute Plant, are commonly known under the nan)e of Jute or Jute-hemp.
This fibre is of a very valuable nature, and is now imported in large quan-
tities into this country, where it is used chiefly in the manufacture of coarse

bags, and as a foundation for inferior carpets, &c. It is al>o frequently mixed
with silk in the manufacture of cheap satin fabrics. It does not appear to

be weU adapted for cordage, because it wiU not bear exposure to wet. In
India it is used chiefly for the purpose of making the coarse canvass, called

Gunny, which is the material employed there for the ba,gs, &c., used for

packing raw produce. Corchorus olitorius, commonly called Jews' Mallow,
is used in some parts of the world as a pot-herb. In Panama, the leaves of

C. mompoxensis are infused in boiling water, and the infusion is then taken
as a substitute for tea.

Elceocarpus serratus.—The fruits of this plant are commonly known under
the name of Molucca Berries. When the fruit is divested of its pulp, the

endocarp, which is hard and bony, and beautifully furrowed, is used for

making necklaces. These are fi-equently brought as presents from India, and
ai-e also occasionally sold in this country. The fruits of some species of

Elceocarpus are eaten, while others are used in the preparation of Indian
curries.

Grewia.—Gretcia sapida, G. asiatka, and other species, have pleasant acid

fruits, and are used in the East for making Sherbet. Grewia elaslica affords

valuable timber.
Lilhea grandiflora.—The bark is astringent, and is employed in Brazil for

tanning leather. The wood of other species is used for various purposes in

Brazil, as for making soles to boots, musket-stoclcs, &c.
Tilia europoea, Common Lime or Linden Tree.—The inner bark is used in

the northern parts of Europe, more particularly in Russia, in the manufacture
of mats, which are commonly known as Russian, Bast, or Bass-mats. This
Bast is one of the sutetances employed by gardeners for tying up plants. The
flowei-s are very fragrant when fresh, and an infusion of them is much used
on the Continent for its expectorant and antispasmodic properties. The
wood of this and other si^ecies of Tilia is very white and smooth, and is em-
ployed for various purposes, as for carving, wainscoting, &c.

friumfe(ta.—Sexera\ species of this genus have astringent and mucilaginous
leaves and fruits, and arc employed in Brazil for making injections, which
are reputed to be useful in gonoiThoea.

Vallea cordi/olia.—The leaves are employed for the pui-pose of dyeing
yellow.

Natural Order 32. Dipterace^.—The Sumatra-Camphor
Order.—Character.—Large trees with resinous juice. Leaves

alternate, involute, feather-veined, with large convolute deci-

duous stipules. Ca{i/x 5-lobed, tubular, unequal, persistent,

imbricated, ultimately enlarged into wing-like expansions.

Petals 5, hypogynous, often coherent at the base ; cFstivation

twisted. Stamens numerous, hypogynous, distinct, or united in

an irregular manner by their filaments so as to become some-

what polyadelphous ; anthers innate, 2-celled, subulate, prolonged

above or beaked. Ovary superior, 3-celled, ovules pendulous
;

style and stigma simple. Fruit 1-celled, dehiscent or inde-
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hiscent, surrounded by the enlarged permanent calyx. Seed

solitar}^, exalbuminous ; radicle superior.

Diagjiosis.—Large trees with simple alternate involute leaves,

and large deciduous convolute stipules. Flowers perfect and
symmetrical. Cab's: and corolla each with five divisions ; the

former, unequal, permanent, imbricated in gestivation, and ulti-

mately enlarged so as to form wing-like expansions crowning
the fruit; the latter with equal petals, and twisted in aestivation.

Stamens hypog}-nous, numerous, with beaked anthers. Fruit

1-celled, 1-seeded. Seed without albumen ; radicle superior.

Distribution, tfr.—Natives exclusively of the forests of the

tropical East Indies, with the exception of the genus Lophira,

which belongs to tropical Africa. The latter genus, by End-
licher and others, has been separated from the Dipteracese,

and placed in an order by itself under the name of Lophiracese.

The chief characters of distinction are, its 1-celled ovary with
numerous ovules on a free central placenta, and its inferior ra-

dicle. Examples of the Genera :—Dipterocarpus, Dryobalanops,
Vateria. There are about 50 species belonging to this order.

Projpirfies and Uses.—The plants of this order form very large

and handsome trees, which abound in an oleo-resinous juice.

To the presence of this they owe their peculiar properties. The
more important plants are as follows :

—

Dipterocarpus.—The trunks of D. Icevis or turbinahis, and other species,

natives of the East Indies, yield, by incision and the application of heat, an
oleo-resinous substance, called ^Yood-oil or Gurjun Balsam. In its proper-
ties Wood-oil resembles the so-called Balsam of Copaiba, and is used for
similar purposes, and has been even sold in England for that drug. WTood-
oil is also used in India for painting houses, &c.
DnjobaJanops aromatica or Camphora.—This is a large tree, a native of

Sumatra and Borneo. From its stem a liquid, called Liquid Camphor or
Camphor-oil, and a crystalline solid substance, which is named Sumatra or
Borneo Camphor, are derived. The Liquid Camphor is obtained by making
deep incisions into the tree. It is a hydro-carbon, and has an odour resem-
bling a mixture of Cajuput oil, camphor, and cardamoms. It has been used
in the preparation of scented soap. The Solid Sumatra Camphor is foimd in
fissures and cavities in the interior of the trunk, and can only be extracted
from the tree by cutting it do-rni and cUviding it into pieces. It generally
occurs only in small pieces, but occasionally masses weighing 10 or 12 lbs.

have been removed. This camphor resembles in its proix^rties the ordinary
officinal or Laurel Camphor. It is not, however, a commercial arti -le in this
country, or in Europe, because it is so highly esteemed by the Chine^-^. that
they will give from 80 to 100 times more money for it than that which they
obtain for their own camphor, which is the kind used in this coimtry, and
which is believed by us to be equally beneficial. The soUd Sumatra camphor
can only be obtained fi-om the mature tree?, while the liquid oil is obtainable
also from the young ; hence it is probable that the liquid oil becomes con-
verted into the soUd camphor as the trees increase in age.
Hopea odorata.— This plant yields a fragrant resin, which, when powdered,

is a popular styptic amongst the Burmese.
Shorea robusta is a valuable timber-tree ; it is a native of India, and its

wood is there extensively used under the name of Sal. A colourless, yellow-
ish, or brownish resin, called Dammar in Bengal, is also obtained from this
plant. It forms a substitute for the ordinary resins of the Coniferee in the
making of plasters.

H H
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Valeria indica.—This plant yields an oleo-resinous substance, which is

known in India under the name of White Danamar, or Piney Resin. It is

used as a varnish, and for making candles. The substance called Pinej'

Tallow, or Vegetable Butter of Canara, is a concrete oil obtained from the

fruit of this plant. It has been employed in India as a local application in

rheumatism, &c., and some has been lately imported into this country.

Vatica Tumbugaia is said to yield a portion of the Black Dammar of India

(see Canarium).

Natural Order 33. Chl^enaceje.—The Sarcolsena Order.

—

Character.

—

Trees or shrubs. Leaves entire, alternate, with

large deciduous convolute stipules. Flowers regular, unsymme-
trical, furnished with an involucre ; the involucre surrounding

1—2 flowers, and persistent. Sepals 3, imbricated. Petals 5,

convolute, sometimes coherent at the base. Stamens generally

very numerous, rarely but 10, monadelphous ; anthers roundish,

2-celled. Ovary 3-celled ; style 1 ; stigma trifid. Fruit capsular,

3-celled, or rarely 1 -celled ; 'placentas axilo. Seeds solitary or

numerous, suspended ; embryo in the axis of fleshy albumen

;

cotyledons leafy ; radicle superior.

Biagnosis.—Keadily distinguished among Thalamifloral Exo-

gens by their alternate simple stipidate leaves ; and involucrate

flowers, which are regular and unsymmetrical. The calyx is

also imbricated, the stamens monadephous, and the seed has

abundant albumen.

Distribution, ^c.—There are but 8 species included in this

order, all of which are natives of Madagascar. Examples of
the Genera

:

—Sarcolsena, Leptolfena.

Frojyerties and Uses.—Altogether unknown.
Natural Order 34. Ternstr(emiace^ or Camelliacb^.—

The Tea or Camellia Order.—Character.— Trees or shrubs.

Leaves leathery, alternate, usually exstipulate, and sometimes

dotted. Flowers regular, and generally very showy, rarely poly-

gamous. Sepals 5 or 7, coriaceous, imbricated, deciduous.

Petals 5, 6, or 9, often coherent at the base, imbricated.

Stamens hypogynous, numerous, distinct, or united by their

filaments into one or several bundles ; anthers 2-celled, versatile

or adnate. Ovary superior, many-celled ; styles filiform, 3—7.

Fruit capsular, 2—7-celled
;
placentas axile ; dehiscence various.

Seeds few, sometimes arillate ; albumen wanting, or in very small

quantity ; embryo straight or folded ; cotyledons large and oily

;

radicle towards the hilum.

Diagnosis.—Trees or shrubs, with alternate usually exstipulate

leathery leaves. Sepals and petals imbricated in aestivation, and
having no tendency to a quaternary arrangement. Stamens

numerous, hypogynous ; anthers versatile or adnate. Ovary
superior; styles filiform. Seeds solitary or very few, attached

to axile placentas ; albumen wanting or in very small quantity.

Distribution, ^'C.—The plants of this order, which are mostly

ornamental trees or shrubs, are chiefly natives of South America,
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but a few are found in the East Indies, China, and North
America. One species only occurs in Africa. There are no Eu-
ropean species, although a few are cultivated in Europe ; these
are principally from China and North America. Examples ofth^
Genera:—Ternstroemia, Camellia, Thea. The order, as defined

hy Lindley, contains about 130 species.

Properties and Uses.— Generally speaking, we know but little

of the properties of the plants of this order ; but some, as those

from which China Tea is prepared, are moderately stimulant and
astringent, slightly soothing and sedative, and, according to

some, indirectly nutritive, or even, to some extent, directly

nutritive.

* The following are the more important plants belonging to the
order :

—

CamelUa. — Nnmerons varieties of Camellia japonica. vhich is a large
tree in its native country, are cultivated in our greenhouses, and are cele-

brated for the beauty of their flowers and foliage. The teeds of C. oleifera

yield by expression a good salad-oil. C. Sa^anqua has fragrant flowers,

which are said to be used in some districts to give flavoui- and odonr to
Chinese Tea.
Freziera theoides,—The leaves of this shrub are used as a kind of tea in

Panama.
Gordonia.—TUe bark is astringent, and is therefore useful in tanning, for

Avhich purpose it is sometimes used in the United States.

Kielmeyera speciosa.—H'he leaves of this plant, which is a native of Brazil,
contain much mucilage, and are employed on that account for fomentations.

Thea.—From the leaves of three species or varieties of this genus, the Tea
which is so extensively used as a beverage in this and various other coimtries
is prepared ; two of these are natives of China, namely, Thea Bohea and
T. viridis, from which China Tea is obtained ; and another, Thea assamica,
furnishes Assam Tea. There is considerable doubt, however, whether these
should be considered as distinct species, or only as varieties of one, owing
their differences to soil, climate, mode of cultivation, &c. The more com-
monly received view at the present time is, that these thi-ee so-caUed species
are only distinct varieties of one, which is termed ITiea sinensis. It was
formerly supposed, that Black Teas could only be obtained from T. Bohea,
and Green Teas from T. viridis, but Mr. Fortune and others have proved,
that both Black and Green Teas may be made indifferently from either
T. Bohea or T. viridis, the differences between such teas depending, partly,
upon the species or variety of plant from which the leaves have been
obtained, but more particularly upon the time of gathering, and mode of
preparation. Thus, Green Teas are generally prepared by drying the leaves
as quickly as possible after they are gathered ; then slightly heating them,
after which they are rolled separately or in smaU heaps, and then dried as
quickly as possible : while Black Teas are made from the leaves, which, after
being gathered, are exposed to the air for some time, and then, after
having been tossed about, are placed in heaps, where they undergo a kind of
fermentation ; after which they are exposed to a fire for a short time ; then
rolled in masses to get rid of the moistm-e, and to give them a twisted cha-
racter ; after which they are again exposed to the air, and finally dried
slowly over a fire. Thus, Green Tea consists of the leaves quickly dried after
gathering, so that their colour, kc, are in a great measure preserved ; and
Black Tea is the leaves dried some time after being gathered, and after they
have undergone a kind of fermentation, by which their original green colour
is changed to black, as well as other important changes produced. A gi-eat

part of the Green Tea which is exported from China, and consumed in this
country and in other parts of Europe and America, is coloured artificially

H H 2
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with a mixture of prussian blue, turmeric, and gypsum. Several varieties

of Black and Green Teas are known in commerce. Thus of the former, we
have Bohea, Congou, Souchong, Pekoe, Caper, &c. ; of the latter, Hyson,
Hyson-Skin, Twankay, Imperial, Gunpowder, &.c. The finer varieties of
Tea are prepared from T. viridis. Some teas have a particular odour, some-
what resembling the flowers of the common Cowslip ; this is produced by
mixing with them the dried flowers of the sweet-scented olive ( Oleafragrans)

.

Other teas are scented with the dried flowers of Chloranthus inconspicuus,

Aglaia odorata, &c.
The cultivation of the Tea-plant is now being can-ied on with success by

the East-Indian Government in certain districts of the Himalayas. A large
quantity of Tea is also at the present time obtained from Assam. China,
however, is the great tea-producing country : in that part of the world,
nearly 4,000,000 acres of ground are devoted to it alone, and the total pro-
duce, at the present time, is probably not less than 2,600 millions of pounds.
In the United Kingdom, the consumption of Tea has increased from about
63,000,000 lbs. in 1856 to 100,000,000 lbs. in 1867. Tea owes its chief pro-
perties to the presence of a volatile oil, tannin, and the alkaloid already
noticed as a constituent of Kola-nuts (see Sterculia), called theine. Theine
is identical with caffeine, the alkaloid contained in Coffee, and guaranine,
the alkaloid of Guarana, and is closely allied to iheobt^omine, the alkaloid of

cocoa-seeds. Tea-leaves also contain about 6 per cent, of gluten, but this

is scarcely extracted in any amount by the oixlinary mode of making Tea.
It has been stated that Tea, besides its well-known stimulating and soothing
effects, is indirectly nutritive,—that is to say, the theine it contains has
the effect of preventing the waste and decay of the body, and any substance
that docs this necessarily saves food, and is thus indirectly nutritive ; but
Dr. Edward Smith has recently shown that, on the contrary, Tea increases

the bodily waste.

Natural Order 35. Gtuttifeb^ oe Clusiaceje.— The Gam-
boge or Mangosteen Order.—Character.

—

Trees or shrubs,

sometimes parasitical, with a resinous juice. Leaves
( fy. 887)

coriaceous, entire, sim-
Fir/. 887. pie, opposite, exstipulate.

Flowers usually perfect,

sometimes unsexual by
abortion. Sepals 2, 4, 5,

6, or 8, imbricated, usually

persistent, frequently un-
equal and petaloid. Petals

hypogynous, equal in num-
ber to (Jiff. 887), or a
multiple of the sepals,

sometimes passing by
imperceptible gradations

into them. Stamens usu-
ally numerous, rarely few,

Fig. 887. Flowering stem and fruit of the Man- hvnofyvnnnq diqtinet nv
gOBteen Fl&ntiGarcimaMangostana). nypogynous, aistmcc, or

monadelphous, or poly-
adelphous ; anthers adnate, not beaked, introrse or extrorse, open-
ing by a pore or transverse slit, 2-celled, or sometimes 1 -celled.

I}isk fleshy, or rarely with 5 lobes. Ovary superior, 1 or many-
celled ; style absent ; stigmas peltate or radiate {fig. 887)

;

placentas axile. Fruit dehiscent or indehiscent, 1 or many-
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celled. Seeds solitary or numerous, frequently arillate, without
albumen ; embryo straight.

Diagnosis.—Trees or shmbs with a resinous juice, and with
opposite simple coriaceous exstipulate leaves. Sepals and petals

usually having a binary arrangement of their parts; the former
imbricated and frequently unequal; the latter equal and hypo-
gynous. Stamens almost always numerous ; anthers adnate,

without a beak, opening by a pore or transversely. Disk Heshy
or lobed. Ovary superior, with sessile radiant stigmas, and axile

placentas. Seeds exalbuminous.

Distribution, ^'c.—Exclusively tropical, and especially occur-

ring in moist situations. The larger proportion of the plants of

the order are natives of South America, but a few occur in Ma-
dagascar and the African continent. Examples of the Genera

:

—
Clusia, Grarcinia, Mesua. There are 150 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for yielding a yellow gum-resin of an acrid and pur-

gative nature. In many cases, however, the fruits are edible,

and are held in high estimation for their delicious flavour. The
seeds of some are oily, and some are good timber-trees. The
more important plants are as follows :

—

CaJophyUum.— C. Calaba is said to yield the resinous substance kno-^vn as
East Indian Tacamahaca. This is stated to resemble myrrh, and to be useful
as an application to indolent ulcers. C. Jnoplii/Uum and C. braziliense also
yield similar resins. From the seeds of C. Jnophijllum also an oil is obtained
by expression, which is the Bitter Oil, or Weaml'ee, of Indian commerce. It
is in great repute throughout the East Indies and Polynesia as a Liniment in
rheumatism, pains in the joints, and bruises. The timber of the same plant
is also applied to several useful purposes. C. angusti/olium, the Piney-tree,
furnishes valuable timter.

Calysaccion longifolium.—The dried flower-buds of this tree constitute,
^•ith those of Mema ferrea, the Nagesur, Nag-kesar, or Nag-kassar of the
Indian bazaars (see Mtsua).

Clusia.—Clusia flava, C. alba, and C. rosea, yield a glutinous resinous
matter, which is used in some parts of the West Indies in place of pitch.
C.^ai-a is called in Jamaica the Balsam-tree. In Xevis and St. Kitfs the
three species are kno%\Ti indifferently under the names of Fat Pork, ilonkey
Apple, and Mountain or Wild Mango. The flowei-s of C. insignis also
yield a resinous substance in Brazil.

Garcinia.—The officinal and -well-known drug G-amboge has recently been
sho^\-n by Hanbury to be the produce of Garcinia 2Iorella,Ya.T. pedicellata.
Commercial Gamboge is obtained from Siam, but the plant yielding it has
been ti-ansported to Singapore. Siam Gamboge is the only commercial kind
in Europe. It occurs in two forms :—1st. In the form of cylinders, which
are either soUd or hollow, and commonly named pipe or roll Gamboge. 2nd.
In large cakes or amorphous masses, called lump or cake Gamboge. The pipe
Gamboge is the finest kind. Gamboge is used in medicine as an active hy-
dragogue and drastic purgative. It 'is also an anthelmintic. In over-doses
it acts as an acrid poison. Gamboge also forms a valuable water-colour,
and hence is much used in painting ; it is also employed to give a colour to
the lacquer-varnish for brass-work, &c. In India, a .smm-resin resembling
Siam Gamboge, and identical ^nth it in its properties, is obtained from
G. picforia. It is only found in irregular masses.
The Mangosteen, which is reputed to be the mo-t delicious of all fruits, is

obtained from G. Mangostana, a native of Malacca. This plant has recently
produced fruit ia stoves in this country. The rind is astringent, and has
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been substituted recently in this country for Indian Bael (see JEgle Marmelos)
It has been employed with great advantage in India in chronic dian-hoea

and in advanced stages of dysentery. 6. cornea, Kydiana, and pedunculata,
also yield fruits of a similar character to the Mangosteen, although very
inferior to it. The seeds of G. purpurea, upon being boiled in water, yield

a concrete oil, called Kokum Butter, or Concrete Oil of Mangosteen.
It is useful in chapped hands, &c., and might be employed in the prepara-
tion of suppositories, and for other pharmaceutical purposes. A good deal

has been recently imported into this country.
Mammea americana.—The fruit of this plant is highly esteemed in the

West Indies and South America. It is known under the names of the Mam-
mee Apple and Wild Apricot of South America. The seeds are anthelmintic.

A spii-it and a kind of wine maybe also obtained fi-om this plant— thus,
from the flowers a kind of spirit, and from the sap a wine.
Mesua.—The species of this genus are remarkable for their very hard

timber. Lindley remarks, " that the root and bark of these plants are bitter,

aromatic, and powerfully sudorific ; their leaves mucilaginous ; their unripe
fruit aromatic, acrid, and purgative." The flower-buds of Mesua ferrea
occur in the bazaars of India, with those of Calysaccion longifolium (see

Calysaccion) under the name of Nag-kassar ; they are highly esteemed
for their fragrance, and are also used in Bengal, as weU as the leaves of

the same plant, as antidotes to snake-poisons. Nag-kassar is also much
employed for dyeing silks. Nag-kassar was imported into England a few
years since. The flower-buds are about the size of pepper-corns, of a cin-

namon-brown colour, and have a very fragrant odour, somewhat resembling
that of violets.

Pentadesma butpracea.—The fruit of this plant, when cut, yields a fatty
matter ; hence it is called the Butter or Tallow Tree of Sierra Leone.

Natural Order 36, Hypericace^.— The St. John's Wort
Order {fgs. 888—890).

—

Ch&r actev.—Herbs, shrubs, or trees.

Leaves opposite or rarely alternate, exstipulate, simple, often

dotted, and bordered with black glands. Flowers regular. Sepals

4 or 5 (fig. 888), persistent, unequal, distinct or united at the

Fi^. 888. Fig. 889.

Fig. 890.

Fig. 888. Diapram of the flower of a species of St. John's Wort {Eyperi-
cum). Fig. 889. Vertical section of the flower of a species of Hyperi-
cum. Fig. 890. "Vertical section of the seed of a species of Hypericum.

base, imbricated. Petals (fig. 888) equal in number to the se-

pals, hypogynous, unequal-sided, frequently bordered with black
glands ; (sstivatmi twisted. Staynens usually numerous, rarely

few, hypogynous (fig. 889), mostly polyadelphous (fig. 540), or
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rarely distinct, or monadelplioxis, sometimes having fleshy glands
alternating with the bundles of stamens; Jilaments filiform ; an-
thers 2-celled, with longitudinal dehiscence. Ovary 1 -celled,

formed of from 3—5 carpels, which are partially inflected so as to

project into the cavity ; or 3—5-celled by the union of the dis-

sepiments in the centre {fig. 888) ; styles equal in number to the

carpels ; stigmas usually capitate or truncate, rarely 2-lobed.

Fruit capsular, usually 3—5-celled, sometimes 1 -celled
;
placentas

axile or parietal, dehiscence septicidal. Seeds minute, numerous
;

emhryo straight or curved, exalbuminons {fig. 890).

Diagnosis.— Leaves simple, exstipulate. Flowers regular.

Sepals and petals liypogynous, with a quaternary or quinaiy
distribution; the former with an imbricated sestivatiou; the

latter unequal-sided, commonly marked with black glands, and
having a twisted aestivation. Stamens hypogynous, usually

numerous and polyadelphous, rarely few, and then distinct or

monadelphous ; anthers 2-celled, opening longitudinally. Styles

several. Fruit 1-celled, or 3—5-celled. Seeds numerous, ex-

albuminous.
Distribution, ^x'.—The -plants are generally distributed over

the globe, inhabiting both temperate and hot regions, and almost
all varieties of soil. Examples of the Genera:—Ascyrum, Hy-
pericum, Vismia. There are 280 species.

Properties and Uses.—They abound generally in a resinous

yellow juice, which is frequently purgative ; as in Vismia
guianensis, micrantha, &c. Other plants of the order, as Hyperi-
cum perforatum, A7idros<smum officinale, &c., have tonic and
astringent properties, and Cratoxylon Hornschiichia is slightly

astringent and diuretic.

Natural Order 37. Reaumuriace^.—The Reanmui'ia Order.

—

This small order was first instituted by Ehrenberg. The plants

belonging to it do not differ in any essential characters from
Hypericacese, except that they have a pair of appendages at the

base of the petals, and shaggy seeds with a small quantity of

mealy albumen.
Distribution, ^c.—Natives of the coast of the Mediterranean

and the salt plains of Northern Asia. Examples of the Genera

:

—Reaumuria, Eichwaldia. There are 4 species.

Properties and Uses.—The plants contain much saline matter.

A decoction of the leaves of Eeaumuria vcrmiculata is used inter-

nally, and the bruised leaves as an external application, for the
cure of scabies.

Natural Order 38. Marcgraviace^.—The Marcgravia Order.
—This is a small order of plants which is generally regaKled as

being allied to Clusiacese and Hypericacese. The species belong-
ing to it are chiefly distinguished from Clusiacese, by their un-
symmetrical flowers, versatile anthers, and very numerous minute
seeds. Some genera of the order are remarkable for their
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peculiar bracts, which become hooded, pouched, or spurred. They
are distinguished from Hypericaceae, chiefly by their unsymme-
trical flowers, equal-sided petals, distinct stamens, and sessile

stigmas.

Distribution, Sfc.—Grenerally natives of equinoctial America.
Examples of the Genera:—Ruyschia, Marcgravia. There are 26
species.

Properties and Uses.— Scarcely anything is known of their

properties. Marcgravia umhellata is reputed to be diuretic and
anti syphilitic.

Natural Order 39. Rhizobolace^.—The Souari-nut Order.

—

Character.— Large trees. Leaves opposite, coriaceous, digi-

tate, exstipulate, with an articulated stalk. Sepals 5 or 6, more
or less coherent, imbricated. Petals 5 to 8, unequal. Stamens
very numerous, slightly monadelphous, in two whorls, the inner

shorter and often abortive, inserted with the petals on a hypo-
gynous disk ; anthers 2-celled with longitudinal dehiscence.

Ovary 4, o, or many-celled ; styles short, as many as the cells

of the ovary ; stigmas small ; ovules solitary, attached to the

axis. Fruit consisting of several combined indehiscent 1-seeded

nuts. Seed reniform, exalbuminous, with the funicvilus expanded
so as to form a spongy excrescence ; radicle very large, form-

ing nearly the whole of the nucleus ; cotyledons very small

{Jig. 752).

Diagnosis.—Large trees, with opposite digitate exstipulate

leaves, with an articulated stalk. Flowers regular, hypogynous.

Petals equal-sided, and inserted with the numerous stamens into

a hypogynous disk. Styles very short. Seed solitary, exal-

buminous, with a very large radicle, and two small cotyledons.

Distribution, <^'c.—The order contains but 2 genera, including

8 species, all of which ai'e large trees, natives of the forests in

the hottest parts of South America. Examples of the Genera:—'
Caryocar, Anthodiseus.

Properties and Uses.—Some of the trees are valuable for their

timber. Others yield edible nuts, and some an excellent oil.

The most important plant is the

Caryocar hutyrosum {Pekea tuberculosa or hulyrosa) ; this is much esteeraed
for its timber, wiiich is used in ship-building and for other pm-poses. The
separated portions of the fruit constitute the Souari, Surahwa, or Suwarrow-
nuts of commerce, the kernels of which are probably the most agreeable of

all the nut kind. They are occasionally imported into this country. An
excellent oil may be also extracted from them.

Natural Order 40. Sapindace^. — The Soapwort Order.

—

Character {figs. 891-893).— Usually large trees ov twining

shrubs, or rarely climbing herbs. Leaves generally compound

{fig. 342), rarely simple, alternate or sometimes opposite, often

dotted, stipulate or exstipulate. Flowers {figs. 891 and 892)
mostly perfect and unsymmetrical, sometimes polygamous.
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Sepals 4 5 {fig- 891), either distinct or coherent at base, im-

bricated. Petals 4—5 {fig. 891), rarely 0, hypogynous, alternate

Fig. 891. Fig. 892. Fig. 893.

JTifir. 891. Diagram of the flower of the YLorse-che&irmt {^scnJnn Hiitjio-

castanum). Fig. 892. Vertical section of tlie flower of the Horse-
chestnut. Fig. 893. Vertical section of the seed of tlie Horse-chestmit.

with the sepals, imbricated, naked or furnished with an appen-

dage on the inside. Stamens 8— 10, rarely 5—6—7 {fig. 891),

or very rarely 20, inserted into the disk or into the thalamus;

filaments distinct or slightly nionadelphous ; anthers introrse,

bursting longitudinally. Disk fleshy or glandular. Ovary

usually 3-eelled {fig. 891), rarely 2 or 4-celled, each cell con-

taining 1, 2 {fig. 717), 3, or rarely more ovules ; style undivided,

or 2— 3-cleft. Fruit either fleshy and indehiscent ; or capsular,

or samaroid, with 2—3 valves. Seeds {fig. 893) usually arillate,

exalbuminous ; embryo rarely straight, usually curved {fig. 893),

or twisted in a spiral direction; co2!yfec?ows sometimes very large

;

radicle next the hilum.

Diagnosis.—Flowers unsymmetrical, hypogynous. Sepals and
petals 4—5, imbricated, the latter commonly with an appendage.

Stamens never agreeing in number with the sepals and petals,

and inserted on a fleshy or glandular disk, or upon the thalamus
;

anthers bursting longitudinally. Fruit usually consisting of 3

carpels. Seeds commonly 2, sometimes 1 or 3, or very rarely

more, exalbuminous, usually arillate and without wings ; embryo
almost always curved or spirally twisted.

Division of the Order, and Examples of the Genera.—This

order is divided into 4 sub-orders, as follows :

—

Sub-order 1. Sapindem. Leaves alternate. Ovules usually

solitary. Embryo generally curved, or sometimes straight.

Examples :-—Sapindus, Nephelium.

Sub-order 2. Hipp)ocastanea.— Leaves opposite. Ovules 2 in a

cell, of which one is ascending, and the others suspended
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{fig. 717). Embryo curved {fig. 893), with a small radicle

and large fleshy consolidated cotyledons. Examples:—^scu-
lus, Pavia.

Sub-order 3. Bodonece.—Leaves alternate. Ovules 2 or 3 in a
cell. Embryo spiral. Examples

:

—Dodongea, Ophiocaryon.
Sub-order 4. Meliosmece.—Leaves alternate. Flowers very irre-

gular. Stamens 5, 3 of which are abortive, and only 2, there-

fore, fertile. Ovules 2 in a cell, both of which are suspended.

Fruit a drupe. Embryo folded up. Example:—Meliosma.

Distribution and Numbers.—Chiefly found in tropical regions,

especially those of South America and India ; some occur in

temperate climates, but none inhabit the cold northern parts of

the globe. There are no native plants of this order in Europe.
The Horse-chestnut, now so well known in Europe, is only
naturalised amongst us. There are about 400 species.

Properties and Uses.—One of the most prominent properties

of the order is the presence of a saponaceous principle, from
which its name is derived. Many are poisonous in all their parts

;

but it is more frequently the case that, while the root, leaves, and
branches are dangerous, the poisonous juice becomes so diffused

tliroughout their succulent fruits as to render them innocuous,

or, in other cases, even valuable articles of dessei-t. It sometimes
even happens that while the pericarp is wholesome, the seeds are

dangerous. Some plants of the order are astringent and aromatic

;

others are diaphoretic, diuretic, and aperient; and some are

valuable timber-trees. The more important plants are the

following :

—

jExciilns.—The bark of ^Esculus Tlippocasfcmim, the Hovse- chestnut, is

febrifugal. Its young leaves are somewhat aromatic, and Endlicher says that
they have been used as a substitute for Hops. The seeds have been long
employed as an excellent food for sheep in Switzerland, and have been also

recommended as a substitute for Coffee. They contain a saponaceous prin-
ciple like the fruits of certain species of Sapindus. They also contain a large
quantity of starch, and are much used in Prance, instead of potatoes and
cereals, as a source for that substance. This must Ije regarded as a most
important application of a seed hitherto generally considered in most parts
of Europe as useless, as by its employment for obtaining starch a lai-ge

amount of food will be rendered available from iwtatoes and cereals, which
was formerly lost to man, &,c.. to the extent to which these substances
were used for that purpose. The seeds are said to yield by expression a
fixed oil, which has been inti'oduced under the name of Oil of Horse-
chestnut, as an external application in rheumatism. &c. The roots, leaves,

and fruits of the yEsculus ohlotenns, the Buck-eye or American Horse-
chestnut, are generally regarded as poisonous, both to man and animals.

Cardiospermiim Halir.acabiun.—The root is described as diuretic, diapho-
retic, and aperient. Its leaves, when boiled, are eaten as a vegetable in the
Mohiccas.
Cnpania (Blighia) sapida.—The distilled water of the flowers is used by

negro-women as a cosmetic. The succulent, slightly acid aril of the seeds

is eaten, and much esteemed in the West Indies and elsewhere. The fruit in

which the seeds are contained is commonly known under the name of the
Akee-fruit. A decoction of these has been used in diarrhoea.

DodoncEa.—Sovae of the species of this genus are aromatic. The wood of
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D. dioka is carminative. Others are reputed slightly purgative and febri-

fugal.

Nephelium (Euphoria).—This genus yields the delicious fruits of China
and the Indian Archipelago, known under the names of Litchi, Longan, and
Rambutan. Nephelium Litchi produces the Litchi ; ^V. Longan, the Longan

;

and Nephelium Rambutan, the Rambutan-fruit. A few of the Litchi and
Longan fruits are occasionally imported. It should be noticed that the

seeds of aU these fruits are very bitter, and are probably poisonous.

Ophiocaryon paradoxum. The Snake-nut Tree of Demerara.—This is so

called from the large embryo of its seed resembUng iu a remarkable degree

a coiled-up snake.
Paullinia.—The seeds of PavlUnia sorhilis, Guarana or Brazilian Cocoa,

are used in Brazil in the preparation of a kind of food, and in the cure of

many diseases. The food is known as G-uarana bread, and is prepared by
taking the dried seeds deprived of their aril, and pounding and kneading
them into a mass, which is afterwards made into oblong or rounded cakes.

These cakes are used in the same manner as we use cocoa and chocolate

—

that is, they are mixed with water, and the mixture sweetened and drunk.

This beverage is largely consumed in Brazil, both on account of its nutritive

qualities, and for its stomachic, febrifugal, and aphrodisiac effects. It con-

tains a bitter crystalline principle called Guaranine, which appears to be

identical with theine and caffeine (see Thea), the active principles of tea and
cx)ffee, and hence Guarana bread has a somewhat similar effect upon the

system to that produced by those two beverages. In many species of Paul-

linia, the narcotic property, which is but slightly marked in P. soibilis, is

very evident. Thus, the leaves, bark, and fruit of P. pinnata are very
dangerous, and are used in the preparation of a poison by the Brazilians,

which slowly but surely destroys life. Martins suggests that this poison
might be eflBcacious in hydrophobia and insanity. P. cururu and P. australis

have similar poisonous properties.

Sapindus.—The traits of Sapindus Saponaria, as weU as those of S. ince-

qualis and others, contain a saponaceous principle, so that when mixed with
water, they form an abundant lather ; hence they are used iu the "West Indies

instead of soap. It is said that " a few of them will cleanse more linen than
sixty times their weight of soap.'" These plants also contain a narcotico-

acrid principle, as the pounded fruits when thro-mi into water in which fish

are contained, will produce upon them a kind of intoxication. The pericarp

of S. senegalensis is eaten, but the seeds act as a narcotico-acrid poison. The
fruits of Sapindus esciilentus and others are also edible.

Schmidelia seirata has an astringent root, which has been used in India
for diarrhoea.

The fruits of many plants belonging to this order, besides those already

named, are edible, as those of Pierardia sativa and dulcis, producing the
Rambeh and Choopa of Malacca ; and Hedycarpus malayanus producing the
Tampui. Schmidelia edulis, in Brazil ; Melicocca bijuga, in the West Indies
and Brazil ; Pappeacapensis, at the Cape of Good Hope, &c., also yield edible

fruits.

Natural Order 41. Poltoalace^.—The Milkwort Order

{figs. 894-899).— Character.

—

ShrubsoT herbs. Leaves alter-

nate {fig. 894) or opposite, exstipulate, and usually simple.

Pedicels with 3 bracts. Flowers irregular, unsymmetrical (figs.

894 and 895), and apparently papilionaceous {fig. 894), but
only falsely so, as here the wmgs belong to the calyx, whereas
in the true papilionaceous flower, which is only found in the

Leguminosae, they belong to the corolla. Sepals 5 {fig. 895, s),

very irregular, usually distinct ; of which 3 are placed exterior,

and of these 1 is posterior and 2 anterior; the 2 interior are

lateral, they are usually petaloid {fig. 894), and form the wings
to the flower. Petals hypogynous, usually 3, more or less
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Fig. 894. Fig. 895.

Fig. 898.

Fig. 899.

F/jr. 894. A portion of the stem of tlie common Milkwort (Pnlt/gala vul-
garis), with simi)le alternate exstiimlate leave.*; and irregular
flowers. Fig. 89.5. Diagram of the flower of the above plant, s. Se-
pals. ps,ps,ps. Posterior and anterior large petals. ]}r, pr. Lateral
petals, e. Stamens, c. Carpels. Fig. 896. Gynoeoinm of the above.
oy, Ovar.v. styl. Style, st ig. Si\gma. Fig. »97. Fruit with one cell
opened, per. Pericarp, gr. Seed. r. Caruncula, Fig. 898. Section
of seed. te. Testa, ar. Caruncula. al. Albumen, pi. Embryo.
Fig. 899. Androecium of the same, with one-celled anthers dehiscing
at their apex.

coherent, of which 1, forming the keel, is larger than the rest,

and placed at the anterior part of the flower ; the keel is either

naked, crested (fig. 894), or 3-lobed ; the other 2 petals are

posterior, and alternate with the wings and posterior sepal of



THALAMIFLORJE. 477

the calyx, and are often united to the keel ; sometimes there
are 5 petals {fig. 895), and then the 2 additional ones, pr, pr,
are of small size, and alternate with the wings and anterior
sepals. Stamens hypogynons, 8 {figs. 895, e, and 899), usually
combined into a tube, unequal, the tube split on the side next
to the posterior sepal {fig. 899) ; anthers clavate, innate, usually
1-celled {fig. 899), rarely 2-celled, opening by a pore at their

apex {fig. 899). Ovary superior {figs. 895, c, and 896, ov),

2—3-celled, one cell being frequently abortive ; ovules solitary

or twin, suspended ; style simple {fig. 896, styV), curved, some-
times hooded at the apex ; stigma simple {fig. 899, stig). Fruit
varying in its nature and texture {fig. 897), indehiscent, or opening
in a loculicidal manner, occasionally winged. Seeds pendulous

{fig. 897, gr), smooth or hairy, with a caruncula next the hilum
{figs. 897, r, and 898, ar); embryo straight or nearly so, in

copious fleshy albumen, and with the radicle towards the hilum

(^. 898,;?0-

Diagnosis.—Herbs or shrubs with exstipulate leaves. Plowers
complete, hypogynous, irregular, unsymmetrical. Sepals and
petals imbricated, not commonly corresponding in number, and
usually arranged so as to form ?l falsely papilionaceous flower;

odd petal anterior; odd sepal posterior. Stamens 8, hypo-
gynous, usually combined; anthers generally 1-celled, with
porous dehiscence. Fruit flattened, usually 2-celled and 2-

seeded. Seeds with abundant fleshy albumen, and with a
caruncula next the hilum.

Distribution, ^'c.—Some genera of the order are found in

almost every part of the globe. The individual genera are,

however, generally confined to particular regions, with the ex-
ception of the genus Polygala, which is very widely distributed,

being found in almost every description of station, and in both
warm and temperate regions. Examples of the Genera :—Poly-
gala, Monnina, Soulamea. There are about 500 species.

Properties a7id Uses.—The greater part of the plants of this

order are bitter and acrid, and their roots milky ; hence they
are frequently tonic, stimulant, and febrifugal. Others are emetic,

purgative, diuretic, sudorific, or expectorant. A few species have
edible fruits, and others aboi;nd in a saponaceous principle.

The following are the more important plants of the order :

—

Monnina polystachya and M. sallcifolia.—The bark of the root of these
plants is especiall.y remarkable for the presence of a saponaceous prin-
ciple ; it is used in Peru as a substitute for soap, and for cleaning and
polisliing silver. It is moreover reputed to be a valuable medicine in
diarrhcea and similar diseases.

Polygala.—^any species of this genus have bitter properties, as P. amara,
P. rubella, P. vulgaris, and P. major ; they have been used as tonics, stimu-
lants, diaphoretics, &c. Polygala Senega, the Senega Snake-root.—The root
of this species was first introduced into 'medicine as an antidote to the bites
of snakes. Various other species of Polygala have been reputed to possess



478 SYSTEMATIC BOTANY.

similar properties, but they are generally considered as altogether useless in

such cases. Senega Snake-root is officinal in this country, where it is used
either in large doses, as an emetic and cathartic, or in small doses as a sialo-

logue, expectorant, diaphoretic, diuretic, and emmenagogue. Its principal

virtues are due to the presence of a very acrid solid substance, which has

been called Senegin, Polygalin, and Polygalic Acid. P. sanguinea and
P. purpurea, in North America ; P. Serpentaria, at the Cape ; P. ChamcE'
buxus, in Europe ; P. crotalanoides and P. telephioides, in the Himalayas, and
other species, are said to possess somewhat similar properties, and one
species, P. venenosa, a native of Java, has the acrid principle in so concen-

trated a state as to render it poisonous. P. tiiidoria, an Arabian species,

is used for dyeing.

Soulamea amara, a native of Molucca, is intensely bitter, and is said to be
a valuable febrifuge, aud also a medicine which has been employed with
very great success in cholera and pleurisy.

Natural Order 42. Krameriace^.— The Rhatany Order.
—Diagnosis.—This natural order comprises but the single

genus Krameria. Lindley and some other botanists still retain

it in the order Polygalacese, to which it was formerly always

referred ; but Krameria appears certainly to present sufficient

claims to separation from that order. The Krameriacecs re-

semble the Poli/galacecB in their exstipulate leaves; in having

hypogynous unsymmetrical flowers ; in their few stamens with

porous dehiscence ; and in their definite pendulous ovules. They
are distinguished from the Folygalaceee in their flowers not pre-

senting a falsely papilionaceous arrangement ; in their stamens

being 1, 3, or 4, and distinct; in their ovary being 1-celled,

or incompletely 2-celled; and in their exalbuminous seeds.

By Braun and some other botanists the genus Kraojieria has

been referred to Leguminosae.

Distribuiion, ^-c.— Found in the warm and temperate regions

of Central America and South America. The order contains

14 species.

Properties and Uses.—The roots of the different species of

Krameria are intensely astringent ; they are commonly known
under the name of Rhatany-roots. The root of Krameria tri-

andra, a native of Peru and Bolivia, is officinal in the British

Pliarmacopceia. It is generally known as Peruvian or Payta

Rhatany. The supply of this root is uncertain, and hence its

place is frequently supplied by the root of another species, K.
I.rina, var. granatensis of Triana, a native of New Granada and
Brazil, which is termed Savanilla or New Granada Rhatany and

which is quite as efficacious as it. In France a kind of Rhatany

is sometimes used, which is procured from the Antilles ; this is

known as West Indian Rhatany. Rhatany-root is used in me-
dicine as an astringent, and is well adapted for all those diseases

which require the employment of such medicines. It is also

employed, mixed with equal parts of orris-rhizome and charcoal,

as a tooth-powder. A saturated tincture of Rhatany-root in

brandy is called wine colouring, and is used in Portugal to give

roughness to Port wines.

Natural Order 43. Tbemandrace^.—The Porewort Order.
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Character.—Heath-like shrtibs, with usually glandular hairs.

Leaves exstipulate, alternate or whorled. Flowers axillary,

solitary, pedicellate. Sepals 4 or 5, equal, slightly coherent,

deciduous, and -vrith a valyate sestivation. Petals corresponding

in number to the sepals, deciduous, and with an involute aesti-

Tation. Stamens distinct, hypogynous, 8—10, 2 being placed

before each petal ; anthers 2 or 4-celled, with porous dehiscence

{fig. 524). Ovary 2-celled ; ovules 1—3 in each cell, pendulous
;

styles 1 or 2 ; stigmas 1—2. Fruit 2-celled, a capsule, with

loculicidal dehiscence. Seeds pendulous, hooked at their apex
;

embryo straight, in the axis of fleshy albumen ; radicle next

the hilum.

Diagnosis.— Slender heath-like plants. Flowers solitary,

axillary, and regular. Calyx and corolla with a quaternary

or quinary arrangement, deciduous ; sestiration of calyx val-

vate, of the corolla involute. Stamens distinct, hypogynous, 2

opposite to each petal ; anthers 2 or 4-celled, with porous dehis-

cence. Fruit capsular, 2-celled. Seeds pendrdous, hooked at

their apex ; embryo straight, in the axis of fleshy albumen.

Distribution, ^r.—All are natives of New Holland. Ex-
amples of the Genera:— Tetratheca, Tremandra. The order in-

cludes 16 species.

Properties and Uses.—Altogether unknown.
Natural Order 44. AcEEACE^ii;.—The Maple Order.—Charac-

ter.— Trees. Leaves opposite, simple, without stipules ; venation

usually radiate, rarely pinnate. Flowers often polygamous.

Calyx with an imbricated aestivation, usually 5-partite, occa-

sionally 4 or 9-partite. Petals imbricated, corresponding in

number to the divisions of the calyx, or altogether absent.

Stamens usually 8, inserted on or around a fleshy hypogynous

disk. Ovary superior, 2-lobed, 2-celled ; style 1 ; stigmas 2

;

ovules in pairs. Fruit a samara, 2-celled {fig. 690). Seeds 1 or

2 in each cell, without an aril, exalbuminous ; embryo curved,

with leafy wrinkled cotyledons, and an inferior radicle.

Diagnosis.—Trees with opposite simple exstipulate leaves.

Flowers unsymmetrical. Sepals and petals imbricated, the

latter without any appendages on their inside. Stamens hj-po-

gynous, on a fleshy disk ; anthers bm-sting longitudinally ; ovary

superior, 2-celled. Fruit a samara, 2-celled, each cell contain-

ing 1 or 2 seeds. Seeds without an aril, exalbuminous ; embryo
curved, with an inferior radicle.

Distribution, i^x:—The plants of this order are natives of the

temperate parts of Europe, Asia, and North America. None
have been found in Africa and the southern hemisphere. Ex-
amples of the Genera:—Acer, Negxmdo. There are 60 species.

Properties and Uses.—These plants are chiefly remarkable for

their saccharine sap. Their light and handsome timber is also

much used in turnery, for certain parts of musical instruments,

and for other purposes ; and their bark is astringent, and is
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employed in diiferent districts by the dyer, in the production

of yellow, reddish-brown, and blue colours. The most important

genus is

Acer.—A. saccharinum is the Sugar Maple. The Maple Sugar of America
is obtained from this tree, by making perforations into its trunk at the
commencement of spring, and boiling down the saccharine sap which then
exudes to the crystallizing point. A few years since as much as 4.5 mil-

lions of pounds of Maple Sugar were annually produced in North America,
but the quantity diminishes yearly, in consequence of the destruction of the
native forests. A. dasycai-pum and other species also yield sugar. The bark
of A. saccharinum has been used in America in the production of a blue dye,

and as an ingredient in the manufacture of ink. A. campestre and A.
Pseudo-platanus are common trees in Britain, and afford useful timber ; the

latter is commonly known under the names of the Sycamore, Greater Maple,
and Mock-plane. It derives the latter name from the resemblance of its

leaves to those of the true Plane-tree. Its wood is also used for making
charcoal.

Natural Order 45. Hippocrateace^.—The Hippocratea Or-

der.—Character.—^SArwi^s, frequently with a climbing habit,

and generally smooth. Leaves opposite, simple, with small

deciduous stipules. Cal^x 5-lobed, very small, persistent, imbri-

cated. Petals 5, hypogynous, imbricated. Stamens 3, mona-
delphous ; the coherent filaments forming a disk-like cup round
the ovary ; anthers with transverse dehiscence. Ovary superior,

3-celled; style 1 ; stigmas 1—3. Fruit either baccate, and 1—3-

celled, or consisting of three samaroid carpels. Seeds definite,

attached to axile placentas, exalbuminous ; embryo straight;

cotyledons fiat, and of a somewhat fleshy nature ; radicle inferior.

JDiagnosis.—Shrubs with opposite simple leaves, and small

deciduous stipules. Flowers small, regular, and unsymmetrical.

Sepals and petals 5, hypogynous, imbricated, the former per-

sistent. Stamens 3, hypogynous, monadelphous ; anthers with

transverse dehiscence. Ovary 3-celled; placentas axile; style 1.

Fruit baccate, or consisting of 3 samaroid carpels. Seeds definite,

exalbuminous ; embryo straight ; radicle inferior.

Distribution, <Sfc.—They abound principally in South America

;

some are also found in Africa and the East Indies. Examples of
the Genera

:

—Hippocratea, Tontelea. There are 86 species.

Properties and Uses.—Very little is known generally of the

plants of this order. The fruit of several Brazilian species of

Tontelea is edible, and in Sierra Leone that of T. pynformis is

described as very pleasant. Bippocratea comosa yields nuts of

an oily and sweet nature.

Natural Order 46. MAXPiGHiACEiE.—The Malpighia Order.

—

Character.

—

Trees or shrubs, often climbing. Xeaves usually

opposite or whorled, rarely alternate ; stipidrs generally short

and deciduous, sometimes larger and interpetiolar ; the leaves

are sometimes furnished with hairs, which are fixed by their

middle, that is, peltate {fig. 126). Flowers perfect, or poly-

gamous. Calyx 5-partite, persistent, frequently with glands
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at the base of one or all the divisions ; cesiivation imbricate, or

rarely valvate. Petals 5, hypogynous, unguiculate ; (estivation

convolute. Stamens usually 10, monadelphous or distinct ; con-

nective fleshy, and elongated beyond the anther-lobes. Ovary
generally consisting of 3 carpels, (rarely 2 or 4), partially or

wholly combined ; ovules 1 in each cell, pendulous from a long

stalk ; styles 3, distinct or united ; stigmas 3, simple. Fruit

drupaceous, samaroid, or a woody nut. Seed solitary, suspended,

exalbuminous {fig. 750) ; embryo straight, or variously curved.

Diagnosis,—Trees or shrubs, with simple stipulate leaves.

Flowers perfect or polygamous. Calyx and corolla with 5 parts
;

the sepals having usually large glands at the base, and imbricate

or very rarely valvate in aestivation; the petals unguiculate,

without appendages, hypogynous, convolute. Stamens usually

10, sometimes 15, with a fleshy prolonged connective. Ovary
usually composed of 3 carpels, or in any case not corresponding

in number, or being any power of the three outer whorls ; ovules

solitary, pendulous from long stalks. Seeds exalbuminous,
usually with a convolute embryo.

Distribution, cfx-.—They are almost exclusively natives of

tropical regions. Examj^les of the 6'ewfra—Malpighia, Byrso-
nima, Nitraria. There are about 580 species.

Properties and Uses.—An astringent property appears to be
most general in the plants of this order. Some have edible

fruits ; others are chiefly remarkable for their large showy
flowers ; while some present anomalous stems, the peculiarity

of which consists in the presence of several woody axes without
annual zones ; and either surrounded by a common bark, or

more or less separated from one another. The following may be
mentioned as the most important plants belonging to the order :

—

Bunchosia armenlaca, a native of Peril, is said to have poisonous seeds.

Byrsonima.—Some species have edible fruits. The Byrsonimas are, how-
ever, principally remarkable for their astringency. Thus the fruit of B.
spicata (Bois-tan) is used in dysentery ; the bark of B. crassifoUa is used in-
ternally as an antidote to the bite of the rattlesnake, and for other purposes
where astringent medicines are desirable. The bark of other species is al-o
employed for tanning in Brazil. American Alcornoque bark, which is im-
ported into this country for the use of the tanner, is said to be the produce
of B. laurifolia, B. rhopalwfolia, and B. coccolobcefolia.

Malpighia glabra and M. punicifoUa have edible fruits, which are used in
the West Indies as a dessert, imder the name of Barbadoes Cherries,

Nitraria.—This genus is by some piit into an order by itself called Nitra-
riacese. According to Mimby, ^V. tridentata is the true Lotus-tree of the
ancients. (See also Zizyphus.) It is a native of the desert of Soussa, near
Tunis, and its fruit is of a somewhat intoxicating nature. ..V. BUlarJieri, a
native of Australia, has an edible fruit.

Natxiral Order 47. Ertthroxtlace^.—The Erythroxylon
Order.

—

Diagnosis.— This order is closely allied to Malpighia-
cese, and, in fact, it scarcely presents characters suflficient to

warrant its separation from that order. Its distinctive cha-
I I
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racters, according to Lindley, are as follows :—the flowers arise

from amongst numerous small imbricated scale-like bracts ; the

calyx has no glands ; the petals have at their base two parallel

membranous plates ; the stigmas are capitate ; the ovules are

sessile and truly anatropal ; and the embryo is straight. In all

other respects, the Erythroxylacese resemble the Malpighiacese.

Distribution, ^"c.—The plants of this order abound in Brazil

;

many also occur in some other parts of South America, and the

"West Indies ; and a few are scattered throughout many of the

w;irmer regions of the globe. There is but one genus, Ery-
throxylon, which includes 75 species.

Properties and Uses.—Some species of ErythroxyJon are tonic,

others purgative, and others stimulant and sedative. The wood
of E. hypericifolium, and the bark of E. suherosum are red, and
are used in the preparation of dyes of that colour. The wood
of others has a similar reddish appearance, and from this

common colour of the wood the name of the genus is derived.

The more important plants of the order are

—

Erythroxylon Com.—The leaves of this plant are much used by the natives
of Peru, and some other parts of South America, as a masticatory. The
Peruvian Indians have always ascribed to the coca, the most extraordinary
virtues. Thus, they believe that it lessens the desire and the necessity for
ordinary food, and in fact, that it may be considered as almost a substitute

for food. Spruce says, that an Indian with a chew of Ipadi'i (the native
name for coca of the Indians of the Pdo Negro) in his cheek, will go two or
three days without food, and without feelins? any desire to sleep. Von
Tschudi and Dr. Scherzer have also given similar testimony as to the effects

of coca. Dr. Weddell, however, speaks far less highly of its virtues. He
states that it does not satisfy the appetite, but it merely enables those
wlio chew it to support abstinence for a length of time without a feeling of

hunger or weakness. The use of coca is also said to prevent the difficulty of

respiration which is generally experienced in ascending long and steep

mountains. Its excessive use has been stated to be veiy injurious, by pro-
ducing analogous effects to those occasioned by the immoderate consumption
of opium and fermented liquors ; but Tschudi states that its moderate use
is rather beneficial than otherwise. It was computed by Johnston some
years since, that the annual consumption of coca was 30,000,000 lbs., and
that its chewing was indiilged in by about 10,000,000 of the human race. In
Bolivia alone 15,000,000 lbs. of coca are produced annually. The nature of

the constituents, which thus give rise to the peculiar stimulating, hunger-
allaying, and narcotic effects of coca, has not been satisfactorily deter-

mined, biit according to Dr. Wiemann, coca contains a new organic base,
wliich he has termed cocaine, and which is said to resemble in its properties,

&c., theine. In France a tonic wine is now made from the leaves. Coca is

dei=ei-ving of an extended trial in this country as a medicinal agent, &c.
Sethia.—S. indka is in great repute in Ceylon as a vermifuge for children.

The leaves are dried, powdered, and given mixed with boiled rice. S. acu-
minaia is also used in a similar way for the same purpose. It is known in

Ceylon as Matura Worm Medicine.

Natural Order 48. Cedrelacejg.—The Mahogany Order.

—

Character.

—

Trees. Leaves alternate, pinnate, exstipulate.

Calyx 4—o-cleft, imbricate. Petals hypogynous, of the same
number as the divisions of the calyx, imbricate. Stamem twice

as many as the petals and divisions of the calyx, either united
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below into a tube or distinct, and inserted into an annular hypo-
gynous disk ; anthers 2-celled, with longitudinal dehiscence.

Ovary usually with as many cells as there are divisions to

the calyx and corolla, or rarely only 3 ; omiles 4, or more, in two
rows, anatropal; style and stigma simple. Fruit capsular {fig.

663), dehiscence xisually septifragal. Seeds {fig. 663, g) flat,

winged, attached to axile placentas ; albumen thin or none

;

embryo straight, erect, wdth the radicle next the hilum.

Diagnosis.—Trees with alternate pinnate exstipulate leaves.

Flowers symmetrical. Calyx and corolla with 4 or 5 divisions

;

both imbricate in aestivation. Stamens double the number of

the petals ; with united or distinct filaments, and inserted on an
annular hypogynous disk. Ovary usually 4 or 5-celled, with

4 or more o\Tiles ; style simple. Fruit capsular
;
placentas axile.

Seeds usually numerous, flat, winged; albumen thin or none;

embryo straight, erect.

Listribution, ^-c.—Chiefly natives of the tropical parts of

America and India ; they are verj' rare in Africa. Exam])Ies of
the Genera:—Swietenia, Soymida, Chloroxylon. There are

about 25 species.

Froj)erties and Uses.—The plants of this order have fragrant,

aromatic, tonic, astringent, and febrifugal properties, and many
of them are valuable timber-trees. The following are the more
important :

—

Cedreln.—lhQ bark of the plants of this geuns is generally fragrant. C.

febrifwja, C. Toona, and other species, have febrifugal and astringent barks

;

they have been used as substitutes for Cinchona. C. odorata is the source of

Jamaica or Honduras Cedar. C. Toona furnishes a wood resembling maho-
gany, which is much used in the East Indies, and is occasionally imported
into this country. It is termed Toon, Tunga, Poma, or Jeea-wood. G. aus-
tralis produces the Red Cedar of Australia.

Chloroxylon.—The leaves of this genus are dotted, and yield by distillation

an essential oil. C. Swietenia is the source of Indian Satin Wood, which is

sometimes imported into this country for the use of cabinet-makers.
Oxleya xanthoxyla furnishes the Yellow-wood of Queensland.
Soymida febvifuga. The Eohuna or Eed-wood Tree —The bark, which is

known iinder the name of Rohun Bark, is tonic, febrifugal, and astringent.

It is much employed in the East Indies in intermittent fevers, diarrhoea, &c.
Sicietenia Mahagoni supplies the well-known valuable wood called Ma-

hogany. This is chiefly imported from Honduras and Cuba, and also to
some extent from other West IncUan Islands. Its bark possesses febrifiigal

properties.

IS'atural Order 49. Meliaceje.—The Melia Order,— Charac-
ter.

—

Trees or shrubs. Leaves alternate, or rarely somewhat
opposite, simple or pinnate, exstipulate. Flowers occasionally

unisexual by abortion. Calyx 3, 4, or 5-partite. Petals

equal in number to the divisions of the calyx, hypogynous,
sometimes coherent at the base ; imbricate or valvate. Stamens
twice as many as the petals, monadelphous ; anthers sessile,

placed within the orifice of the tube formed by the coherent
II

2
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filaments. Bisk hypogynous, sometimes large and cup-like.

Ovary compound, usually 2, 3, 4, or 5-celled, rarely 10 or

12-celled; style 1; stigmas separate or combined; ovules 1, 2,

or rarely 4, in each cell. Fmit baccate, drupaceous or capsular,

in the latter case opening loculicidally ; many-celled, or by abor-

tion 1 -celled. Seeds few, not winged, arillate or exarillate

;

albumen fleshy, or usually absent ; embryo generally with leafy

cotyledons.

Diagnosis.—Trees or shrubs, with usually alternate, simple or

pinnate, exstipulate leaves. Flowers hypogynous, and generally

symmetrical. Calyx and corolla with 3, 4, or 5 divisions.

Stamens twice as many as the petals, distinctly monadelphous

;

anthers sessile. Disk hypogynous, and often surrounding the

ovary like a cup. Ovary 2—5, or 10, or 12-celled; style 1;

ovules 1 , 2, or 4, attached to axile placentas. Fruit succulent,

or capsular with loculicidal dehiscence. Seeds few, not winged

;

albumen fleshy or absent.

This order is very nearly allied to Cedrelacese, and by some
botanists, the latter order is included in it. The order Meliacese

is chiefly distinguished from Cedrelacese by having more com-
pletely monadelphous stamens, by the possession of fewer seeds,

and in those seeds being without wings.

Distribution, ^c.—They are found more or less in all the

tropical parts of the globe ; but are said to be more common in

America and Asia than in Africa. A few are extra-tropical.

Examples of the Genera:—Melia, Aglaia, Carapa. There are 160
species.

Properties and Uses.—These plants are generally remarkable

for bitter, tonic, and astringent properties. Some are powerful

purgatives and emetics, as Guarea Aubletii, G. trichilioides, G.

jpurgans, G. spiciflora, and some species of Trichilia. These all

require much caution in their administration, and in some cases

are reputed poisonous. Some have edible fruits. The more
important plants are the following :

—

Aglaia odorata.—The flowers of this species are sometimes used to give a
I)erfume to certain varieties of Tea.

Azadirachta indica, the Nim, Neem, or Margosa tree of India.—The bark
IK)ssesses astringent, tonic, and antiperiodic properties ; and the fi-esh leaves

are stimulant, and are used as an external application in the fonn of a
poultice to indolent ulcers, &c. The leaves have been also lately recom-
mended as a valuable remedy in the premonitory and progressive stages of
small-pox. The seeds also yield a bitter oil, which is a favourite native
remedy in India as an anthelmintic, and as an external application in rheu-
matism, &c.

Carapa.—The seeds of C. guineensts or Touloucouna yield by expression a
fatty oil, called Kundah or TaUicoonah, which is purgative and anthelmin-
tic ; it is also adapted for burning in lamps, and for other purposes. The
seeds of C. guianensis, also yield a somewhat similar oil, called Crab oil,

which possesses analogous properties. The bark of these species possesses
febrifugal properties.
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Lansw7n.—This ia a genus of plants inhabiting the East Indian Archi-

pelago. They jrield fruits which are much esteemed, and known under the

names of Langsat, Lanseh, Ayer-Ayer, or Bejetlan.

Melia Azadirachta.—The root-bark of this tree is used in the United
States of America as an anthelmintic. The fresh bark is the most active.

Milnea edulis produces an agreeable fruit.

Xylocarjjus Gi-anaium.—Th.e bark possesses astringent and tonic properties,

and is emploj'ed as a remedy by the Malays, in diarrhoea, cliolera, 6ic.

Natural Order 50. AuEANTiACEiE.—The Orange Order (fys.

900—902).—Character.

—

Trees ov shruK^. Leaves alternate,

exstipulate, dotted, and with the blade articulated to the petiole

{fig. 29-i), which latter is usually winged. Flowers regular,

fragrant. Calyx short {fig. 902), urn-shaped or campantdate,

3—5-toothed {figs. 900 and 902), withering. Petals equal in

Fig. 900. Fig. 901. Fig. 902.

Fig.^W. Diagram of the flower of the Orange (Citrus Aurantium)
Fig. 901. Vertical section of tlie pistil, sliowing a portion of tlie disic at
its base, and a solitary bypogyuous staraeu. Fig. 902. Pistil of the
Orange, with disk at its base, and the calyx : the petals and stamens
have been removed.

number to the divisions of the calyx {fig. 900), distinct or

slightly coherent at the base, imbricate, inserted on a hypogy-

nous disk. Stamens equal in number to the petals, or some
multiple of them {fig. 900) ; filaments flattened at the base, either

distinct, or coherent into one or several bundles {figs. 539 and

900) ; inserted along with the petals on the disk. Bisk hypo-

gynous, anmdar {figs. 901 and 902). Ovary many-celled {fig.

900); style 1 {figs. 901 and 902); stigma ^rA:A.vgt^ {fig . 902),

and slightly divided ; ovules solitary or numerous. Fruit inde-

hiscent, constituting what has been termed an hesperidium {fig.

698), 1 or many-celled ; -placentas axile {figs. 698 and 901). Seeds

solitary' or numerous ; sometimes containing more than one em-

bryo ; the raphe and chalaza generally very evident, exalbximi-

nous ; embryo straight, with thick fleshy cotyledons, and a short

radicle next the hilum.

Diagnosis.—Trees or shrubs with alternate dotted exstipulate
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leaves, having the blade articulated to the petiole. Flowers
regular. Calyx and corolla with from 3—5 divisions, the latter

slightly imbricate and deciduous. Stamens hypogynous, equal

in number to the petals or some multiple of them, with flat

filaments, which are either distinct, or slightly coherent into one
or more bundles. Disk hypogynous, and bearing the petals and
stamens. Ovary many-celled; placentas axile; style 1. Fruit
indehiscent. Seeds solitary or numerous, exalbuminous ; embryo
straight ; radicle short ; cotyledons thick and fleshy.

Distribution, cfc.—The plants of this order are chiefly natives

of the East Indies, but they are generally distributed by the

agency of man throughout the warmer regions of the globe. Ex-
ain])les of the Genera

:

—Feronia, -Slgle, Citrus. There are

about ] 00 species.

Properties and Uses.—The plants of this order abound in

receptacles containing essential oils, which render them fragrant

;

hence such oils are useful in perfumery, for flavouring, and for

other purposes. These volatile oils are especially abundant in

the leaves, the petals, and the rind of the fruit. The latter also

contains a bitter tonic principle. The pulp of the fruit has
an acid, or somewhat saccharine taste, and the wood is always
hard, and of a compact nature. The more important plants are

as follows :

—

^ffle Marmelos. Indian Bael.—The half-ripe fruit is a favourite remedy
in India as an astringent in diarrhoea and dj'senterj\ In a dried state it is now
officinal in the British Pharmacopoeia, but it appears in this condition to
be far less active than when fresh. The bark of the root possesses similar
properties. Its leaves are also reputed useful in asthmatic complaints.
The rind of the ripe fruit also yields a pleasant perfume, and its pulp is de-

scribed as being very nutritious, and most pleasant to the taste ; it possesses,

moreover, laxative properties.

Casimiroa edulis.—The fruit of this species is said by Seemann to be deli-

cious, and also to produce a soporific effect.

Citrus.—This is by far the most important genus of the order ; the fruits

yielded by the different species and varieties being highly valued for dessert

and other purposes. The Orange, Lemon, Lime, Shaddock, Pompehuoose,
Forbidden Fruit, Kumquat, and Citron, ai-e all well known, although the
species from which they are derived are not in all cases well defined. Citi-us

Aurantium, Risso.—The fruit of this plant is the Sweet Orange. Of this there

are a great many varieties ; the most important of which are the Common
or China Orange, the Blood Red or Malta Orange, and the St. Michael's
Orange. Other varieties are sometimes imported, as the Mandarin Orange,
and the Tangerine Orange. The Orange tree is remarkable for the enormous
number of fruits it is capable of yielding ; thus, one tree will sometimes pro-
duce as many as 20,000 good oranges. The smaU unripe fruits of this

species, as well as those of the Bitter Orange, form what are called Orange-
berries ; these are used for flavouring Cura(;oa ; and when polished by a lathe,

they constitute the ordinary issue peas of tue shops. The leaves of the
Sweet Orange, as well as those of the Bitter Orange, by distillation with
water, yield a volatile oil, which is called Oil of Orange-leaf or Essence de
petit grain ; that obtained from the Bitter Orange is considered to be of the
finest quality. From the rind of the ripe fruit, by distillation with water, a
fragrant oil, named Essential Oil of Sweet Orange, is obtained. The flowers

of this species, as weU as those of the Bitter Orange, yield Oil of Neroli ; that

from the latter is preferred. The distilled water of these "two species is
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named Orange-flover Wakr. It is to the presence of Oil of Xeroli that the
odour of Eau de Cologne is more particularly due. The rind of the Sweet
Orange is an aromatic stimulant and tonic ; and its juice is very extensivelj'

used as a refreshing and agreeable bevei-age at table ; and also medicinally
as a refrigerant. Citrus Biijaiadia of Risso, or Citrus vulgaris, is the Bitter

or Seville Orange. The leaves, flowers, and unripe fruits of this species

yield by distillation similar essential oils to those obtained from analogous
parts of the Sweet Orange. (See above.) The distilled water of the leaves

is called eau de naphre. Orange-flower Water is generally prepared from the
flowers of the Bitter Orange, as it is considered more fragrant than that
obtained fi-om the Sweet Orange. The unripe fruits (as already noticed),

like those of the Sweet Orange, are called Orange-berries, and are used like

them for making issue 2^eas, and for flavouring Curai,-oa. The rind of the
ripe fruit yields by distillation a volatile oil, called Essential Oil of Bitter

Orange. The chief use of the Bitter Orange is in the making of marmalade.
The rind is also employed in medicine as a tonic and stomachic, and is more
valuable in these respects than that of the Sweet Orange. The rind is also

used for flavouring Curac^oa and other substances ; and in the preparation of

candied orange-peel. Citrus Limonum of De CandoUe, is the Lemon tree.

Of the fruit we have several varieties ; the more important of whicli are,

—

the Wax Lemon, the Imperial Lemon, and the Gaeta Lemon ; they are
chiefly imported from Sicily and Spain, the latter being the most esteemed.
Both the rind and the juice are employed in medicine, and for other pur-
poses ; the former as a stomachic and carminative, and for flavouring ; the
latter as an agi-eeable and refreshing beverage, and also for its refrigerant

and antiscorbutic eft'ects. The juice contains a large quantity of citric acid.

Candied Lemon-peel is employed in confectionerj% and as a dessert. The
juice of Lemons, as well as that of the Lime, is largely imported, and used in

the preparation of citric acid. The rind contains a large quantity of essential

oil, which is generally obtained from it by expression, but it is of better

quality if prepared by distillation ; it is known as Essential Oil or Essence of
Lemon. This oil is principally iised as a flavouring agent in confectionery,
and in medicine ; and also in perfumeiy. Citrus Limetta of Risso, is the
source of the Lime fruit. It is chiefly mipoited into this country in a pre-

served state, and in that condition it forms a most agreeable dessert. Its

juice is also imported and largely employed with that of Lemons, in the pre-
paration of citric acid, as akeady noticed. Citrus Bergamia is sometimes
considered as only a variety of Citrus Liraetta. This is the source of the
Bergamot Orange. The rind, by expression or by distillation, yields an
essential oil, called Oil or Essence of Bergamot, which is largely used in

perfumery. Citrus vtedica.—The fruit of this is the Citron. This is sup-
posed to be the Hebrew Tappuach, which is translated in our version of

the Old Testament as Apple-tree and Apples, The rind of this fruit

only, is commonly imported into this country in a preserved state, and is

itsed in confectionery. Its pulp is less acid and juicy than the Lemon, but
it may be employed, as well as that of the Lime, for similar purposes. Two
essential oils are obtained from C. medica. They are used in perfumery,
and are called Essence or Essential Oil of Citron, and the Essence or Essential

Oil of Cedrat or Cedra. The Citron, Lime, and Lemon are distinguished
from Oranges, by having an adherent rind, by their more lengthened form,
and by the possession of a more or less prominent protuberance at their apex.
Besides the above friiits obtained from the genus Citrus, we have also, the
Shaddock, from C. decumana ; the Forbidden Fruit and the Pompehnoose,
both of which, as sold in the London markets, are varieties of the Shaddock,
the former being the smallest fruits, and the latter those of the largest size

;

and the Kumquat of China from C.japonica.
Cookia punctata.—This plant produces the Wampee-fruit, which is much

esteemed in the islands of the Indian Archipelago, and in China.
Feronia elephantum.—This, is a large tree, a native of India. A kind of

gum exudes from its stem, which closely resembles Gum Arabic, and it is

very probable that a part of the East India Gum imported into this coimtry
may be obtained from it. The young leaves have an Anise-like odour, and
are used by the native practitioners of India for their stomachic and carmi-
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natiTe effects. The unripe fruit is said to resemble that of Indian Bael in its

properties ; while the ripe fruit is described as antiscorbutic. The fruit is

commonly known under the name of the Elephant or Wood-apple.
Murraya (Bergera) Konigii.—The bark, root, and leaves are employed by

the native practitioners in India for their tonic and stomachic properties.

Natural Order 51. Vitace^ or Ampelidace^e.—The Vine
Order.— Character. — Usually climbing shrubs {fig. 202),

with a watery juice, the joints swollen and separable from each
other. Leaves simple {fig. 202) or compound, opposite below,

alternate above, stipulate or exstipulate. Flowers regular, small,

green, stalked {fig. 400) ; 'peduncles sometimes cirrhose. Calyx
minute, with the limb generally wanting. Petals 4 or 5, some-
times united at the base ; (estivation induplieate ; inserted on a

disk which surrounds the ovary, caducous. Stamens correspond-

ing in number to the petals and opposite to them, also inserted

on the disk {fig. 504); filaments distinct, or somewhat coherent

at the base; a^ithers \evsa,tile, bursting longitudinally {fig. 504).

Ovary superior, 2—6-celled, usually 2 ; style very short, simple
;

stigona simple {fig. 504). Fruit succulent {fig. 703), commonly
termed a nuculanium, usually 2-celled. Seeds erect, few, usually

2 in each cell; testa howj; alhitmenlvAxA.; embryo evect; radicle

inferior.

Diagnosis.—Shrubby plants, with simple or compound leaves,

which are opposite below, and alternate above. Flowers small,

green, regular. Petals and stamens corresponding in number,
4 or 5, the latter opposite to the petals, both inserted on a
hypogynous disk; sestivation of petals indiiplicate ; anthers

versatile, opening longitudinally. Ovary superior, with a very
short simple style and stigma

;
placentas axile. Fruit a nucula-

nium. Seeds few ; testa bony ; embryo erect in horny albumen.
Distrihntion, ^x.—The plants of this order are found in

warm and tropical regions of the globe. None are natives of

Europe. The common Grape Vine which is now completely

naturalised in the south of Europe, and is cultivated nearly all

over the globe where the temperature does not rise too high or

fall too low, is supposed to be a native of the shores of the

Caspian. Examples of the Genera:—Cissus, Vitis, Ampelopsis.
There are about 260 species.

Properties and Uses.—The leaves, stems, and unripe fruits of

this order abound more or less in an acid juice, the acidity being

chiefly due to the presence of tartaric acid and bitartrate of

potash. As the fruit ripens, it generally loses its acidity, and
becomes sweet, owing to the formation of Glucose or Grape
Sugar. The more important plants are as follows :

—

Cissus.—The leaves and fi'uits of some species, as C. setosa, C. cordata, &c,,
are acrid. A blue dye is obtained in Brazil from the leaves and fruit of
C. tindoria.

Vitis vinifera.—This very valuable plant, which is commonly known as the
Grape Yine, has followed the steps of man into almost every region of the
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globe where the climate is at all adapted to its growth. The varieties

of the Tine are exceedingly numerous, being more than 300. The fruits,

under the name of Grapes, are too well known to need any particular
description. They have been in use for more than 4,000 years for the
making of wine, &c. Grapes possess refrigerant properties, and hence are
useful in febrile and inflammatory affections. Grapes when dried are
called i-aisins. Of raisins we have several commercial varieties, the more
important of which are Talent^ as, Malagas, Muscatels, Sultanas, and
Smymas. The Muscatels or Raisins of the Sun are considered the finest.

The Sultanas are remarkable for the absence of seeds. Eaisins possess
demulcent properties, but they are principally employed in medicine for
flavouring purposes. Besides the above kinds, there is also a small variety
of raisin, commonly known uuder the name of Currants ; this name is a
corruption of Corinth, where they were originally grown, but they are now
obtained from Zante, and some other of the Greek Islands.

The leaf of the Tine is astringent, and has teen used in diarrhoea ; and the
sap has been employed in France in chronic ophthalmia. Vitis vulpina,
r. Labrusca, and others, which grow wild in Is^orth America, yield fruits

which are known as Fox-grapes. These are similar, although very inferior

in their properties, to those of the Common Grape.

Natural Order 52. Pittosporace^.— The Pittospomm
Order.—Character.— Trees ov shrubs, ieai-^5 simple, alternate,

exstipulate. Flowers regular. Sepals 4 or 5, distinct or some-
what coherent, deciduous, imbricated. Petals hypogjnous, cor-

responding in number to the sepals, sometimes slightly coherent,

imbricated. Stamens 5, distinct, hypogynous, alternate with
the petals; anthers 2-celled, with longitudinal or porous de-

hiscence. Ovary superior, 2— 5-celled
;

^;/«(7f7iZ'fl5axile or parie-

tal ; style single ; stigmas equal in number to the placentas

;

ovules numerous, horizontal or ascending. Fruit baccate, or a
capsule, with loculicidal dehiscence. Seeds numerous ; embryo
minute, in a large quantity of fleshy albumen.

Diagnosis.—Trees or shrubs, with simple alternate exstipu-

late leaves. Flowers regidar. Sepals and petals 4 or 5,

hypog}"nous, imbricated, deciduous. Stamens 5, hypogynous,
alternate with the petals, with 2-celled anthers. Ovary superior

;

style single ; stigmas equal in number to the placentas, which
are 2 or more, and either axile or parietal ; ovrdes anatropal,

horizontal or ascending. Seeds numerous, with a minute em-
bryo in copious fleshy albumen.

Bistrihution
,

^-c.—They are chiefly Australian plants ; but
are occasionally found in Africa and some other parts of the
globe. Xone, however, occur in Europe or America. Examples
of the Genera:— Pittosporum, Cheiranthera, Sollya. The order

includes 80 .species.

Properties and Uses.— The plants of the order are chiefly

remarkable for their resinous properties. Some have edible

fruits, as certain species of Billardiera. A few are cultivated

in this country on account of their flowers, as Sollya, Bil-

lardiera, ^'c.

Natural Order 53. CA>'ELLACEa:.— The Canella Order,

—
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Character.—"This name has been given to a supposed order

of plants represented by Canella alba, a common West In-

dian aromatic shrub, with evergreen, coriaceous, obovate, alter-

nate, stalked leaves, no stipules, and corymbs of purple flowers.

The calyx is leathery, and consists of 3 blunt, tough, perma-
nent, concave sepals, which imbricate each other. The petals

are 5, twisted in aestivation. Within these stands a tough
truncated hypogynous cone, whose upper half, on the outside,

bears about 20 linear, parallel, 2-celled anthers, which open
longitudinally, and totich each other. Its ovary is ovate, and
tapers into a stiff style, whose end is emarginate. According
to Botanical writers, the stigma is permanent, and 2-lobed, while

the ovary is S-celled, with more ovules than one, attached to the

central angle. But I can find no such structure ; on the con-

trary, although the stigma is very slightly emarginate, yet the

ovary does not offer even a trace of two cells, but is absolutely

1-celled, with 2 or 3 half-anatropal ovules hanging by long
cords from a little below the dome of the cavity. (According
to Kichard, there are 6 funiculate ovules attached in pairs to the

middle of the wall of the ovary at the same height.) Gaertner
has figured what piu'ports to be the fruit of this plant, represent-

ing it to have 3 cells, of which 2 are abortive, and 2 or 3 seeds in

the perfect cell, somewhat rostrate, consisting of hard homo-
geneous albumen, and containing a very small curved cylin-

drical embryo, lying obliquely, with the radicle turned towards
the rostrum."

—

Lindlcy.

Diag7hosis.—By some authors the genus Canella is placed in

Clusiacese, by others in Meliacese. This order is, however, at

once distinguished from the ClusiacecB, by its general appear-

ance ; alternate leaves ; longitudinal dehiscence of its anthers

;

absence of disk
;

presence of a style ; and albuminous seeds

:

from the 3feliacecs, by its unsymmetrical flowers ; twisted aesti-

vation of its petals ; absence of disk ; and horny albumen.
Distributio7i, ^-c.—The order is said to contain 3 species.

They are natives of the West Indies and continent of America.
Properties and Uses.—The plants of the order have aromatic,

stimulant, and tonic properties. One plant is officinal in the

British Pharmacopoeia, namely :

—

Canella alba. The Laurel-leaved Canella, or Wild Cinnamon.—The inner
bark of this plant is the Canella of the shops. It has been confounded, as
already noticed, with Winter's Bark, and hence has been called Spurious
Winter's Bark. (See Driiniis.) In its properties it is a warm aromatic sti-

mulant and tonic. In America it has been employed as an antiscorbutic.
In the Wpst Indies, and in some parts of Europe, it is used as a spice. It

has an odonr intermediate between cloves and cinnamon. By distillation it

yields a volatile oil, which is said to be sometimes mixed with, or substi-

tuted for, Oil of Cloves.
Oinnamodendroa.— C. axillare, a native of the Brazils, and C. corticosum,

a, native of Jamaica, SiC. , have aromatic barks, which pos;3ess similar pro-
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perties to the bark of Canella alba. C. corlicosum yields the so-called Winter's
Bark, as now commonly found in commerce (see Bnmys).

Natural Order 54. Beexiaceje. — The Brexia Order. —
Diagnosis.— Trees, -with coriaceous alternate simple leaves, and
small deciduous stipules. Flowers green, in axillary umbels.

Caly.v 5-parted, persistent, imbricate. Petals 5, h}-pogynous,

twisted. Stamens hypogynous, equal in number to the petals

and alternate with them, arisiog from a toothed disk; ayithers

2-celled, with longitudinal dehiscence. Ovary superior, 5-celled ;

omlcs numerous; placentas axile ; style 1. Fruit drupaceous,
5 -cornered, 5-celled, rough. Seeds numerous, horizontal, smooth

;

embryo straight ; allmrnen (?) fleshy.

Distribution, ^r.— Principally natives of Madagascar. Kx-
amples of the Genera

:

—Brexia, Argophyllum. There are 6

species, according to Lindley.

Properties and Uses.—Altogether unknown.
Natural Order 55. Olacace^.—The Olax Order.—Charac-

ter.— Trees or shrubs. Leaves alternate, exstipulate, simple,

entire, coriaceous. Flowers small, generally fragrant. Calyx
small, monosepalous ; limb either obsolete, or existing in

the form of little teeth, persistent, often becoming finally en-

larged ; (sstivation imbricate. Petals 5 or 6, hypog}'nous, valvate

in aestivation, distinct, or adhering in pairs by means of the

stamens, frequently hairy on their inside. Stamens hypogj-nous,
5— 10, usually in part sterile, the fertile stamens varying in

number from 3— 10, of which 5 or fewer are opposite to the

petals ; the sterile stamens are generally alternate with them, and
appendiciform ; inserted upon, or outside of a conspicuous disk

;

anthers 2-lobed, with longitudinal dehiscence. Ovary seated

within the disk, unilocular at the summit, and imperfectly
2—5-celled at the base ; ovules 2, 3, or 1, pendtdous, attached to

a free central placenta ; style simple ; stigma clavate, or 2—5-lobed.

Fruit indehiscent, frequently surrounded by the enlarged calyx,

1 -celled, 1 -seeded. Seed pendulous, solitary, without integu-

ments ; embryo minute, at the base of abundant fleshy albumen
;

radicle near the hilum.

Diagnosis.—Trees or shrubs, with alternate simple entire

leaves, without stipules. Flowers small, regular, axillary. Calyx
minute, monosepalous, generally enlarging so as to cover the
fruit. Petals hypogynous, valvate in sestivation. Stamens defi-

nite, partly sterile, and partly fertile ; the latter opposite to the
petals, inserted upon, or outside of a conspicuous disk ; anthers

2-celled, bursting longitudinally. Ovary free, often imbedded in

the disk; ovules pendulous from a free central placenta. Fruit

drupaceous. Seed without integuments, solitary, pendulous ; em-
bryo minute ; albumen fleshy.

Distribution, ^-c.—Natives of tropical or of sub-tropical regions.
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Examples of the Genera:—Olax, Liriosma, Heisteria. The num-
ber of species is doubtful.

Properties and Uses. — Unimportant. Some have fragrant

flowers. The fruit of Ximenia americana is eaten in Senegal.

The leaves of Olax zcylanxca are used by the Cingalese in their

curries, &c., and the wood in putrid fevers. The wood of Heis-

teria coccinea is considered by some, to furnish the Partridge-
wood of cabinet-makers. (See Gueitarda.)

Natural Order 56. Icacinacb.^. — The Icacina Order. —
Diagnosis.—This is an order of plants consisting of evergreen
trees and shrubs, and formerly included in the order Olacacese

;

but, as shown by Miers, they are clearly distinguished from that

order. '' They differ most essentially in the calyx being always
small, persistent and unchanged, and never increasing with
the growth of the fruit ; the stamens being always alternate with
the petals, not opposite ; the petals and stamens are never fixed

on the margin of the conspicuous cup-shaped disk; the ovary
is normally plurilocular with axile placentation, and when
unilocular, this happens only from the abortion of the other

cells, the traces of which are always discernible, never completely
unilocular at the summit, and plurilocular at base, with free

central placentation. In Icacinacese the ovules are suspended
below the summit of the cell in pairs superimposed by cup-shaped
podosperms ; only one of these becomes perfected, and the seed
is furnished with the usual integuments."

Distribution, i^-c. — " They are natives of tropical or sub-
tropical countries; chiefly the East Indies, Africa, and South
America, a single species being found each in New Holland,
Norfolk Island, and New Zealand." Examples of the Genera

:

—
Icacina, Mappia, Sarcostigma. There are 70 species.

Properties and Uses. —Unknown.
Natural Order 57. CvRLLLACEiE. — The Cyrilla Order.—

Diagnosis.—Evergreen shrubs, with alternate exstipulate leaves,

nearly related to Olacacea, but chiefly distinguished by their

imbricate petals, which are altogether free from any hairiness on
their inside ; and by the stamens being all fertile, and, if equal
in number to the petals, alternate with them.

Distributioyi, <|c.— They are all natives of North or Tropical

America. Examples of the Genera:—Cyrilla, Mylocaryum.

—

There are 6 species.

Properties and Uses.—Unknown.
Natural Order 58. Humiriace^. — The Humirium Order.—Diagnosis. — Trees or shrubs with a balsamic juice. Leaves

alternate, simple, coriaceous, exstipulate. Calyx 5-parted, imbri-

cated. Petals 0, imbricated. Stamens hypogynous, 20 or more,
monadelphous ; anthers 2-celled; connective elongated beyond
the anther-lobes. Ovary superior, usually surrounded by a disk,

5-celled; ovules 1 or 2 in each cell, suspended; style simple;
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stigma 5-lobed, Fruit drupaceous, 5-celled, or fewer-celled by
abortion. Seed with a narrow embryo lying in fleshy albumen,
orthotropal.

Distribution, ^'c.—Natives of tropical America. Examples of
the Genera:—Humirium, Vantanea. There are 18 species.

Properties and Uses.—A balsamic yellow oily liquid, called

Balsam of Umiri, is obtained from the incised stem oi Humirium
flaribundum; this is reputed to resemble Copaiba in its proper-

ties. The bark is used by the Brazilians as a perfume. Other
species are also said to yield useful balsamic liquids. The so-

called balsamic liquid found in plants of this order, is probably

not a true balsam, but an oleo-resin resembling Wood Oil and
Copaiba.

Natural Order 59. Eutace^,—The Eue Order.—C h a r a ct er.

Trees, shrubs, or rarely herbs. Leaves exstipulate, opposite or

alternate, simple or pinnated, dotted. Flowers per-

fect {fff. 564), regular or irregular. Cali/x having Fig. 903.

4—5 segments {Jigs. 564 and 597), imbricated.

Petals equal in number to the divisions of the calyx

{Jigs. 564 and 597), or wanting, rarely combined so

as to form a monopetalous corolla ; cestivation usually

twisted, rarely valvate. Stamens equal in number,

or twice {Jigs. 564 and 597), or thrice as many as the

petals, or rarely fewer by abortion, inserted on the

outside of a cup-shaped hypogynous disk {Jig. 564). ^^g ^^^^
Ovary sessile {Jig. 597), or supported on a stalk ticai section

{Jig. 610); it is composed of from 2 to 5 carpels,
''I 'h

^ con^
which are either distinct, or united so as to form mem Rue
a compound ovary having as many cells as there li^'f^jc-)

^^"''

are component carpels; style simple {Jig. 597), or

divided towards the base; ovzdes 2, 4, or rarely more, in each

cell. Fruit capsular, its carpels either coherent, or more or

less distinct. Seeds solitary or in pairs; albumeti present or

absent ; radicle superior {Jig. 903).

Diagnosis. — Leaves exstipulate, dotted. Flowers perfect.

Calyx and corolla with a quaternary or quinary distribution of

their parts ; the former with an imbricated aestivation, the latter

twisted or valvate, and sometimes wanting. Stamens equal in

number, or twice or thrice as many as the petals, or fewer, in-

serted on the outside of a hypogynous disk. Ovary of from 2—

5

carpels, separate or combined, either sessile or elevated upon a
stalk ; ovules sessile. Fruit capsular. Embryo with a superior

radicle. Albumen present or absent.

Division of the Order, and Examples of the Genera.—The
Kutacege have been divided into 2 sub-orders, as follows :

—

Sub-order 1. Eute<B.—Seeds containing albumen. Fruit with
the sarcocarp and endocarp combined. Example

:

—Ruta.
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Sub-order 2. Diosmea.—Seeds exalbuminous. Fruit having the

sarcocarp separate from the endocarp when ripe. Example

:

—
Barosma.

These sub-orders are by no means well established.

Distribution, ^-c.—The Eutese are found chiefly in the southern

part of the temperate zone ; the genera Biosma, Barosma, &c.,

abound at thft Cape of Good Hope ; other genera are found in

Australia ; and others in equinoctial America. There are about

400 species.

Properties and Uses.—The plants of this order are generally

characterised by a powerful penetrating odour, and bitter taste.

In medicine they are employed as antispasmodics, tonics, febri-

fuges, diuretics, &c. The more important plants are as

follows :

—

Barosma.—The leaves of several species of this genus are used in medicine
for their aromatic, stimulant, antispasmodic, and diuretic properties. They
seem also to have a specific influence over the urinary organs. They are
commonly kno'mi under the name of Buchu Leaves. The plants yielding

them are natives of the Cape of Good Hope. They owe their properties to a
peculiar liitter principle called Diosmin or Barosmin, and a powerfully
scented volatile oil. The officinal species of the British Phannacopoeia
are B. betulina, B. crmulata, and B. seiratifolia.

Correa alba, and other species.—The leaves are sometimes employed as a
substitute for tea in Australia.

Dictamnus Fraxinella. False Dittany.—The root of this plant was formerly
much used in medicine, and reputed to possess aromatic tonic, diuretic, anti-

spasmodic, and emmenagogue properties, but it is now rarely or ever em-
ployed. It contains si.ich a large amount of volatile oil as to render, it is

said, the atmosphere around it inflammable in hot weather ; we have, how-
ever, never found this to be the case.

Esenheckia febrifuga, a native of South America, has a febrifugal bark,
which is used in Brazil as a substitute for Peravian Bark.

Galipea Cusparia.—This species is the source of the officinal Cusparia or
Angustura Bark. This bark is imported directly or indirectly from South
America. It is used in medicine as a stimulant tonic and febrifuge, in small
doses ; while in large doses, it is somewhat emetic and purgative. This bark
has fallen into disi-epute on the Continent, in consequence of the substitution

for it of a very poisonous bark obtained from the Strychnos Nnx-vomica. At
one time the substitution was so common that the importation of Angustura
Bark into Austria was prohibited, and the whole of it then found was ordered

to be destroyed. At the present time such a substitution is rarely to be met
with, although it occurred in Dublin some few years since. Melambo Bark,
which has somewhat similar properties to Angustura, is said to be also

derived from a species of Cuspai-ia.

Ruta.—R. graveolens. Common Rue.—This plant, which is a native of

Eiu-ope, has a very powerful disagreeable peculiar odour, which it owes to

the presence of a volatile oil. Its taste is bitter and nauseous. It is used in
medicine as an antispasmodic, anthelmintic, emmenagogue, stimulant, and
carminative. This plant is said to be the Peganon of the New Testament
(Luke xi. ^2). Ruta montana possesses very acrid properties; so much so,

indeed, as to blister the hands of those who gather it.

Tkorea febrifuga, a native of South America, has a febrifugal bark, which
is used in some districts as a substitute for Peruvian Bark.

Natural Order 60. XANTHOXYLACEiE. — The Prickly Ash
Order. — Diagnosis. — The plants of this order are trees of

shrubs, resembling, in almost all their characters, the Kutacese,



THAI.A.MrFI.0R2E. 495

"U'ith which they -were formerly united. The only good charac-

ter, indeed, by which the Xanthoxylacege may be distinguished

.from the Eutacese, is in their having constantly polygamous
flowers. The fruit of Xanthoxylacese is also sometimes baccate

and indehiscent, instead of being universally capsular ; and the

seeds are always albuminous, in place of being sometimes
albuminous and at other times exalbuminous, as is the ease in

the Eutacege.

Distribution, ^-c.—These plants are found both in temperate
and tropical regions of the globe ; they are, however, most
abundant in the tropics, and especially so in tropical America,
Examples of the Genera:— Xanthoxylon, Toddalia, Ptelea.

There are about 1 10 species included in this order.

Properties and Uses.—This order is almost imiversally char
racterised by pungent and aromatic properties, and sometimes by
bitterness. In medicine, the plants belonging to it have been
employed as stimulants, sudorifics, febrifuges, tonics, sialo-

gogues, and emmenagogues. The more important are as
follows :

—

Ptelea.—The root-bark is much employed by the eclectic practitioners in the
United States of America as a tonic in remittent and intermittent fevers.
The fruit is very bitter and aromatic, and has l)een used as a substitute for
Hops, while the young green shoots are reputed to possess anthelmintic pro-
perties.

Toddalia acvleata.—The bark of the root possesses aromatic tonic, stimu-
lant, and antiperiodic properties. It was formerly knowai in Eirrope under
the name of Lopez root, as a remedy in diarrhoea.
Xanthoxnlon {Zanthoxylmn).—The species of this genus possess in a remark-

able degree pungent and aromatic properties ; hence they ai'e popularly
kno^\^l under the name of Peppers in thek native countries. In America
they are also commonly known under the name of Prickly Ash. The fruit of
X. piperitiim is employed by the Chinese and Japanese as a condiment, and
as an antidote against all poisons. It is commonly termed in commerce,
Japanese Pepper. The aromatic pungent properties appear to be confined
to the pericarp. X. akitum yields an analogous pepper to the above, and
Stenhouse has described two peculiar principles which he obtained from it,

viz. an oil and a stearopten ; the former is a pure hydrocarbon, to which the
aromatic odour of the pepper is due, and to which he has given the name of
Xanthoxylene ; the latter is a crystalline solid body consisting of carbon,
oxygen, and hydrogen, but devoid of nitrogen when pure, and which he
has called Xanthnxvlin. It is probable that it also contains a resinous sub-
stance, to which its pungency is due. The fruits of A', hastile andX Biidrunga
have sinnilar properties. The seeds and fruit of the foiTuer are sometimes
employed in Incjia for the purpose of stupefying fish. The seeds of X. Bu-
drunrja are aromatic and fi-agrant, like Lemon-peel ; and the unripe fruit and
seeds of X Rhetsa have a taste like that of Orange-peel. The root of A'. 7ii-

tiditm is used as a sudorific, stimulant, febrifuge, and emmenagogue by the
Chinese. The bark of X/rax/wew/w is officinal in the United States Phar-
macopoeia under the name of Prickly Ash Bark. It is chiefly used as a
remedy in chronic rheumatism. It is also a popular remedy as a masticatory
in toothache ; hence the plant is also known under the name of the Tooth-
ache Shrub. The bark contains berberine. The barks of other species, as
those of A'. Clava-HerciiUa. Linn., and of A'. caroUnianum of Lamarck, possess
somewhat similar properties to the bark of X./raxineum.

Natural Order 61. Ochxace.^. — The Ochna Order. —

•

Character.— Undershruhs or smooth trees, with a watery
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juice.— Leaves simple, stipulate, alternate. Pedicels jointed in

the middle. Sepals 5, persistent, imbricate. Petals hypogynous,
definite, sometimes twice as many as the sepals, deciduous,

imbricate. Stamens equal in number to the sepals and opposite

to them, or twice as many, or more numerous
; filaments per-

sistent and inserted on a hypogynous disk; anthers 2-celled,

with longitudinal or porous dehiscence. Carpels corresponding

in number to the petals, inserted on a large fleshy disk, which
becomes larger as the carpels grow ; ovules 1 in each carpel,

erect or pendulous. Fruit consisting of several indehiscent,

somewhat drupaceous, 1 -seeded carpels. Seed exalbuminous, or

nearly so ; embryo straight ; radicle towards the hilum.

Diagnosis.— Undershrubs or smooth trees, with alternate

simple stipulate leaves. Flowers hypogynous, perfect, regular,

and symmetrical, with the pedicels articulated in the middle.

Calyx and corolla with usually a quinary distribution, imbricate
;

the former persistent, the latter deciduous. Stamens hypo-

gynous, 5, 10, or numerous ; anthers 2-celled, with longitudinal

or porous dehiscence. Style simple, with minute stigmas. Fruit

consisting of a number of 1-seeded indehiscent succulent carpels,

inserted on an enlarged fleshy disk. Seed with very little or

no albumen; embryo straight, with the radicle towards the

hilum.

Distribution, ^-c.— Natives chiefly of the tropical parts of

India, Africa, and America. Examples of the Genera:—
Gomphia, Ochna. There are 82 species.

Properties and Uses.—The plants are generally remarkable

for their bitterness. Some have been used as tonics and
astringents. Some, as Gomphia parviflora, yield oil, which is

used in Brazil for salads. In their properties generally, the

Ochnacese much resemble the Simarubacese.

Natural Order 62. Coriariaceje, — The Coriaria Order.

—

Diagnosis.—This name is given to an order which includes

but 1 genus, and 8 species ; its affinities are by no means
understood. It appears to be most nearly related to Ochnaceae,

with which it agrees in having its carpels distinct, and placed on

an enlarged disk : but it is distinguished from that order by
its opposite leaves ; sometimes polygamous flowers

;
persistent

fleshy petals ; absence of style ; and long linear distinct

stigmas.

Distribution, ^x.— Natives of the South of Europe, Chili,

Peru, New Zealand, and Nepaul. Example

:

—Coriaria. This

is the only genus ; it contains 8 species.

Properties and Uses.—The plants of this order are generally

suspicious, as they have sometimes produced poisonous effects.

The fruits of some, however, are edible, as Coriaria nepalensis,

a native of the north of India, and those of C. sarmentosa, a na-

tive of New Zealand ; in the latter case the pericarp is alone



THALAMIFLOEiE. 497

eaten, the seeds being poisonous. The fruits of C. myrtifolia and
ruscifolia are very poisonous ; these plants have been employed

by dyers in the production of a black dye. The leaves of C.

myrtifolia have been used on the Continent to adulterate Senna.

This is a most serious adulteration, as such leaves are poisonous.

They owe their poisonous properties to a glucoside called coria-

myrtine. They may be at once distinguished from Senna-leaflets

by their two sides being equal and symmetrical at the base, while

.those of Senna are unequal. Chemically they are also distin-

guished from Senna, by their infusion producing a very abundant

blue precipitate on the addition of sulphate of iron.

Natural Order 63. Simarl-bace^.—The Quassia or Simaruba

Order.—Character.— Shrubs or trees. Leaves without dots,

alternate, compound, or sometimes simple, exstipulate. Flowers

regular and symmetrical, axillary or terminal, perfect, or uni-

sexual by abortion. Calyx imbricated, in 4 or 5 divisions.

Petals equal in number to the divisions of the calyx, with an
imbricated aestivation, sometimes imited into a tube. Stamens

twice as many as the petals, each inserted on a hypogynous

scale ; anthers with longitudinal dehiscence. Ovary stalked,

4 or 5-lobed, 4 or 5 -celled, each cell with 1 suspended ovule

;

style simple ; stigma with as many lobes as there are cells to the

ovary. Fruit of 4 or 5 indehiscent, 1-seeded, drupaceous car-

pels, arranged round a common axis. Seed pendulous, with

a membranous integument, exalbuminous, radicle superior,

retracted within thick cotyledons.

Diagnosis.—Trees or shrubs, with alternate exstipulate leaves,

without dots. Flowers hypogynous, regular, symmetrical, with

imbricated aestivation. Calyx, corolla, and andrcecium, with a

quaternary or quinary distribution of their parts ; each of the

stamens arising from a hypogynous scale, and with anthers burst-

ing longitudinally. Ovary stalked, 4 or o-celled ; style simple
;

stigma 4 or o-lobed. Fruit of 4 or 5 indehiscent, 1-seeded

drupes, placed round a common axis. Seeds pendulous, exal-

buminous, radicle superior.

Distribution, ^'c.—With the exception of one plant, which is

a native of Nepaul, they are all foimd in the tropical parts of

India, America, and Africa. Examples of the Genera

:

—Quassia,

Simaruba, Ailanthus. There are about 50 species.

Projyerties and Uses.—A bitter principle is the most remark-
able characteristic of the order ; hence many of them are tonic

and febrifugal. The more important plants are as follows :

—

Ailanthus.—The bark of A. excelsa is regarded in India as a tonic and
febrifuge. The bark of A. malabarica, when incised, yields an aromatic
gum-resinous substance, which is emplo3-ed in dysentery, and as incense in the
East Indies. The leaves of A. glandulosa are the favourite food of the sUk
moth {Bombyx Cynthia).

Brucea quassiokles. a native of the Himalayas, has a very bitter root,

which forms a good substitute for Quassia.

K K.
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Picrcena (Picrasma) excelsa, yields the ofBcinal Quassia'Wood of the Ma-
teria Medica. (See Quassia.) It is much used as a tonic, febrifuge, and sto-

machic, and it also possesses anthelmintic properties. An infusion of Quassia

sweetened with sugar acts as a powei-ful narcotic poison on flies and other

insects ; hence it is used as a fly-poison. Like other pure bitters, its infusion

may be also employed to preserve animal matters from decay. It is some-

times used by brewers as a substitute for hops, although prohibited by severe

statutes in this and other countries. It owes its active properties chiefly

to the presence of an intensely bitter crystalline substance, called Quassine

or QuassUe. In Jamaica this plant is known under the name of Bitter

Ash or Bitter Wood. The wood was used extensively a few years since

in the manufacture of small goblets, which were sold under the name oT
hitter-cups.

Quassia amara.—The wood of this plant is intensely bitter. It is a native

of Surinam, &c., and was formerly much used as a febrifuge and tonic ; the

flowers are also stomachic. It is the original Quassia of the shops, but it is

no longer imported ; that now sold under the name of Quassia being derived

from Picrcena excelsa, a native of Jamaica, &c. : hence the latter may be
called Jamaica Quassia, and the former Surinam Quassia. (See above.)

Siinaba Cedron.—Th.e seeds of this plant are highly esteemed throughout
Central America, where they are used for their febrifugal properties, and are

thought to be a specific against the bites of venomous snakes and other

noxious animals. They have been used in this country for the latter pur-

I)ose, but without any sensible effect. The active principle, which was
discovered by M. Lecoy, has been named cedrine.

Simaruba amara is a native of South America and the West Indian
Islands, particularly Jamaica, where it is known under the name of Mountain
Damson. The bai-k of the root acts as a tonic, and has been used in diarrhoea,

dysentery, &c. It contains Quassine, the same principle which has been

found in (Quassia-wood.

Natural Order 64. Zygophyllace.is.—The Bean-Caper or

Guaiacum Order.—Character.

—

Herbs, shrubs, ov trees. Leaves

opposite, stipulate, without dots, usually imparipinnate, or rarely

simple. Flowers pex*fect, regular, and symmetrical. Calyx 4

or 5-parted, convolute. Petals unguiculate, 4 or 5, imbricated in

aestivation, hypogynous. Stamens 8—10, hypogynous, usually

arising from the back of small scales
;
filameiits dilated at the

base. Ovary 4—5-celled, surrounded by glands, or a toothed

disk; style simple; ovules 2 or more in each cell {figs. 645

and 646), pendulous, or rarely erect; placentas axile. Fruit

capsular, dehiscing in a loculicidal manner, or separating into

cocci, 4 or 5-celled, and presenting externally as many angles

or winged expansions as cells ; rarely indehiscent. Seeds few,

albuminous except in Tribulus and Kallstromia ; embryo green
;

radicle superior ; cotyledons foliaceous.

Diagnosis.—Herbs, shrubs, or trees, with opposite stipulate

leaves, without dots. Calyx and corolla with a quaternary or

quinary distribution; the former convolute in aestivation, the

latter with unguiculate petals and imbricated. Stamens 8

—10, hypogynous, usually arising from the back of scales.

Ovary 4—5-celled ; style simple. Fruit 4 or 5-celled. Seeds

few, with a little or no albumen ; radicle superior ; cotyledons

foliaceous.

Distribution, ^x.—They are generally distributed throughout
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the warm regions of the globe, but chiefly beyond the tropics.

Examples of the Genera : —Tv\h\\\\\.B, Zygophyllum, Guaiacum.

There are about 100 species. Melianthns is by some botanists

separated from the Zygophyllaceae, and taken as the type of a

new order, to which the name Melianthese has been applied.

Properties and Uses.—Some of the plants of the order are

resinous, and possess stimulant, alterative, and diaphoretic pro-

perties ; others are anthelmintic. The wood of the arborescent

species is remarkable for its hardness and durability. The fol-

lowing are the more important plants :

—

Guaiacum.—The wood, and the resin obtained from G. officinale are officinal

in the British Pharmacopoeia. They are commonly known as Guaiacnm-
wood, and Guaiacum Resin. The resin is generally procured by heating the

wood, either by boiling its chips in salt water, or more commonly by burnina:

it in the form of hollow biUets in a fire, and catching the resin in a suitable

vessel placed below as it flows from the hole in the burning wood. It also

exudes to some extent spontaneously, and especially so when the tree is cut

or wounded in any way. Both the wood and resin are used as stimulants,

diaphoretics, and alteratives, chiefly in gout and rheumatism, and also in

syphilitic and various cutaneous affections. Tlie wood is known in com-
merce as Lignum Vitte. It is remarkable for its hardness, toughness, and
durability, which qualities render it very valuable for many purposes. The
leaves are also used in the West Indies, on account of their detersive

qualities, for scouring and whitening floors. G. sanctum has similar medi-
cal properties to the above, and yields an analogous resin.

Larrea mexicana.—This plant is remarkable for having an odour resem-
bling creasote : hence it is commonly known as the Creasote Plant.

Melkmthus 7najor.—The flowers of this species contain a large amount of

saccharine matter, which is used for food by the natives of the Cape of G-ood

Hope, where the plant abounds.
Peganum Harmala.—ln India the seeds are reputed to be stimulant, em-

menagogue, and anthelmintic. In Turkey they are used as a spice, and also

in the preparation of red dyes ; these dyes are, however, not of a very per-

manent nature.
Tribulus.— 7'. terrestris is a prickly plant, which is abundant in dry baiTen

places in the East. It is considered to be the Thistle mentioned in Matt.

vii. 16, and Heb. vi. 8. The fruit of T. lanuginosus is much esteemed in

Southern India as a diuretic.

Zygophyllum Fabago. Bean-Caper.—It derives its common name fiom the

circumstance of its flower-buds being used in some parts of the world as sub-

stitutes for the Common Capers. It is also reputed to possess anthelmintic

properties.

Natural Order 65. Linage^.— The Flax Order {figs. 904
and 905). — Character.

—

Herbs, or rarely shrubs. Lmves
alternate or opposite, or rarely verticillate, entire, exstipulate.

Flowers hypogynous, regular {fig. 904), symmetrical, generally

very showy and fugacious. Calyx imbricated, with 3, 4, or

5 sepals {fig. 904), persistent. Petals 3, 4, or 5 {fi>g. 904),

unguiculate, very deciduous, twisted in aestivation. Stame^is

3, 4, or 5, coherent at the base so as to form a hypogy-
nous ring (fig. 905), from which proceed 5 tooth-like pro-

cesses (abortive stamens), which alternate with the fertile stamens,

and are opposite to the petals; anthers innate {fig. 905). Ovary
compound {figs. 604 and 904), its cells usually corresponding

k:k2
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Fig. 904. Fig. 905.

Fig. 904. Diagram of the flower of the Flax Plant {TAnum usitatissimum).
Fig. 905. Essential organs of the same, showing the monadelphous

stamens surrounding the pistil.

in number to the sepals ; styles 3—5 ; stigmas capitate {fig. 905).
Fruit capsular, many-celled, each cell more or less perfectly

divided into two by a spurious dissepiment proceeding from the

doi'sal suture, and having a single seed in each division. Seed
with very little or no albumen ; embryo straight, with the

radicle towards the hilum.

Diagnosis.— Herbs, or very rarely shrubs, with exstipulate

simple entire leaves. Flowers hypogynous, regular, symme-
trical. Sepals, petals, and stamens 3—5 each ; the sepals

persistent and imbricate ; the petals fugacious and twisted in

aestivation ; the stamens united at their base, and having little

tooth-like abortive stamens alternating with them. Ovary
3—5-celled, styles distinct, stigmas capitate. Fruit capsular,

many-celled, each cell more or less divided by a spurious

dissepiment, and each division containing one seed. Seeds with
little or no albumen, and having a straight embryo.

Distribution, S;c.— Chiefly natives of the south of Europe
and the north of Africa, but more or less distributed over most
regions of the globe. Examples of the Genera:—Linum, Kadiola.

There are 90 species.

Properties and Uses.—The plants of this order are generally

remarkable for the tenacity of their liber-fibres, and also for the

mucilage and oil contained in their seeds ; hence the latter iire

emollient and demulcent. A few are bitter and purgative. The
most important genus is

Linum.—The liber-fibres of Linum usitatissimum, when prepared in a
particular way, constitute y?a;r, of which linen fabrics are made. Linen, when
scraped, foiins lint, which is so much used for surgical dressings. The short
fibres of flax, which are separated in the com-se of its preparation, constitute
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tow, which is much emplo5'ed in pharmacy, surgerj', and for other purposes.
The seeds of the above plant, which is commonly known as the Flax Plant,
are termed Linseed or Lintseed. Their seed-coats contain much mucilage,
and their nucleus oil. The oil may be readily obtained from the seeds by
expression ; the amount depends upon the mode adopted, and varies from
about 18 to 27 per cent. Linseed oil is especially i-emarkable for drying
readily when applied to the surface of any body exposed to the air, and thus
forming a hai-d transparent varnish. This peculiarity is much accelerated
if the oil be previously boiled, either alone, or with some preparations of
lead. The cake left after the expression of the oil is known as Uil-cake,
and is employed as food for cattle ; and when powdered, it is commonly
sold as Linseed ileal, which is much used for making poultices, and for
other pirrposes. Linseed Meal, however, as sometimes sold, is merely
Linseed powdered ; hence it contains the oil, which is not present in the
ordinary and officinal Linseed Meal. Linseed Meal which contains the oil

is to be preferred when in a fresh state. An infusion of Linseed is employed
medicinally for its demulcent and emollient properties. The oil is extensively
used in the arts, &;c. ; and is found to be a valuable aj^plication to burnt or
scalded parts, either alone, or combined with an equal quantity of Lime-
water ; this mixture is commonly known under the name of Canon-oil, a
name derived from its having been extensively employed in the Carron Iron-
foundry. Some patents have been taken out of late years for the manufacture
of what has been called Flax-cotton, wliich it was believed could be used in
manufacture in the same way as ordinary cotton, but the process (which
consisted essentially in reducing the common flax-fibres to a more minute
state of division, by first steeping them in a solution of carbonate of soda,
and afterwards in a weak acid solution) has not answered. Liniim cathai-
ticum, commonly caUed Purging-flax, is a common indigenous plant. It
possesses active purgative properties, and might be much more employed as
a medicine than is the case at present. Linum selaginoides, a Peruvian
species, is reputed to be bitter and aperient.

Natural Order 66. Oxalidaceje.— The Wood-Sorrel Order
(Jigs. 906—908). — Character. — Herbs, or rarely shrubs or

trees, generally with an acid juice. Leaves alternate, or rarely

Fig. 906 Fig. 907.

Fig. 906. Diagram of the flower of Oxalis. Fig. 90". Vertical section of
the flower of the same. Fig. 908. Vertical section of the seed.

opposite, usually compound, or occasionally simple
; generally

with stipules, or rarely exstipulate. Flowers regular and sym-
metrical. Sepals 5 {f-g, 906), persistent, imbricate, occasionally
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slightly coherent at the base. Petals 5 (Jig. 906), hypogy-
nous (Jig. 907), rarely wanting, unguiculate ; cesiivation twisted.

Stamens double the number of the petals and sepals {fig.

906), arranged in two rows alternating with each other, the

inner row longer than the outer {fig. 907) and opposite to

the petals ; anthers 2-celled, innate. Ovary superior {fig. 907),
3—5-celled, with as many distinct styles as there are cells

;

stigmas capitate, or somewhat bifid. Fruit usually capsular

and 3—5-celled, and 5— 10-valved, occasionally drupaceous and
indehiscent; placentas axile {fig. 907). Seeds few, sometimes
provided with a fleshy integument, which bursts with elasticity

when the fruit is ripe, and expels the seeds; emhryo {fig. 908)
straight, in cartilaginoiis fleshy albumen; raclide long, and
turned towards the hilum ; cotyledons flat.

Diagnosis.—Herbs, or rarely shrubs or trees, usually with
compound exstipulate leaves. Stems continuous and not
separable at the joints. Flowers hypogynous, regular, sym-
metrical. Sepals, petals, and stamens with a quinary distri-

bution ; the sepals persistent and imbricate ; the petals

twisted in sestivation ; the stamens commonly somewhat mon-
adelphous {fig. 536), with 2-celled innate anthers. Styles fili-

form, distinct. Fruit 3—5-celled, without a beak. Seeds few,

with abundant albumen, and a straight embryo.
Distrihitio7i, ^'c.— These plants are generally distributed

throughout both the hot and temperate regions of the globe

;

the shrubby species are, howcA-er, confined to the former. They
are most abundant at the Cape of Good Hope, and in tropical

America. Examples of the Genera:—Oxalis, Averrhoa. There
are about 330 species.

Properties and Uses.—Chiefly remarkable for their acid juice,

which is due to the presence of binoxalate of potash. They
generally possess refrigerant properties. The fruits of some are

eaten by the natives in the East Indies, but they are too acid to

be acceptable to Europeans, who, however, sometimes use them
as pickles.

Averrhoa BiUmhi and A. Caramhola yield acid fruits, known respectirely

under the names of Blimbing and Carambole. They are eaten by the
natives in the East Indies, but are too acidulous for Europeans, who never-
theless use them for pickles.

Oxalis.— 0. acetosella, Common Wood-Sorrel, is a common indigenous
plant, abounding in woods. It has temate leaves, and is considered by
many to be the true Shamrock, as its leaves open about St. Patrick's Day.
When infused in milk or water, it forms a pleasant refrigerant drink
in fevers. The leaves, taken as a salad, are antiscorbutic. 0. crenata,^

a plant which is called Arracacha, together with others, as 0. Deppei, 0.

esculenta, &c.. have edible tubere, which are used as substitutes for potatoes
in some districts. 0. anthelmintka, the Mitchamitcho of Abyssinia, has
very acrid tubers. These are much employed for their anthelmintic pro-

perties in that country, being frequently prefeiTed to Kousso {Brayera
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anthelmintka) , a plant belonging to the Rosaceae, and which is also largely
used in Abyssinia for a similar pui-pose. (See Brayera anthelmintica.)

Natural Order 67. BALSAMiNACEiE.—The Balsam Order.

—

Character.

—

Herbaceous plants with succulent stems and a
watery juice. Leaves alternate or opposite, simple, exstipulale.

Flowers hypogynous, very irregular. Sepals 3 {Jiff. 780)—5, very
irregular, deciduous, with an imbricated aestivation, the odd one
spurred (Jiff. 780). Petals 5 (Jiff. 780), or more usually 4, 1 being
abortive, distinct or irregularly coherent, deciduous, alternate

with the sepals ; cestivation convolute.

Stamens 5 {fiff. 780), alternate with the ^'^9- 909.

petals, and somewhat united. Ovary com-
posed of 5 carpels, united so as to form a

5-celled compound body {jiff. 780) ; style

simple ; stiffraa more or less divided into 5

lobes. Fruit usually capsular, o-celled, and
dehiscing in a septifragal manner by 5 elastic

valves, which become coiled up {Jiff. 909);
placentas axile ; sometimes succulent and in-

dehiscent. Seeds solitary or numerous, sus-

pended, exalbuminous ; embryo straight.

Diagnosis.— Succulent herbaceous plants,

with simple exstipulate leaves. Stems con-

tinuous and not articulated at the ioints. ^%- ^- Capsule of
-p,, , •

1 o 1
Touch-me-not ilm-

i lowers hypogynous, very irregular. Sepals patiens nou-me-tan-

3—5; petals usually 4; both irregular and aere) with rerurvedj.,'^ . ..-^ ' 1 r. • ^ coiled-up valves,
deciduous ; estivation oi sepals imbricate

;

that of the petals convolute. Stamens 5. Ovary 5-celled; style

simple. Friiit 5-celled, usually bursting with elasticity, without
a beak. Seeds suspended, exalbuminous. This order is by some
botanists considered only as a tribe of the Geraniacese.

Distribution, ^'c.—A few are scattered over the globe ; but
they are chiefly natives of the Indies, growing generally in damp
shady places and where the temperature is moderate. Ex-
ample of the Genera:—Impatiens. There are about 110 species.

Properties and Uses.—They are said by De Candolle to be
diuretic, but their properties are generally unimportant.

Natural Order 68. Geraniaceje.— The Crane's-bill Order

{Jiffs. 910—913).—Character.

—

Herbs or shrubs, with articu-

lated swollen joints. Zmws simple, opposite or alternate, with
membranous stipules. Sepals 5 {Jiff. 910), persistent, more or

less unequal; (estivation imbricate. Petals 5 {/iff- 910), or rarely

4 from abortion, unguiculate, hypogynous or perigynous ; (esti-

vation twisted {Jiff. 910). Stamens usually twice {Jiff. 911) or

thrice as many as the petals (some are, however, frequently

abortive), hypogynous, and generally monadelphous (j?^. 911),
the alternate ones shorter and sometimes bai'ren. Carpels 5,
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Fig. 910.
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Fig. 911. Fig. 912.

Fig. 913.

Fig. 910. A portion of the flowering stem of Geranium sylvaticnm.

Fig. 911. The stamens and pistil of the same. Fig. 912. The pistil

partially matured, surrounded by the calyx. Fig. 913. Transverse
section of the seed.

arranged around an elongated axis or carpophore {fig. 912)

;

styles corresponding in number to the carpels, and adhering to

the carpophore. Frwit consisting of 5 1 -seeded carpels, which
ultimately separate from the carpophore from below upwards by
the curling up of the styles, which remain adlierent at the

summit {fig. 626). Seeds without albumen ; cotyledons foliaceous,

convolute {fig. 913).

Diagnosis.—Herbs or shrubs, with simple leaves, membranous
stipules, and articulated swollen joints. Flowers usually sym-
metrical. Sepals 5, imbricate. Petals twisted in aestivation.

Stamens generally somewhat monadelphous. Fruit consisting of

5 carpels attached by means of their styles to an elongated axis

or carpophore, from which they separate when ripe from below

upwards by the curling up of the styles. Seeds 1 in each

carpel, exalbuminous ; embryo convoluted.

Bistrihntion, ^-c— Some are distributed over various parts

of the world, but they abound at the Cape of Good Hope.
Ea-amjjles of the Genera:—Erodium, Geranium, Pelargonium.
There are nearly 550 species.

Froperties and Uses. — Astringent, resinous, and aromatic

qualities are the more important properties of the plants of this

order. Many are remarkable for the beauty of their flowers.

Erodium.—The species are reputed to be astringent. E. moschatum is re-
markable for its musky odour.

(j eraniiim.—The root of G. maculatum is a powerful astringent, for which
purpose it is niucli used in North America, where it is called Alum-root.
It contains much tannin. G. parvifloruiii produces edible tubercular roots,

which are known in Van Diemen's Land under the name of native carrots.

Pelargonium.—The species of this genus are favourite objects of culture
by the gardener on account of the beauty of their flowers. They are chiefly
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natives of the Cape of Good Hope, but the species have been much improved
by cultivation. They are commonly, but improperly, called Geraniums. In
their properties they are generally asti-ingeut, but P. tviste yields tubers

which are eaten at the Cape of Good Hope. From the leaves of a variety of

Pelargonium Radida. and also from some other species or varieties of Pelar-

gonium, as, for instance, P. odovatissimum, the true essential oil of geranium,

which is used in perfumery, is obtained. This must not be confoimded

with the so-called Geranium-oil of Turkey and of India, which is yielded by
a grass of the: genus Andropogon. This latter oil is that used in Turkey
for mixing with Otto of Roses.

Natural Order 69. TEOPiEOiACE.^ — The Indian Cress

Order.—Character.—Smooth twining or trailing herbaceous

plants, -ft-ith an acrid juice. Leaves alternate, exstipnlate.

Flowers axillary. Sepals 3—5 {fig. 781), the upper one spurred;

valvate, or rery slightly imhricated in estivation. Petals {fig.

781) 1—5, hypogynous, raore or less unequal; (estivation cow-

volute. Stamens {fig. 781) 6— 10, somewhat perig}-nous, dis-

tinct; anthers 2-celled. Ovary of 3 {fig. 781) or 5 carpels;

style 1 ; stigmas 3 or 5. Fndt indehiscent, usually consisting of

3 carpels arranged round a common axis, from which they ulti-

mately separate, each carpel containing one seed. Seeds large,

exalbuminous ; emh^yo large ; rndide next the hilum.

Diagnosis.—Smooth trailing or twining herbs, with alternate

exstipnlate leaves, and axillary flowers. Flowers irregular and
unsymmetrical. Sepals more or less valvate in jestiyation, upper

one spurred. ^Estivation of petals convolute. Stamens more or

less perigynous, distinct. Ovary superior, of 3 or 5 carpels, with

one pendulous ovule in each ; style single. Pruit without a
beak, usually composed of three pieces, which are indehiscent,

and each contains 1 seed. Seeds large, exalbuminous.

Distribution, ^-c. — Chiefly natives of South America. Ex-
amples of the Genera:—Tropseolum, Chymocarpus. There are

about 40 species.

Propirties and Uses.—Generally acrid, pungent, and anti-scor-

butic, resembling the Cruciferse. The unripe fruit of Tropeohim
rnajus, which is commonly known as the Indian Cress or

Grarden Nasturtium, is frequently pickled, and employed by
housekeepers as a substitute for Capers. Most of the Tro-

pcBolums have tubercular roots, some of which are edible, as T.

tuberosum.

Natural Order 70. Limnanthacrs;.—The Limnanthes Order.
—Diagnosis.—This is a small order of plants included by Lind-

ley in the Tropseolacese, with which it agrees in its general

characters; but it is at once distinguished from that order by
having regular fxowers ; more evidently perigynous stamens

;

and erect ovules. It forms a sort of transition order between
Thalamifloral and Calycifloral Exogens, although, perhaps, it

should be included in the latter.

Distribution, cfc. — Natives of North America. Examples
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of the Genera

:

—Limnanthes, Florkea. These are the only genera,

which include 3 species.

Properties and Uses.—In these they resemble the Cruciferse

and Tropseolacese.

AVe conclude our notice of the Natural Orders included under
the Sub-class Thalamiflorae, by the following Artificial Analysis.

It is founded upon that given by Lindley in his Vegetable King-
dom. The object sought to be attained in this analysis, is to

facilitate the student in ascertaining the order to which a plant

belongs ; and then, when the plant has thus been referred to its

proper order, by turning to the description of that order as

numbered below, in the body of the work, a more complete ac-

count will be found, by which a more perfect knowledge of it

may be obtained. It should be noticed that, however carefully

such artificial analyses may be drawn up, it is almost impossible

to render them universally applicable, on account of the extreme

shortness of the characters which are necessarily employed.

Artificial Analysis of the Natural Orders in the Sub-class

Thalamiflor^.

(The numbers refer to the Orders in the present work.)

1. Flowers Polyaxdrous.— Stamens more than 20.

A. Leaves without stipules.

a. Ccufels more or less distinct, {at least as to the styles), or solitary.

1. Stamens distinct.

Carpels immersed in a fleshy tabular
thalamus Nelumbiaceoe. 11.

Carpels not immersed in a thalamus.
Embrj-o in a vitellus .... Cabombaceoe. 9.

Embryo naked, very minute.
Seeds arillate Dilleniacem. 2.

Seeds exarillate. Albumen fleshy

and homogeneous....
Flowers hermaphrodite . . RanunculacecB. 1.

Flowers unisexual . . . Schizandraceoe. 6.

Seeds usually exarillate. Albumen
ruminate Anonacece. i.

2. Stamens united in one or more parcels.

Calyx much imbricated.
Seeds smooth Hypericaceoe. 36.

Seeds shaggy Reaumuriacece. 37.

b. Carpels wholly combined, (at least as to the ovaries), with more than one
placenta.

Placentas parietal, iu distinct lines.

Anthers versatile. Juice watery . . Capparidaceoe. 16.
Anthers innate. Juice milky . . Papaveracece. 13.

Placentas parietal, spread over the lining
of the fruit Flacourtiaceae. 19.

Placentas covering the dissepiments . . Nyinphceaceoe. 10.

Placentas in the axis.

Stigma large, broad, and petaloid . . Sarraceniacece. 12.

Stigma simple. Calyx much imbricated.
Leaves compound .... Rhizobolaceoe, 39.
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;

Leaves simple.

Petals equal in number to the sepals.

Seeds few Chisiacece. 35.
Seeds numerous. Petals flat . Marcgi-aviacece. J

Reeds numerous. Petals crumpled Cistaceoe. 18.

Petals not equal in number to the
sepal s. Styles not perfectly com-
bined Tej'nsti-omiacece.

Stigma 5-lobed. Stamens monadelphous Bumiriacece. 58.

34.

B. Leaves with stipules,

a. Carpels more or less distinct, (at least as to

the styles).

Carpels' numerous . Ma^noliacece. 3.

b. Carpels icholhj combined, (at least as to the

ovaries), irith more than one placenta.

Placentas parietal Flacou rtiaceoe. 19.

Placentas in the axis.

Calyx with an imbricated asstiTation.

Flowers involucrate .... Chlcenaceoe. 33.

Flowers not involucrate . . . Cistaceve. 18.

Calyx vnXh a valvate ajstivation.

Stamens monadelphous. Anthers 2-

celled.

Filaments united into a column.
Stamens all perfect . . . StercuUaccce. 29.

Filaments not united into a column.
Stamens partly sterile . . . Byttneriacece. 30.

Stamens monadelphous. Anthers 1-

celled Malvacece. 28.

Stamens monadelphous. Calyx irre-

gular, and enlarged in the fruit . Dipte^'acece. 32.

Stamens quite distinct . . . Tiliacece. 31.

2. Flowers Oligaxdrous.— Stamens less than 20.

A. Leaves without stipules.

a. Carpels more or less distinct, or solitary.

Anthers with recurved valves .

Anthers with longitudinal dehiscence.
Albumen abundant, embryo miniite.

Flowers imisexual. Seals usually nu-
merous

Flowers polygamous. Seeds solitary or
twin

Flowers perfect.

Embrj-o in a vitellus

Embryo not in a vitellus.

Albumen homogeneous.
Sepals 2

Sepals more than 2 .

Albumen ruminate. Shrubs
Albumen in small quantity, or alto-

gether wanting.
Flowei-s unisexual ....

b. Carpels tcholly combined, (at least as to the

ovaries).

Placentas parietal,

otamens tetradynamous.

. Berberidacece. 8.

Lardizabalacece. 5.

XanthorylaceiE. 60.

Cabombacete. 9.

Fumariacece. 14.

Ranunculacea. 1.

Anonacece. 4.

Jlernspermacece.

Cruti/eroe. 15.
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Stamens not tetradynamous.
Large hypogynous disk.

Flowers tetramei'ous. Fruit closed

at the apex Capparidaceoe. 16
Flowers not tetramerous. Fruit

usually open at the apex
Small hypogynous disk, or none.
Albumen abundant.

Flowers irregular

Flowers regular. Sap milky. Fruit
without central pulp

Fruit with central pulp, or fleshy.

Sap watery ....
Albumen in small quantity, or want-

ing.

Calyx tubular, furrowed
Placentas covering the dissepiments
Placentas axile.

Styles distinct to the base.
Calyx valvate Vivianiacece.

Calyx mvich imbricated.
Seeds smooth. Petals unequal-sided,

without appendages . . . ffypericaceoe.

Seeds shaggy. Petals unequal-sided,
usually with appendages at the
base Reaumuriacece

. Resedacece. 17.

Fumariacece. 14.

Papaveracece. 13.

Flacourtiacece. 19.

Frankeniacece.

Nymphoeacece.
23.

10.

36.

37.

Seeds smooth. Petals equal . . Linaceos. 65.

Calyx slightly imbricated.
Petals not twisted in asstivation.

Ovary with a free central placenta Caryophyllacece. 26,

Styles more or less combined.
Fruit gynobasic.
Stamens arising from scales . . Simarubacece. 63.

Stamens not arising from scales

Styles wholly combined.
Flowers hermaphrodite . . Rutacece. 59.

Flowei-s unisexual, or polygamous Xatithoxylacece. 60.

Styles divided at the apex.
Flowers irregular. Fruit usiially

with elastic valves. . . Balsaminacece . 67.

Fruit not gynobasic.
Calyx much imbricated in an irregu-

lar broken whorl.
Flowers symmetrical . . Clusiaceoe. 35,

Flowers uns3'mmetrical.
Flowers regular.

Petals with appendages at
their base. Leaves alter-

nate .... Sapindacece. 40.

Petals without appendages
at their base. Leaves op-
posite .... Aceraceoe. 44.

Flowers irregular.

Flowers falsely papiliona-
ceous. Ovary 2—3-celled Polygalaceoe. 41.

Flowers not papilionaceous
in appearance. Ovary 1-

celled .... Krameriacece. 42.

Calyx but little imbricated in a
complete whorl.

Carpels 4 or more.
Seeds winged .... Cedrelacece. 48.

Seeds wingless.

Stamens united into a long tube Meliacece. 49.
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Stamens distinct, or nearly so.

Leaves dotted. Seeds amygdaloid
Leaves without dots. Seeds minute

Carpels less than 4.

Seeds comose
Seeds not comose.
Ovules pendulous. Petals twisted

in aestivation ....
Ovules ascending, or horizontal.

Petals imbricated in festivation .

Ovules pendulous. Petals imbri-
cated in aestivation

Calyx valvate, or but very slightly imbri-
cated.

Anthers opening by pores
Anthers with longitudinal dehiscence.

Calyx generally enlarging with the
fruit

Calyx small, not enlai'ging with the
fruit

Stamens more or less perigynous.
Flowers in-egiilar. Ovules pendulous
Flowers regular. Ovules erect.

AurantiacecB. 50.

BrexiacecE. 54.

Tamaricacece. 24.

CaneUacece. 53.

Pittosporacece. 52.

Cyrillacece. 57.

. Tremandracece. 43.

Olacacece. 55.

Icacinacece. 56.

Tropceolacece. 69.

Limnanthacece. 70.

B. Leaves with stipules.

a. Catfels distinct or solitary.

Anthers with recurved valves. Carpel
solitary Berheridaceoe. 8.

Carpels several Coriariacece. 62.

b. Carpels wholly combined, (at least as to the

ovaries), with more placentas than one.

Placentas parietal.

Leaves with circinate vernation . . Droseracece. 22.

Leaves with involute vernation. Anthers
crested, and turned inwards . . . Violacece. 20..

Stamens opposite to the petals. Anthers
naked, and turned outwards . . . Sauvagesiacece. 21

,

Placentas axile.

Stjies distinct to the base.

Calyx much imbricated, in an irregular
broken whorl.

Petals small, sessile .... Elatinacece. 25.

Calyx but little imbricated, in a com-
plete whorl.

Petals conspicuous, stalked . . Malpighiacece. 46.

Calyx valvate Tiliacece. 31

.

Styles more or less combined. Fruit gy-
nobasic.

Gynobase fleshy Ochnacece. 61.

Gynobase dry.

Leaves regularly opposite . . . Zygophyllaceoe. 64.

Leaves more or less alternate.

Fruit beaked Geraniacece. 68.

Frait not beaked .... Oxalidacece. 66.

Styles more or less combined. Fruit not
gynobasic.

Calyx much imbricated, in an irregular
broken whorl.

Flowei-s surrounded by an involucre . Chlcenacece. 33.

Flowers not surrounded by an invo-
lucre Sapindacece. 40.

Calyx but little imbricated, in a com-
plete whorl.
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Stamens 3. Sepals and petals penta-
merous Hippocrateacece. 45.

Stamens more than 3.

Calyx glandular. Petals without ap-
pendages Malpighiacew. 46.

Calyx not glandular. Petals with
appendages Erythroxylaceoe. 47.

Calyx valvate.

Stamens united by their filaments into
a column StercuUacece. 29.

Stamens not united into a column.
Stamens opposite to the petals if

equal to them in number. An-
thers versatile .... Vitaace. 51.

Stamens alternate with the petals

if equal to them in number. An-
thers not versatile . . . TiliaceoB. 31.

In order to prevent the student being misled, and thus to refer plants to

their wrong positions in the Vegetable Kingdom, it should be particularly

noticed, that although the general character of the Thalamiflorre is to have
dichlamydeous flowers and poh'petalous corollas, yet exceptions do occur oc-

casionally to both these characters. Thus, we find apetalous genera and
species in RanutK-ulacece, Menispermaeece, Papaveracece, Flacourtiacece, Cai-no-

phyUacece, Sierculiacecs, Bi/ttneriacecc, Tiliacece, Malpighiacece, Rutaceoe, Xan-
ihoxylacece, and Geianiacece. Again, in the orders Anonacece and Rufacece,

we find some monopetalous species and genera. In Tropceolacece and Lim-
nantliaceie the stamens are more or less perigynous, instead of hj^pogynous
as is commonly the case in the Thalamiflorie. Perigynous stamens are also

occasionally found in other Thalamitloral orders.

Sub-class II. CalyciflorcB.

1. Perigynse.

Natural Order 71. Celastrace.?e.—The Spindle-tree Order.

—Character.

—

Shrubs ov small trees. Xmre^ simple, generally

alternate, or rarely opposite, with small deciduous stipides.

Sepals 4— 5, imbricated. Petals equal in number to the sepals,

inserted on a large disk which surrounds the ovary ; in wsti-

vation imbricated, sometimes wanting. Stamens as many as

the petals and alternate with them, inserted on the disk;

antliers innate. Dish large, flat, and expanded. Ovary supe-

rior, surrounded by the disk, 2—5-celled, each cell 1 or many-
seeded

;
placentas axile ; ovules ascending, with a short stalk.

Fruit superior, 2—5-celled, either drupaceous and indehiscent.

or capsular with loculicidal dehiscence. Seeds ascending, with

{fig. 738), or without an aril; a^6?«;if% fleshy ; embryo straight;

radicle short, inferior ; cotyledons fiat.

jyiagiwsis.—Shrubby plants, with simple leaves, and small de-

ciduous stipules. Flowers small, regular, and perfect ; or rarely

unisexual by abortion. Sepals and petals 4—5, imbricated in

aestivation. Stamens equal in number to, and alternate with

the petals, and inserted with them on a large flat expanded
disk. Ovary superior, placentas axile. Fruit superior, 2—5-

celled. Seeds ascending, albuminous ; embryo straight, radicle

inferior.
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Distribution, ^c.—Chiefly natives of the warmer parts of Asia,
North America, and Europe ; they are also plentiful at the Cape
of Good Hope. Generally speaking, the plants of the order are
far more abundant out of the tropics than in them. Examples
of the Genera

:

—Euonymus, Catha, Celastrus. There are about
280 species.

Properties and Uses.— Chiefly remarkable for the presence of
an acrid principle. The seeds of some contain oil. The more
important plants are as follows :

—

Catha edulis.—The young slender shoots, with the leaves attached, of this
plant, constitute the Arabian drug called Kat, Khat, or Cafta. This is

largely chewed by the Arabs, and is said to produce great hilarity of spirits,

and an agreeable state of wakefulness. A decoction is also made from it, and
used as a beverage like our tea ; its effects are described as being somewhat
similar to those produced by strong gi-een tea, but the excitement of a more
pleasing and agreeable nature. By some -^\Titers the term Kat is applied to
the di-ug in its unprepared state, and Cafta to a preparation made fi-om it.

According to some writers, the leaves and young shoots of C. spinosa aie also
used in the preparation of Kat.

Celastrus.—The seeds of C. panicuJatus yield an oil of a powerfully stimu-
lating nature, which is sometimes used as a medicine in India under the
name of " Oleum nigrum." G. scandens and C. senegalensis have purgative
and emetic barks.

ElcBodendron Kubu.—The dnipaceous fruits of this species are eaten at the
Cape of Good Hope.
Euonymus.—E. europoeus is the common Spindle-tree of our hedges. The

wood is used to make skewers, spindles, &,c. In France, charcoal is said to
be prepared from the wood, and used in the manufactiu*e of gunpowder

;

while the young shoots, in a chaiTed condition, form a kind of drawing-
pencil. The seeds are reputed to be purgative and emetic, and are also said
to be poisonous to sheep. The seeds of some other species have similar pro-
perties. The bark of E. tingens has a beautiful yellow colour on its inside,
which may be used as a dye.

Natural Order 72.— Stackhottsiace^. — The Stackhousia
Order.— Character.

—

Herbs, or rarely shrubs, wath simple,

entire, alternate, minutely stipulate leaves. Calyx o-cleft, with
its tube inflated. Petals 5, united below into a tube, arising

from the top of the tube of the cal}^, and having a narrow-

stellate limb. Stamens 5, distinct, of unequal length, perigynous.
Ovary superior, 3 or S-eelled, each cell containing one erect

oviile ; styles 3 or o, distinct or combined at the base. Frtiit

consisting of from 3— 5 indehiscent carpels, attached to a
central persistent column. Seeds with fleshy albiimen ; embryo
erect ; radicle inferior.

Bistribution, cfr.—Natives of New Holland. Examples of the

Genera:— Stackhousia, Tripterococcus. There are about 20
species.

Properties and Uses.—Unknown.
Natural Order 73. Staphyleace.is.—The Bladder-Nut Order.

—Character. Shrubs, wdth opposite, or rarel}' alternate, pin-
nate leaves, which are furnished with deciduous stipules and
stipels. Calyx 5-parted {Jig. 769), coloured, imbricated. Petals 5
(Jig. 769), alternate with the divisions of the calyx, imbricated.
Sta/nens 5 {Jig. 769), alternate with the petals, and inserted
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with them on a large disk. Ovary superior, composed of 2 {fig.

769) or 3 carpels, which are more or less distinct; ovicles nume-
rous ; styles 2 or 3, coherent at the base. Fruit fleshy or

membranous. Seeds ascending, with a bony testa; albumen
little or none.

Distribution, tf-<?.—They are scattered irregularly over the

globe. Exam'plcs of the Genera

:

—Euscaphis, Staphylea. There
are 14 species.

Properties and Uses.—The bark of some species is bitter and
astringent, as that of Etcscapkis staphyleoides. Others have oily

and somewhat purgative seeds, as Staphylea pinnata, &e.

Natural Order 74. Vochysiace^.—The Vochysia Order.

—

Character.

—

Trees or shrubs, with entire, usually opposite

leaves, which are furnished at the base with glands or stipules.

Flowers very irregular, and unsymmetrical. Sepals 4—5, co-

herent at the base, very iinequal, the upper one spurred, imbricated

in aestivation. Petals 1, 2, 3, or 5, unequal, inserted upon the

calyx, imbricated in aestivation. Stamens 1 to 5, usually op-

posite the petals, or rarely alternate, arising from the bottom of

the calyx, most of them sterile. Ovary superior, or partially

inferior, 3-celled, or rarely 1-celled; place7itas a,x\\e ; style and
stigma 1. Fruit usually capsular, 3-cornered, 3-celled, with

loculicidal dehiscence, rarely inclehiscent and 1-celled. Seeds

usually winged, without albumen, erect.

This order is generally placed near Combretacecs, but it is

readily distinguished from it by its superior or nearly superior

ovary, for which reason we place it near StaphyleacecB. Lindley

considers it most nearly allied to the ViolacecB and the Polyga-

lacecB.

Distribution, ^'c.—Natives of equinoctial America. Ex-
amp'ks of the Genera:—Vochysia, Salvertia. There are about

50 species.

Properties and Uses.—G-enerally unimportant, although some
are said to form useful timber.

Natural Order 75. Khamnacejk.—The Buckthorn Order.

—

Character.

—

Sh'ubs or sniall trees, which are often spiny.

Leaves simple, alternate, or rarely opposite; stiptules small, or

wanting. Flowers small, usually perfect {fig. 774), sometimes
unisexual. Calyx 4—o-cleft, with a valvate aestivation {fig.

774). Petals equal in number to the divisions of the calyx

{fig. 774), and inserted into its throat, cucullate or convolute,

sometimes wanting. Stamens equal in number to the petals

{fig. 774), and opposite to them when present, and alternate to

the divisions of the calyx. Disk fleshy. Ovary {fig. 774)
superior or half superior, immersed in the disk, 2, 3, or 4-

celled ; ovidcs solitary. Fruit dry and capsular, or fleshy and
indehiscent. Seeds one in each cell, erect, usually with fleshy

albumen, but this is sometimes wanting, exarillate ; embryo long,

with a short inferior radicle, and large flat cotyledons.
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Diagnosis.—Small trees or shrubs, with simple leaves, and
small regular usually perfect flowers ; rarely unisexual. Calyx
4—5-parted, valvate. Petals and stamens distinct, perigy-

nous, and equal in number to the divisions of the calyx ; the

petals sometimes wanting. Ovary more or less superior, sur-

rounded by a fleshy disk. Fruit 2, 3, or 4-celled, with one erect

seed in each cell. Seed usually albuminous, without an aril.

Distribution, ^'C.—G-enerally distributed over the globe except

in the verj' coldest regions. Examples of the Genera :—Zizyphus,

Ehamnus, Ceanothus, There are about 260 species.

Properties and Uses.—Some of the plants of this order have
acrid and purgative properties ; others are bitter, febrifugal, and
tonic. A few are used in the preparation of dyeing materials,

and some few others have edible fruits. Some of the more im-

portant plants may be enumerated as follows :

—

Ceanothus amevicanus.—The young shoots are astringent ; and in Xew
Jersey the leaves are di-ied and used as a substitute for tea ; hence they are
commonly known as New Jersey Tea.

Discaria febri/uga.— The root is used in Brazil as a febrifuge and tonic.

Gouania clumin<je»sis is reputed to possess stomachic properties.

Hovenia dtilcis.—The peduncles of this plant become ultimately enlarged
and succulent, and are much esteemed in China, where they are eaten as a
kind of fruit.

Jihanmus.—This genus is the most important in the order. Thus, R. ca-

ihaiticus, commonly called Buckthorn, produces a fruit which has been useil

for ages as a hydragogue cathartic ; it is, however, but rarely employed at
the present day, on account of its violent and unpleasant operation. The
pisrment kno-uTi as mp-green is preparett by evaporating to dryness tlie juice
of Buckthorn hemes previously mixed with lime. The bark oiR.. Frangula,
the Black Alder, possesses purgative and alterative properties. It is reputed
to be efficacious in various cutaneous affections, rheumatism, secoudaiy
syphihs, &c. ; a gi-eenish or yellowish-green dye is made from the leaves.

The wood under the name of " Dogwood " is largely used in the manufacture
of the finer kinds of gunpowder. The unripe ftruits of R. infectcrtus are
kno^vn in commerce under the name of French Berries (Graines d"Avignon
of the French) ; while those of R. amygdaVmus constitute the berries called
yellow berries, or Persian beriies. Some authors say that both the French
and Persian berries are the produce of one species, the R. infectorias, and
that the only difference between them is in size—those caUed French or
Avignon berries being smaller, and not of such good quality as the Persian
berries, which are obtained from Asiatic Tm-key and Persia. These berries
produce a beautiful yellow colour, which is used for dyeing morocco leather,

and by calico-printers. R. saxatilis produces a fruit, which may be also
employed for dyeing yellow-. In Abyssinia, the leaves of R. pau<:itloiu.<. and
the fi-uit of R. Staddo, both of which possess bitter properties, are employal
as a substitute for hops in the prepai'ation of beer. From R. alatemus a
blue dye may be prepared. The Chinese green dye {Lo-kao), known here as
Chinese Green Indigo, and now much used in Europe, is prepared from R.
chlorophorus (globosus) and R. utilis.

Sageretia theezans is a native of China, where its leaves are used as a sub-
stitute for tea by the poorer inhabitants.

Ventilago Maderaspatana. PupU.—The bark of the root is used in India
in the production of orange and other dyes.

Zizyphus.—Many species of this genus have edible fruits. Thus, the
Z. vulgaris, Z Jujuba, and others, yield the fniits known under the name of
jujubes. Z. Lotu^ has also an edible fruit, which is esteemed by the Arabs,
&c. This is generally supposed to be the Lotus of the ancients, and from
which the Lotophagi received their name. By some, however, the Lotus of

L L
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the ancients is supposed to be the Nitraria tridentata. (See Nat. Ord. Mal-
pighiacese.) The berries or seeds of some species of Zizyphus are regarded as
sedative, while those of Z. Boclei are reputed to be poisonous. Some suppose
that the crown of thorns which was placed on our Saviour's head was made
from Z. spina-Christi.

Natural Order 76.

—

Anacardiace^,—The Cashew-Nut or

Sumach Order.—Character.-

—

Trees or shrubs, with alternate,

simple or compound leaves, which are exstipulate, and without

dots. Flowers regular, small, and frequently unisexual. Cal^x
persistent, with usually 5, or sometimes 3, 4, or 7 lobes. Petals

equal in number to the divisions of the calyx, perigynous,

imbricated ; sometimes absent. Stamens alternate with the

petals, and of the same number, or twice as many, or even more
numerous

;
perigynous and coherent at the base if there is no

disk, but if this is present then distinct and inserted upon it.

Disk hypogynous, or wanting. Ovary usually single, 1 -celled,

generally superior, or very rarely inferior ; styles 1 , 3, or 4, or

none ; stigmas the same number as the styles ; ovules solitary,

attached to a long funiculus which arises from the base of the

cell. Fruit indehiscent, drupaceous or nut-like. Seed without
albumen.

Distribution, ^t.—The plants of this order are chiefly found
in the tropical regions of the globe, although a few are found in

the south of Europe, and in other extra-tropical warm districts.

Examples of the Genera:—Pistacia, Mangifera, Auacardium.
There are about 110 species,

Dro'perties and Uses.—They abound in a resinous, or some-
what gummy, or an acrid, or milky juice, which is occasionally

very poisonous, and sometimes becomes black in drying. The
fruits and seeds of some species, however, are held in high
estimation, and are largely eaten in different parts of the world.

Many plants of this order furnish varnishes. The more impor-
tant plants are as follows :

—

Anacardium occidentale, the Cashew-nut, is remarkable for its enlarged
fleshy peduncle, which is eaten as a fruit ; and its juice when fermented,
produces a kind of wine in the West Indies, and in Bombay, &c., a spirit is

also distilled from it. Each i)eduncle bears a small kidney-shaped nut, the
pericarp of which is very acrid, but the seed is edible. By roasting the
nut, the acridity is destroyed, and the seed then possesses a fine flavour. The
acrid principle, which is of an oily nature, possesses powerful rubefacient and
\'esicant properties. The Cashew tree also yields a large supply of a kind of
gum, which is however but little used.

Iloligarna longifoUa.—The fruits of this plant and those of Semecai-pus
Anacardium, furnish the black varnish of Sylhet, which is much used in
India.

Irvingia Bar/eri, a native of the Western Coast of Africa, has edible seeds,

from which a kind of food, called Dika or Udika bread, is prepared,
Mangifera indica.—The fniit of this plant is the Mango, which is so highly

esteemed in tropical countries. Several varieties are cultivated, which differ

very much in the size and flavour of their fruits. The kernel of the seed is

employed in Brazil and in India as an anthelmintic.
Melano7-rhoea usitatissima furnishes the Black Varnish of the Burmese. It

is employed in the arts, and also as an anthelmintic.
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Odina Wodier has an astringent bark, which has been employed in India.
It also yields an astringent gum.
JHstacia.—P. Lentiscus is the source of the concrete resin called mastic or

mastich. It is obtained from the stem by incision. Mastich is chiefly employed
dissolved in spirit of wine, or oil of turpentine, as a varnish and cement. ' It
is used in the East as a masticatory, and also to some extent for fumigation.
It is also employed in this country by dentists for stopping teeth. It pos-
sesses stimulant and diuretic properties, but is rarely employed in medicine.
It is principally obtained from the island of Chio, where this plant is much
cultivated. P. Terebinthus is the source of the liquid oleo-resin, caUed Chian
Turpentine. This becomes solid by keeping from the loss of its volatile oil.

It has the general properties of the ordinary Turpentines, derived from some
of the Coniferag. Chian Turpentine, as its name indicates, is also obtained
from the island of Scio or Chio. Pistacia vera produces the fruit known as
Pistachio or Pistacia-nut, the kernels of wMch are of a green colour, and
have an agreeable flavour. They are highly esteemed by the Tirrks and
Greeks, and are occasionally imported into this country. They are either
eaten raw, or after having been fried, with pepper and salt. P. Khinjuk and
P. cabuUca, natives of Scinde, yield concrete resins resembling mastich.
Curiously shaped galls, of a shghtly astringent terebinthinate taste, are ob-
tained from P. KItinjuk, which enter into the native Materia Medica of
India under the name of Gul-i-pista.

Rhus. The Sumach,—Several species of this genus have more or less

poisonous properties. They have generally a milky juice, which becomes
black on exposure to the air ; and the emanations from some of them ex-
cite violent erysipelatous inflammation upon certain individuals when
brought within their influence. R. Toxicodendron is the Poison-oak of
North America. The leaves contain a peculiar acrid principle, to which their
medicinal properties appear to be due. They have been thought to be useful
in old paralytic cases, and in chronic rheumatism. R. venenata is the
Poison-ash or Poison-elder, and, like the two former, has very poisonous
properties. The above plants, in a fi-esh state, ought to be very carefully
handled, as their juices frequently cause violent erysipelatous inflammation.
The bark of R. Coriaria is a powerful astringent,\ind is used in tanning;
other species have similar properties. The fi-uit is acidulous, and is eaten
by the Turks. The leaves, when dried and powdered, constitute the material
called Shiimac or Sumach, which has been employed in tanning and dyeingfor
ages. The wood of /i.Co^fnwoi is known in commerce as Young Fustk or Zante
Fustic. It is used for dyeing, and produces a rich yellow colour. This must
not be confounded with Old Fustic, which is obtained from an entirely
different plant (see Madura tinctoria). R. Metopium, a native of Jamaica,
furnishes the Hog giim of that island ; this is said to have astringent,
diuretic, and purgative properties when given internally, and to act as a
vulnerary when applied externally to wotmds, &;c. From tbe fruits of R.
succedanea, and probably other species, Japanese Wax is obtained, which
is now largely used in this country for candles, kc. On the branches of this
plant in India, peculiar horn-like galls are foimd, vfhich are reputed to
possess astringent and tonic properties.
Semecarpus Anacardium is the source of the Marking Nut. These nuts

are used extensively in the preparation of a black varnish. The seeds are
edible, like those of the Cashew. These nuts and the fruit of HoUgama
longifolia (as before noticed), furnish the black varnish of Sylhet, used in the
East Indies, for varnishing lacquer-work, and for marking linen, hence their
common name. The black thick juice of this plant has powerfully caustic
properties, and is used by the natives in the East Indies as a vesicant. Its
employment, however, has frequently led to serious conseqitences, and should
be condemned as dangerous.
Spondias.—S. pui-purea, 8. Mombin, and others, have edible fruits, called

Hog-plums in the Brazils and NYe.-^t Indies. The fruit of S. cytherea or dulcis,
a native of the Society Islands, is said to rival the Pine- apple in flavour and
fragi-ance.

Stagmaria verniciftua {Rhus vernicifera) , is the source of a valuable hard
LL 2
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black varnish, known in the Indian Archipelago nnder the name of Japan
Lacquer.

Natural Order 77. Sabiaceje.—The Sabia Order.—Character.
—This is a small order of plants, containing but 2 genera and
9 species, which were formerly placed as doubtful genera of the

Anacardiacese ; but the Sabiace<s differ from the Anacardiacece,

in their stamens being opposite to the petals ; in their distinct

carpels ; in their solitary ovules being attached to the ventral

suture ; and in other characters. Miers and Blume regard the

Sabiacepe as related to Menispermacese and Lardizabalacese.

Distribution, ^'c.—Natives of the East Indies. Their proper-

ties are altogether unknown.
Natural Order 78. CoNNARACEiE.—The Connarus Order

Character.— Trees or shrubs. Leaves alternate, without dots,

compound, and generally exstipulate. Flowers usually perfect,

rarely unisexual. Calyx 5-parted, imbricate or ralvate in

aestivation. Petals 5, inserted on the calyx, imbricate or valvate.

Stamens 10, usually monadelphous, nearly or quite hypogynous.
Carpels 1 or more ; ovules 2, sessile, collateral, ascending, ortho-

tropal. Fricit follicular. Seeds with or without albumen, arillat«

or exarillate ; radicle superior, at the extremity most remote
from the hilum.

Distribution, ^-c.—Natives of the tropics, and most common
in tropical America. Examples of the Genera

:

—Connarus, Om-
phalobium. There are 42 species.

Properties and Uses.—Some have oily seeds ; others have an
edible aril, as some species of Omphalobium, The zebra-wood of

the cabinet-makers is said by Schombm-gk to be furnished by Om-
phalobium Lambertii, a very large Gruiana tree. (See Guettarda.)

Natural Order 79. Amyridace^.—The Myrrh and Frankin-

cense Order.— Character.

—

Trees or shrubs, abounding in a
fragrant gum-resinous or resinous juice. Leaves compound, fre-

quently dotted. Flowers perfect, or rarely unisexual. Calyx
persistent, with 2—5 divisions. Petals 3—5, arising from the

calyx below the disk ; (estivation valvate, or occasionally imbri-

cate. Stamens twice as many as the petals, perigynous. Disk
perigynous. Ovary 1—5-celled, superior, sessile, placed in or

upon the disk ; ovules in pairs, attached to a placenta at the

apex of the cell, anatropal. Fruit dry, 1— 5-celled ; epicarp

often splitting into valves. Seeds exalbuminous ; radicle su-

perior, turned towards the hilum.

Distribution, <^'c.—They have been only found in the tropical

regions of America, Africa, and India. Examjiles of the Genera

:

—Boswellia, Balsamodendron, Amyris. There are about 55
species.

Properties and Uses.—The plants of the order appear to be
almost universally characterised by an abundance of fragrant

resinous or gum-resinous juice. Some are considered poisonous

;
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others bitter, purgative, or anthelmintic; and a few furnish

useful timber. The more important plants are as follows :

—

Amyris.—A. hexandra and A. Plumieri have been stated to yield a portion

of theElemi of commerce, but there is no proof wliatever of such being the

case. A. halsamifera is reputed to furnish one kind of Lignum Rhodium.
A. toxifera, as its name implies, is regarded as poisonous.

Balanites cegyptiaca has slightly acid leaves, which are reputed to be
anthelmintic, while the unripe fruits are acrid, bitter, and purgative ; they
are eaten, however, when ripe. The seeds of this plant also yield by ex-

pression, a fixed oil of a fatty nature, called zachun in Egypt, where the

plant is cultivated.

Balsamodendron.—B. Myrrha is generally regarded as supplying the gum-
resin known in commerce under the name of Myrrh. It is called in Hebrew
mor or mur, and is mentioned in the Old Testament for the first time, in

Gen. sxxvii. 25 ; hence it must have been in use for more than 3500 years.

The plant or plants yielding MjTrh, for it is not yet altogether certain from
whence it is derived, are natives of Africa and the adjoining parts of Arabia.
Medicinally, myrrh is regarded as tonic, stimulant, expectorant, and anti-

spasmodic, when taken internally ; and as an external application it is

astringent and stimulant. The substance called Balm of Gilead or Balm of
Mecca, and which is supposed to be the Baln\ of the Old Testament, is said to

be procured from Balsamodendron Gileadense, although some authors say
that it is the produce of B. Opobalsamuin. The gum-resin knomi as Indian
Bdellium or false myrrh (the Bdellium of Scripture), is also probably de-

rived from species of Balsamodendron, namely, B. nnikul and B. pubescens,

BdelUum is the Gtigul of the Indian Materia iledica, and the Mokul of the
Persians. It is very similar to myrrh. According to some writers, Indian
Bdellium is the produce of Ai7iyris commiphora. African Bdellium is said

to be the produce of B. africanum. The inner bark of B. pubescens peels off

in thin white layers like that of Bosicellia papynfera, (see below).
Bosicellia.—The gum-resin, known under the name of Olibanum, is de-

rived from species of this genus. The name Olibanum appears to be derived
fi'om the Greek At/Sai/o?. It is the Lebonah of the Hebrews, and the Incense
or Frankincense of the Bible. Olibanum or Frankincense is now princi-

pally obtained from Arabia and the Soumali country in Africa. Three
species of Bosicellia, natives of the Soumali country, have been recently de-
scribed by Dr. Birdwood, who has named them B. Carterii, B. Bhandajiana,
and B. Frereana. These plants are the principal botanical sources of the
Arabian or African Olibanum of commerce. The kind known as East In-
dian Olibanum is supposed to be derived from B. thui-ifera (serrata), but we
have no reliable evidence upon this subject. Olibanum is chiefly used for
fumigation. B. papyrifera, a native of Abyssinia, also yieltls a fragrant
gum-resin. This tree is also remarkable on account of its inner bark, which
peels off in thin white layers, which may be used as paper.

Bursera gummifera and B. acuminata yield fragrant resinous substances,
—that from the foi-mer, is termed Chibou or Cachibou resin,—that from the
latter. Resin of Carana.
Canarium.— C. commune is the probable source of Manilla Elemi, the

officinal Elemi of the British Pharmacopoeia. Elemi is used as an external
stimtilant application to indolent ulcers, &c. The kernels of C. conijnune,
knoA\-n as Java Almonds, also yield by expres.sion a bland oil, which re-

sembles almond oil in its properties. C. balsamlferum of Ceylon, and C.

album, a native of the Philippine Islands, also yield fragrant resinous sub-
stances resembUng Elemi. C. strictum is the principal, if not the only soiu'ce

of the Black Dammar of Southern India. It is said to be a good substitute
for Burgundy Pitch. This resin is sometimes, however, said to be obtained
from Vutica Tumbugaia, a tree of the oi'der Dipteraceas (see Vatica).

Elaphrium.—E. elemiferum jnelds the concrete resinous substance, kno'mi
as Mexican Elemi. E. tomentosum also produces one of the resinous sub-
stances called Tacamahac. E. graveolens, a native of Mexico, is reputed to
be the source of a wood recently imported under the name of Mexican Lign-
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Aloe Wood, and also of a volatile oil obtained from it. This must not be
confounded with the true Lign-Aloes of the Bible (see Aleoxylon).

Jcica.—/. Icicariba is supposed to yield Brazilian Elemi. Other species pro-

duce somewhat analogous fragrant resins, as /, Carana, the source of Ameri-
can Balm of Gilead, /. heterophylla, the plant yielding Balsam of Acouchi,
/. heptaphylla, &c. /. altissima furnishes the Cedar-wood of Guiana, of which
there are BeTe^al varieties. It is chiefly used for making canoes.

Natural Order 80. Leguminos^ ob Fabace^.—The Legu-

minous Order {figs. 914—917).—Character.

—

Herbs, shrubs,

or trees. Leaves alternate, stipulate, usually compound {figs. 249,

351, and 354). Calyx {figs. 914, s, and 915, c) monosepalous,

inferior, more or less deeply divided into 5 parts, the odd division

Fig. 914. Fig. 915. Fig. 916.

Fig. 914. Diagram of the flower of the Garden Pea {Pisum sativum'), s.

Sepals, ps. Superior petal, pi, pi. Inferior petals, pi, pi. Lateral pe-
tals, c, e«. Stamens, c. Carpel. Fig. &15. The flower of the same. et.

Standard or vexlllum. ai. Wings or aire. car. Carina or keel enclosing
tlie essential organs, c. Cnlyx. Fig. 916. The essential organs of the
same surrounded by the calyx c. es. Bundle of nine stamens, el.

Solitary stamen, si. Style and stigma. Fig. 917, The fruit of the
same, with one valve removed.

being anterior. Petals wsnally 5 {fig. 914), or sometimes by
abortion 4, 3, 2, 1, or none, inserted into the base of the calyx,

equal or unequal, often papilionaceous {fig. 915) ; the odd petal,

if any, posterior {fig. 914,^5). Stamens definite {figs. 914 and
916), or indefinite, usually perigynous, rarely hypogynous, dis-

tinct or coherent in 1, 2 {figs. 538 and 916), or rarely 3 bundles;
anthers versatile. Ovary superior, usually formed of 1 carpel

{figs. 589 and 914), although rarely of 2 or 5 ; 1-celled, with 1,

2, or many ovules ; style and stigma simple {figs. 589 and 916).
Fruit usually a legume {figs. 654, and 675—677), sometimes a
lomentum {figs. 672 and 678), and rarely a drupe. Seeds 1 or

more, sometimes arillate, attached to the upper or ventral suture

{fig. 917) ; albumen absent or present; embryo {fig. 14) straight,

or with the radicle folded upon the cotyledons; cotyledons leafy

or fleshy, and either hypogeal or epigeal.

Diagnosis.—Herbs, shrubs, or trees. Leaves nearly always
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alternate and stipulate, and usually compound. Flowers regu-

lar or irregular, often papilionaceous. Calyx inferior, 5-parted;

odd division anterior. Petals 5, or fewer by abortion, or none,

perigynous, odd one, when present, posterior, k^ftamens distinct,

or coherent in 1 or more bundles. Ovary superior simple,
1 -celled; style simple, proceeding from the ventral suture.

Fruit usually a legume, or sometimes a lomentum, and rarely a
drupe. Seeds 1 or more, with or without albumen. This order

may be usually distinguished by having imjpilionaccous flowers, or

leguminousfruit.
Division of the Order, and Examples of the Genera.—The order

has been divided into three sub-orders as follows :

—

Sub-Order 1. Papilioxace^-:. —Petals papilionaceous, im-
bricated in aestivation, and the upper or odd petal exterior.

Examples of the Genera:—Ulex, Trifolium, Astragalus, Vicia,

Ornithopus, Onobrychis.

Sub-Order 2. C^salpixie.^.—Petals not papilionaceous,

imbricated in aestivation, and the upper or odd petal inside the

lateral petals. Examples of the Genera:—Caei^alpinia, Cassia,

Tamarindus.
Sub-Order 3. Mimoseje.—Petals equal and valvate in sesti-

vation. Examples of the Genera :—Mimosa, Acacia.

Distrilmtion and Numbers.—This is a very extensive order, and
has some representatives in almost every part of the world. A con-

siderable number of the genera are confined within certain geo-

graphical limits, while others have a very wide range. As a gene-
ral rule, the Papilionace^ are universally distributed, although

most abundant in warm regions; while the CcBsalpinie(e and
MimosecB are most common in tropical regions, but many of the

latter are also to be found in Australia. There are about 7,000
species.

Properties and Uses.—The properties and uses of the plants

of this order are exceedingly variable. Lindley remarks, that

"the Leguminous Order is not only among the most extensive

that are known, but also one of the most important to man,
whether we consider the beauty of the numerous species, which
are among the gayest-coloured and most graceful plants of

every region ; or their applicability to a thousand useful pur-

poses. The Cercis, which renders the gardens of Turkey re-

splendent with its myriads of purple flowers ; the Acacia, not
less valued for its airy foliage and elegant blossoms, than for its

hard and durable wood ; the Braziletto, Logwood, and Eose-
woods of commerce ; the Laburnum; the classical Cytisus ; the

Furze and the Broom, both the pride of the otherwise dreary
heaths of Europe; the Bean, the Pea, the Vetch, the Clover, the

Trefoil, the Lucerne, all staple articles of culture by the fanner,

are so many Leguminous species. The gums Arabic and
Senegal, Kino, Senna, Tragacanth, and various other drugs, not
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to mention Indigo, the most useful of all dyes, are products of

other species ; and these may be taken as a general indication

of the purposes to which Leguminous plants may be applied.

There is this, however, to be borne in mind, in regarding the

qualities of the order from a general point of view ; viz., that upon
the whole it must be considered poisonous, and that those

species which are used for food by man or animals, are excep-

tions to the general rule; the deleterious juices of the order not

being in such instances sufficiently concentrated to prove in-

JTirious, and being, in fact, replaced to a considerable extent by
either sugar or starch." In alluding to the properties and uses

of the more important plants of the order, we shall take them
under their respective sub-orders.

Sub-Order 1 . Papilionace^.—In this sub-order we have included a num-
ber of plants which are used as nutritious food by man or animals, such as

peas (Pisum), Broad-beans (Faba), Kidney-beans, Scai-let-runners and
haricots (P/iaseolus), Lentils {Ervum), Pigeon-peas (Cajanvs, &,c.). The
seeds of the above plants, and many others, are commonly known under the
name of pulse, and do not need any detailed description. Lucerne and
Medick (Medkago) , Melilot (Meiilotus) , Clover ( TrifoUu m), Tares and Vetches
{Ervvm, Vicia), Saintfoin (Oi^obi'ijchis) , and many others which are common
fodder plants in different parts of the globe, also belong to this sub-order,

and do not require any further notice. Some plants, or parts of plants, of

this sub-order are, however, poisonous, as the roots of the Scarlet-runner
(Phaseolus vmltiflorus) , the roots of Phaseohis radiutus, the seeds of Lathyrus
Aphaca, the seeds and bark of Laburnums {Cytims alpinus and C. Laburnum),
the seeds of Anagyris fociida, the seeds of the Ordeal Bean of Old Calabar
{Physostigma venenosum), and it is also said by some (although denied by
Macfadgen), the seeds of Abrus precatorms, also the seeds of the Bitter

Vetch {Ervum Ervilia), the juice of Coronilla varia, the leaves of some
Gompholobiums, the leaves and young branches of Tephi-osia toxicaria, the
bark of the root of Piscidia Erytkrina, &c.
The plants of the sub-order which require a more particular notice are as

follows :—
Abrus precatorius.—The seeds are used as beads for making rosaries, neck-

laces, &c.—hence their common name of prayer-beads. They are of a scarlet

colour, with a black mark on one side. They are reputed to be poisonous.
The roots resemble those of the Liquorice plant, and form an excellent sub-
stitute for them ; and hence the name of Wild Liquorice, or Indian Liquorice,

by which this plant is sometimes known.
Alschynomene.—The stems of uEsc/iynomene aspera furnish the Sola, or

Shola, of India. These stems are remarkably light and spongy, and hence
are commonly used for making floats and buoys for fishermen, for the ma-
nufacture of very light hats, and for other purposes where elasticity and
lightness are necessary. A fibre called Duchai Hemp is obtained from
jEschynomene cannabina.
Alhagi Maurorum, Camel's Thorn.—This plant and other species related

to it secrete in Persia and Aifghanistan a kind of manna. This substance is

obtained by simply shaking the branches. It is highly esteemed by the AflE-

ghans as a food for cattle. In some parts of the East it is used as food for

man, and as a laxative. It has been supposed to have been the manna upon
which the Israelites were fed in the wilderness, but such an idea is undoubt-
edly incorrect. (See Lecanora.)
Avdira.—Th& bark of Andira inermis, known as Cabbage-bark or Worm-

bark, was formerly much used as an anthelmintic. It possesses cathartic,
emetic, and narcotic properties. In large doses it is poisonous. A. retusa

yields a bark with siiuilar properties, which is known under the name of
Surinam Bark.
A achis hypogcea.—This plant is remarkable for ripening its legumes
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nnder the surface of the ground, hence it is commonly known as the
Ground Nut. The seeds are used as food in various parts of the world,
and are occasional!}- roasted and served up in the same manner as

Chestnuts, as an article of dessert in this country. They yield by expression
a fixed oil, which is employed very extensively in India for cooking, &c.,
where it is called Katchung Oil. The oil is also occasionally imported into
this country, or it is obtained here by expression from the seeds. It is a
very liquid oil, and is accordingly employed for watches and other delicate

machinery ; also for burning and other purposes. It forms a good and
cheap substitute for oUve oil.

Astragalus.—A.verus, and proh2i\>\j A. gummifer, creticvs. and other species,

furnish the Gum Tragacanth of the Materia Medica, or as it is frequently
temied in the shops

—

gum dragon. It is used by our manufacturers for

stiffening crape, &c. ; in medicine it is employed for its demulcent and
emollient properties, and as a vehicle for the exhibition of more active sub-
stances. Tragacanth exudes naturally, or from wounds made in the stems
of the above-mentioned plants. The seeds of A. bcetlcus are used as a substi-

tute for coffee in some parts of Germany.
BajJtisia tindoria.—This plant is the Wild Indigo of the United States.

It receives its common name from yielding a bhie dj'e resembling indigo,

although it is of far inferior quality to that substance. The root and other
parts are reputed to be emetic and purgative.

Boicdichia virgilioides.—The bark of this plant, with that of one or more
species of Byrsonima (Malpighiaceae), is said to form the Amei-icau Alcomoco
or Alcornoque Bark of commerce. (See Byrsonima.) It is used by the
tanners.

Butea.—B. frondosa, a native of India, yields an astringent substance
called butea gum or Bengal Kino, which resembles the officinal Kino in its

properties. (See Pterocarpus.) It is used in India in diarrhoeas and simUar
diseases, and also for tanning. Sac. B. siiperba and B. jniri-i/Iora also yield

a similar astringent substance. The di-ied flowers of B. frondosa, and
those of B. superba, are kno-wTi under the names of Tisso and Kessaree
flowers. They are extensively used in India in the production of beautiful
yellow and orange dyes, and have been imported into this country. The
fibres of the inner bark of B. frondosa are kno-mi under the name of Fulas
cordage. The seeds of the same plant are also highly esteemed as a vermi-
fuge in India.

Castanospermum austraJe.—The seeds when roasted are said to resemble in
flavoiu- the chestnut, but they are very inferior to it. The plant is a native
of Moreton Bay, in Queensland—hence the seeds are called Moreton Bay
Chestnuts.

Cicer arietimtm. Chick Pea ; Bengal Gram.—The seeds of this plant are
very largely used in India as food for cattle, &c. An acid liquid exudes fi'om
the hairs of the stem, Lc, which is employed as a refrigerant by the natives
of India.

CUtoria Ternatea.—The seeds of this Indian climber have been used with
success as a purgative.

Colutea arborescens, Bladder-Senna.—The leaflets of this plant have been
used on the continent to adulterate Alexanthian Senna. They are at once
distinguished by their regularity at the base.

Coronil/a Emerus has cathartic leaves. They have been used to adulterate
Senna on the continent. They form the Serie Sauvage, or Wild Senna of
France.

Crotalaria juncea is an Indian plant which furnishes a coarse fibre called
Sumi, Sun, S/uaium, Taag, Bengal Hemp, &c. In Bombay and Madras this
fibre is used for making gimny bags. (See Corchorus capsularis.) This is

sometimes confomided with Sunnee, a fibre obtained from Hibiscus canna-
binus. (See H. cannabinus.) Crotalaria tenvifolia, another Indian plant,
now regarded only as a variety of C. juncea by some, is the source from
whence Jubhulpore Hemp is prepared.

JJalbergia.—SeTernl species of this genus are good timber trees. The most
valuable of them all is Z>. Sissoo. In India its wood is called Sissoo and
Sissum. East Indian Rosewood or Black Wood, is obtained from £). latifolia.
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According to Dr. Allemao, of Brazil, the best Rosewood of commerce is de-
rived from D. nigra, a native of Brazil ; and other qualities from species of
Machceriuin. (See Triptolomcea.)

Dipteryx.—The seeds of D. odorata, a native of Guiana, have a very
powerful and agi-eeable odour, which is due to the presence of Coumarin.
They are used for scenting snuff and in perfumery, and are commonly
known under the name of Tonquin or Tonka Beans. Coumarin is also

present in other plants of this sub-order, as in the seeds and flowers of

Melilotus officinalis and coerulea. Fragrant seeds are also obtained from
D. eboensis. They are the Eboe-nuts of the Mosquito shore ; they yield a
fatty oil.

Genista tinctoria, the Dyer's Broom, yields a good yellow dye, or when
mixed with Woad (Isatis tinctoria), a green. (See Isatis.)

Geoffroya vermifuga, G. spinulosa, and other species possess barks which
have similar properties to those from the species of Amlira. (See Andira.)

Glycyrrhiza.—The roots or underground stems of G. glabra, the Common
Liquorice plant, as well as those of other si^ecies, particularly G. echinata and
G. glandulifera, possess a remarkably sweet taste, which is due to the presence
of an uncrystallisable sugar which is not susceptible of vinous fex-mentation,

and to which the names of Glycyrrhizin, Ghjcion, and Liquorice sugar, have
been given. Extract of liquorice root is imported in very large quantities
into this country under the name of liquorice juice, or Spanish or Italian

juice from the countries whence it is obtained. The Spanish juice is pre-
pared from G. glabra ; the Italian fi'om G. echinata. The root and the ex-
tract of liquorice are employed in medicine as flavouring substances, and
for their demulcent and emollient properties. Various preparations of
liquorice are commonly kept in the shops, and sold under the names of pipe
liquorice, Pontefract lozenges, extract of liquorice, Solazzijuice, he.

Indigofera tinctoria, I. coerulea, and some other species, when subjected to a
peculiar process yield commercial indigo, one of the most important of

dyeing materials. It is very poisonous, but in proper doses it has been em-
ployed in epilepsy and amenorrhcea, but its value in such diseases is by no
means well established.

Machcerium.—M.ftnnum, M. legale, and probably other species, are said

to be the source of the inferior kinds of Rosewood. (See Dalbergia and
Triptolomcea.)

Melilotus offlcinalis.~The flowers and seeds of this and other species possess

a peculiar fi'agrancy, which is due to the presence of Coumarin. They are
used to give the flavour to Gruy^re and some other kinds of Cheese.
Mucuna.—The hairs covering the legumes of M. pruriens, which is

a native of the "West Indies, and those of M. prurita, a native of the East
Indies, and probably identical with it, are sometimes used as a mechanical
anthelmintic, under the name of Cowhage or Cow-itch. An infusion of the
root of M. pruriens has been also used in India as a remedy for cholera.

M. urens and M. altissinia furnish a black dye.
Myroxylon or Myrospermum.—Bii\?&va. of Tolu is obtained from the stem

of Myroxlon Toluiferum by incision. It possesses mild stimulant and expec-
torant properties, and is used in chronic bronchial affections. It is also used
in perfumery, and as an ingredient in fumigating pastilles. Balsam of

Peru is now exclusively obtained from M. Pereirce, a native of the Balsam
Coast, as it is called, on the We.-;tern Coast of Central America. It is a fluid

balsam, which exudes from the trunk after the bark has been first scorched
by fire, and subsequently removed. Balsam of Peru has similar properties

to Balsam of Tolu, but it is far less frequently employed. Balsam of Peru is

sometimes known in commerce under the names of Sonsonate or St. Salvador
Black Balsam. Two other medicinal products are also derived from M.
Pereirce, namely. White Balsam, which is obtained by pressing without heat
the interior of the fi-uit and seeds ; and Balsamito, or Essence or Tincture of

Virgin Balsam, which is made by digesting the fi-uit (deprived of its winged
appendages) in rum. A peculiar crystalline substance has been obtained by
Stenhousc from "White Balsam, to Avhich he has given the name of Myroxo-
carpin.
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Orobiis tuberosus.—The roots are occasionally eaten in the Highlands of

Scotland, and in Holland.
Physostigma venenosum. Calabar Bean.—The seeds of this plant have been

known for some years under the name of the Ordeal-beans of Old Calabar,

from their nse in that country for trial by ordeal. They are verj- poisonous,

acting as a powerful sedative of the spinal nervous system. Calabar beans
have been introduced into the British Pharmacopoeia, and in the form
of an extract, or some other suitable preparation, have been extensively em-
ployed as a local appUcation to the eye to cause contraction of the pupil.

The seeds, &c., have also been administered internally in tetanus, chorea,

and some other nervous affections.

Pongnmia glabra.—The seeds yield an oil by expression, which is a favourite

application in India in rheumatism, and several cutaneous diseases.

Psoralen glandulosa.—The leaves are used in Chili as a substitute for

Paraguay tea.

Pterocarpiis.—P. Marsupium is the source of our officinal Kino. It is

known under the names of East Indian, Amboyna. or Malabar Kino, or in

the shops as Gum Kino. It is a valuable and powerful astringent. P. eri-

nacetis, a native of "West Africa, yields a similar astringent substance called

African Kino. East Indian Kino is that commonly met with in this country.

Some other species appear to yield similar products. Red Sandal or Med
Sander's Wood is obtained from P. sontalinus. It is used in medicine as a
colom-ing agent, and also by the dyer for the production of red and scarlet

dyes. It contains a peculiar colouring matter of a resinous nature called

Santfilin. P. dalbergioides is said to yield the Andaman Red Wood. It is a
valuable timber tree, and is also useful as a dyeing material. The bark of

P.Jktvus is used in China for dyeing yellow. P. Draco is one of the plants

from which the Dragon's Blood of commerce is obtained. This is sometimes,
but improperly, called Gum Dragon. The true Giam Dragon of the shops
is yielded by a species of Astragalus. (See Astragalus.)

Robin ia Pseud-acacia is the North American Locust tree. It is frequently

cultivated in Britain, on account of its flowers and its hard and durable wood.
Sarothamnus.—S. scoparius is the common Broom ; the seeds and tops in

small doses are diuretic and laxative, and in large doses purgative and
emetic. Sarothamnus junceus, the Spanish Broom, has similar properties.

Soja hispida.—The seeds of this plant are used in India, &c., in the pre-

paration of the sauce called Soy. It is imported from thence in large quan-
tities.

Sophora japonica.—The dried flower-buds are extensively used in China,
for dj'cing yellow. They are known under the name of Wai-fa.

Tephrosia ApoUinea and T. toxicaria are used in Africa for the preparation
of a blue dye resembling indigo. Several siDCcies of Tephrosia, particularly

T. toxicaria. are used as fish poisons. They stupefy the fish, which are then
readily taken by the hand. It has been thought by some, that T. toxicaria

would act on the human system like Digitalis, and hence might be used as a
substitute for it in those parts of the world where that is not a native.

The leaflets of T. ApoUinea are sometimes employed in Egypt to adulterate
Alexandrian Senna. They may be readily distinguished fx-om Senna leaflets

by their silky or silvery appearance, and by being equal-sided at the base.

Trifjonella Fosnum Gnecum.—The seeds of this plant are used in veteri-

nary medicine under the name of F(enugreek,
Triptolomcea.—The tnie Rose-Avood of cabinet-makers, which is imported

from Brazil, has been generaDy regarded as the produce of one or more
species of this genus, but this is now said to be derived from a species of
Dalbergia, &c. (See Dalbergia.)

Voandzea.—The seeds of this plant resemble those of the Arachis hypogcea
in being edible. They are boiled and eaten as peas. Their native name in
Sm-inam is Gobbe.

Sub-Order 2, CiBALPDrtE^.—The plants of this sub-order are principally
remarkable for their purgative properties. Many important dye-woods and
several tanning substances are also obtained from plants belonging to it.

The fruits of some again are edible, and none possess any evident poisonous
properties. The more important plants are the following :—



524 SYSTEMATIC BOTANY.

Baphia nitida, a native of Sierra Leone and other parts of Africa, fur-
nishes the dye-wood known under the name of Barwood or Camwood. This
wood produces a brilliant red colour.

Bauhinia.—B. Vahlii, B. racemosa, and B. parviflora furnish fibres which
are used in making ropes. B. retusa produces a kind of gum. B. vm-iegata
has an astringent bark, which is used in medicine, and for tanning and
dyeing leather. The buds and dried flowers of B. tomentosa are also as-
tringent, and are employed in dysentery, &c. Other species of Bauhinia are
used in Brazil for their mucUaginous properties.

Ccesalpinia.—The twisted legumes of C. coriaria are powerfully astringent

;

they are extensively used in tanning under the name of Divi-cUvi or Libi-dibi.

The legumes of C. Papai are employed for a similar purpose, but they are
very inferior to them ; they are called Pi-pi. The powdered legumes of C.
coriaria have been used with some siiccess in India as an astringent and
antiperiodic. C. Sappan furnishes the Sappan, Bookum, or Bukkum-wood
of India. It is used for dyeing red. The roots of the same tree, under the
names of Yellow-wood and Sappan-root, are sometimes imported from
Singapore, and employed for dyeing yellow. Sappan wood is also a useful
astringent, somewhat reseml^ling Logwood in its effects. C. echinata fur-
nishes Nicaragua, Lima, or Peach-wood, which is very extensively used
in dyeing red and peach-colours. C. crista is the plant from which
Brazil-wood is obtained. It is vised for dyeing yellow, rose-colour, and
red. C. b?-asiliensis furnishes another dyewood, called Braziletto-wood,
which produces fine red and orange colours. The exact species furnishing
the above three dye-woods cannot, however, be said to have been altogether
ascertained.

Cassia.—The species of this genus are generally characterised by purgative
properties. The leaflets of several species furnish the Senna of commerce,
of which there are several varieties. Some unceitainty, however, stiU pre-
vails as to the plants from which some of the commercial kinds are derived.
The botanical source of the variety known commonly as Alexandrian Senna
is said in the British Phamiacopoeia to be Cassia Imceolata of Lamarck, and
C. obovata of Colladon. This is the kind generally most esteemed in this

country, but it is frequently adulterated with the leaves of other plants, as
those of Solenostenuna Argel, Ti-jy/irosia Apollinea. &c., from which it is

readily distinguished by the inequality of its leaflets at the base. The
Common East Indian, Mecca, or Bombay Senna is probably derived from C.

elongata of Lemaire. Tinnivelly Senna is furnished by the same plant cul-
tivated in Southern India. It is a very fine kind. The above three varieties

are those generally used in England, and Alexandrian and Tinnivelly senna
are officinal in the British Pharmacopoeia. Other commercial varieties arc
Tripoli Senna, from C. CBthiopka ; Aleppo Senna, from C. obovata ; and
American Senna, C. marilandica. The Italian and Jamaica kinds of Senna
are both derived from C. obovata. Cassia Fistula.—The fruit, which is divided
into a number of cells by spurious dissepiments, contains a blackish-brown
viscid pulp \vith a sweetish taste, which possesses laxative and purgative
properties. The root is also said to be a very powerful purgative. C. brazi-
liana has a larger, longer, and rougher fruit, which also possesses purgative
properties. It is commonly used in veterinary medicine, and is known as
Horse Cassia. The fruit of C. moschata is the Small Amer-ican Cassia of
the French Phannaciens. It is occasionaUy imported. The pulp has
similar properties to the two former, but is more asti'ingent. The bark of

C. auriculata is said by Roxburgh to be employed for tanning and dyeing
leather. It has also been used instead of oak bark in the preparation of
astringent gargles, &c. The seeds are also regarded as a valuable local ap-
plication in certain forms of ophthalmia. The flowers are also used for
dyeing yellow. The powdered seeds of C. absus, under the name of Chichm,
are used in Egjrpt as a remedy in ophthalmia. Tliey are also used for a
similar purpose in India. The leaves of C. alata are held in great esteem in
the East Indies and elsewhere as a local application in skin diseases ; and
the leaves of C. Sophora, C. occidentalis, and C. Tora, are said to possess
similar properties.

Ceratonia Siliqua.—Uhe ripe fruit of this plant is known under the names
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of Carob, Locust, and St. John's Bread. Its pulp has a very sweet taste,

and is supposed to have been the food of St. John in the wilderness. The
Carob Bean contains about 63 per cent, of sugar when in a dried state, and
upwards of 20 per cent, of other respiratory and fat-producing principles,
and about 1 per cent, of oil. Hence it is especially adapted for fattening
purposes, and it is now largely imported into this country as a food for
cattle. It is said that the small seeds of this plant formed the original carat
weight of jewellers.

Codarium {Dialium) acutifolium and C. ohtusifolium yield fruits which are
knoA^Ti imder the names of Brown and Velvet Tamarinds. They are both
natives of Sierra Leone. The pulp of both species is eaten, and has an
agreeable taste.

Copaifera.—Several species of this genus, as C. muUijuga, C. officinalis,

C. Langsdorfii, C. coriacea, kc, yield the oleo-resin, commonly known under
the name of Balsam of Copaiba. This is obtained by making incisions into
the stems of the trees. The Copaiba of commerce is principally derived
from C. multijuga, and is imported from Brazil. C. pubiflora, and probably
C. bracieata also, furnish the Purple Heart or Purple" Wood of Guiana,
which is largely emploj-ed for making musket-ramrods, &;c. C. Guibourtiana,
or Guibourtia copallifera, is the principal, if not the sole, source of the
copal resin.of Sierra Leone. Dr. Welwitsch has recently, however, ex-
pressed his belief that aU West African copal, and probably aU gum resin
exported under this name fi-om Tropical Africa, may be looked upon as a
fossil resin, produced in times past by trees which at present are either
entirely extinct or exist only in a dwarfed posterity.

Dialium indicum yields a fruit called the Tamarind Plum, the pulp of
which has an agreeable slightly acidulous taste, somewhat resembling that
of the common Tamarind. (See Codarium.)

Guilandina (Ccesalpinia) BonJucella, the Nicker Tree.—The seeds are vary
bitter, and possess tonic and antiperiodic properties. They have been em-
ployed in India with success in intermittent fevers, &c. The bark also
iwssesses bitter and tonic properties. The seeds are also used for necklaces,
rosaries, Sac.

Hcsmatoxylon campechianum.—The wood is employed in dyeing, and as an
astringent and tonic in medicine. It is commonly known iinder the name
of Logwood. It contains a crystalline colouring principle called hoema-
toxylin or hcematin, to which its properties are essentially due.

Hymeniea.—H. Courbaril, the West-Indian Locust-tree, is supposed to fm*-
nish G-um Anime or East-Indian Copal, but upon no reliable authority. Some
of the East-Indian Copal is, however, probably obtained fi-om JI. verrucosa.
Mexican Copal is also supposed to be derived from a species of Hymeinea.
The inner bark of H. Courbaril is said to possess anthelmintic properties.
The seeds of the same plant are imbedded in a mealy substance, which is

sweet and pleasant to the taste, and when boiled in water, and the mixture
afterwards allowed to undergo fermentation, an intoxicating beverage is

obtained. This tree gi'ows to a large size, and its timber, under the name of
Locust-wood, is used by ship-carpenters.

Mora excilsa.—This plant, which is a large tree, a native of Guiana, fur-
nishes the Mora Wood employed lai-gely for ship-building. The bark is

astringent, and useful for tanning.
Parkinsonia ac«/eata.—Useful fibres are obtained fi-om the stems of this

plant.

Poinciana pulcherrima.—The roots are said to be tonic, and the leaves to
have purgative properties.

Swartzia tomentosa, the BuUy-tree, a native of Guiana, yields a hard and
dm-able wood, called Beefweod.
Tamarindus indica.—The fi'uit of this plant is the well-known Tamarind.

It contains an agreeable, acidulous, sweet, and reddish-bro-wn pulp, which,
•when preserved in sugar, is employed medicinally in the preparation of a
cooling laxative drink.

Ti-achylobium.—Dr. Kirk has recently sho-wn that T. mossambicense is the
botanical source of the kind of Zanzibar Copal, kno^\-n as " Sandarusi-m'ti,"
Tree Copal. He also believes that the Copal known in the English market as
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" Anime," the most valuable of all and which " is now dug" from the soil, is

the produce of forests now extinct, but probably derived originally from the
same sjiecies of Trachylobium. This and other kinds of Copal are very exten-
sively used in the preparation of varnishes. Brazilian Copal is said by some
to be derived from T. Martianum and several species of Hyinentea, but on no
reliable authority. The origin of the kind of Copal known as Angola
Copal is at present undetermined. It has been referred to T. Martianum, but
this tree has never been found in Africa. (See Hymencea and Copaifera.)

Sub-Order 3. Mimose^.—The plants of this sub-order are chiefly remark-
able for yielding gum and astringent substances. Some few are reputed to

be poisonous, a3 the Acacia varians, the I'oot of a Brazilian species of

Mimosa, the leaves and branches of Prosopis utiliflora, the bark of Enjthro-
phloeum guineense, &c.

Acacia.—Various species of this genus yield gum. Thus, A. vera and
A. nilotica of Delile, are regarded as the chief sources of commei'cial Gum
Arabic ; A. gummifera, of Barbary or Morocco Gum ; A. Verek, A. vera, A,
Seyal, and others, of Gum Senegal ; A. arabica and A. speciosa, of East Indian
Gum; A. Karoo, of Cape Gum; and A. decurrens, A.mollissima, and A. aj^nis,

of South Australian Gum. The botanical sources of these commercial varieties

cannot, however, as yet be said to have been accurately determined. The
extract prepared from the duramen or inner wood of Acaeia Catechu, fur-

nishes a kind of Catechu or Cutch, a powei-fully astringent substance, con-
taining much tannin, and largely employed in the processes of tanning and
dyeing, and also to some extent in medicine. (See Uncaria Oambir.) The
dried legumes of A. nilotica ai-e imported under the navaes, of Neb-neb, Nib-nib,

or Bablah, and are also used by tanners on account of their astringent properties.

The bark of A. arabica possesses similar properties, and is used extensively in

India under the name of Babul Bark as a substitute for oak bark. The barks
of several other species which are natives of the East Indies possess similar

astringent properties. The extract of the bark of ^4. melanoxylon, an
Australian species, is also a valuable tanning substance, and is frequently

imported into this country for that purpose. The bark is also sometimes
imported under the name of Acacia Bark. A . formosa, a native of Cuba,
furnishes a very hard, tough, and durable wood, of a dull red colour, called

Sabicu. This is the wood that was used in constructing the stairs of the

Crystal Palace in Hyde Park, at the Great Exhibition in 1851, and which
upon removal was found to be but little worn. The flowers of A. Far-
nesiana are very fragrant, and when distilled with water or spirit, yield a
delicious perfume. It also yields a valuable gum. A . Seyal is supposed to

be the Shittah-tree or Shittim-wood of the Bible. By others, however, this

has been thought to have been A. vera, and by some, A. horrida. The first

is probably coiTect-

Adenanihera pawnina, a native of India, &c., produces a dye-wood, called

Red Sandal-wood. This must not be confounded with the Red Sandal-wood
already alluded to, as derived from Pterocarpus santalintis. The seeds, under
the name of Barricarri Seeds, are used in the northern parts of South
America for making necdaces, &c. They are perfectly smooth, and have a
bright red colour.

Erythrophloeum guineense. The Sassy Tree of Western Africa.—The bark,

under the name of " ordeal bark" or " doom bark," is used in certain parts

of Africa as an ordeal, to which persons suspected of witchcraft, secret

murder, &c., are subjected as a test of their innocence or guilt.

Prosopis.— Tlie legumes of P. pallida and some other species are very
astringent, and have been used in tanning under the name of Algarobilla.

The legumes of P. dulcis and other species or varieties found in South
America, &c., have a sweetish taste, resembling the Carob Beans (C^/'rttowja),

and like them are used as a food for cattle, under the name of Algorobo ; and
a drink called Chica is also prepared from them. The name of Chica was at

first given to a fermented liquor of the Maize, but is now commonly applied

in South America to several fermented drinks.

Natural Order 81. MoiiixGACEiE.—The Moringa or Ben-nut

Order.—Character.— Trees with bi- or tri -pinnate leaves, and



CAI-YCIFLOBiEX. 5 27

deciduous coloured stipules. Flowers white, irregular. Sepals

and petals 5 each ; the former deciduous, petaloid, and furnished

with a fleshy disk; (Bstivation imbricated. Stamens 8 or 10,

placed on the disk lining the tube of the calyx, in two whorls,

the outer of which is sometimes sterile; anthers 1-celled. Ovary
stalked, superior, 1 -celled, with 3 parietal placentas. Fndt
long, pod- shaped, capsular, 1-celled, 3-yalvod, with loculicidal

dehiscence. Seeds numerous, without albumen.
Bistributioti, ^'c.—Natires of the East Indies and Arabia.

There is only one genus {Moringa), and 4 species.

Properties and Uses. — Pungent and slightly aromatic pro-

perties more or less prevail in plants of the order, hence they
have been employed as stimulants.

Moringa pfet^gosperma.—The root resembles that of Horse-radish in its

taste and odour, and has been used internally as a stimulant and diuretic,

and locally in a fresh state as a rubefacient and vesicant. A kind of gum
somewhat resembhng Tragacanth exudes from the bark when wounded. Its
seeds are called in France Pois Queniques and Chicot, and in England Ben-
nuts. They yield a fixed oil called Oil of Ben, which is sometimes used by
painters, and also by perfumer? and watch-makers. The wood has been
supposed, but on no rehable authority, to be the lignum nephriUcum of the
old materia medica writers.

Natural Order 82. Eosace^.—The Rose Order {figs. 918

—

926).—Character.

—

Trees, shrubs, or herbs. Leaves simple

{fig. 282) or compound {fig. 352), alternate {fig. 263), usually

stipulate {figs. 282 and 352). Flowers regular, generally herm-
aphrodite {figs. 918—921), rarely unisexual. Calyx monose-
palous {figs. 460 and 919), -with a disk either lining the tube or
surrounding the orifice, 4- or 5-lobed, when 5, the odd lobe

posterior {fig. 918), sometimes surrounded by a whorl of bracts

forming an involucre or epicalyx {fig. 439). Petals 5 {figs.

Fig. 918. Fig. 919.

Fig. 918. Diagram of the flower of a species of Rose, with five sepals,
five petals, uunierous stamens, and many carpels.

—

Fig. 919. Vertical
section of the flower.
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Fig. 920. Fig, 921.

Fig. 920. "Vertical section of the flovvei- of tlie Peach. Fig. 921. Ver-
tical section of the flower of the Quince (Cydonia vulgaris). Fig.

922. Anther with part of the filament of a species of Rubus. Fig.

923. Vertical section of the flower of Alchemilla. Fig. 924. Vertical
section of the fruit of the Cherry, ejj. Epicarp. me. Mesocarp. en.

Endocarp, within which is the seed and embryo. Fig. 925. Vertical
section of an achsenium of the Rose. Fig. 926. Vertical section of
the ovary, o, of a species of Rubus, with the ovule, ov.

460,^, and 918), perigynous, rarely none (Jig. 923). Stamens

definite {fig. 923) or numerous, perigynous {figs. 919—921);

anthers {fig. 922) 2-celled, innate, dehiscing longitudinally.

Ovaries 1 {fig. 923), 2, 5, or numerous {figs. 918 and 919);
1 -celled {figs.'92^ and 926), usually apocarpous and superior {figs.

918, 919); or sometimes more or less combined together, and
with the tube of the calyx, and thus becoming inferior {fig.

921); stgles basilar {figs. 625 and 923), lateral {fig. 624), or

terminal {fig. 920); ovules 1 {fig. 926), or few {fig. 921). Fruit

various, either a drupe {fig. 679), an achsenium, a follicle, a dry

or succulent etasrio {figs. 647 and 711), a cynarrhodum {fig.
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437), or a pome {figs. 457 and 705). Seeds 1 {figs. 924 and 925)
or few {fig. 4lo7), exalbuminons ; embryo {fig. 924) straight,

with flat cotyledons.

Diagnosis.— Trees, shrubs, or herbs, with alternate leaves.

Plowers regular. Calyx 4—5-lobed ; when 5, the odd lobe pos-
terior. Petals 5 or none. Stamens perigynous, distinct ; anthers
2-celled, innate. Carpels one or more, usually distinct, or some-
times united, generally superior, or occasionally more or less

inferior. Seeds 1 or few, exalbuminous ; embryo straight.

Division of the Order, and Examjiles of the Genera.—The order
Eosacese, as above defined, may be divided into five sub-orders,

which are by some botanists considered as distinct orders. They
are characterised as follows :—

•

Sub-order 1. Chrysohalanea. — Trees or shrubs, with simple
leaves, and free stipules. Carpel solitary, cohering more or
less on one side with the calyx ; ovules 2, erect ; style basilar.

Pruit a drupe. Seed erect. Examples : Chrysobalanus, Mo-
quilea.

Sub-order 2. Amygdalece or Drupacece.— Trees or shrubs, with
simple leaves, and free stipules. Calyx deciduous. Carpel
solitary, not adherent to the calyx ; style terminal. Fruit a
drupe. Seed suspended. Examples: Amygdalus, Prunus.

Sub-order 3. Rosecs.— Shricbs or herbs, with simple or com-
pound leaves, and adherent stipules. Carpels 1 or more, supe-

rior, not united to the tube of the calyx, distinct, or sometimes
more or less coherent ; styles lateral, or nearly terminal. Frxiit

either an etserio, or consisting of several follicles. Seed usually

suspended, or rarely ascending. Examples: Rosa, Eubus,
Brayera, Quillaia.

Sub-order 4. Sanguisorbew.—Herbs or undershrtcbs. Plowers
often unisexual. Petals frequently absent. Carpel solitary

;

style terminal or lateral. Pruit an achaenium inclosed in the

tube of the calyx ; which is often indurated. Seed solitary,

suspended or ascending. Examples: Alchemilla, Sanguisorba.

Sub-order 5. TomecB.— Trees or shrubs, with simple or compound
leaves, and free stipules. Carpels 1 to 5, adhering more or less

to each other and to the sides of the calyx, and thus becoming
inferior; styles terminal. Pruit a pome, 1—5-celled, or rarely

spuriously 10-celled. Seeds ascending. Exainples : Cydonia,
Pyrus, Crataegus.

Distribution and Numbers.—The Chrysobalanecs are principally

natives of the tropical parts of America and Africa. The Amygdalets
are almost exclusively found in the cold and temperate regions

of the northern hemisphere. The Rosea; and SanguAsorbea are

also chiefly natives of cold and temperate climates, although a

few are found within the tropics. The Fomece occur only in the

M M.
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cold and temperate regions of the northern hemisphere. The
order Eosacese comprises about 1000 species, of which about one
half belong to the sub-order Eosege.

Properties and Uses.—Tlie plants of the order are principally

remarkable for their astringency, and for their succulent edible

fruits. The seeds, flowers, leaves, and young shoots of many of

the AmygdalecB and Poviecs, when moistened with water yield

Hydrocyanic acid; hence the parts of such plants are then

poisonous. All other Eosacese are entirely devoid of poisonous

properties.

Sub-Order 1. Chrys(ibalane^.—Many plants of this sub-order produce
edible drupaceous fruits.

Chrysobalanus.—The fruit of C. Icaeo is edible. It is known in the West
Indies under the name of the Cocoa-plum. The fruit of C. luteus is also

eaten in Sieira Leone. The root, bark, and leaves of C. Icaco are employed
in Brazil as a remedy in diaiThoea and similar diseases.

Parinarium.—P. excelsum also yields an edible fruit, which is known in
Sierra Leone under the name of the Rough-skinned or Gray Plum. The
kernels of the P. campestre and P. montanum are also reputed to resemble
the Almond in flavour.

Sub-Order 2, Amygdale^. or Drupace^.—This sub-order is remarkable
from the parts of many of its plants yielding when moistened with water,
hydrocyanic acid. Their barks also fi-equently possess astringent and febri-

fugal properties, and yield a kind of gum : while many, again, have edible
fruits and seeds.

Amygdalus. A. communis is the Almond-tree, of which there are two
varieties, namely, the A. communis, var. dulcis, and the A. communis, var.
amara. The seeds of the former are known as Sweet Almonds ; those of

the latter, as Bitter Almonds. The Almond-tree is a native of Syi'ia andmany
other parts of Asia, and also of Barbary and Northern Africa ; it is also ex-
tensively cultivated in the southern parts of Europe. Sweet Almonds yield

by expression a fixed oil commonly known as Oil of Almonds. They also
contain sugar, gum, and a substance called vegetable albumen, Synaptase,
or Emulsin. The cake left after the expression of the oil, when dried and
powdered, is known under the name of Almond-powder. Bitter Almonds
yield a similar oil by expression. They also contain Emulsin, and, in addi-
tion to the other ordinary constituents of Sweet Almonds, a nitrogenous
substance called Amygdaline. When bitter almonds are moistened with
water, the Emulsin and Amj'gdaline mutually react upon each other and
foim a volatile oil containing hydrocyanic acid, and which is known as the
Essential Oil of Bitter Almonds. The presence of hydrocyanic acid renders
this oil very poisonous, but this is not the case when the acid is separated
fi-om it. Bitter Almonds and their essential oil are extensively em])loyed
for flavouring by the cook and confectioner, and also for scenting soap and
for other purposes by the perfimier. The cake left after expressing the oil

is frequently used for fattening pigs and for other purposes. A. persica is

the Peach-tree of our gardens, and a variety of the same species produces
the Nectarine. The flowers of A . persica have been employed as a veiini-

fuge, and the leaves for flavouring, and as a venntfuge. The kernels may
be used for the same purposes as the Bitter Almond. All these parts, as
weU as the bark, possess poisonous properties owing to the formation of
hydrocyanic acid.

Prunus. P. domestica and its varieties produce the well-known fruits

called Plums, Greengages, and Damsons. When dried plums are termed
Prunes or French Plums. P. spinosa is the common Sloe or Blackthorn, and
P. institia, the Bullace. P. armeniaca is the Apricot. The barks of P. spi-

nosa and/*. Cocomilia have febrifugal properties. The leaves of P. spinosa are
sonietimes used for adulterating the black tea of China. A mixture consisting
of the leaves of P. spinosa and those of Fragaria collina, or F. vesca, in the
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proportion of one-thii-d of the former to two-thii-ds of tLe latter, are said to
form a good substitute for China Tea,
The following plants are fi-equently considered by botanists to constitute a

distinct genus, Avhich is termed Cerasus, but the species comprised in it are
now more fi-equently included under /"/•«« M5. Several species or varieties pro-
duce the fruits called Cherries : thus, P. virginiana of Miller, is the Wild Black
Cnerry of the "United States ; P. avium the Wild Cheny ; P. Padiis the Bird
Cherry ; and P. virginiana of Linnsus, the Choke Cherry or Choke-berry.
The latter is one of the fi-uits which is commonly mixed with Pemican. (See
Amelancfiier.) The leaves, bark, and fruit of the Prunus Laut-o-cerastis,

the Common Lam-el or Cherry-laurel, are poisonous. Their poisonous pro-
perties are due to the production of a volatile oil containing hydrocyanic
acid when they are moistened with water. Cherry-laurel water is anodyne
and sedative in its action, and may be employed in all cases where hydi-o-
cyanic acid has been used. It is, however, very Uable to vary in its strength.
It is prepared by the distillation of the fresh leaves with water. The bark
of P. virginiana ot Miller is officinal in the United States Pharmacopoeia
and is one of the most important of their indigenous remedies. It
is regarded as powerfully tonic, calmative of nervous irritability, and as an
arterial sedative, P. lusitanica is the Portugal Laurel of our shnibberies.
The kernels of P. ocddentalis and other species are used for flavouring liquem-s,
as Xoyeau, Cherry-brandy, Maraschino, &c. A gummy exudation somewhat
resembling tragacanth takes place more or less from the stems of the diffe-
rent species of Prunus.
Sub-Order 3,—Rose.e- The Eoseae are chiefly remarkable for their astrin-

gent properties. Many yield edible fraits.

Agrimonia Eupatoria has been used as a vermifuge and astringent.
Brayera authelmintica is a native of Abyssinia. The flowers and tops of

this plant under the name of Cusso or Kousso have been long employed by
the Abyssinians for their anthelmintic properties. They have been also
used of late years in this and other countries for a similar purpose, and in
some instances with great success. Cusso is now officinal in the British
Pharmacopoeia.
Fragaria elatior, F. vesca, d'c. fm-nish the different kinds of Strawberries.
Geum urbanum. and G. rivale are reputed to possess aromatic, tonic, and

astringent properties.

Gillenia trifoliata and G. stipulacea.—The roots of both these species are
ii>ed in the United States as medicinal agents. In email doses they are tonic,
and in larger doses emetic. They are commonly known under the names of
Indian physic, and American Ipecacuanha.

Poientilla Tornientilla.—The rhizome and root possess astringent and tonic
properties. They are employed in the Orkney and Feroe Islands to tai-' leather

;

and in Lapland in the preparation of a red dye. Many other species possess
somewhat analogous properties.

QuiUaia saponaria.—The bark of this and other species contains a large
amount of saponine. It is employed in some parts of America as a substitat-*

for soap. It has been much used in this country lately as a detergent, in
cases of scurfiness and baldness of the head.

A'osa.—The various species and varieties of this genus are well known for
the beauty of their flowers and for their delicious odours. The fruit (com-
monly known under the name of the hip) of R. canina, the Dog-Rose, is

employed in medicine as a refrigerent and astringent. The dried petals of
the unexj^anded flowers of R. gallica constitute the red-rose leaves of the
shops. They are used in medicine as a mild astringent and tonic. The
flowers when full blo^\^l are slightly laxative. The petals of R. centifolia,

the Hundred-leaved or Cabbage-ros?. and of some of its varieties, are re-
markable for their fragrance. Rose water is prepared by distilling the fresh
petals with water to which a little spirit of wine has been added. The vola-
tile oil known in commerce as Attar or Otto of Rose, and which is now almost
exclusively obtained from the southern slopes of the Balkan, is, according to
Dr. R. Baur, distilled solely from the flowers of R. damascena. According to
the same author, however, the rose used for the purpose is R. moschata, while
others again have referred its botanical source to E. centifolia, R. senipervi-

MM 2
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rens, and R. prorhicialix. All commercial otto of rose is obtained by distilla-

tion, and according to Heber it requires 20,000 roses to yield attar equal in

weight to that of a rupee. It is imported from Smyi-na and Constantinople.

Otto of Roses is rarely or ever pure when imported into this country. It is

commonly adulterated with siiennaceti, and a volatile oil which appears to

be derived from one or more species of Aridropogon (see Andropogon), and
Avhich is called Oil of Geranium. (See Felai-gonium.) It is obtained from
India and is distilled in the neighbourhood of Delhi. The petals of R. centi-

folia are also employed in meilicine as a mild laxative.

i?«6«/..s.—Several species of this genus yield edible fi-uits : thus, the fruit of

Rubus Idceus is the Raspberry ; that of R. fruticosus, the Blackberry ; that of

R. ca'siiis, the Dewberry ; and that of R. Chamcemorus, the Cloudben-y. The
root of R. villosus is much employed as an astringent in some parts of North
America.

Spircea.—S. fiUpendula and S. Uhnaria.— The roots of these plants have
tonic properties. S. Uhnaria is called Meadow-sweet from the fragi-ance

of its flowers, which is due to the presence of coumarin. Seemann says, that

in Kamtschatka, a strong liquor is prepared from the root of S. Kamtschatka.
Sub-Oi-der 4.—Sanguisorbe.e.—The plants of this sub-order have generally

astringent properties like the Rosece.

Aca'na Sanguisorba.— The leaves are used in New Holland as a substitute

for tea.

Alchemilla arvensis, Field Ladies' Mantle or Parsley Piert, is astringent and
tonic. It is also reputed to be diuretic, and was formerly thought to be useful

in gravel and stone ; hence it was called break-stone.

Sub-Order 5. PoiiiLii;.—Many plants of this sub-order yield edible fruits,

and from their seeds hydrocyanic acidmay be frequently obtained. The flowers

of several are celebrated for their beauty.

Amelanchier canadensis.—The fruit is known in Rupert's Land, &c., under
the name of Shad-berry or Service-beiTy. It is used for mLxing with Pemi-
can, an article of Arctic diet. (See Primus.)

Cydonia vulgaris, the Commoa Quince.—The fruit is fi'equently mixed
with apples in making pies or tarts, and is much esteemed for the preparation
of a kind of marmalade and for other purposes by the confectioner. The
rind contains nenanthic ether, to which its pecuUar fragrance is due. The
seeds contain much mucilage, which is nutritive, emollient, and demulcent.

Eriobotrya japonica produces a fruit called the Loquat. Some fruits in good
condition have recently been imported from Japan and South America.

Mespilus germanica yields the fruit called the Medlar, of which there are
several varieties.

Pyrns.—Some species of this genus produce edible fruits. Py?ms Mains
and its varieties produce the different kinds of Apples. P. communis is the
Pear-Tree. The wood of the latter is sometimes used by wood-engravers
instead of box. P. Aiicuparia is the Mountain Ash or Rowan-Tree. Its

flowers, root, and bark yield hydrocyanic acid, and therefore probably pos-

sess sedative properties. P. Aria is the Beam Tree, the timber of which is

used for axle-trees and other purposes. P. domestica is the Service Tree, and
P. torminalis the Wild Service Tree.

Natural Order 83. Calycanthace.t;.—The Calycanthus Order.
—Diagnosis.—These are shrubby plants resembling the UosacecB,

but they differ in having opposite leaves, which are always
simple, entire, and exstipulate ; in their sepals and petals being

numerous, and similar in appearance; in having stamens whose
anthers are adnate, and turned outwards ; and by having convolute

cotyledons.

Distribution, S^~c.— They are natives of Japan and North
America. Examples of the Genera :—Calycanthiis, Chimonan-
thus. These are the only 2 genera, which include 6 species.

Frojpertics and Uses.—The flowers are fragrant and aromatic.
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The bark of Calycanthus floridus, Carolina Allspice, is some-
times used in the United States as a substitute for Cinnamon
bark.

Natural Order 84. Ltthracr-i:.—The Loosestrife Order {figs.

927 and 928).—Character.

—

Herbs or rarely shrubs, frequently

4-sided. Leaves opposite, or rarely alternate, entire and exstipu-

late. Flou'ers regular or irregular. Calyx {fig. 928) per-

sistent, ribbed, tubular below, the lobes with a valvate {esti-

vation, sometimes with intermediate teeth {fig. 928). Petah
inserted between the lobes of the calyx and alternate with them
(fig. 927), sometimes wanting, xevj deciduous. Stamens perigy-

nous, inserted below the petals {fig. 927), to which they are equal

in number, or twice as many, or even more numerous ; anthers

adnate, 2-celled {fig. 927), opening longitudinally. Ovary
superior {fig. 927), 1, 2, or 6-celled ; ovules numerous, or rarely

few; style 1, filiform {fig. 927); stigma capitate, or rarely 2-

lobed. Emit capsular, membranous, dehiscent, surrounded by
the non-adherent calyx. Seeds numerous, with or without

wings, exalbuminous
;

placentation axile {fig. 927) ; embryo
straight, with flat leafy cotyledons, and the radicle towards the

hilum.

Fi^. 92/

Fla. 92

Vf/. 927. Vertical section of tlie flower of the Purple Loosestrife {Lythrum
Salicaria). Fig. 928. Calyx of the same.

Diagnosis.— Herbs or shrubs, with entire exstipiilate and
usually opposite leaves. Calyx tubular, ribbed, persistent, bear-

ing the deciduous petals and stamens; the latter being inserted

below the petals. Anthers 2-celled, adnate, bursting longitu-

dinally. Ovary superior, with axile placentation ; style 1. Fruit

membranous, dehiscent, surrounded by the non-adherent calyx.

Seeds numerous, exalbuminous.

Distribution, cfr.—The greater number are tropical plants, but
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some are also found in temperate regions, as, for instance, in

Europe and North America. One species only, Lythrum Sali-

caria, has been hitherto found in New Holland. Examples of
the Genera:—Lythrum, Cuphea, Lawsonia. There are about
300 species.

Properties and Uses.— The plants of the order are chiefly

remarkable for the possession of an astringent principle, and for

their use in dyeing.

Ammannia veskatoi'ia.—The leaves are very acrid ; they are much used in
India by the natives as a vesicant ; their action is, however, slow, and they
cause great pain.

Grislea tomentosa.—In India, the flowers are employed in dyeing, mixed
with species of Morinda. (See Morinda.)
Lagerstromia Regina lias narcotic seeds, and its leaves and bark are reputed

to be purgative and hydragogue.
Lawsonia inermis or alba.—The leaves and young twigs of this shrub form

the Henna or Alkanna of Egypt, &c. Henna is used by the women in the
East to dye tbe tips of their fingers and their finger and toe-nails, palms of
the hand, and soles of the feet, of a reddish-orange colour. The men also

use it for colouring their beard?. It is likewise emploj^ed for dyeing skins
and morocco leather reddish-yellow ; and by the Arabs for dyeing their

horses' tails and manes. The leaves are also used to some extent as an
astringent.

Lythrinn SaUcaria, Purple Loosestrife, is a common British plant, and is

said to be useful as an astringent in diarrhoea, &c. Other species probably
similar properties.

Natural Order 85. Saxifragaceje.—The Saxifrage Order (fffs.

929-931).—Character.

—

Herbs with alternate leaves (Jiff. 929),

which are entire or lobed, stipulate or exstipulate. Calyx of 4
or 5 sepals more or less united at the base {fgs. 611 and 690),

inferior, or more or less superior {figs. 611 and 930). Petals 4

or 5, perigynous, alternate with the lobes of the calyx {fig. 930),

sometimes wanting. Stamens 5— 10, perigynous {fig. 930) or

hypogynous ; anthers 2-celled, with longitudinal dehiscence.

Disk usually evident, and either existing in the form of 5 scaly

processes, or annular and notched, hypogynous or perigynous.

Ovary superior, or more or less inferior {fiffs. 611 and 930),

usually composed of two carpels, coherent below, but more or less

distinct towards the apex ; 1 or 2-celled ; styles equal in number
to the carpels, distinct, diverging. Fndt capsular, 1— 2 celled,

usually membranous. Seeds small, numerous; emh7-yo (fig. 931)
in the axis of fleshy albumen, with the radicle towards the hilum.

Diagnosis.—Herbs with alternate leaves. Flowers unsym-
metrical. Calyx inferior, or generally more or less superior, 4
—5-parted. Stamens perigynous or hypogynous. Ovary supe-

rior, or more or less inferior, composed of 2 carpels united at the

base, and diverging at the apex ; styles distinct, equal in number
to the carpels. Fruit capsular, 1—2-celled. Seeds numerous,
small, with fleshy allmmen.

Distrihntion, cfr.—They are exclusively natives of the northern

parts of the world, where they chiefly inhabit mountainous dis-
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tricts, and sometimes grow as high as 16,000 feet above the
level of the sea. Exayyiplcs of the Genera : Saxifraga, Chrysosple-
nium, Heuchera. There are 312 species.

929. Fig. 930.

Fig. 931.

Fig. 929. Saxifraga tridactxjUtes. The leaves are trifld and wedge-sliaped,
and the flowers arranged in a raremose cyme. Fig. 930. Vertical
section of the flower. Fig. 991. Vertical section of the seed.

Trcyperties and Uses.—The plants of the order are all more or
less astringent. This is remarkably the case -vnth the root of
Heuchera americana, -which is much used for its astringent pro-
perties in the United States under the name of Alum-root.

Natural Order 86. Hydrangeaceje.—The Hydrangea Order.—Diagnosis.—This order is freqiieutly regarded as a sub-order
of Saxifragaceae, with whicli it agrees in many important parti-

culars ; but it differs in the plants belonging to it being of a
shrubby nature ; in their having opposite leaves, which are always
exstipulate ; in their tendency to a polygamous structure as ex-

hibited in the possession of radiant staminal flowers ; and in

having frequently more than 2 carpels with a corresponding in-

crease in the number of styles and cells to the ovary.

Bistrihution, <^'C.—Natives chiefly of the temperate regions of

Asia and America. About one-half of the species are natives

of China and Japan. Examples of the Genera:—Hydrangea,
Bauera. There are 45 species.
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Properties and Uses.—Unimportant. The leaves of Hydrangea
Thunhergii are used in Japan as tea, and this tea is so highly

valued by the Japanese, that they call it A^na-tsja or the Tea of

Heaven. The root of H. arborescens, under the name of Leven
Bark or Wild Hydrangea, is largely employed in some parts of

North America in calculous complaints.

Natural Order 87- Hensloviaceje.—The Henslovia Order.—
Diagnosis.—This is a small order of tropical plants containing

but 1 genus, and 3 or 4 species, which is considered by Lindley

to be nearly allied to Hydrangeacese. The chief differences

being in their tree-like habit ; in their styles being united into a

cylinder, and in the total absence of albumen. Example:—
Henslovia. Their properties and uses are unknown.

Natural Order 88. CuNONiACEiE.— The Cunonia Order.

—

Diagnosis.— Nearly allied to Saxifragacese, but differing from

them in being trees or shrubs, with opposite leaves, and large

interpetiolar stipules. The latter character will also distinguish

them readily from Hydrangeacese, which are exstipulate.

Distribution, ^-c.— Natives of South America, the Cape, the

East Indies, and Australia. Examples of the Genera:—Wein-
mannia, Cunonia. There are about 100 species.

Properties and Uses.—Astringent. Some have been used for

tanning; others exude a gummy secretion.

Natural Order 89. Crassulaceje.—The Houseleek or Stone-

crop Order.—Character.—Succulent herbs or Shrubs. Leaves

entire or pinnatifid, exstipulate. Flowers usually cymose {fg.
410), symmetrical {figs. 7QQ and 767). Ca/^o; generally com-
posed of 5 sepals, but varying in number from 3—20, more or

less combined at the base, inferior (fig. 766, c), persistent. Petals

equal in number to the divisions of the calyx (fig. 766, p), with
which they are alternate, either distinct or cohering, and inserted

into the bottom of the calyx ; (estivation imbricated. Stamens
inserted with the petals {fig. 766, e), either equal to them in

number and alternate with them {fig. 766), or twice as many
{fig. 767), and then forming 2 whorls, one of which is composed
of longer stamens than the other ; the longer stamens are placed

alternate to the petals, and the shorter stamens opposite to

them ; anthers 2-celled with longitudinal dehiscence. Carpels

equal in number to the petals and opposite to them {fig. 766, o),

each having frequently a scale on the outside at the base {fig.

766, a), distinct or more or less united ; styles distinct. Fruit

either consisting of a whorl of follicles, or a capsule with locu-

licidal dehiscence. Seeds very small, variable in number;
embryo in the axis of fleshy albumen, with the radicle towards
the hilum.

Diagnosis.—Succulent herbs or shrubs. Leaves exstipulatel

Flowers perfectly symmetrical, the sepals, petals, and carpels

being equal in number (3—20), and the stamens being also equal
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to them, or twice as many. Petals and stamens almost, or quite

hypogynous. Corolla monopetalous or polypetalous. Fruit

either apocarpous and follicular, or a many-celled capsule with

loculicidal dehiscence. Seeds small ; embryo in the axis of fleshy

albumen.
Division of the Order, and Examples of the Genera:—The

order has been divided into two sub-orders as follows :

—

Sub-order 1. Crassulece.—Fruit consisting of a whorl of folli-

cles. Examples:—Crassula, Cotyledon, Sedum.
Sub-order 2. Biaraorjjhece

.

—Fruit a manj'-celled capsule with

loculicidal dehiscence. Examples .•—Diamorpha, Penthorum.

Distribution and Numbers.—Thej are found in very dry situa-

tions in all parts of the world ; a large number occur at the Cape
of Good Hope. There are 450 species.

Properties and Uses.—Astringent, refrigerant, and acrid pro-

perties are found in the plants of this order, but they are gene-

rally unimportant.

Cotyledon.— C. umbilicii't.—This plant, which is a common native in the west
of England, has long been in use as a popular remedy in hj>teria, and as an
external application to destroy corns and warts. It has been frequently
used of late years as a remedy for epilepsy. C. orbiculala, a native of the
Cape of Good Hope, is employed in similar cases.

Rhodiola escuJenta is eaten by the Greenlanders.
Sedum.—S. acre is the common yellow Biting Stonecrop of our walls, and as

its name implies, it is of an acrid nature. It is also reputed to possess emetic
and purgative properties. Sedum Telephium is astringent. Lindley says,

that in Ireland, the leaves of Sedum dasypltyllum, rubbed among oats, are
regarded as a certain cure for worms in horees.

Natural Order 90. Feancoacejk.— The Francoa Order.

—

Character.—Stemless herbs. Leaves exstipulate. Calyx 4-

partite. Petals 4, persistent. Stamens hypogynous, or nearly

so, four times as many as the petals, the alternate ones sterile.

Oi'ar^ superior, 4-celled; oiv^^fs numerous; stigma ^-lohedi; style

none. Fruit a membranous 4-celled, 4-valved capsule, with
loculicidal or septicidal dehiscence. Seeds minute, indefinite

;

embryo very minute, at the base of a large quantity of fleshy

albumen.
Distributio7i, ^'c.—Natives of Chili. Examptles of the Gcnr^ra:

—Francoa, Tetilla. These are the only genera, which include

about 6 species.

Properties and Uses.— The Francoas are reputed to be cool-

ing and sedative. Tetilla is astringent, and is employed as a
remedy for dysentery.

Natural Order 91. Paeoxychiace^t; or Illecebrace^.—
The Knotwort Order.—Character.

—

Herbs or shrubs, with en-

tire simple stipulate leaves. Flowers minute. Sepals 5, or

rarely 3 or 4, distinct, or more or less coherent. Petals small,
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or absent, perigynous. Stamens somewhat hypogynous, either

equal in number to the sepals and opposite to them, or more
numerous, or rarely fewer. Ovary superior, 1 or 3-celled ; styles

2—5. Fruit dry, 1 or 3-celled, dehiscent or indehiscent. Seeds
either numerous upon a free central placenta, or solitary on a
long funiculus arising from the base of the fruit; albumen fari-

naceous ; embryo curved.

Distribution, ^"c.—Natives chiefly of barren pljices in the south
of Europe and the north of Africa. Examples of the Genera

:

—
Herniaria, Spergula. There are about 100 species.

Properties and Uses. — Slightly astringent, but none of the
plants are of any particular importance.

Natural Order 92. PoRTULACACEiE.— The Purslane Order.

—

Character.—Succulent herbs or shrubs, with entire exstipulate

leaves. Flowers unsymmetrical. Sepals 2, coherent at the base.

Petals usually 5, distinct or united. Stamens perigynous or
hypogynous, varying in number, sometimes opposite to the petals

;

filaments distinct ; anthers 2-celled, versatile. Ovary superior,

or rarely partially adherent. Fruit capsular, usually dehiscing

transversely, or by valves ; sometimes indehiscent
;

placenta
free central. Seeds numerous or solitary ; embryo curved round
farinaceous albumen.

Distribzition, ^'c.—Natives of waste dry places in various parts
of the world, but chiefly at the Cape of Good Hope and in South
America. Examples of the Genera:—Portulaca, Claytonia, Mon-
tia. There are about 190 species.

Properties and Uses.—The fleshy root of Claytonia tuberosa is

edible. Portidaca oleracea has been used from the earliest times
as a pot-herb, and in salads. It possesses cooling and antiscor-

butic properties. Many of the plants have large showy flowers.

Natural Order 93. MESEMBRYACEiE or FicoiDEiE.—The Ice-

Plant or Fig-Marigold Order.—C h a r a c t e r.—Succulent herbs or
shrubs, with opposite or alternate, simple leaves, which are ex-

stipulate. Calyx 3—8-partite, either free or partially adherent to
the ovary. Petals either numerous and showy, or altogether absent.
Stamens perigynous, distinct, numerous or definite. Ovary inferior

or nearly superior, usually many-celled, rarely 1-celled
;
placentas

axile, free central or parietal ; styles and stigmas as many as the
cells of the ovary, distinct ; ovides usually numerous, or rarely
solitary, amphitropal or anatropal. Fruit usually a many-celled
capsule, or rarely 1-celled, dehiscing in a stellate or circumscissile

manner at the apex, or splitting at the base ; or woody and inde-
hiscent. Seeds few or numerous, or rarely solitai'j ; embryo curved
or spiral, on the outside of mealy albumen.

Diagnosis.—Succulent herbs or shrubs, with simple exstipulate

leaves. Sepals definite, generally more or less united to the ovary.
Petals very numerous, or absent. Stamens perigynous. Ovary
inferior or nearly superior ; styles distinct

;
placentas axile, free
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central, or parietal. Fruit capsular, or indehiscent. Seeds with
a curved or spiral embryo on the outside of mealy albumen.

Division of the Order, and Examples of the Genera

:

—The Me-
sembryacese may be divided into three sub-orders as follows :

—

Sub-order 1. Mesemhryecs.—Leaves opposite. Petals numerous,
conspicuous. Stamens numerous. Fruit capsular, dehiscent.

Examples

:

—Mesembryanthemum, Lewisia,

Sub-order 2. TetragonecB.—Leaves alternate. Petals absent.

Stamens definite. Fruit woody and indehiscent. Examples

:

—Tetragonia, Aizoon.

Sub-order 3. Sesuvece.—Leaves alternate. Petals absent. Sta-

mens definite. Fruit capsular, with transverse dehiscence.

Examples

:

—Sesuvium, Cypsela.

The two last sub-orders are commonly placed in one order

called TetragoniacecB, which is then readily distinguished from
the Mesembryacese, by its plants having alternate leaves, no
petals, and but a small number of stamens. The plants compre-
hended in the above three sub-orders are, however, so nearly

allied, that I have placed them in one order as above.

Disfributio7i and Nicmhers.—Natives exclusively of warm and
tropical regions. A large number are found at the Cape of

Good Hope. There are about 450 species.

I*roptrties and Uses.—Several are edible; others yield an
abundance of soda when burned, but generally the plants of the

order are of little importance.

Leicisia rediviva.—The root is eaten in Oregon. It is sometimps called

Tobacco-root from the smell of tobacco which it is said to acquire by cook-
ing. According to M. Geyer. it is the Racine am'ere of the Canadian Yoya-
geurs ; it forms a verj" agreeable and -wholesome food when cooked.
Afesembnianthemum.—M.ci'ystaUinum is the Ice-plant. It is so called from

its surface being studded with little papiUte (see p. 58), of an ice-like appear-
ance. Its juice is reputed to be diuretic. The a.shes of this species, as well
as those of M. coptkum, M. nod{floi-um, and others, contain soda. J/. genkuJi-
florum is employed as a pot-herb in Africa, and its seeds are edible. J/, edule
is called the Hottentot's-Fig ; its leaves are eaten. The fruit of Af. cequila-

terale (Pig-faces, or Canagong) is eaten in Australia.
Tetragonia expansa is used in New Zealand as a substitute for spinage.

It has been cultivated in Europe, and employed for the same purpose under
the name of New Zealand Spinage. It has been recently highly recommended
for cultivation in this country. Its flavom- is very similar to ordinary
spinage.

Natural Order 94, Passifloeace.^.— The Passion-Flower
Order.—Character.—Herbs or shrubs, usually climbing by
tendrils {fig. 201). Leaves alternate, with foliaceous stipiiles.

Flowers perfect, or very rarely unisexual. Sepals 5, united be-

low into a tube, the throat of which bears a number of filamen-

tous processes : petals 5, inserted in the throat of the calyx on
the outside of the filamentous processes, with an imbricated aesti-

vation ; sometimes wanting. Stamens usually 5, monadelphous,
rarely numerous, surrounding the stalk of the ovarj-. Ovary
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stalked, superior, 1 -celled; styles 3, clavate
;
^placentas parietal.

Fruit 1 -celled, stalked, generally succulent. Seeds numerous,
arillate ; embryo in thin fleshy albumen.

Distribution, tf-c.—They are chiefly found in tropical America,
but a few also occur in North America and the East Indies,

and several in Africa. Examples of the Genera:—Passiflora,

Tacsonia. There are 214 species.

Properties and Uses.—Many are cultivated for the beauty of

their flowers and foliage. Several have edible fruits, and others

are said to be bitter and astringent, narcotic, emmenagogue, or

diaphoretic.

Paropsis edulis has an edible frnit. It is a native of Madagascar.
Passiflora — The fruits of several species of this genus are eaten under the

name of GranadilLas. The root of /'. quadrangularis is said to be narcotic.
The flowers of P. rubra are also narcotic. Other species are reputed to be
anthelmintic, emmenagogue, expeftorant, emetic, carminative, &.c.

Tacsonia.—The pulpy fruits of T. speclosa, T. mollissima, T. tripartita, and
others, are edible.

Natural Order 95. Malasherbiacejk. — The Crownwort
Order.

—

Diagnosis.— This is a small order of herbaceous, or

somewhat shrubby plants, resembling PassifloracecB, but differ-

ing in never being climbers ; in the want of stipules ; in the
filamentous processes of that order being reduced to a short

membranous rim or coronet in this ; in the insertion of their

styles at the back instead of the apex of the ovary ; and in the
seeds not being arillate.

Distribution, cfr.— They are all natives of Chili and Peru.
Examples of the Genera:—JVJalasherbia, Gynopleura. These are
the only genera, which include 5 species.

Properties and Uses.—Altogether unknown.
Natural Order 96. Turnerace^e.— The Turnera Order.

—

Character.—Herbaceous or somewhat shrubby plants. Leaves
alternate, exstipulate, hairy. Flowers axillary. Calyx inferior,

5-lobed, imbricated in aestivation. Petals 5, equal, twisted in

jiestivation, perigynous. Stamens 5, alternate with the petals,

perigynous; filame^its distinct. Ovary 1-celled, superior, with 3

parietal placentas ; styles 3, more or less coherent at the base,"

and undivided, forked, or branched above. Fruit capsular,

1-celled, 3-valved, partially dehiscing in a loculicidal manner.
Seeds with a caruncule on one side, and a slightly curved em-
bryo in the midst of fleshy albumen.

Distrilnition, ^'c.—Natives exclusively of South America and
the West Indies. Examples of the Genera

:

—Turnera, Piriqueta.

These are the only genera according to Lindley; they include
about 60 species.

Propei'tics and Uses.—Some are said to be astringent, others
tonic and expectorant, and a few aromatic.

Natural Order 97. PAPAYACE.ii. — The Papaw Order. —
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Character.—Trees or shrubs, sometimes with an acrid milky
juice. Leaves alternate,, on long stalks, lobed. Flowers uni-

sexual. Calyx inferior, minute, o-toothed. Corolla monopeta-
lous, without scales in the fertile flowers, 5-lobed. The barren

flower has a few stamens inserted on the corolla. The fertile

flower has a 1 -celled superior ovar}-, with 3—5 parietal placentas.

Fruit succulent, or dehiscent. Seeds numerous, albuminous, with
the radicle towards the hilum.

Distribution
,
4'C-—Natives of South America and of the warmer

parts of the Old World. Examples of the Genera

:

—Carica, Mo-
decca. There are 26 species.

Properties and Uses.—The acrid milky juice of Carica digitata

is said to be a deadly poison. The juice of the unripe fruit, and
the powdered seeds of Carica Papaya are powerful anthelmintics

;

the former being the most active and certain in its action. The
fruit, however, when cooked, is eaten. The powdered seeds have
a great reputation in Southern India for their powerfully emme-
nagogue properties. This plant is said to have the property of

rendering meat tender. The leaves are also used in some districts

as a substitxite for soap. The juice, according to Vauquelin, is a

highly animalised substance, resembling animal albumen in its

characters and reactions.

Natural Order 98. Paxgiace.^;.— The Pangium Order.

—

Diagnosis.—This is a small order of arborescent unisexual plants

nearly allied to DapayaceiP, but differing principally in being
polypetalous ; and in the fertile flowers having as many scales as

there are petals, and placed opposite to them.
Distribution, Sfc—Exclusively natives of the hotter parts of

India. Examples of the Genera:— Pangium, Hydnocarpus.
There are 4 species.

Properties and Uses.—They are all more or less poisonous.

It is said, however, that by boiling, and maceration afterwards

in cold water, the poisonous properties may, in some cases,

be got rid of, as in the seeds of Pangium edide, the kernels of

which are used as a condiment, and for mixing in curries, &e.
Even these, however, according to Horsfield, act as a cathartic

upon those unaccustomed to their use.

GynocarcUa ocJorata, Chanlrangra.—The seeds of this Indian plant yield,

by expression, a fixed oil. Both the oil and seeds have been empl<ij-ed inter-
nally with good results in leprosy, scrofula, certain skin diseases, and
rheumatism. The oil and seeds, in the form of an ointment, are also in use
in India as external applications in many skin diseases.

Hprbiocarpus.—The seeds of II. inebnans are commonly regarded to re-

semble those of Chaulmngra in Iheir properties. The fruit of H. venenatus
is poisonous ; it is employed in Ceylon for poisoning fish.
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2. Epigynse.

Natural Order 99. Cucurbitaceje.—The Gourd or Cucumber
Order {figs, 932-934).—Character.—Herbs, generally of a suc-

culent nature, and either prostrate, or climbing by means of

tendrils. Leaves succulent, alternate, with a radiate venation

{fig. 284), more or less scabrous. Flowers unisexual {figs. 932
and 933), monoecious or dioecious. Calyx monosepalous, 5-toothed

{fig. 932), the limb sometimes obsolete, superior in the female

flowers {fig. 932). Corolla monopetalous {figs. 932 and 933),

Fig. 932. Fig. 933.

Fig. 932. Female or pistillate flower of the cucumber (Ciictimis sativus).

CO. Calyx adliereut to the ovary, the limb is seen alcove , with five

divisions, p. Corolla, s. Stigmas. Fig. 933. Male or staminate
flower of the same, the floral envelopes of which have been divided
iu a longitudinal manner. From Jussieu. c. Calyx, p. Corolla, st.

Stamens.

4—5-parted, sometimes fringed, with evident reticulated veins,

perigynous. Barren flower:— Stamens usually 5, epipetalous

{fig. 933), either distinct, or monadelphous, or triadeiphous in

such a way that two of the bundles contain each 2 stamens, and
the other but 1 stamen, rarely there are but 2 or 3 stamens
present; anthers 2-celled, usually long and sinuous {fig. 517, V),

rarely straight. Fertile Flower:— Ovary inferior (fig. 932),

1-celled, or spuriously 3-celled from the projection inwards of

the placentas ; 'placentas parietal {fig. 704, pi), usually 3 ; ovules

indefinite, or sometimes solitary; style short {fig. 932); stigmas

thickened {figs. 633 and 932, s), papillose, lobed, or fringed.

Fruit a pepo {figs. 704 and 934) or rarely a succulent berry.

Seeds more or less flattened, usually with a leathery or horny
testa, solitary or numerous ; embryo flat, without albumen

;

cotyledons leafy ; radicle towards the hilum.
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Fiy. 934.

This order is sometimes placed amongst the CoroUiflorse on
account of its monopetalous flowers, but its affinities are so

essentially with the epigynous Calyciflorae, that I have placed
it here in accordance with De Candolle's views.

Diagnosis.— Herbs, usually of a succulent nature. Leaves
rough, alternate, radiate-veined. Flowers unisexual. Calyx
o-toothed or obsolete, superior. Co-

rolla monopetalous, perigynous. Sterile

Flower with usually 5 stamens, which are

distinct, or monadelphous, or triadelphous,

epipetalous, rarely 2 or 3 stamens ; an-

thers long, and usually sinuous. Fertile

Flower:— Ovary inferior with parietal

placentas; style short; stigmas more or

less dilated. Fruit succulent. Seeds flat,

exalbuminous ; cotyledons leafy.

Division of the Order, and Examples of
the Genera.—This order has been divided

into three sub-orders as follows :

—

Sub-order 1. KliandirohetB.—Anthers not

sinuous. Placentas projecting so as to

meet in the centre of the fruit. Seeds

numerous. Examples:—Jolliffia, Feu-
illsea.

Sub-order 2. Cucurbitece.—Anthers sinu-

ous. Placentas projecting so as to meet
in the centre of the fruit. Seeds nume-
rous. Examples :—'BvyorLm, Ecbalium,
Cucumis.

Sub-order 3. Sicecs.—Placentas not pro-

jecting. Seed solitary, pendulous. Ex-
amples :—Sicyos, Sechium.

Distribution and Numbers.— Natives Fig. 9.34. Pepn of the

principally of hot climates in almost every fgHl^^i^^f Cucumber

part 01 the world, but especially abundant discharging its seeds,

in the East Indies. One species occurs in

the British Isles, the Bryonia dioica. There are about 340
species.

Properties and Uses.—An acrid bitter purgative property is

the chief characteristic of the plants of this order. This property
is possessed more or less by all parts of the plant, but it is espe-
cially evident in the pulp surrounding the seeds : the seeds
themselves are, however, usually harmless. In some plants this
acridity is so concentrated that they become poisonous; while
in other cases, and especially from cultivation, it is so diflfused

that their fruit becomes edible. As a general rule the plants of
this order should be regarded with suspicion.
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Bryonia dioica.—The fresh root is sold by herbalists under the names of
"White Brj'ony ai)d Mandrake root. (The true Mandrake root is, however,
derived from Mandragora officincdis. See Mandragora.) It acts violently
as an emetic and purgative. In large doses it is poisonous. The root is

also employed as aii external application to bruised parts. The young shoots
when boiled are eaten as Asparagus. B. alba, B. amei-icana, and B. africana
have similar properties. The root of B. epigcea is employed by the natives
in India as an alterative in syphilis, SiC. It is also reputed to be a powerful
remedy in snake bites.

CitruUus (Cucumis) Coloajnthis. The Bitter Cucumber or the Bitter
Apple.—This plant is supposed to be the icild vine of the Old Testament, the
fruit of which is translated in our version wild gourd (2 Kings, iv. 39). The
fruit is a well-known drastic hydragogue cathartic. In large doses it is an
irritant poison. It is commonly called colocynth. It is said to owe its pro-
perties to a neutral bitter principle called colocynthin. Two kinds of colocynth
are known in commerce, viz. : Peeled Colocynth, which is imported from
Smyrna, Constantinople, Alexandretta, Italy, France, and Spain ; and Mo-
gadore, or Unpeeled Colocynth, which is obtained from Mogadore. The former
is the best, and is the one generally employed in medicine. It is commonly
known as Turkey Colocynth, but that impoi'ted from France and Spain is

sometimes distinguished as French and Spanish Colocynth. The Turkey
variety is the best. Mogadore colocynth is principally used by chemists for
their show-bottles. The seeds possess the purgative property to a slight

extent, liut the pulp is by far the most active part of the fruit.

Ciicirmis.—The fruit of Cucumis sativus is the Cucumber ; that of C. Melo
is the Melon. C. trigonus and C. Ilardwickii, both of which are natives
of the East Indies, are reputed to be purgative, like the true ofiScinal

colocynth.
Cucuibita.—The fruits of several species of this genus are employed as

articles of food. Thus the fruit of C. Citrulhis is the Water-Melon, that of

C. Pepo is the White Gourd, that of C. maxima the Red Gourd or Pumpkin,
C. Meloptpo the Squash, and that of C. ovifera siiccada is the vegetable
marrow. The fruit of some other species or varieties of Cucut^bita are also

eaten. The fresh decorticated seeds, and the expressed oil of the seeds of the
Pumpkin, are reputed to possess valuable anthelmintic properties in cases of

Tfenia. An oil called Egu.<«i by the inhabitants of Yon-uba in Africa, and
which is largely used by them for dietetic purposes, and also as a medicine,
is supposed to be derived fi'om one or more species of Cucurbita. Some
samples of the oil brought to this country by Dr. Daniell were examined by
Mr. Wilson, of Price's Patent Candle Company, and reported by him as well

adapted for burning, and for the lubrication of machinery and other analogous
appliances.

Ecbalium. officinarnm or agreste (Momordica Elateriiim) is commonly called

the Squirting Cucumber, from the fruit separating when ripe from the stalk,

and expelling its seeds and juice with much violence {Jig. 934). The feculence
deposited from the juice of the fruit, when dried, constitutes the Elaterium
of the Materia Medica. In doses of from J- to | of a grain, when pure, it is

a powerful hydragogue cathartic. It owes its properties to a white crys-

talline, extremely bitter principle, called Elalerine. In improper doses
Elaterium is an irritant poison.

Feuilhea cordifoUa has intensely bitter seeds, which are violently purgative
and emeiic ; thus forming a striking exception to the generally hannless
properties of Cucurbitaceous seeds.

Jolliffia africana {Telfairia pedata).—The seeds of this plant yield by ex-
pression a very good oil, resembling that obtained from Olives. They have
a flavour like almonds, and are eaten in Africa. They have been recently
imported into this countrj' on account of their oil.

Lagenaria vulgaris is commonly called the Bottle Gourd, from the hard
integuments of the fruit being used as a receptacle for containing fluid.

Luffa.—L. purgans and L. drastica.—The fiiiit of these plants is violently
purgative. It is commonly called American Colocynth. The fruit of other
species has similar'properties. The fmit of Luffa foetida is termed the Sponge
Gourd, as it consists of a mass of fibres entangled together, and is used for
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cleaning guns, &c. The dried cut fruit of Luffa cpgyptiaca is used as a flesh

brush, under the name of towel-gourd. An infusion of the fresh stalks and
leaves of Luffa amaia, an Indian species, is said to be useful in affections of
the spleen. It possesses bitter tonic and diuretic properties.

Sechiinn edule.—The green fmit is commonly eaten in hot countries. It is

called L'hocho or Chacha.
Trichosanthes anguiiiea is the Snake Gourd.—The fruits of this and some

other species are eaten in India mixed %vith curries ; but others are reputed
to possess poisonous proi^erties.

Natural Order 100. Loasace^.—The Chili-Nettle Order.—
Character.— Herbaceous plants, with stiff hairs, which are

sometimes stinging. Leaves without stipules. Calyx superior,

4 or 5-parted, persistent. Petals 5 or 10, in 2 whorls, often

hooded. Stamens numerous, in several whorls, either distinct, or

united in bundles. Ovary inferior, 1 -celled, with several parietal

placentas, or 1 axile placenta ; style 1 ; ovules pendulous, ana-
tropal. Fruit capsular or succulent. Seeds having an enibrjo

lying in the axis of fleshy albumen.
Distribution, ^'c.—They are all natives of North and South

America. Examples of the Genera

:

—Bartonia, Loasa. There
are about 70 species.

Properties and Uses.—Some of the species are remarkable for

their stinging hairs ; hence their common name of Chili-Nettles.

Several species are cultivated on account of the beauty of their

flowers. A Mexican species, Mentzelia hispida, is reputed to

possess a purgative root.

Natural Order 101. Homamaceje.—The Homalium Order.

—

Character.—Trees or shrubs with alternate leaves. Calyx
superior, funnel-shaped, with from 5—15 divisions. Petals equal
in number to the divisions of the calj'x, with which they are

alternate. Stamens opposite to the petals and inserted on them,
either distinct, or in bundles of 3 or 6. Ovary inferior, 1 -celled

;

placentas parietal ; ovules numerous, pendulous ; styles 3—5.

Fruit a capsule, or berry. Seeds small ; embryo in the axis of a
little fleshy albumen.

Distribution, ^'c.—They are natives of the tropical parts of
India, Africa, and America. Examples of the Genera

:

—Homa-
lium, Trimeria. There are 36 species.

Propjertks and Uses.— Some species of Homalium are as-

tringent, but nothing is known of the properties of the other
genera.

Natural Order 102. Cactace^.—The Cactus or Indian Fig
Order {^figs. 935 and 936).— Character. — Succulent plants,

which are usually spiny, and leafless. Stems globular, columnar,
flattened or 3 or more angled, and altogether presenting a pecu-
liar and irregular appearance. Flowers sessile. Sepals and
'petals usually numerous {fig, 936), and scarcely distinguishable
from each other; or rarely 4 ; epigynous (/^. 935). Stamens
niunerous {figs. 935 and 936), with long filaments and versatile

anthers. Oy«r^ inferior {fig. 935), fleshy, 1-celled, with parietal
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placentas {fig. 617); style I; stigmas seYeval. i>'>mY succulent.

Seeds numerous, parietal, or imbedded in the pulp, without
albumen.

Fig. 935. Fig. 936.

Fig. 935. Vertiral pertinn of the flower
of tlie Prickly Pear {Opwntia vul-

garis).——Fip. 936. Diagram of the
flower of the same.

Distribution, S~c.—Natives exclusively of the tropical regions

of America. Examples of the Genera :— Melocactus, Mam-
millaria, Cereus, Opuntia. There are about 800 supposed

species.

Properties and Uses.—The fruit of many species is somewhat
acid and agreeable, and is useful in febrile complaints. The
fleshy stems of the Melon Cactus {Melocactus) are eaten by cattle

on account of their juice, in the dry districts of South America.

Many species of Cereus, Eiyiph/llum, Phi/llocactus, &c., are cul-

tivated on account of their showy flowers. Some species of

Cereus open their flow(^rs at night ; they are remarkable for their

size, some being as much as 1 foot in diameter.

Opuntia.— 0. vulgaris.—T\\(iirv\\t of this plant is the Prickly Pear, which is

much eaten in America and the South of Europe, and is now commonly im-
ported into this country, and used as a dessert fruit. It is not. however,
much esteemed. The fruit of 0. Tuna is of a carmine colour, and has been
employed as a water-colour. 0. cocMnillifera, the Nopal Plant, is cultivated

in Mexico, Teneriffe, &c., for the nourishment of the Cochineal Insect

(Coccus Cacti) ; the di-ied female forming the Cochineal of commerce.

Natural Order 103. GROSSULARiACEiE.— The Gooseberry or

Cm-rant Order.—Character.—Shrubs, with {fig. 358) or with-

out spines or prickles. Leaves alternate, lobed, radiate-veined.

Flowers axillary, racemose, perfect or rarely unisexual. Cah/x

siiperior, 4—5-lobed. Petals 5, minute, and inserted on the

calyx. Stamens 5, inserted on the calyx, and alternate with the

petals. Omry inferior, 1-celled with 2 parietal placentas {fig.
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701, pL). Fruit pulpy {figs. 701 and 702). Seeds numerous;
embryo minute, in horny albumen.

Distribution, cfr.—Natives of the temperate regions of Europe,
Asia, and North America. Examples of the Genera : — Eibes,

Polyosma, These are the only genera, which include about 100
species.

Properties and Uses.—Some are sho^vy garden plants, as Ribes

fuchsio'ides, R. sangiwiei'm, R. aureuni, R. coccineuw, &c., but

they are chiefly remarkable for their agreeable acid fruits. Thus
Ribes Grossidaria is the Gooseberry; R. rubrum yields both Eed
and Wliite Currants, and R. nigrum is the Black Currant.

Natural Order 104. Escalloniace^.—The Escallonia Order.
— Character.—Evergreen shrubs, with alternate exstipulate

leaves, and axillary showy flowers. Calyx superior, 5-toothed,

imbricated in aestivation. Petals 5, alternate with the divisions

of the calyx, perigynous. Stamens 5, alternate with the petals,

perigynous. Ovary inferior, 2—5-celled, crowned by a cone-

shaped disk
;
placentas ^'£i\.f, s(?/^e simple ; stigma 2—5-lobed.

Fruit capsular or baccate, crowned by the persistent style and
calyx. Seeds very numerous, minute ; embryo minute, in a mass
of oily albumen.

Distribution, ^'c.—They are chiefly natives of the moimtains
of South America. Examples of the Genera

:

—Escallonia, Itea.

There are 60 species.

Properties a?id Uses.—Unknown.
Natural Order 105. Philadelphace.ie.—The Syringa Order.

—

Character.—Shrubs. Leaves opposite, deciduous, exstipulate.

Calyx superior, persistent, 4— 10-lobed, with a valvate aestiva-

tion. Petals equal in number to the divisions of the calyx, and
alternate with them. Stamens numerous, perigynous. Ovary
inferior ; styles united or distinct ; stigmas several. Capsule
half-inferior, 4—10-celled, placentas a,xile. Seeds numerous,
with fleshy albumen.

Distribution, ^x.— Natives of the South of Europe, North
America, Japan, and India. Exaiyiples of the Genera

:

—Phila-
delphus, Deutzia. There are 25 species.

Properties and Uses.— Of little importance. The leaves of

some species of Deittzia, especially those of D. scabra, are
covered with beautiful scales, hence, from their roughness, they
are used in Japan for polishing purposes. Philadelphus coro-

oiarius is commonly cultivated in our shrubberies. It is a native

of the south of Eiirope. It is generally known as the Syringa
;

or in America, as the Mock Orange, from its flowers somewhat
resembling the Orange in appearance and in their poweiful
odour. This odour is due to the presence of a volatile oil,

which may be readily obtained from them by distillation with
water. The leaves of the Syringa have a flavour and odour re-

sembling the cucumber.
nn2
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Fig. 937.

Natural Order 106. Myrtace^. — The Myrtle Order {fig.

937).—Character.—Trees or shrubs. Leaves opposite or al-

ternate, entire, exstipulate {fig.

937), usually dotted, and having a

vein running just within the mar-
gin. Calyx superior {fig. 446),
4 or 5-cleft, valvate, sometimes
separating in the form of a cap.

Petals 4—5 {fig. 937), imbri-

cated, rarely absent. Stameois

usually 8— 10, or numerous {figs.

446 and 937), or rarely 4—5

;

filaments distinct or polyadel-

phous. Ovary inferior i^fig. 446),
1— 6-celled ; style and stigma

simple {figs. 446 and 937);
placentas axile {fig. 446), or

very rarely parietal. Fruit

dry or su.cculent, dehiscent or

indehiscent. &e('ds without al-

bumen, usually numerous.
Division of the Order, and Ex-

amples of the Genera.—The order

is divided into two tribes as

follows :

—

Tribe 1. LeptospermecB. Fruit capsular. Examples:—Melaleuca,

Leptospermum.

Tribe 2. Myrtem.—Fruit baccate. Examples:—Punicu, Myrtus.

Distribution and Numhers.—Natives of the tropics, and of the

warmer parts of the temperate zones. Myrtus communis, the

common Myrtle, is the most northern species of the order. This

plant, although now naturalised in the south of Europe, was
originally a native of Persia. There are about 1300 species

belonging to this order.

Properties and Uses.—The plants of this order are generally

remarkable for their aromatic and pungent properties, which are

due to the presence of volatile oils. M:iny of these oils have

been used in medicine as stimulants, aromatics, carminatives,

diaphoi'etics, or antispasmodics. The parts of some species are

in common use as spices. Other plants of the order are astringent,

and some secrete a saccharine matter. The fruits of some having

a sweetish acidulous taste are edible. Some are valuable timber

trees.

Caryophyllus aromaticus, the Clove-tree.—The dried flowei--bnds con-
stitute the c/ore.? of commerce, which are so well known as a spice ; and in

medicine, for their aromatic, stimulant, and carminative properties. Their
properties are chiefly due to the presence of a volatile oil. The dried unripe

h-uits are called moi'her cloves ; they are used iu China and other countries

Fig. 937. Flowering branch of the com
m'on Myrtle (Myrtus communis).
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as a smce, and are occasionally imported into tliis country. They are very
inferior to ordinary cloves.

Eucalyptus.—E. resinifera, the Iron Bark-tree, a native of Austi-alia and
Tan Diemen's Land, yields on incision an astringent substance, called

Botany Bay Kino. This kino contains a peculiar principle called Eucalyptin.

It has been employed in diarrhoea. Other species yield a similar astringent

substance. The leaves of E. mannifera and other species natives of Australia
spontaneously exude a saccharine sttbstance resembling manna, hence this

secretion is commonly termed Australian Manna. It is said to drop from
tlie trees in pieces ; these are sometimes as large as an almond. The secre-

tions of the Eucalypti are commonly of a gummy nature, and hence they are
called Gum-trees in New HoUand. The leaves of E. citriodora, E. amygdalin us,

and other species, yield by distillation volatile oils, some of which have been
used in perfumery. The bark of some of them separates in fibrous layers,

which has occasioned them to te also caUed Stringy-bark trees or Stringy-

bark Gum-trees. They are sometimes of a prodigious heisht—200 feet or
more, and 10 or 15 feet in diameter, the trunks being destitute of branches
to a height of from 100 to 200 feet. The bark of E. obUqua and some other

species has been reported by Dr. Mueller, of Victoria, as useful for making
good packing and printing paper. Good writing paper may also be made
from the bark of E. obUqua.

Eugenia.—E. Pimenta, the Common Allspice. —The dried tinripe fruit is

known imderthe names of Pimento or Jamaica Pepper, or more commonly as

^4 Hspice (from its flavour combining that of Cinnamon, Cloves, and Xutmegs).
It is used as a spice, and in medicine in similar cases to cloves. Its properties

ai'e chiefly due to the presence of a volatile oil. The Rose-Apples of the
Ea~t, which are much esteemed as dessert fruits, are the produce of

various species of Eugenia; the more important are— ^. malaccensis, and
E.jamhos. In Brazil, the fruit of E. cauliflora, the Jabuticaba, is also much
esteemed. The leaves of E. ugni are used in Chili as a substitute for Para-
guay Tea. The plant has been introduced into this country on accoinit of

its fruit, but not vrith any great success.

Glaphyria nitida is called by the Malays the Tree of Long Life. It is also

known as the Tea Plant, from its leaves being used as tea at Bencoolen.
Lepfosperrnum.—The leaves of L. scoparium and Z, Thea are used in the

Australian colonies as a substititte for tea.

Melaleuca minor or Cajuputi.—The leaves when allowed to stand so as to
undergo a species of fermentation , and then distilled with water, yield a volatile

oil of a limpid nature and light gi-een colour, called Cajuput Oil. This was
formerlymuch employed as a remedy in cholera, but -without any very evident
success. It has been used internally as a diffusible stimulant, antispasmodic,
and diaphoretic ; and externally, when mixed \\ith olive oil, or dissolved in
rectified spirit, as a stimulant embrocation in rheumatism, netiralgia, kc.
ThU oil has the propeixy of dissolving caoutchouc. In Australia, the leaves

of M. scoparia and J/. genistifoHa are used as substitutes for tea.

Metrosideros.—M. scandens. the Aka of Xew Zealand, and other species,

afford valuable timber. The clubs and weapons of the South Sea Islanders
are made from species of this gentis.

Myrtus communis, the Common Myrtle.— The dried flower-biids, and the
xinripe fruit, were used as spices hj the ancients, and are still so employed
in Tuscany. By distillation witli water, the flowers form a very agreeable
perfume, known in France as Eau d'Ange.
Psidiu?u.~Yarious species or varietie-^ of this genus yield excellent dessert

fruits, which are commonly known under the name of Guavas. The more
important are. P. pyriferum, P. pomi/erum, and P. Cattleyanum. The bark
of P. pyriferum, and that of P. pomi/erum, both of wiiich are natives of
India, possess astringent properties.

Punica Granatum, the Pomegranate, is repeatedly referred t<) in the Bible.
It is the rimmon of the Bible, and the rooman of the Arabs. This plant is by
s<jme systematists regarded as the type of a distinct order, which is named
Granatece. The leaves, the flowers, and the fruit were all used by the
ancients for their astringent properties, and the juice of the fruit in the
formation of cooling drinks, on accotmt of its acidulous taste. The
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flowers and fruit are still employed in the East. The flowers are
the Balmistion of the ancients, whence their common name, balausdva
floicers. The rind of the fruit, and the bark of the root, are the parts now
commonly used as medicinal agents in this country ; the latter is officinal

in the British Pharmacopoeia. These are employed for their astringent
properties, and tlie latter is also commonly regarded as a valuable anthel-
mintic, but for this purpose the bark of the fresh root should be alone used.
The properties of the pomegranate are principally due to tannic acid, and
also partly to gallic acid. The bark of the fresh root also contains a peculiar
acrid principle called pnnidne.
Sizygium Jambolanum.—The bark is employed in the East Indies as a

useful astringent in chronic diarrhoea and dysentery.

Natural Order 107. Lecythidace^. — The Brazil-Nut or

Monkey-Pot Order.—Character.—Large trees, with alternate

dotless leaves, and small deciduous stipules. Flowers large and
showy. Calyx superior. Petals 6, imbricated, distinct, or some-
times united at the base. Stamens numerous, epigynous ; some
of them cohering, so as to form a unilateral petaloid hooded body.

Ovary inferior, 2 to 6-celled
;
placentas axile. Fruit woody,

either indehiscent, or opening in a circumscissile manner {Jig.

671). Seeds several, large, and without albumen.
Distribution, cfr.—Principally natives of Guiana and Brazil,

and also occasionally of other hot regions of South America.
Examples of the Genera:—Lecythis, Bertholletia. There are

about 40 species.

Properties and Uses.—The plants of this ordor are chiefly

remarkable for their large woody fruits, the pericarps of which
are used as di-inking-vessels, &c. Their seeds are frequently

edible.

Bertholletia exceha, the Brazi^Nut Tree.—The seeds of this plant con-
stitute the edible nuts known as the Brazil, Juvia, Castanha, or Para Nuts.
As many as 50,000 bushels are annually imported into this country from
Brazil. An oil is obtained by expression from these seeds, which is used by
artists and wntchmakers.

Lecythis.—The seeds of L. zahucojo are large and eatable, and are termed
Sapucaya-nuts. They are now commonly sold in our fruit shops, and are
generally considered to be superior in flavour to Brazil nuts. The seeds of

L. ollaria are also edible, but they are not so agreeable as the former. The
bark of Lecythis ollaria may be separated into thin papery layers, A\'hich

are used by the Indians as wrappers for their cigarettes. The fruits of

this and other species have been called monkey-pots, on account of their

peculiar shape.

Natural Order 108. Cham^xauciace^.—The Pringe-Myrtle

Order.

—

Diagnosis.—This is a small order of shrubby plants

with evergreen dotted leaves, and nearly allied to Myrtacecs, but

distinguished from them by their Heath-like aspect, their more
or less pappose calyx, and by their truly simple 1-celled ovary.

Prom Lecythidacea they are at once known by their habit, their

dotted exstipulate leaves, and ) -celled ovary.

Distribution, Sfc.—Exclusively natives of Australia. Examples

of the Gemra

:

—Cham?elaueium. Darwinia. There are 50 species.

Properties and Uses.—Unknown.
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Natural Order 109. Baeringtokiacks:.— The Barringtonia
Order.— Diagnosis.— This is a small order of plants usually
placed amoug the MyrtacecB, but Lindley considers them as quite
distinct from that order in these particulars; namely, the pre-
sence of a large quantity of albumen in their seeds, and in harino-

alternate, dotless, and often serrated leaves. Thomson has
proved that the seeds are exalbuminous, so that the characters
separating them from Myrtaceae are very slight indeed. Another
character of distinction is in the aestivation of the calyx in the
two orders respectively ; thus in that of Myrtacese it is valvate,

in that of Barringtoniacese imbricated.

Distribution, 4~c.—Natives of tropical regions in all parts of
the world. Examples of the Genera:—Barringtonia, Gustavia.

Properties and Uses.—The bark of Straveidium raceraosum is

reputed to be febrifugal, and the root bitter, aperient, and acrid.

The fruit of Careya arhorea is eaten, while that of Gustavia
hraziliana is emetic, and produces an in'oxicating effect upon
fish. Generally the plants of the order should be regarded as
somewhat dangerous.

Natural Order 110. Belvisiace.^.— The Belvisia Order.

—

C h a r a c t e r.—Shrubs. Leaves alternate, esstipulate, with a lea-

thery texture. Calyx superior, coriaceous, 5-parted, with a
valvate aestivation. Corolla consisting of three distinct whorls
of united petals. Stamens 20, unequally monadelphous. Disk
fleshy, and forming a cup-shaped expansion over the ovary.
Ovary o-celled, with two ovules in each cell

; placentas axile

;

style 5-angled or o-winged; stigma pentagonal. Fruit a soft

rounded berry, crowned by the calyx. Seeds large, kidney-
shaped, exalbuminous.

Distrihutio7i, cf'c—Natives of tropical Africa. Examples of the

Genera:—Asteranthos, Napoleona. These are the only genera,
and they include 4 species.

Properties and Uses.—Nothing is known of their uses, except
that the pulp of their fruits is edible, and the pericarp contains
much tannin. They might be used as astringents.

Natural Order 111. Melastomace^t:.—The Melastoma Order.

—Character.—Trees, shrubs, or herbs. Leaves opposite, and
almost always ribbed and dotless. Calyx 4, 5, or 6-lobed, more
or less adherent to the ovary, imbricated. Petals equal in num-
ber to the divisions of the calyx, twisted in aestivation. Stamens
equal in number, or twice as many as the petals; fdamcnts
curved downwards in aestivation ; anthers long, 2-celled, curioxisly

beaked, usually dehiscing by two pores at the apex, or some-
times longitudinally, in aestivation lying in spaces between the
ovary and sides of the calyx. Ovary more or less adherent,
many-celled. Fruit either dry, distinct from the calyx, and
dehiscent ; or succulent, united to the calyx, and indehiscent.

Seeds very numerous, minute, exalbuminous.
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Fig. 938.

Distrihntion, cf-<7.—They are priucipally natives of tropical re-

gions in all parts of the world, but a few are also extra-tropical,

being found in North America, China, Australia, and in the north-

ern provinces of India. Examples of the Genera:—Melastonia,

Osbeckia, Medinilla, Memecylon. There are about 2,000

species.

Properties and Uses.—The prevailing character of this order is

a slight degree of astringeney. Many produce edible fruits, and
some are used for dyeing black and other colours. The name
Melastoma is derived from the fruits of the species dyeing the

mouth black. The leaves of Memecylon tinctorium are used in

some parts of India for dyeing yellow, &c. Generally speaking,

the plants possess but little interest in a medical or economical

point of view, but none are unwholesome. A number of species

are cultivated in this country on account of the beauty of their

flowers.

Natural Order 112. Oxagrack.^3.—TheEveningPrimrose Order

{fig. 938).—Character.—Hprbs or shrubs. Leaves alternate or

opposite, simple, exstipulate, without dots. Calyx

{fig. 938) superior, tubular, with the limbxisually

4-lobed, or sometimes 2-lobed {fig. 768) ; in

pestivation valvate. Petals usually lai'ge and
showy, generally regular and equal in number to

the divisions of the calyx {figs. 768 and 938),

twisted in aestivation, and inserted into the tliroat

of the calyx, rarely absent. Stamens {figs. 768
and 938) definite, 2. 4, or 8, or rarely by abortion

1, inserted with the petals into the throat of the

calyx; filaments distinct; pollen trigonal {figs.

5-59 and 561). Ovary inferior {fig. 938), 2—4-
celled

;
placentas axile ; style 1, filiform; stigma

lobed or capitate. Fruit capsular, or succulent

and indehiscent, 1, 2, or 4-celled. Seeds nume-
rous, without albumen ; emhryo straight.

Diagnosis.—Herbs or shrubs, with simple ex-

stipulate dotless leaves. Calyx superior, 2—4-

lobed, valvate in sestivation. Petals usually

equal in number to the lobes of the calyx, with a
twisted aestivation, or rai-ely absent. Stamens
few, insei'ted into tlie tliroat of the calyx with

^'=eSi7orSe *^^® petals. Ovary inferior, 2—4-celled; style

simple; stigma lobed or capitate. Fruit dehis-

cent or indehiscent. Seeds numerous, without
albumen.

Distribution ^-c.— Chiefly natives of the temperate parts of

North America and Europe; man}' are also found in India, but
they are rare in Africa, except at the Cape. Examioles of the

section
flower of aWil-
Idw-hrrb (,Epi-

lobium).
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Genera:—CEnothei-a, Epilobium, Fuchsia, Circaea. There are
about 460 species.

Properties and Uses.—Unimportant. Generally the plants are
harmless, and possess mucilaginous properties. The roots of
(Enothera biennis and other species are edible. The fruits of
many Fuchsias are somewhat acid, and good to eat. Some species

of Jnssi(Ba are astringent. Several species of (Enothera open
their yellow flowers in the evening, and hence they have been
called Evening Primroses.

Natural Order 113. Halokagace.ts. — The Mare's Tail or
Water-Chestnut Order.

—

Diagnosis.—Herbs or shrubs, generally
aquatic. Flowers small {fig. 386), frequently incomplete and
unisexual. They are nearly allied to Onagrace?e, and, in fact,

are merely a degeneration or imperfect form of that order. They
are known from it by their minute calyx, the limb of which is

frequently obsolete ; and by having solitary penduloiis seeds,

which have fleshy albumen, or are exalbuminous.

Distribution, ^-c.—They are found in all parts of the world.

Examples of the Genera : — Hippuris, Myriophyllum, Trapa.
There are about 70 species.

Properties and Uses.—Of little importance except for their

edible seeds.

Trapa.—This is a genus of floating aquatic plants, remarkable for their
horned fruit, and large amj'gdaloid seeds with unequal cotyledons. The seeds
are edible ; those of Trapa riatans are called Chataigne d'Eait by the French,
and Jesuit's nuts at Venice. In some parts of Southern Europe they are
ground, and made into a kind of bread. T. hicornis is called ling by tlie

Chinese, and its seeds are highly esteemed by them. T. bispinoaa is the
Singhara Nut ; its seeds are largely consumed in Cashmere and some other
parts of India.

Natural Order 114. Combeetace2e.—The Myrobalan Order.

—

Character.—Trees or shrubs. Leaves exstipulate, entire, with-
out dots. Flowers perfect or unisexual. Calyx superior, with a
4—5-lobed deciduous limb. Petals equal in number to, and
alternate with, the lobes of the calyx, often absent. Stamens
inserted with the petals on the calyx, generally twice as

numerous /as its lobes, or thrice as many, or equal to them
in number; anthers 2-celled, with longitudinal or valvular
dehiscence. Ovary inferior, 1-celled, with 2—4 pendulous ovules

;

style and stigma simple. Fruit indehiscent, 1-seeded. Seeds
exalbuminous ; cotyledons leafy, convolute or plaited.

Distribution, ^'c.—Exclusivel}' natives of the tropical parts of
America, Africa, and Asia.

—

Exaniples of the Genera

:

—Termi-
nalia, Combretum. There are 200 species.

Properties and Uses.—The order is chiefly remarkable for the
presence of an astringent principle; hence the barks of some
species, and the fruits and flowers of others, are employed in
tanning and dyeing. Some yield excellent timber.

Combretum butyrosum, a native of South-eastern Africa, produces a kind
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of vegetable butter, which, is called Chiquito by the Caffres, by whom it is

used to dress their victuals.

Quisqualis indica.—The seeds are in repute in the Moluccas for their anthel-
mintic properties.

Terminalia.—The fruits of several species are largely imported into this

country under the name of Myrobalavs or Mijrabolams. The principal kinds
of mjTobalans are the ChebuUc and the Belleric, the first is obtained from T.

Chebitla, and the latter from T. bellerica. Myrobalans are principally used
by calico printers for the production of a black colour which is very permanent.
They are also employed by the tanner. The belleric myrobalans have been
also called Bastard myrobalans and Bedda-nuts. The flowers of T. Chebula
are also used as a dye in Travancore, and the ripe fruit is said to be an efficient

purgative. The seeds of T. bellerica are eaten by the natives of some parts
of the East Indies, but they possess intoxicating properties, and have produced
symptoms of narcotic poisoning. The seeds of T. Catappa yield about fifty

per cent, of an oil which is said to resemble almond oil in its properties.

The seeds are edible, resembling almonds in shape, and are hence called

Country Almonds in India. The seeds of T. citrina are purgative. T. Benzoin
has a milky juice, which upon drying forms a fragi'ant and resinous substance
resembling Benzoin in its properties.

Natural Order 115. Ehizophorace^.—The Mangrove Order.

—Character.—Trees (Jig. 229) or shrubs. Leaves simple, op-

posite, dotless or rarely dotted, with deciduous interpetiolar

stipules. Caiyx superior, 4— 12-lobed, with a valrate sestivation,

the lobes sometimes united so as to form a calyptra. Petals

arising from the calyx, alternate with its lobes, and equal to

them in number. Stamens on the calyx, twice or thrice as many
as its lobes, or still more numerous. Ovary inferior, 2, 3, or

4-celled, each cell with 2 or more pendulous ovules. Fruit in-

dehiscent, 1-celled, 1 -seeded, crowned by the calyx. Seed pen-

dulous, exalbuminous, usually germinating while the fruit is

still attached to the tree.

Distribution, ^"c. — Natives of muddy sea-shores in tropical

regions. Examples of the Genera:— Khizophora, Bruguiera.

There are about 20 species.

Properties and Uses.—Generally remarkable for their astrin-

gent properties, whence they are used for dyeing and tanning,

and also in medicine as febrifuges and tonics.

Rhizophora Mangle. The Mangrove-Tree.—The bark is sometimes imported
into this country as a tanning material, but it is not much used. The fruit

is sweet and edible, and its juice when fermented forms a kind of wine.

Natural Order 116. Alangiace^.—The Alangimn Order.

—

Character. — Trees or shrubs. Leaves alternate, entire, ex-

stipulate, without dots. Calyx superior, 5— 10-toothed. Petals

5—10, linear, reflexed. Stamens equal in number, or twice or four

times as numerous as the petals ; anthers adnate. Ovary inferior,

1—2-celled; style simple; ovides solitary, pendulous. Fruit dni-
paceous, more or less united to the calyx, 1-celled. Seed solitary,

pendulous, with fleshy albumen and large flat leafy cotyledons.

Distribution, ^-c.—Natives of various parts of the East Indies

and the United States. Exami^les of the Genera:—Alangium,
Nyssa. There are 8 species.

Properties and Uses.—Of little importance. Some species of
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Alangium are said to be purgative and aromatic ; their succulent

fruits are also edible. The fruit of Nyssa capitata or candicans

is used occasionally as a substitute for Lime fruit, whence it is

called the Ogechce Lime.

Natural Order 117. Coexace^. — The Cornel or Dogwood
Order,—Character.—Shrubs, trees, or rarely herbs. Leaves
simple, opposite, or very rarely ttltemate, exstipulate. Flowers
perfect, or rarely unisexual, arranged in heads, or in a corj-m-

bose or umbellate manner, with or without an involucre. Calyx
superior, 4-lobed. Petals 4, broad at the base, inserted at the

top of the calyx-tube ; (Estivation valvate. Stamens 4, inserted

with the petals, and alternate to them. Ovary inferior, sur-

mounted by a disk, 2-celled ; ovules pendiilous, solitary, anatro-

pous ; style and stigma simple. Fruit drupaceous, crowned with
the remains of the calyx. Seeds pendulous, solitarj-; embryo in

the axis of fleshy albumen ; cotyledons large and leafy.

Diagnosis.—Trees, shrubs, or rarely herbs, M-ith simple exsti-

pulate and (with but one exception) opposite leaves. Flowers
perfect, or sometimes unisexual. Calyx superior, 4-lobed. Co-
rolla with 4 petals, and a valvate aestivation. Stamens 4, alter-

nate with the petals. Ovary inferior, usually 2-celled, with a

siugle pendulous anatropous ovule in each cell ; style and stigma

simple. Fruit drupaceous. Embryo in the axis of fleshy albumen.
Distribution, ^^c.—Natives of the temperate parts of Europe,

Asia, and America. Examples of the Genera

:

—Cornus, Aucuba.
There are 40 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for tonic, febrifugal, and astringent properties,

Coi-nus.—The bark of C. florida is much esteemed in the United States of
America as a substitute for Peruvian bark in the treatment of intermittent
and remittent fevers. It is commonly known under the name of dogwood
bari\ The bark of C. circinala and C. sevicea is also used for similar pur-
poses in North America. The fruit of C. niaacula, the Cornelian Cherry, is

astringent, a property also possessed by the leaves and flowers. The friiit,

called krania, is much esteemed by the Turks on account of its agreeable
acid flavour. They use the juice in their sherbets, and for other purposes.
The fruits of €. siiecica are used by the Esquimaux for food; and in the
Highlands of Scotland they are reputed to possess tonic properties ; the plant
yielding them being there teimed his-a-chrasis, or plant of gluttony, in allusion
to the supposed effect of the fruits in increasing the appetite. The seeds of
C. sanguinea, the common Dog-svood of our hedges, yield a fixed oil, which
has been used for burning in lamps. Charcoal is also prepared fi-om the wood.
The fresh twigs of C.florida or other species are much used in the United States
and ill the West Indies to rub on the teeth for the piu-pose of whitening them.

Natural Order 118, Hamamelidace^.— The Witch-Hazel
Order. — Character. — Small trees or shntbs, with alternate

leaves, and deciduous stipxiles. Flov:ers perfect or unisexual.

Calyx superior, 4 or o-lobed. Petals 4 or 5, with an imbricated
Eestivatiun, or altogether wanting. Stamens 8, half of which are

sterile and placed opposite to the petals, and half fertile and
alternate with them ; anthers 2-celledj iutrorse. Ovary inferior,



556 SYSTEMATIC BOTANY.

2-celled; styles 2. Fruit capsular, 2-valved, witli a lociilicidal

dehiscence. Seeds pendulous, albuminous.
Distribution, ^-c. — Natives of North America, Asia, and

Africa. Examples of the Genera: — Hamamelis, Ehodoleia.

There are about 20 species.

Properties and Uses.—Unimportant.

Hamamelis virginica yields oily edible seeds ; and its leaves and bark possess
astringent properties and have been used in diarrhoea, dysentery, &c.

Natural Order 119. Bruniace^. — The Brunia Order.

—

Character.— Heath-like slirubs, with small imbricated rigid

entire exstipulate leaves. Calyx usually superior, or sometimes
nearly inferior, imbricated. Petals and stamens 5, inserted on
the calyx, the petals alternate with the divisions of the calyx,

and imbricated ; anthers 2-eelled, extrorse, bursting longitudi-

nally. Ovary superior, or half-inferior, 1—3-celled, with 1 or 2

suspended anatropal ovules in each cell ; style simple or bifid.

Fruit crowned by the calyx, 1 or 2-celled, in the first case in-

dehiscent, in the latter dehiscent. Seeds with a minute embryo
in fleshy albumen.

Distribution, Sfc.—Natives of the Cape of Good Hope except

one Madagascar species. Examples of the Genera :—'Qvwm9.,
Ophiria. There are about 60 species.

Pi-opertics and Uses.—Unknown.
Natural Order 120. Umbetxiferje or Apiaceje.-—The Umbelli-

ferous Order (fiys. 939—942).—Character.—Herbs or shrubs,

or very rarely arborescent, with hollow or solid stems. Leaves

alternate, generally sheathing at the base (Jiff. 255), usually

compound {fff. 337), or sometimes simple, exstipulate. Flowers
generally in umbels (,fif/s. 372 and 404), white, pink, yellow,

or blue, with (fiy. 372) or without (fiy. 404) an involucre.

Calyx {fig. 563) siiperior, the limb entire, or 5-toothed, or

obsolete. Petals 5 (fig. 563), usually inflexed at the point,

often unequal in size, inserted on the calyx outside the disk

which crowns the ovary ; estivation imbricate, or rarely valvate.

Stamens 5, inserted with the petals, and alternate with them

(fig. 563), incurved in aestivation. Ovary inferior (fig. 563),

crowned by a double fleshy disk (stylopod) (fig. 563, d), 2-celled,

with a solitary pendulous ovale in each cell ; styles 2 ; stigmas

simple. Fruit called a cremocarp or diachcenium (figs. 152,

700, and 940), consisting of 2 carpels (mericarps), adhering

by their face (commissure) to a common axis (carpophore), from
which they ultimately separate and become pendulous (/^g. 700);
each carpel (fig. 941) an indehiscent 1-seeded body, traversed

on its dorsal surface by ridges, of which 5 are primary, and some-
times 4 others, alternating with them, secondary ; the spaces be-

tween the ridges are called channels (vallecidce), in which are

sometimes linear oily receptacles called vittcB (fig. 152). Seed
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pendulous (/«/. 942) ; cmlryo minute at the base of abundant

horny albumen {fitj. 942); radicle pointing towards the hilum.

Diagnosis.—Herbs or shrubs. Leaves alternate, usually com-

pound and sheathing at the base, or sometimes simple, exstipulate.

Flowers almost always arranged in a more or less umbellate

manner. Calyx superior. Petals and stamens 5, inserted on the

Fig. 939. Fig. 940.

F'tg. 939. a. General urabel of Fool's
Parsley {^tliusa Cynapium), in
fruit, b. One of the umbellules,
showing the S-leaved partial
pendulous Involuce!. Fig. 940.
A side view of the ripe fruit of
the Hemlock (^Conium macula-
trim). Fig. 941. Trausverse sec-
tion of the fruit of the same. Fig.
942. yenical section of one of
the halves (if the fruit (mericarp).
The letters refer to the same parts
in the three last figures, a, a.
Ridges, h, b. Channels, d. Albu-

men. /.Embryo. </. Kemains of the styles. A. Axis. i. Prolonged axis
or carpophore.

outside of a double fleshy disk which crowns the oyary. Ovary
inferior, 2-celled, with a solitary pendulous ovule in each cell;

styles 2. Fruit consisting of two indehiscent carpels, which,

separate, when ripe, from a common axis or carpophore. Seeds,
pendulous, one in each carpel, with a minute embryo at the
base of abundant horny albumen.

Dr. Seemanu, who has intimately studied the plants of this

order and those of the Araliacecie, has recently proposed to elimi-

nate from the Umbelliferfe all those plants which possess valvate

petals, and certain other characters derived from their fruit, and
to place them in a distinct order under the name of Hederacese. As
his views have not as yet been generally accepted by s^-stematic

botanists, the above character of the order Umbelliferfe is best
retained in a work which is more especially intended for students.

Division of the Order, and Examples of the Genera.—^The order
has been divided into three sections or sub-orders, from the
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appearance of the albumen, but they are by no means well

defined. They are as follows :—
Sub-order 1. Orthospermecs.—Albumen flat on its face. Ex-

amples :—Hydrocotyle, Sanicula, Cicuta, CEnanthe, Heracleum,
Daucus,

Sub-order 2. CampylospermecB.— Albumen rolled inwards at

the edges, and presenting a vertical furrow on its face. Ex-
aiwples

:

—Anthriscus, Chserophyllum, Coniura.

Sub-order 3. Ccelospermece.—Albumen with the .base and apex
curved inwards on its face. Examples :— Ormosciadium,
Coriandrum.

Distribution and Numbers.—Chiefly natives of the northern

parts of Europe, Asia, and America. Many occur, however, in

the southern hemisphere. They are rare in tropical regions

except upon the mountains, where they are by no means uncom-
mon. There are about 1,560 species.

Properties and Uses.—Extremely variable ; thus, some are

edible; others are aromatic and carminative, and, in some cases,

stimulant and tonic, from the presence of a volatile oil ; others

contain a narcotico-acrid juice, which renders them more or less

poisonous ; while others again are antispasmodic and stimulant

from the presence of a fcetid gum-resin, which is essentially

composed of gum, resin, and volatile oil. This oil in the case of

Assafoetida, and probably in some of the others, contains

sulphur.

1. Esculent Umbellifer^.

Anthriscus.—Two species of this genus are cultivated—^. Cerefolium, the
Chervil, the leaves of which are used for flavouring soups, salads, &c. ; and
A. hulbosus, the Parsnip Chervil, for its edible roots.

Apium graveolens, Celery.—By cultivation with the absence of light, the
stem and petioles become succulent and develop but little aromatic oil, and
are then edible.

Anesorhiza capensis is eaten at the Cape of Good Hope.
ArracacJia esculenta, Arracacha, a native of New Granada, has large

esculent roots.

Bunmm.—B.fexuosum and B. Bulbocastanum have round tubercular roots,

which are edible ; they are knov.m under the name of Earth-nuts or Pig-

nuts. B.fevulcefolium, a native of Greece, has also edible tubers, which are
termed Topana.
Crithmum maritimum. Samphire, is commonly used as an ingredient in

pickles,

Daucus Carota, var. safiva, the cultivated or Garden Carrot, is well-known
for its esculent roots. These are also used in medicine in the form of a
poultice for their moderately stimulant properties.

Foeniculum,-~F. vulgare is the Common Fennel, and F. dulce the Sweet
Eennel. Both are well known as pot-herbs and garnishing substances. The
latter is frequently considered as a cultivated variety of the former. F. ca-

pensis is a Cape esculent.

Ferula.— T'hG roots of several species of this genus, and of other allied

plants, are eaten in Oregon and some other parts of North America.
Haloscias scoticunt is the Scottish Lovage.
HeJosciadium californicum.—The roots are said by M. Geyer to be very

delicious ; they are eaten by the Saptoria Indians in Oregon.
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(Enanthe pimpinelloides is sail by Lindlpy to have wholfsome roots, but
the species of (Enanilie (see beluw) are generally very poisonous.
Pastinaca sativa, the Parsnip.—The roots of the cultivated plant are the

parts eaten.
Petroselinum sativum is the Common Parsley of our gardens.
Prangos pabulaiia.— The herb is used as sheep food in Tartary and the

adjoining countries, and has been introduced as a forage plant into this
country. The prevalent idea that its use corrects the tendency to rot in
sheep is altogether illusive.

Slum Sisarum is commonly known under the name of Skirret. It is some-
times cultivated for its edible roots.

Smyrnium Olusatrum, Alexanders,—This plant was formerly cultivated
like Celery.

2. Arojiatic, Carjiixative, Stimtilant, axd Tonic Ujibellifer^.

Anethinn graveoJens, the Dill ; Cantm Carui, the Caraway ; Coiiandrum
sativum, the Coriander; Cuminmn Cyniinvm, the Cummin; Daucus Carota,
the Carrot; Foeniculiim vulgare, the Common Fennel; Foenicidum dulce,

the Sweet Fennel ; Foeniculiim Pannorium, an Indian species ; Pimpinella
Ani.mm, the Anise; and Ptychotis Ajowan, the Ajwain or Ouium, a native of

Afi-ica, and much cultivated in India. The fruits of tlie above plants, com-
monly termed seeds, all possess aromatic, carminative, and more or less

stimulant properties, which are due to the presence of volatile oils contained
chiefly in the vitta;, or pericarp. Some are also employed as condiments,
and for flavouring liqueurs. They are too well known to need any detailed
description. The fruits of Levisticum offlcinale, Lovage, have somewhat
similar properties.

Archangelica officinalis, Angelica.—The root and fruits are pungent aro-
matic stimulants, and mild tonics. They are principally used in the prepa-
ration of gin, and the liqueur known under the name of hitters. The young
shoots are also made with sugar into a sweetmeat or candy, which forms a
very agreeable stomachic. The petioles were formerly blanched and eaten
like Celery.

Eningiiim campestre and E. maritimum, Eryngo, have sweet aromatic roots,
possessing tonic properties.

Ilydiocolyle asiatica.—The leaves, particularly when in a fresh state, are
employed in India both internally and externallj-, in leprosy, secondary
syphilis, &c. It is said with much beneflt.

Meum.—M. aihamanticum, Bald-money or Mew, and M. MutelUna, have
aromatic tonic roots,

Sumbiil is the root of an Umbelliferous plant, supposed to be aUied to
Angelica, which is imported into this country fi-om India and Russia, It
has a strong musky smell—hence its common name of Musk-root. It is a
nei-\nne stimulant and antispasmodic. It is oflacinal in the British Pharma-
copoeia,

3. Poisonous UiiBELLiFER^,

The poisonous properties are due to the presence of a narcotico-acrid juice,

and seem to vary according to the nature of the soil and climate, for Dr.
Christison has noticed, that certain species which are generally regarded as
poisonous, are quite harmless when obtained from some localities near
Edinburgh. This is a very important point, and one which requires further
investigation. Should it prove to be triie in all cases, it would probably
accoiTut in a gi-eat degree for the varying strength of the cflBcinal prepara-
tions of Hemlock, and which is commonly regarded to arise from their
cai-eless preparation,

J!:thusa Cyncqninn, Fool's Parsley, is a very common indigenous plant,
possessing poisonous properties. It has been mistaken and eaten for Parsley.

(Enanthe.—(Enanthe crocata, Hemlock Drop-wort or Dead-tongue, and
(Enanthe Phellandrium, 'Fine-leaved Water-di-npwort, are intensely poison-
ous in most localities. The roots of (Enanthe pimpinelloides. as already
noticed, are said to be wholesome. All the above species are indigenous.
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Ciciita.— C. virosa, "Water Hemlock or Cowbane, is another indigenous
plant of a highly poisonous nature. C. maculata, a native of America, has
very poisonous roots, which from having been mistaken for other harmless
Umbellifeixe, have not unfrequently led to fatal results.

Conitim maculatum, Hemlock.—This plant is indigenous. In proper doses
it is extensively employed in medicine to relieve pain, relax spasm, and
compose nervous irritation in general. It owes its properties chiefly to the
presence of a colourless oily liquid with a penetrating mouse-like odour, to
which the name of Conia has been given. In improper doses. Hemlock is a
powerful poison, and fatal accidents have arisen fi'om its having been mis-
taken for other harmless Umbelliferous plants.

4. XJJIBKLLIFER.'E YIELDING FCETID GUM ReSINS.

There are many plants belonging to this order which yield foetid gum-
resins. The most important of these gum-resins are, Assafoetida, Ammonia-
cum and Galhanum ; all of which are officinal in the British Pharmacopoeia.
Opoponax and Sagapenum are others, but they are now scarcely ever used
in this country. They all possess antispasmodic and more or less stimulant
properties ; this is especially the case with Assafoetida, which is also ex-
tensively used as a condiment in Persia and some of the adjacent countries,
in the same way as garlic and other allied plants are employed in Europe.
Ammoniacum and Galbanum also possess expectorant properties, and both
are used externally in the form of plasters, to promote the absorption of
tumours and chronic swellings of the joints. The plants yielding these
gum-resins are not in all cases known, but they are exclusively natives of
Persia and the adjacent regions, except the one yielding Opoponax, which is

found in the south of Europe, and in Syria. These gum-resins are imported
into this country from Turkey, the liCvant, or India. They are commonly
seen in two forms— that is, in roundish or irregular tears, or in masses
formed by their union.
Ammoniacum is yielded by Dorema ammoniacum. It exudes from the

stem probably to some extent spontaneously, but principally in consequence
of punctures produced by innumerable beetles, when the plant has attained
perfection. It is collected in Persia and the Punjaub.

Assafcetida.—This is obtained by incision from the living root of Narthex
or Ferula Assafoetida in Affghanistan and the Punjaub. The fruit of Narthex
Assafoetida is also sometimes employed in India under the name of Anjudan.

Galbanum.—This gum-resin is said to be derived from Ferula galbanifiua,
of Buhse. It is obtained from Persia.

Opoponax appears to be obtained from incisions into the living root of
Opoponax CJiiivnium, formerly called Pastinaca Opoponax.
Sagapenum.— 'Nothing positive is known withrct-pect to the plant yielding

this substance. It has been supposed to be obtained from the root of Ferula
persica, or some other species of Ferula.

Natural Order 121. Araliace.i^.—The Ivy Order.—C haraeter,
—Trees, shrubs, or herbs. Leaves alternate, without stipules

(fig. 195). Floivers generally in umbels, or capitate, usually
perfect {fig. 943), or rarely unisexual. Calyx moi'e or less supe-
rior {fig. 943), entire or toothed. PeMs {fig. 943), 2, 4, 5, 10,

deciduous, almost always valvate in gestivation, or rarely imbri-
cate, generally distinct, or rarely nionopetalous, occasionally
wanting. Stamens corresponding in number to the j)etals, and
alternate with them {fig. 943), or twice as many, inserted on
the outside of a disk which crowns the ovary; anthers turned
inwards {fig. 943), vidth longitudinal dehiscence. Ovary {fig.

943), more or less inferior, usually with more than 2 cells, or
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very rarely 1-celled, crowned by a disk, each cell with a solitar}'

pendulous anatropal ovule ; styles as ^- g^g
many as the cells, sometifnes united

;

stigmas simple. Fmit usually 3 or more
celled, succulent or dry, each cell with 1

pendulous seed with fleshy albumen.

Diagnosis.—Closely allied to Umhel-

lifercB, from which it may be usually

distinguished by the valvate sestivation of

the coi'olla; by the fruit being usually

3 or more celled, the carpels of which
do not separate when ripe from a forked

carpophore ; and from the seed possessing

fleshy albumen. There is also a greater

tendency among AraUacea to form a

woody stem than in Umhelliferfe. Fig. 943. Flower of the com-

As already noticed (see page 557), Dr.
'""^ ivy (ZTcdera izei^x).

Seemannhas proposed a new order imder the name of Hederacese,

to include certain plants of this order and of the Umbelliferse.

I)istrihi(ticr?i, ^'c.— These plants are universally distributed,

being found in tropical, sub-tropical, temperate, and the coldest

regions. Examples of the Genera:— Vaucix, Aralia, Hedera.
The order inckides about 160 species.

Projjerties and Uses.— It must be regarded as a somewhat re-

markable fact, that, nearly allied as the Araliacese are to the

Umbellifer£e, they never possess to any degree the poisonous

properties which are frequently found in plants of that order.

The Araliacese are generally stimulant, aromatic, diaphoretic,

and somewhat tonic.

Aralia.—A. nudicaiiUs is a native of North America, where its roots are
used popularly as an alterative and stimulant diaphoretic in rheumatic
affections ; they are commonly known under tlie name of False or American
SarsapariUa, and are sometimes forwarded to this country. Under the
name of Rabbit-roots they have been also used as a remedy in syphilis by
the Crees, in North America. The bark of A. spinosa, called Angelica or
Toothache-tree in North America, is used as a stimulant diaphoretic.
A. racemosa,A. spinosa, and A. hispida yield aromatic gum-resins. ^1. edulis

is used in China as a diaphoretic. Its young shoots and roots are also eaten
as a vegetable in China and Japan.
Gunnera scabra is remarkable for its enonnous leaves, which are sometimes

as much as eight feet in diameter ; the fleshy leaf-stalks, wMch resemble
those of the Rhubarbs iu appearance, are eaten. Its roots are astringent.
Hedera Helix, the Ivy, is reputed to be diaphoretic, and its berries are

emetic and purgative.
Pana.r.—F. Ginseng.—The root of this plant, which is a native of Northern.

Asia, constitutes Ginseng, which is so highly prized by the Chinese as a
stimulant and aphrodisiac, that they will sometimes give for it its weight
in gold. The name Ginseng signifies "" Wonder of the World." It is thought
very little of in Europe. P. quinqupfolium is a native of North America.
Its root is known under the name of American Ginseng. It has similar
properties to the preceding. P. Pseudo-Ginseng, a native of India, appears
to have similar properties. P. fruticosuniy P. cochlcatum, and P. Anisum
have aromatic properties.

o o
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Telrapanax (Aralia) papyrifera.—From the pith of this plant, a native of

the Island of Formosa, the rice paper, which is used by the Chinese for

making artificial flowers, &c., is prepared.

Artificial Analysis of the 'Natural Orders in the Sub-class

CjLrciFLOR.is.—Modified from Lindley.

(The Numbers refer to the Orders in the present work.)

1. Flowers Polyandrous.—Stamens more than 20.

A. Ovary wholly superior.

o. Leaves without stipules.

1. Carpels more or less distinct, {at least as to the

styles) ; or solitary.

Stamens distinctly perigynous. Ovules
suspended or ascending ....

Stamens more or less hypogynous. Ovules
attached to a long funiculus arising from
the base of the cell

2. Carpels wholly combined, (at least as to the

ovaries).

Sepals 2, coherent at the base only. Ovary
with a free central placenta

Sepals more than 2, coherent into a tube.

Ovary with axile placenta

b. Leaves with stipules.

1. Carpels more or less distinct, (at least as to the

styles) ; or solitary.

Calyx with the odd lobe inferior. Stamens
more or less hypogynous....

Calyx with the odd lobe superior. Stamens
perigynous

2. Carpels wholly combined, (at least as to the

ovaries).

Ovary 1 -celled with a free central placenta

B. Ovary inferior, or partially so.

a. Leaves icithout stipules.

1, Placentas parietal.

Petals definite in number, distinct from the
calyx

Petals indefinite in number, gradually pass-
ing into the sepals

2. Placentas in the axis.

Leaves vnfh transparent dots.

Ovary 1 -celled. Cotyledons not distinct

Ovary with more than 1 cell. Cotyle-

dons distinct

Leaves without dots.

Petals very numerous ....
Petals definite in number.

Petals narrow and strap-shaped .

Petals roundish and concave.
Styles united
Styles distinct

b. Leaves with stipules.

1. Carpels more or less distinct, or solitary.

2. Carpels wholly combined, (at least as to the

ovaries).

Leaves opposite

Leaves alternate.

Placentas axile

Placentas parietal

Rosacece. 82.

Anacardiacece. 76,

Portulacacece. 92.

Lythracece. 84.

Leguminosce. 80.

Rosacece. 82.

Portulacacece. 92.

Loasacece. 100.

Cactaceoe. 102.

Chamcelauciacece. 108.

Myrtaceoe. 106.

MesembryaceoE. 93.

Alongiacece. 116.

Barringtoniacece. 109.

Philadelphaceoe. 105.

Rosacece. 82.

Rliizophoracea;. 115.

Lecythidacece. 107.
Ilomaliacece. 101.
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2. Flowers Ougaxdrous.—Stamens less than 20.

.. Ovary wholly superior.

a. Leaves icithout stipules.

1. Carpels more or less distinct, or solitary.

Carpels with hypogynous scales.

Each carpel baring one scale

Each carpel having two scales ,

(varpels without hypogynous scales.

Carpels several, all perfect ....
Cai-pel solitary, or aU but one imperfect.

Leaves without dots.

Ovule single, suspended by a cord rising

from the base of the carpel

Ovules collateral, ascending, sessile .

Leaves dotted

2. Carpels irholly combined, (at least by their

ovaries).

Placentas parietal.

Flowers with a ring or crown of sterile

stamens.
Flowers unisexual.

Female flower coronetted

Female flower not coronetted

Flowers hermaphrodite .

Flowers without sterile stamens
Placentas axUe.

Styles distinct to the base.

Carpels each ^^-ith one hypogynous scale

Carpels without hjT)ogj^nous scales

Styles more or less combined.
Calyx imbricate.

Sepals 2

Sepals more than 2.

Ovules ascending ....
Ovules suspended ....

Calyx valvate.

Stamens opposite to the petals, iso-

merous
Stamens alternate with the petals if

isomerous.
Leaves simple. Calyx tubular .

Leaves compound. Calyx not
tubular

b. Leaves with stipules.

1. Carpels distinct, or solitary.

Fruit leguminous ; odd sepal inferior .

Fruit not leguminous ; odd sepal superior .

2. Carpels wholly combined, {at lea^t by tJmr

ovaries)

.

Placentas parietal.

Flowers -with a ring of appendages
Flowers without a ring of appendages .

Placentas in the axis.

Styles distinct to the base.

Petals minute
Petals conspicuous.
Leaves opposite ....
Leaves alternate ....

Styles more or less combined.
Calyx imbricate.

Flowers spurred ....
Flowers not spurred.

2

Crassulacece. 89.

FrancoaceoE. 90.

Oalycanthaceos, 83.

Anacardiacea;. 76

ConnaracecE, 78.

Amyridaceae. 79.

Pangiaceoe. 98,

PapayacecE. 97.

MalasherbiaceoE. 95.

Tumerace^. 96.

Crassulacece. 89.

Saxi/ragacece. 85.

Portulacacece. 92.

CelastracecB. 71.

Bruniacece. 119.

Rhamnaceoe. 11

Lythracece. 84.

Amyridacece. 7

LeguminoscE. 80.

RosacccE. 82.

Passifloraceoe. 94,

MoringaceoE. 81.

Paronychiacece. 91.

Cunoniacece. 88.

Saxi/ragacece. 85.

VochysiacecE. 74.
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Leaves simple. Petals united by
their claws into a tube . . Sfackhousiacece. 72.

Leaves compound. Petals distinct Staphyleacece. 73,

Calyx valvate.

Stamens opposite to the petals, iso-

merous Rhamnacece. 75.

Stamens twice,as many as the petals Amyridaceoe. 79.

B. Ovary inferior, or partially so.

a. Leaves loithout stipules, or with cirrhose stipules.

Placentas parietal. . .

Flowers completely unisexual. Monope-
talous CucurUtacece. 99.

Flowers hermaphrodite, or polygamous.
Petals distinct Grossulariacece. 103.

Placentas in the axis.

Flowers in umbels.
Styles two ....... Umbelliferoe. 120.

Styles three or more .... Araliacece. 121.

Flowers not in umbels.
Carpel solitary.

Petals strap-shaped, reflexed . * Alangiacece. 116.

Petals oblong.
Leaves balsamic ..... Anucardiacece, 76.

Leaves insipid.

Cotyledons convolute . . . Combretacece. 114.

Cotyledons flat ..... Haloragacece. 113.

Carpels 2 or more, divaricating at the
aijex.

Leaves alternate. Herbs . . . Saxifragacecs. 85.

Leaves opposite. Shrubs . . . Jlydrangeacece. 86.

Carpels 2 or more, not divaricating,com-
bined.

Calyx valvate. .

Stamens opposite to the petals, iso-

merous Rhamnacece. 75.

Stamens alternate with the petals if

isomerous. i

Albumen none. Ovules hori-

zontal, or ascending . . Onagraceoe. 112.

Albumen none. Ovules pendulous Haloragacece. 113.

Albumen abundant . . . Cornacece. 117

Calyx not valvate.

Stamensdoubleddownwards. Anthers
with appendages. Leaves ribbed . Melastomacece. 111.

Stamens only curved. Anthers short.

Leaves dotted .... Myrtacecs. 106.

Leaves not dotted.
Seeds very numerous, minute . Escalloniacew. 104.

Seeds few Bruniacece. 119.

h. Leaves with stipules.

Placentas parietal.

Stipules cirrhose. Monopetalous . . Cucurbiiacew. 99.

Stipules deciduous. Petals distinct . . Iloinaliacece. 101.

Placentas in the axis.

Stamens oi^posite to the petals, isomerous . Rhamnacece. 75.

Stamens if equal to the petals, alternate

with them.
Leaves opposite ,. ..... Rhizophoracece. 115.

Leaves alternate Hamamelidacece. 118.

Altliougli it generally happens that the Calyciflorae have di-

chlamydeous flowers, polypetalous corollas, and perigynous or
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epigynous stamens, yet several exceptions occur, which should

be particularly noted by the student. Thus, we find apetalous

plants in the Celastracece, Ehamnacece, Anacardiacece, Leguminoscs,

Bosacem, Lythracece, Saxifragacece, Cunoniacece, ParonychiacecB,

Mesemhryacece, Fassijloracecs, MyrtacecB, Ojiagracecs, HaloragacecB,

Combretacecs, HamamelidacecB, and Araliacea. Monopetalous co-

rollas occur commonly in StackhousiacecB,Fa^ayac€(S, Cucv.rhitaceoB,

and BelvisiacecB, and occasionally in Crassidacea, PortidacacecB,

LecythidacecB, and Araliacece. In some Calycifloral Exogens,

again, the stamens are wholly, or in part, hj-pogynous or nearly

so, as in Anacardiacece, Connaracece, Leguminoscs, Saxifragace<B,

CrassulacecB, Francoacece, Paronychiacecs, and Portidacacece.

Unisexual flowers always occur in Hensloviacece, PapayacecB,

Pangiacecs, and CucurbitacecB, and sometimes in Bosacece, Hy-
drangeacecB, Passijloracece, Grossidariacece, Haloragacee, Combre-

tacecB, CornacecB, HamariielidacecB, and Araliacece.

Exceptions also not unfrequently occur to the characters upon
which the perigynous and epigynous sub- divisions of the Calyci-

florse are founded. Thus, in the Perigynae we sometimes find

the ovary partially or wholly inferior instead of superior, as in

Vochysiacece, TiharanacecB, Anacardiacece, Bosacece, Saxifragacece^

Hydrangcacece, CunoniacecB, Portidacacece, and Mesemhryacece.

But the exceptions to the ordinary inferior ovary of the Epigynae
are much more rare, only occurring commonly in Myrtacece,

Melasto'macecB, and Bruniacece, where the ovary is sometimes
partially or wholly superior.

Sub-class 3.—Corolliflorce.

1. Epigynae.

The Natural Orders placed in this sub-division of the Corol-

liflorse were included by De Candolle in the Calyciflorse ; the

Corolliflorse being restricted by him to those monopetalous orders

in which the corolla was hypogynous, and the ovary consequently
superior, and which are placed in our arrangement in the sub-

divisions Hypostaminese and Epipetalse. The simplest arrange-

ment, however, for the student is, to consider the Monopetalous
Corolla as the essential mark of the Corolliflorse, and in accord-

ance with this view we place this sub-division here. It should
be noticed, however, that some monopetalous orders have been
placed by us in the Calyciflorse. (See above.)

Natural Order 122. Caprifoliachs.— The Honeysuckle
Order {figs. 9-ii-9-i6).—Character.—Shrubs, or rarely herbs.

Leaves opposite {fig. 259), exstipulate. Calyx superior {fig.

944), 4—5-cleft, usually bracteated. Corolla monopetalous {fig.

945), 4— 5-cleft, tubular or rotate {fig. 945), regular {fig. 945)
or irj^egular, rarely polypetalous. Staraens {fig. 945), 4—5,
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inserted on the corolla, and alternate with its lobes. Ovary in-

ferior {fig. 944), 1—5-celled, usually 3-celled, often with 1 ovule

Fig. 944. Fig. 945. Fig. 946.

Fig. »44. Pistil of the Common Elder (Sambucus nigra), surrounded hy a
superior 5-lobed calyx. Fig. 945. Entire flower of the Elder. Fig.

946. Vertical section of the seed of the same.

in one cell, and several in the others ; style 1, or none {fig. 944)

;

stigmas 1—3
( figs. 944 and 945), or 5. Fruit indehiscent, 1 or

more celled, dry or succulent, and crowned by the persistent

ealycine lobes. Seeds solitary or numerous ; embryo small {fig.

946), in fleshy albumen.
Diagnosis.—Shrubs or herbs, with opposite exstipulate leaves.

Caly.v superior, 4—5-cleft, persistent. Corolla monopetalous,

and bearing commonly as many stamens as it has lobes, to

which they are alternate, regular or irregiilar. Ovary inferior,

1—5-celled. Fruit indehiscent. Seeds with fleshy albumen.

Distribution, ^x. — Chiefly natives of the northern parts of

Europe, Asia, and America. They are rare in the southern

hemisphere. Examples of the Genera:—Caprifolium, Viburnum,
Sambucus. There are about 230 species.

Properties and Uses.—The plants of this order have frequently

showy flowers, which ai'e also commonly sweet-scented ; hence

many are cultivated in our gardens and shrubberies, as Honey-
suckles, which are species of Caprifolium and Lonicera ; Guelder

Eoses {Viburnum species), Laurustinus {Viburnum Tinus),

Snowberry {Symjphoricarpus raccmosus), &c. Some are emetics

and mild purgatives ; others are astringent ; others sudorific and
diuretic ; and some are acrid.

Sambucus nigra, the Common Elder.—Several parts of this plant have
been long employed in medicine. Its flowers contain a volatile oil, which
renders them mildly stimulant and sudorific. They are chiefly used in the
formation of a cooling ointment, and in the preparation of Elder Flower
"Water. The inner bark and the leaves have more or less purgative and
emetic properties. The fruit is also mildly aperient and diuretic. It is ex-
tensively used for the pui-pose of adulterating Poi-t-wine, and in the manu-
facture of the kind of wine which is commonly known as Elder Wine.
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Triosteum per/oliatum is a mild purgative and emetic. Its roasted seeds
have been used as a substitute for coffee.

Viburnum.— V. Lantana, the Mealy Guelder-rose, or Wayfaring Tree, has
a very acrid inner bark. It is sometimes considered as a vesicant. V, Opu-
lus, the Guelder-rose, is commonly regarded as emetic and cathartic. V.

cassinoides.—The leaves of this plant, mixed with those of Prinos glaber
(Aquifoliacece), are employed in N. America as a substitute for Tea, under
the name of Appalachian Tea (see Prinos). The black fi-uits of the Hima-
laya species are edible and agreeable.

Natural Order 123. Cinchonacrs;—The Ciuehona Order.

—

Character.—Trees, shrubs, or herbs. Leaves simple, entire,

opposite, with interpetiolar stipules (fy. 356). Inflorescence

cymose. Calyx superior, with the limb 4—6-toothed, or entire.

Corolla monopetalous, regular, tubular, with its lobes correspond-

ing in number to the teeth of the calyx. Stamens inserted

upon the corolla, and equal in number to its lobes, with which
they are alternate. Ovary inferior, crowned by a disk, usually

2-celled, or sometimes many-celled ; style 1, sometimes slightly

divided ; stigma simple or divided. Fruit inferior, 2-celled, or

rarely many-celled, dry or succulent, indehiscent or separating

into 2 or more dry cocci. Seeds 1, 2, or more in each cell, when
few, they are erect or ascending, or when numerous, then attached

to axile placentas ; embryo small, in horny albumen.
Diagnosis.—Trees, shrubs, or herbs, with opposite simple entire

leaves, and interpetiolar stipules. Calyx superior. Corolla

regular. Stamens equal in number to the teeth of the calyx and
segments of the corolla, with the latter of which they are alter-

nate, epipetalous. Ovary inferior, 2 or more celled. Fruit
inferior. Seeds 1 or more, with horny albumen.
By most botanists this order and the G-aliacese are regarded as

sub-orders of an order which is termed Eubiacese. (See p. 570.)
Division of the Order, and Examples of the Ge7iera.—The

Cinchonacese may be divided into two sub-orders as follows :

—

Sub-order 1. Coffees.—Ovary with 1 or 2 seeds only in each cell.

Examples:—Cephaelis, Coffea, Ixora.

Sub-order 2. Cinchonece.—Ovary many-seeded. Examples:—
Cinchona, Grardenia, Grenipa.

Distribution and Numbers.— They are almost exclusively

natives of tropical and warm regions. There are about 2,600
species.

Properties and Uses.—The properties of the plants of this

extensive order are very important to man, furnishing him with
many valuable medicinal agents, as well as substances u?eful in

the arts and domestic economy. Thus, many possess tonic,

febrifugal, astringent, emetic, or purgative properties ; a few are

valuable dyeing and tanning agents, and others have edible

fruits and seeds. Some are reputed to have intoxicating, and
in rare cases even poisonous, properties. Various species are
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also cultivated in our stoves on account of the beauty and
fragrance of their flowers.

Cephaelis Ipecacuanha.—Th.Q root of this plant is termed annulated ipeca-

cuanha. It is the officinal Ipecacuanha of this country. It contains an
alkaloid called emetia, to which its properties are principally due. Ipeca-
cuanha possesses emetic and purgative properties in large doses, and in smaU
doses it is expectorant and diaphoretic. It is also sedative.

Cinchona.—The plants of this genus are natives exclusively of the intertro-

pical valleys of the Andes, and principally on the eastern face of the Cor-
dilleras, growing commonly at heights varying from about 4,000 to nearly
12,000 feet above the level of the sea. The Cinchona region extends from
Santa Cruz de la SieiTa, in Bolivia, about 19° S. lat. through Peru and
Columbia, nearly to Caraccas, in about 10° of N. lat. The Cinchonas are
small shrubs, or large forest trees, with evergreen leaves and commonly
showy flowers. They appear to require gi'eat moisture, and a mean tempera-
ture of about 62°. The barks of several species and varieties are extensively
imported into this country, under the names of Cinchona, Pei-uvian, or
Jesuits' Bark. Some few years since, in consequence of the great destruc-

tion of Cinchona trees in S. America, and from no care having been taken
in replacing them, it was feared that in a short time our supply of this most
valuable bark would have seriously fallen off ; but, thanks to the energetic

labours of Messrs. Markham, Spruce, Mc Ivor, Wilson, and others, the more
valuable species have been transported to India, Jamaica, Java, &c., and
are now cultivated in these countries (more especially in India), over large

areas, with gi-eat success, so that we need no longer fear any deficiency of

supply in future years. A large number of commercial varieties of Cinchona
barks have been described by Pereira, Weddell, Howard, and others, for a
description of which we ntust refer to works on Materia Medica. About
thirteen species of Cinchona are known to yield commercial barks, and of

these, four are officinal in the British Pharmacopoeia, which ai^ the only
ones we have space to refer to here : these are C. Calisaya, Weddell ; C. Con-
daminea, D. C. vars. Chahuarguera, Pavon, and crispa, Tafalla ; C. succirubra,

Pavon ; and C. lancifolia, Mutis. Of these species, the first three respec-

tively yield the officinal Yellow Cinchona Bark, Pale Cinchona Bark, and
Red Cinchona Bark ; and the latter the bark which is commonly known as

Coquetta bark, and which is placed in the British Pharmacopojia. as one of

the sources of sulphate of quinia. Several alkaloids have been described as

constituents of the different kinds of Cinchona barks in varying propor-
tions ; but by far the more important are Quinia, Cinchonia, Quinidia, and
Cinchonidia. The former is, however, alone officinal, and is doubtless the
most valuable of them all ; but they are all now more or less used in medi-
cine, and possess, in an eminent degree, antiperiodic, febrifuge, and tonic

properties. The barks themselves, in addition to such propeiiiies, are also

somew'hat astringent, and in some cases Cinchona bark has been found to

be efficacious as a topical astringent and antiseptic.

Coffea arahica, the Coffee Plant.—The seeds of this plant, when roasted,

are used in the preparation of that most valuable beverage—rq^fe. Coffee

owes its properties chiefly to the presence of caffeine, which is identical with
theine (see Thea, p. 468), and to a volatile oil. About 40 millions of pounds
are annually consumed in this country, and the consumption for the whole
world has been estimated at about 600 millions of pounds. In Sumatra and
some of the adjoining islands, an infusion of the roasted leaf is used as a
substitute for Tea, under the name of Cofl'ee-Tea. The leaf contains similar
ingredients to the seeds, and possesses therefore analogous properties.

Coprosma.—The fruits of C mici'ophylla and other species are eaten in
Australia, where they are called Native Cun-ants. In New Zealand the leaves

of G. faitidissima are used by the priests to discover the will of the gods.

Gardenia.— Yvom. the fniits of G. grandiflora, G.florida, and G. radicans
beautiful yellow dyes are prepared, which ai-e extensively used in China and
Japan. G. lucida and G. gummifeva, natives of India, yield a resinous exu-
dation, which is said to be antispasmodic.

Genjjja.—The fruit of some species is eatable, that of G. americana, the
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Lana tree, is the Genipap of South. Ameiica. In British Guiana, a bluish-
tlack dye called Lana dye, is prepared from the juice of the fruit. The fruit

of G. brazUiensis also furnishes a violet dye.
Gufttarda speciosa.—This plant is said by some to fiu-nish the Zebra-wood

of cabinet makei-s, &c., but according to Schomburgh this is the produce of
Omphalohium Lambertii, a native of Guiana. (See Omphalobium.) Tortoise'

icood is also sometimes considered to be derived from a variety of G. speciosa.

Morinda.—The roots of 21. citrifolia and M. tindoria are used in India
and some other parts of Asia for dyeing red. TTiey have been occasionally
imported into this country, under the names of bladder, Munieet, and Chay-
root ; but such names are improperly applietl to them. (S«e OMeidandia
and Ruhia.) The flowers of species of Morinda are also employed in India
for dyeing, mixed tvith those of Grislea tomentosa. (See Grislea).

Oldenlandia umbeUata.—The root of this plant is occasionally imported
from India under the name of Chay or Che root. (See Morinda.) It is em-
ployed to dye red, purple, and orange-brown. The colouring matter is con-
fined to the bark.

Psychotria.—The root of P. emetica is called black or striated ipecacuanha.
It is occasionally imported, but not used in this country. It possesses emetic
properties like the roots of Cephaelis Ipecacuanha and Richardson ia scabra,

but it is far less active than the annulated ipecacuanha. It contains emetia.

The roasted seeds of P. herbacea have been used as a substitute for coffee.

Richardsonia scabra or braziliensis.—The root is emetic. It contains the
same active principle, namely, emetia, as that of the annulated ipecacuanha
root from Cephaelis Ipecacuanha, but it is not so active as it. It is commonly
known as undulated, white, or amylaceous ipecacuanha. It is not used in this

country.
Sarcocephalus esculentus.—The fruit is the Sierra Leone Peach.
Uncaria (Xauclea) Gambir.—An extract prepared from the leaves and

young shoots of this plant constittites the kind of Catechu, which is known
in commerce as Gambir, Gambler, or Pale Terra Japonica, and by druegists,
as Catechu in square cakes. In the British Pharmacopoeia it is officinal under
the name of Pale Catechu. It is one of the most powertul of astringents, and
is largely employed in tanning and dyeing, and also in medicine.

Natural Order 124. Gauacejs or Stellat.^:.—The ^Madder
Order {figs. 947-950).—Character.—Herbaceous plants, with
whorled exstipalate leaves {fig. 260), and angular stems {fig.

Fig. 947. Fig. 948. Fig. 949. Fig. 950.

m£-

Fig. 947. Diagram of the flower of the Madder (Rubia tinctontm). Fi{f.

948. Pistil of Madder adlierent to the calyx, cai. st Styles and stigmas.
Fig. 949. Pistil of Goose Grass or Cleavers (Galium Aparine') sur-

rounded by the calyx, b. st. Styles. Fig. 950. Tertical section of
the fruit and seeds of Galium Aparine. a. Albumen, c. Embrjo. pi.
Placenta.

260). Calii/x superior {figs. 948, cal, and 949, b), with the limb
4—6-lobed, or obsolete. Corolla monopetalous, 4— 6-lobed {fig.

947), regular. Stamens epipetalous, equal in number to the
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lobes of the corolla, and alternate with them {fig. 947). Ovary
inferior {figs. 948 and 949), 2-celled {fig. 947), with one solitary

erect ovule in each cell ; styles 2 {figs. 948 and 949, st). Fruit

2-celled, indehi scent, with 1 erect seed in each cell {fig. 950)

;

albumen horny {fig. 950, a).

Diagnosis.—This order, as already noticed (see page 567), is

generally included with the Cinchonacese in a common order,

called Eubiacese. The Graliaeeae are at once distinguished from
the Cinchonacese by their whorled exstipulate leaves, and angular

stems. Some regard the whorls as formed partly of leaves, and
partly of stipules resembling the true leaves in form and appear-

ance. The above arrangement of the Cinchonacese and Graliacese

is in accordance with the views of Lindley.

Distribution, ^'c.—The plants of this order are common weeds
in the northern parts of the northern hemisphere. They are

also found inhabiting high mountainous districts in Peru, Chili,

and Australia. Examples of the Genera

:

—Gralium, Asperula,

Sherardia. There are about 380 species.

Properties and Uses.— They are chiefly remarkable for the

presence of a colouring matter in their roots, and hence are used
in dyeing. Some are reputed to possess tonic, diuretic, and
emmenagogue properties, and the roasted seeds of certain species

have been employed as substitutes for coffee.

Galium.— G. Aparine, Goose-grass, or Cleavers.—The inspissated juice or
extract of this plant has been used with success in lepra and some other
cutaneoiis diseases. Its roasted seeds have been employed as a substitute for
coffee. The extract of G. rigidum and G. Mollugo have been employed in

epilepsy.

Ruhia.—R. tinctorum.—The dried root of this plant is known under the
name of Madder, and is one of the most important of vegetable dyes. It

is largely cultivated in France, Holland, &c. In France it is known under
the name of Garance. In the Levant R, peregrina is cultivated, and yields

Levant Madder. The roots are also called Twkey-rootsincovci-mevce. Madder
is imported in two forms, namely, in the entire root, and in a ground state.

There are four kinds of Dutch Madder, known respectively as crop (the

best), ombro, gamene, and mull (the worst). In the hving state, madder-
root only contains a yellow colouring principle, called rubian ; but no less

than five colouring matters have been obtained from the madder of com-
merce, called respectively madder purple {purpu7-in) , red {alizarin), orange^
yellow, and brown ; it would appear, therefore, that thei-^e latter must be aU
derived from the single yellow colouring principle. Alizarin is by far the
most valuable of these colouring substances. Besides its use as a dyeing
material, madder was long employed in medicine as a tonic and diuretic,

and has been regarded as a valuable emmenagogue ; its virtues, however, as
a medicine are very trifling, and it is no longer employed by the medical
practitioner. Besides the roots of R. tinctorv7n and R. peregrina, those of

other species are employed in different parts of the world for dyeing : thus,

the roots of R. cordifolia or Munjista, a native of the East Indies, are used
in Bengal, &c., as madder ; and are occasionally imported into this country
under the name of munjeet. The roots of R. Relboun are also employed in

Chili for dyeing.

Natural Order 125. CoLUMETXiACEiE,—The Columellia Order.

—Character.—Evergreen shrubs or trees. Leaves opposite,

exstipulate. Flowers unsymmetrical, yellow, terminal. Calyx
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Fig. 951.

superior, 5-parted. Corolla monopetalous, rotate, 5— 8-parted,

imbricated. Sta^nens 2, epipetalous ; anthers sinuous, with longi-

tudinal dehiscence. Ovary inferior, 2-celled, surmounted by a
fleshy disk. Fruit a 2-celled, many-seeded capsule. Seeds with

fleshy albvimen.

Distribution, ^c.—Natives of Mexico and Peru. It only con-

tains the genus Columellia, which includes 3 species.

Properties and Uses.—Unknown.
Natural Order 126. Valeeianacrs.—The Valerian Order

(Jig. 951).—Character.— Herbs, icows opposite, exstipulate.

Flowers cymose, hermaphrodite (figs. 478 and

479), or rarely unisexual. Calgx superior (Jig.

951, ca), with the limb obsolete, or membranous,
or pappose. Corolla monopetalous (Jigs. 478 and

479), tubular, imbricated, 3—6-lobed, regular or

irregular, sometimes spurred at the base (Jig.

479). Stamens 1—5, inserted upon the corolla

{figs. 478 and 479). Ovary inferior (figs. 478,

479, and 951), with 1 fertile cell, and usually 2

abortive or empty ones. Frv.it dry and inde-

hiscent, frequently pappose (fig. 450). Seed

solitary, pendulous, exalbuminous ; radicle supe-

rior.

Distribution, ^c.—Chiefly natives of the tem-

perate parts of Europe, Asia, and America ; they

are rare in Africa. Examples of the Genera

:

—
Centranthus, Valeriana. There are about 180
species.

Properties and Uses,—They are chiefly re- j'tg, 951. vertical

markable for the presence of a strong-scented ^^4'''^^^°'^ {^^
volatile oil, which renders them stimulant, anti-

°^^'"^' '""-^

spasmodic, and tonic. Some are highly esteemed
in the East as perfumes, but they are not gene-
rally considered agreeable by Europ£ans.

Nardostachys Jatamansi is commonly regarded as the Nardus indicus, the
true Spikenard of the ancients. It is mnch esteemed in India both as a
perfume, and as a remedial agent in epilepsy and hysteria. It is the Nard
of the Hebrews, and the Nardos of the Greeks. The root has been errone-
ously supposed to be the Sumbul of the shops (see Sumbul, p. 559).

Valerianella cUtoria.—The young leaves are occasionally used as a salad,
both on the continent and in England. In France they are known under the
name of nmche, and in England by that of Lamb's Lettuce.

Valeriana.—The root of V. offlclnalis is the officinal Valerian of the British
Pharmacopoeia. It is much employed as a nervous excitant and antispas-
modic. The roots of V. Dioscoridis, V. Phu, V. celtica, V. Hardidckii, V.
sitchensis, and other species, have similar properties. V. sitchensis is most
esteemed in Russia.

Natural Order 127. Dipsacace^.—The Teazel Order (figs.

952 and 953).— Character.— Herbs or undershrubs. Leaves
opposite or verticillate, exstipulate. Flowers in dense heads

Red A'alerian
(Ceiitranthus ru-
ber), ca. Calyx.
CO. Corolla, sty.

Style, ov. Ovule.
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Fi^: 952. Fig. 953.

(capitula) {fig. 402), surrounded by a involucre. Calyx {fig.

953) superior, with a membranous or pappose limb, and sur-

rounded by an invo-

lucel. Corolla {fig.

953) tubular, mono-
petalous, the limb
4—5-lobed, generally

irregular {figs. 402
and 953), and with
an imbricated aesti-

vation. Stamens 4,

epipetalous {fig. 953)

;

anthers distinct.

Ovary inferior
( fig.

953), 1 -celled ; ovule

solitary {fig. 953),

pendulous; style and
stigma simple. Fruit

dry, indehiscent, sur-

mounted by the pap-

pus-like calyx {figs.

451 and 952). Seed

Fig. 952. Fruit of Scabiosa purpurea, surmounted by With fleshy albumen,
the pappose calyx. Fig. 953. One of the central and havine; a straight
florets of the capitulum of Scaftiosa purpwrea, with , °

•,
^

the ovary, &c., cut vertically. embryo, and a su-

perior radicle.

Distribution, ^-c.—Chiefly natives of the South of Europe, and
of North and South Africa. A few species are found in this

country. Examples of the Genera

:

—Dipsacus, Knautia, Sca-

biosa. There are about 170 species.

Properties and Uses.—Some are reputed to possess astringent

and febrifugal properties, but as remedial agents they are alto-

gether unimportant.

Dipsacus FuUonum. Fuller's Teazel. — The dried capitula are used by
fullers in dressing cloth, for which they are well adapted, as their hard stiff

hooked bracts raise the nap, without tearing the stuff like metal instruments.

In 1859 no less than 19,000,000 of teazels were imported into this country
from France.
Smbiosa succisa is called the Devil's-bit Scabious, on account of its

abruptly terminated rhizome or root. It is said to be astringent, and to

yield a green dye. The inflorescence sometimes developes in an umbellate
manner, as in a specimen described by the Author, in the Pharmaceutical
Journal, vol. xvii. p. 3G3, thus exhibiting a marked deviation from the

development in capitula, which is the ordinary arrangement in the plants

of this order.

Natural Order 128. CALYCERACEJi;.—The Calycera Order.

—

Character.—Herbs. Leaves alternate, exstipulate. Flowers

in capitula, surrounded by an involucre. Calyx superior, irre-

gular, 5-lobed. Corolla monopetalous, regular, valvate, 5-lobed.
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Stamens 5, epipetaloiis
; filaments monadelphous ; anthers par-

tially united. Oi'ary inferior, 1-celled, wdth a solitary pendulous
ovule. Fruit indehiscent. Seed solitary, pendulous, witli fleshy

albumen, and a superior radicle.

Diagnosis. — They hold an intermediate position between
Dipsaeaceae and Compositse, being distinguished from the former
by their alternate leaves, absence of involucel to their individual

florets, valvate aestivation of corolla, monadelphous filaments,

and partially united anthers : and from the Compositse in their

anthers being only partially united, and in their pendulous
albuminous seed and superior radicle.

Distribution, ^'c. — Exclusively natives of South America,
especially the cooler parts. Examples of the Genera

:

—Calycera,

Leucocarpus. There are about 20 species.

Properties and Uses.—Unknown.
Natural Order 129. Co>rposiTJE or Asterace^.—The Com-

posite Order {figs. 954-958).—Character.—Herbs or shrubs.

Leaves alternate or opposite, exstipulate. Floicers (florets)

Fig. 954. Fig. 955. Fig. 956. Fig. 957.

Fig. 954. Labiate floret of Chaetanthera linearis, o. Ovary with adherent
calyx, t. Tube of Che corolla, i s. Upper lip of corolla. H. Lower lip.

e. Tube formed by the adherent anthers, s. Stigmas. Fig. 955. Ver-
tical section of the floret of Aster rubricanlU. o. Erect ovule, enclosed
in the inferior ovary, a. Pappose limb of the calyx, p. Corolla, s. Style.
e. Tube of the anthers. Fig. 9.56. Floret of the Chicory (Cichorium
Iritybiis). o. Ovary with adherent calyx, e. Tube formed by the ad-
herent anthers, s. Stigmas Fig. 957. Vertical section of the ripe
fruit of a Groundsel (Senecio), surmounted by a portion of the style, s

;

and the pappose limb of the calyx, p. Pericarp, t. Testa, e. Seed. The
above figures are from Jussieu.
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hermaphrodite {figs. 954-956), unisexual {fig. 475), or neuter,

arranged in capitula {figs. 401 and 418), which are commonly
surrounded by an involucre formed of a number of imbricated

bracts \^phyllaries) {fig. 373) ; the separate florets are also fre-

quently furnished -with membranous scale-like bractlets (called

palece) {fig. 378). Calyx superior {figs. 954-956), its limb either

entirely abortive {fig. 448), or membranous {fig. 449), and then

entire or toothed ; or pappose,—that is, divided into bristles, or

simple, or branched, or feathery hairs (fig. 955). Corolla mono-
petalous {figs. 954-956), tubular {fig. 448), ligulate {fig. 956),

or bilabiate {fig. 954), 4— 5-toothed, with a valvate aestivation.

Stamens {figs. 954-956, e), 6, or rarely 4, inserted on the corolla,

and alternate with its divisions
; filaments distinct or monadel-

phous ; anthers united into a tube {syngenesious or synantherous)

{fig. 534), which is perforated by the style {fig. 956). Ovary in-

ferior, 1-celled, with 1 erect ovule {fig. 955) ; style 1, undivided

below, and commonly bifid above {fig. 956); stigmas 2, one
being placed on the inner surface of each division of the style

{fig. 958). Fruit dry, indehiscent, 1-celled, crowned by the limb
of the calyx, which is often pappose {fig. 957)- Seed {fig. 957)
solitary, erect, exalbuminous ; radicle, inferior {fig. 957 e).

Fig. 958.

Fig. 958. Styles and stigmas of Composite Flowers to illustrate De
Candolle'3 Tribes, after Heyland and Lindley. 1. Albertinia erythro-
pappa (Vernonieffi/. 2. Anisochwla wiifcanioides (Eupatorieae). 3. Blumea
senecioides (Asteroidese). 4. Mendezia bicolor (SenecioideEe). 5. Lipo-
chceta umbellata (Setiecioideae). 6. Aplotaxis nepalensis (GynareiB). 7.

Leucomeris spectabilis (Mutisieas). 8. Leuceria tenuis (Nassavieae).

Diagnosis.—Herbs or shrubs, with exstipulate leaves. Flowers
(called florets) arranged in dense capitula, and commonly sur-

rounded by an involucre. Calyx superior, its limb abortive, or
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membranous, or pappose. Corolla monopetalous, 4—5-toothed,

with a valvate sestiration. Stamens epipetalous, equal in

number to the divisions of the corolla (generally 5), and alter-

nate with them ; anthers syngenesious. Ovary inferior, 1 -celled

with 1 erect ovide, style simple, bifid above. Fruit 1 -celled, dry,

indehiscent. Seed solitary, erect, exalbiuninous ; radicle inferior.

Division of the Order, and Examples of the Genera.—This
order has been variously divided by authors. By Linnaeus,

the plants of his class Sy^igenesia, division Folygamia (which
corresponded to the Natural Order CompositcB as above defined),

were arranged in five orders, imder the names of Polygamia
aequalis, P. superflua, P. fnistanea, P. necessaria, and P. segregata.

The characters of these have been already stated at page 404. Jus-

sieu separated the Compositse into three sub-orders as follows :—1. Corym'.ifercB, the plants of which have all tubular (flos-

culous) and perfect florets ; or those of the disk (centre)

tubular and perfect, and those of the ray (circumference) tubidar
and pistilliferous, or ligulate (radiant). 2. Cynarocephalcs, the

florets of which are all tubular and perfect ; or those in the
centre perfect, and those of the ray neuter : and 3. Cicho-

racecB, having all the florets ligulate and perfect. A fourth sub-
order was afterwards added, called LahiatiflorcB, which included

those plants the florets of which were bilabiate, and which
were unknown to Jussieu. The arrangement most frequently

adopted at the present day is that of De Candolle : this was
founded on that of Lessing. It is as follows :

—

Sub-order 1. Tuhidiflorce.—Florets tubular or ligulate, either

perfect, unisexual, or neuter. Perfect florets tubular, with 5, or
rarely 4, equal teeth. This sub-order includes the CorymhifercB
and CynarocephalcB of Jussieu. It has been divided into' five

tribes :

—

Tribe 1. Vernoniea. Style cylindrical ; its arms generally long
and subulate, sometimes short and blunt, always covered aU
over with bristles {fig. 958, 1). Examples:—Adenocyclus,
Vernonia, Elephantopus.

Tribe 2. EupatoriecB. Style cylindrical ; its arms long and
somewhat clavate, with a papillose surface on the outside

near the end {fig. 958, 2). Examples:—^Eupatx^rium, Tns-
silago, Petasites.

Tribe 3. Asteroidece. Style cylindrical ; its arms linear, flat

on the outside, equally and finely downy on the inside

{fig. 958, 3). ExampAes:—Erigeron, Bellis, Pulicaria.

Tribe 4. Senecioidece. Style cylindrical; its arms linear, fringed
at the point, generally truncate, but sometimes extended
beyond the fringe into a short cone or appendage of some
kind {fig. 958, 4 and 5). Examples

:

—Anthemis, Artemisia,
Senecio.
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The above four tribes correspond to the sub-order Corymhiferce

of Jussieu ; the next tribe to the Cynarocefhalce of the same
author.

Tribe 5. CynarecB. Style thickened above, and often with a

bunch or fringe of hairs at the tumour ; its branches united

or free {fig. 958, 6). Examples:—Calendula, Centaurea,

Cynara.

Sub-order 2. LabiatiflorcB.—Hermaphrodite florets, or at least

the unisexual ones, divided into two lips. Of this sub-order
- 'we have two tribes :

—
Tribe 6. Mutisiccs. Style cylindrical or somewhat swollen

;

its arms usually blunt or truncate, very convex on the outside,

and covered at the upper part by a fine uniform hairiness,

or absolutely free from hairs {fig. 958, 7). Examples

:

—
Mutisia, Printzia.

Tribe 7. Nassaviea. Style never swollen ; its arms long, linear,

truncate, and fringed only at the point {fig. 958, 8). Za-
amples

:

—Nassavia, Trixis.

Sub-order 3. LiguliflorcB.—Florets all ligulate and perfect.

This corresponds to the Cich.orace<s of Jussieu.

Tribe 8. Cichorcce. Style cylindrical at the upper part ; its

arms somewhat obtuse, and equally pubescent. Examples :

—Cichorium, Lactuca, Hieracium.

Distribution and Numbers.—Universally distributed ; but the

Tubuliflorce are most abimdant in hot climates, and the LiguliflorcB

in cold. The Labiatiflorce are almost entirely confined to the extra-

tropical regions of South America. In the Nortliern parts of the

world the plants of this order are universally herbaceous ; but in

South America and some other parts of the southern hemisphere,

they occasionally become shrubby, or even in some cases arbores-

cent. Some years since there were about 9,500 species, according

to M. Lasegue, who remarks " that they have steadily continued

to constitute about ~ of all described plants, in proportion as our

knowledge of species has advanced. Thus Linneeus had 785
Composites out of 8,500 species; in 1809 the proportion was
2,800 to 27,000 ; De Candolle described 8,523 in the year 1838,

which was again a tenth ; and now (1845), that the estimate of

species has risen to 95,000, Composite plants amount to 9,600."

Lindley estimated the order to contain about 9,000 (?) species.

Properties and Uses.—The properties of the Compositce are

variable. A bitter principle pervades the greater number of the

species in a more or less evident degree, by which they are

rendered tonic. Some are laxative and anthelmintic. Many
contain a volatile oil, which communicates aromatic, carminative,

and diaphoretic properties. Others are acrid stimulants, and
the LigidiflorcB commonly abound in a bitter-tasted milky juice,

which is sometimes narcotic.
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Sub-Order 1. TuBrLiFLOR^.—The plants of this sub-order are chiefly-
remarkable for their bitter, tonic, and aromatic properties ; these are dne
to the presence of a bitter principle, and a volatile oil. Some are esculent
vegetables.

Achilkea miUefolium was fonnerly extolled as an excellent vulnerary
and styptic. It is regarded in the United States of America as tonic, stimu-
lant, and antispasmodic. According to Linnfeus, it was employed in his
time in Sweden to increase the intoxicating powers of beer.

Anacpchts.—A. Furdhrum, Pellitory of Spain.—The root is employed as
an energetic local irritant, and sialogogue, in toothache, relaxation of the
uvula, &c. A. otficinarum of Hayne has similar properties. The root i:5

commonly used in Gennany.
Antheiins nobiii.;, Chamomile or Camomile.—This plant is extensively cul-

tivated for the sake of its flowei-s, which are much employed internally for
their stimulant, tonic, and antispasmodic properties, and also externally for
fomentations. The flowers constitute the Roman or True Chamomiles of
the Materia Medica.

Aplohuris auiiculata or Aucklandia Coslm.—The root of this plant, which
is a native of Cashmere, is said by Falconer to be the Costus arabicus oi the
ancients. It is chiefly used as a perfume.

A7mica inoiitana. Mountain Arnica, Mountain Tobacco, or Leopard's-bane,
is an acrid stimulant. It has been employed in typhoid fevers, amauro>is,
paralysis, kc. It is termed on the continent Panacea lapsoitim from the
power it possesses of alisorbing tumours and destroying the effects of bruises,
when applit'd externally. Arnica rhizome and rootlets, under tlie name of
Arnica root, have been introduced into tlie British Pharmacopoeia.

Artemisia.—A. Absinthium.—The dried herb, or the flowering tops, under
the name of Wormwood, is used as an aromatic bitter tonic, and as an anthel-
mintic. It is also employed in the preparation of some liquevrs

; paiticu-
larly of one now very largely consumed in France under the name of
" absinthe," the excessive use of which is attended with very injurious effects,
which have been erroneously attributed to the wormwood it contains instead
of to the alcohol. A. chinensis.—According to Lindley, the Ch'ntse and
Japanese Moxa is prepared from the cottony or woolly covering of the leaves of
this and other species. A. Dracuncutus is the Tarragon, the leaves of wLdch are
sometimes used in pickles, salads, Lc. The officinal Santonica of the Biitish
Pharmacopoeia, which is known as Levant Wormseed, and which comes to
^igland by way of Russia, is the unexpauded flower-heads of an undeteiTuined
species of Artemisia. It owes its properties essentially to the presence of a
crystalline neutral principle called santonin, which is also officinal in the
British Pharmacopoeia. Both santonica and santonin are valuable anthel-
mintics. Two other kinds of wormseed, which are very inferior to the
above, have been described by pharmacologists tmder the names of Barbary
Wormseed and Indian Wonnseed. Wormseed is also known by the names
of Semen Santonici, semen contra, semen cynce, d'c,

Berthelotia lanceolata or indica. a native of India, has aperient leaves,
which are said to be a good substititte for senna.

Calendula officinalis, the Marigold, has yellow florets, which are sometimes
employed to adulterate saffron.

Carduus, the Thistle.—Some species of this genus, particularly C. Bene-
dictus, have been used as tonics and febrifuges.

Carthamus.— C. tinctorius, Safflower or Bastard Saffron.—The florets are
used in the prep<iration of a beautiful pink dye. Thepink saucers of the shops
are colonred by it. It is also largely employed in the manufacture of rouffe.
Safflower is sometimes used to adulterate hay saffron. The substance called
cake saffron is prepared from it and mucilage. (See Crocus.) The fi-uits,

which are commonly called seeds, yield by expression a large quantity of oil,

which is known in India under the name of Koosum Oil, The fraits of C.
perstcus also yield a useful oil.

Cynara.—C. Scoltjmus.—The young succulent receptacles of this plant are
used for food, under the name of Artichokes. The edible Cardoons are the
blanched stalks of the iimer leaves of Cynara Cardunculus.
Eupatorium.— E. glutinosum.—The leaves of this plant constitute one of

P P
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the substances known as Mfitico in South America, aud which are employed
as styptics. The matico used in this countiy is, however, derived from
Attavthe elongata, a plant of the Nat. Ord. PiperacefB. E. ayapaim and
E. perfoliattna have been employed as antidotes to the bites of venomous
reptiles. They are reputed to possess stimulant, tonic, and diaphoretic
properties.

Guizotia oleifera is extensively cultivated in India for its seeds, which are

known in commerce under the name of Niger Seeds. These yield a thin oil,

useful in painting and for burning, &c. It is known in India as Eam-til,
Kala-til, Noog, &c.

Helianthus.—H. tuberosus.—The tubers are much eaten under the name of

Jerusalem Artichokes. The dried fruits have been used as a substitute for

coffee. //. anmcits is the common Sunflower. The pith contains nitrate of

potash, and is therefore sometimes used in the preparation of moxas in

Europe. The fruits have been lately employed as an ingredient in a kind
of soap called Sunflower Soap.
Inula Helenium, Elecampane.—The root is an aromatic tonic, expec-

torant, and diaphoretic. It has been employed iu chronic cataiTU, and in

dyspepsia.
Madia.—The seeds of M. saliva, a native of Chili, yield by pressure a

large amount of fixed oil, which is edible, and the commoner kinds have
been usal for illumination. The plant is now cultivated in Asia Minor,
Algeria, and the warmer parts of i'Yance and Germany. The oil has also

the valuable property of not congealing at 19° below zero of Reaumur,
hence it is a valuable lubricating agent for delicate machinery.

Matricaria Chamomilla has similar propei-ties to the tnie chamomile. The
flowers are the Flores Chamomilhe of German phannacologists ; they are
usually distinguished as Common Chamomiles.
Mikania.— M. Guaco has been much used as an antidote to the bites of veno-

mous serpents in South America. Guaco has also been highly spoken of as

a remedy for gout and rheumatiem.
Notonia.—The freshly gathered stems of JV, grandiflara and iV^. corymhosa

are reputed in India to be a preventive of hydrophobia.
Oriopordum Acanthium is the Scotch Thistle of gardeners. It is also

known under the name of Cotton Thistle.

Silpfiiiwu—S. laciniatum, S. peffoliatum, and other species, natives of
North America, where they are known under the names of " rosLn-weeds,"
are reputed to be very efficacious in asthma. S. laciniatum is also known as
the " polar plant" or " compass plant," because " the leaves are said to pre-
sent their faces uniformly north and south."

Tanacetum vulgare, the common Tansy, possesses tonic and anthehnintic
properties.

Tussilago Farfara, Coltsfoot.—This plant is employed as a popular
remedy in chronic coughs and othei- pulmonary complaints.

Vernonia anthelniintica.—The seeds are employed in the East Indies as an
anthelmintic.

Su1)-0rder 2. Labiatiflor^,—There are no important plants known to

belong to this sub-order. Some have been reputeti aromatic, mucilaginous,
and tonic, and the leaves of Printzia aromaUca are sometimes employed at
the Cape of Good Hope as a substitute for tea.

Sub-Order 3. LiGULiFLOn,E.—The plants of this snb-order generally contain
a millcy juice, which commonly possesses alterative, aperient, diuretic, or
narcotic properties. The roots of some are used as esculent v^etables ; and
other plants of this sub-order, by cultivation with diminished light, become
edible as salads.

Cichorium.—C. Intybus. Wild Succory or Chicory.—The Chicory plant is

indigenous in this and many other countries of Europe. It is also extensively
cultivated for the sake of its roots, which are roasted and used as a substitute
for, or more frequently as an addition to, groimd coffee. Above 100 millions
of pounds are annually consumed in Europe. In 1865, the consumption
in Great Britain alone was about 13 millions of pounds; and it is now
calculated that in proportion to that of coffee it is nearly 40 jier cent. It

does not, however, possess in any degree the peculiar excitipg, Boothiug
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and hunger-staying properties of coffee, and its extensive employment
is much to be deprecated, as it is not unfrequently attended with inj'urions

effects. The fresh root has been employed in medicine, and possesses some-
what similar properties to that of Dandelion. A bine dye may be prepai-ed
from the leaves. Cichorium Endivia is the garden Succory or Endive, the
leaves of which when blanched are used as a salad.

Lattuca.—L. sativa is the garden or common Lettuce. It is largely culti-
vated as a salad. As a medicine it possesses to a slight extent sedative,
anodyne, and antispasmodic properties. Lactuca virosa, the "Wild or Strong-
scented Lettuce, possesses much more evident anodyne and antispasmodic
properties than the common Lettuce. The inspissated juice of both Z. sativa
and Z. virosa is Lactucarium or Lettuce Opium, which is employed for its

narcotic properties. Z. vir^osa yields the best and the largest quantity of
Lactucarium. Z. rirosa is officinal in the British Pharmacopoeia. Other
species of Lactuca possess similar properties.

Scorzonera.—S. hispanica has esculent roots, which are known under the
name of Scorzonera. and are much esteemed. The roots of S. deliciosa are
also much valued in Sicily, where it is a native.

Taraxacuiyi Dens Leonis or Leontodon Taraxacum is the common Dan-
dehon. The root is very extensively employed as a medicinal agent. It is

commonly regarded as possessing aperient, diuretic, and alterative properties.
It contains a bitter crystalline principle, called Taraxacine, to which it

seems principally to owe its properties. "UTien roasted, it has sometimes
been employed as an addition to coffee, in the same manner as Chicory root.

Tragopogon porrifolius.—The roots are eaten under the name of Salsafy.
and although a very useful vegetable, they are inferior to Scorzonera. In
America it is caUed the Oyster-plant, as the roots when cooked are thought
to have the taste of oysters,

Natural Order 130. Campanulace.^.—The Hare-bell or Bell-
flower Order (fiffs. 959-961).—Character.—Herbaceous plants
or under-shrubs, with a milkyjuice. Leaves nearly always alter-

nate, exstipulate. Cali/x superior (Jig. 961), persistent (Jig. 673).

Fig. 959. Fig. 960. Fig. 961.

Fig. 959. Diagram of the flower of Rampion (Campanula Uaptmcidus).
Fig. 960. Vertical section of the seed. Fig. 961. Vertical section of
the flower.

CoroZ^a monopetalous, regular (fgs. 411 and -463), marcescent

(Jigs. 411 and 674); (estivation valvate {Jigs. 411 and 959).

Stamens equal in number to the lobes of the corolla (Jig. 959),

with which they alternate ; anthers 2-celled, distinct or partly

united. Ovari/ inferior {Jig. 961). 2 or more celled {,figs. 616
and 959) ; stgle simple (Jig. 490), hairy ; stigma naked. Fruit

dry, capsular, dehiscing by lateral orifices {Jigs. 673 and 674;,
p p 2
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or Ly yalves at the apex; placenta axile {figs. 959 and 961).

/St eds numerous, with fleshy albumen {fig. 960).

Distribution, ^r.— Chiefly natives of the temperate parts of

the northern hemisphere ; a good many are, however, found in

the southern hemisphere, especially at the Cape of Good Hope.
A few species only are tropical. Examples of the Genera:—
Phyteuma, Campanula, Specularia. There are about 540
species.

Properties and Uses.—The milky juice which they contain is

sometimes of a sub-acrid character, but the roots and young
parts of several species, especially when cultivated, are eaten in

different parts of the world, as the roots of Camjmvula Eapun-
culus, commonly known under the name of Rampions; those of

Cyphia glanduUfcra in Abyssinia ; and those of Cyphia digitata

by the Hottentots, &c. Some species of Spemilaria have been
tised in salads. One species, (Jampanida glauea, is reputed to

be a valuable tonic, and others are said to be antisyphilitic. The
order, however, does not contain a single plant of any particular

importance, either in a medicinal or economical point of view.

Natural Order 131. Lobeliace^.—The Lobelia Order {figs.

962 and 9e3).—Character.
Fig. 963. —Herbs or shrubs, with a

milky juice. Leaves sUternzXe,

exstipulate. Calyx superior.

Corolla monopetalous, irregu-

lar, valvate. Stamens 5, synge-

mesious {fig. 963). Ovary in-

ferior, 1—3-celled
;

placentas

axile or parietal ; style 1

{fig. 963) ; stigma surrounded
by a fringe of hairs {fig. 962).
Frtiit capsular, dehiscing at

the apex. Seeds numerous,
albuminous.

Distribution, ^'c.—They are

chiefly natives of tropical and
sub-tropical regions ; a few
only occur in temperate and
cold climates. Examples of the

Genera

:

— Clintonia, Lobelia.

There are nearly 400 species.

Properties and Uses.—The
milky juice with which they abound is commonly of a very acrid

nature, hence the plants of the order should be regarded with

suspicion ; indeed, some act as narcotico-acrid poisons, as Lobelia

infiata, Tupa Feuillcei, &c.

Lobelia.— L. infiata. Indian Tobacco.—This species is a native of North
America. The flowering herb and seeds have been extensively employed,

Fig. 962. Stfgina of Lobelia FjipMK-
tica. Mg, 963. The essential or-

gans of the aboTe,with the calyx.
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especially in America, for their sedative, antispasmodic, emetic, and expec-
torant properties. Lobelia resembles tobacco in its action . Several fatal cases

of poisoning have occurred in North America, and in this comitry, from its

empirical use. The seeds may be distinguished under the mici-oscope by their

peculiarly reticulated character. The root of Z. syphilitica possesses emetic,
purgative, and diuretic properties, and, as its specific name implies, it has
been reputed to be efficacious in syphilis L. urens has blistering qualities.

L. decurrens is used in Peru as an emetic and purgative, and its employment
has been suggested in this country, as a substitute for Ipecacuanha.

Natural Order 132. Goodeniacejs,—The Goodenia Order.

—

Characte r.—Herbs or rarely shrubs, not milky. Leaves exstipu-

late. Floivers never collected into heads. Calyx generally superior,

with from 3—5 divisions, occasionally inferior. Corolla irregular,

5-parted ; (Fstivation induplicate. Stamens 5 ; filaments distinct

;

anthers distinct or united. Ovary 1, 2, or rarely 4-celled

;

plaanta free central; st^le 1 {fig. 630, t); stigraa indusiate {fig.

630, i). Fruit capsular, drupaceous, or nut-like. Seeds with
fleshy albumen.

Distribution, ^-d.—They are principally natives of Australia,

and the islands of the Southern Ocean ; rarely of India, Africa,

and South America. Examples of the Genera

:

—Goodenia, Les-
chenaultia. There are about 190 species.

Properties mid Uses.—Unimportant.

SccetoJa Taccada has a soft and spongy pith, which is used by the Malays
to make artificial flowers, &c. Its young leaves are also eaten as a pot-herb.
Other species of Sccevola are reputed to be emollient.

Natural Order 133. Sttlidiacelt;.—The Stylewort Order.

—

Character.—Herbs or under-shrubs, not milky. Leaves ex-

stipulate. Calyx superior, -with from 2 to 6 divisions, persistent.

Corolla with from 5 to 6 divisions ; cestivatioyi imbricate. Sta-

raens 2, gynandrous. Ovary 2-celled, or rarely 1-celled ; style 1

;

s^i^'/'/m without an indusium. i^ra/iY capsular. &C(f5 albuminous.
Distribution, ^r.—They are cliiefly found in the swamps of

Australia. Examples of the Genera:— Stylidium, Forstera.

There are about 1 20 species.

Properties and Uses.—Unknown.
Natural Order 13i. Vaccixiace^.—The Cranberry Order.

—Character.—Shrubs or small trees. Leaves alternate, un-
divided, exstipulate. Calyx superior. Corolla 4—6-lobed; cssti-

vatiou imbricated. Staynens distinct, epigynous, twice as many
as the lobes of the corolla; anthers {fig. 519) appendiculate,

with porous dehiscence. Ovary 4— 10-celled; style Sind stigma
simple. Fruit succvdent. See-ds with fleshy albumen.

Distribution, q-c.—Chiefly natives of the temperate regions of

the globe. Examples of the Genera:—Vaccinium, Thibaudia.
There are about 200 species.

Properties and Uses.—They are chiefly remarkable for their

astringent leaves and bark, and for their edible sub-acid fruits.
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O.n/coccus palusfi'is or Vaccinium Oxycoccus.—The fruit of this plant is the
Cranberry of Great Britain. It is used in making tarts, and for other
purposes. 0. macrocarpus yields the American Cranbeny, of whicli large
quantities are imported into this country.

Vaccinium.—The fi-uits of several species are edible, thus :

—

V. Myrtillus
yields the Bilberry ; V. nliginosum, the Bog or Black Whortleberry ; and
V. Vitis-idcea, the Red Whortleben-y or Cowberry, (See also Oxycoccus.)

The fruit of V. uliginosum is reputed to be narcotic, and it is said to be
employed for making beer, &c. heady. When exposed to fermentation, it

produces a kind of wine.

2. Hypostaminese.

Natural Order 135. Brukoniace^e.—The Brunonia Order.

—

Character.—Herbaceous plants. Leaves entire, radical, ex-

stipulate. Flowers in heads, surrounded by an invohicre. Calyx
inferior, 5-parted. Corolla 5-parted, withering. Stamens few,

hypogynous ; anthers slightly coherent. Ovary superior, 1-celled

;

oyzf/e solitary, erect ; style single ; stigma surrounded by an indu-

sium. Fruit enclosed in the hardened calyx. Seed erect, solitary,

without albumen.
Distribution, ^'c.—Natives of Australia. Brunonia is the only

genus. There are 2 species.

Properties and Uses.—Unknown.
Natural Order 136. ERiCACEiE.—The Heath Order {figs. 964

and 965).—Character.—Shrubby plants. Leaves entire, ever-

_ green, opposite or whorled, ex-

Fig. 965. stipulate. Calyx 4—5-cleft,

inferior, persistent. Corolla hy-

pogynous, monopetalous {figs.

467 and 964), 4—5-clert ; cesti-

vation imbricated. Stamens hy-

pogjmous (figs. 964 and 965), as

many, or twice as many as the

diA'isionsof the corolla; aiithers

2-celled, opening by pores (fig.

518, r), appendiculate
( fig. 518,

a). Ovary many-celled, with
numerous ovules, surrounded
by a disk or scales ; style 1

(figs. 964 and 965). Fricit cap-

sular, or rarely baccate; jjla-

centa axile. Seeds numerous,
small, anatropous ; embryo in

the axis of fleshy albumen.
Division of the Order, and

Examples of the Genera:—
Lindley has two sub-orders as

follows :

—

Sub-order 1. EricccB.—Fruit loculicidal, or rarely septicidal, or

berried. Buds naked. Examples

:

—Erica, Calluna, Arbutus.

Fig. 064. VertiPal section of tlte

lower of a species of Heaih (£n-
ca). Fig. 965. Essential organs
of tlie same. The stamens are
seen to be hypogynous.
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Sub-order 2. BhododendrecB—Fruit capsular, septicidal. Buds
scaly, resembling coues. Examples:—Azalea, Kalmia, Ehodo-
dendron.

Distribution and Numbers.—They are very abundant at tne

Cape of Grood Hope, and are also more or less generally diffused

in Europe, North and South America, and Asia. There are

nearly 900 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for astringent properties ; others are narcotic, and
in some cases even poisonous. This is especially the case with
Kalmia latifolia. Rhododendron chri/santhum, and Azahapontica.
The fruits of many are edible. The species of Erica, Rhodo-
dendron, Kalmia, Azalea, (^-c, are largely cultivated in this

country on account of the beauty of their flowers. The three

latter genera are commonly called American Plants. Such
plants are not, however, confined to America, as the name would
imply.

Andromeda floribunda.—This shrub, which is a native of North America,
is poisonous. So recently as 1866 a number of sheep were poisoned by eating
of it, but 19 out of 37 attacked recovered imder judicious treatment.

Arctostaphylos Uca-Ursi, the Bearberry.—The leaves are astringent, and
are officinal in the British Pharmacopoeia. They have been also used as an
antidote in poisoning by Ipecacuanha. Combined with astringency they
also possess mild diuretic propeities.

Azalea pontiea.—Trebizond honey owes its poisonous properties to the bees
feeding on the fiowere of this plant. The poisonous honey mentioned by
Xenophon, in his accoimt of the "Eetreat of the Ten Thousand," was of a
like nature.

Gualtheria procumhens. Partridge Berry.— The leaves possess aromatic,
astringent, and stimulant properties, which they owe to the presence of a
volatile oil and tannic acid. The oU is known under the name of Oil of
Partridge B^rry, or Oil of Winter Green. An infusion of the leaves is em-
ployed in certain parts of North America, as a substitute for China tea,

under the name of Mountain, or Salvador Tea.

Ledum.—An infiision of the leaves of L. palustre and L. latifoUum is used
in North America as a substitute for China tea, under the name of Labra-
dor Tea or James' Tea. It possesses narcotic properties.

Rhododendron.—The flo^sers of R. arboreuni are used by the htll people
of India in the preparation of a jeUy. The powdered leaves of R. campanu-
lafum are used as snuff in certain parts of India. The bro\vn pulverulent
substance foimd on the petioles of some Rhododendrons and Kalmias is also

used in the United States of America as a substitute for snuff. R. dirysan-
thum, a Siberian plant, possesses very marked narcotic properties.

Natural Order 137. Moxotropace^.—The Fir-Eape Order.
-—Character.—Parasitic plants with scaly stems. Sepals more
or less distinct, 4—5, inferior. Fetah 4—5, distinct or united.

Stamens twice as many as the petals, hypogynous; anthers 2-

celled with longitudinal dehiscence. Ovary superior, 4—5-celled

at the base, 1 -celled with 5 parietal placentas at the apex.

Fruit capsular, with loculicidal dehiscence. Seeds numerous,

with a loose testa ; embryo minute, at the apex of fleshy albumen.

Distribution, cfc.—They are found gro\^-ing on Firs chiefly, in
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the cool parts of Europe, Asia, and North America. Examples

of the Gemra:—Monotropa, Hypopithys. There are 10 species.

Properties and Uses.—Unimportant,
• Natural Order 138. Pyrolaceje.—The Winter-Green Order.

—Character.—Herbs or under-shrubs, with naked or leafy-

stems. Leaves simple, evergreen. Sepals 5, more or less dis-

tinct, persistent, inferior. Corolla hypogynous, with 4— 5 petals,

scarcely united at their base. Stamens twice as numerous as the

petals, hypogynous ; anthers 2-cened, with porous dehiscence

{fig. 522). Ovary superior, 4—5-celled. Frttit capsular, dehis-

cent
;
placentas axile. Seeds numerous, with a loose testa

;

emhryo minute, at the base of fleshy albumen.
Bistrihution, ^t.—Natives of North America, Europe, and the

northern parts of Asia. Examples of the Gentra :—Chimaphila,

Pyrola. There are 20 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for tonic, astringent, and diuretic properties.

Chimaphila umhellata. Winter Green, Pipsissewa.—This herb possesses

diuretic and tonic properties. The fresh leaves are acrid, and when applied
to the skin act as a rubefacient.

Natural Order 139. Epacridaceje.—The Epaeris Order.

—

Character.—Shrubs or small trees. Leaves alternate, or rarely

opposite, simple, with parallel or radiating veins. Calyx and
corolla inferior, usujilly 5-parted, rarely 4-parted. Stamens
equal in n\imber to the divisions of the corolla, or rarely fewer,

hypogynous, or adherent to the corolla ; anthers 1 -celled, without

appendages, opening longitudinally. Ovary superior, many or

1 -celled ; style simple. Fruit fleshy or capsular. Seeds with a
firm skin, albuminous.

Distribution, ^'c.—Natives of Australia, the Indian Archipe-

lago, and the South Sea Islands, where they are very abundant.
Examples of the Genera:—Styphelia, Epaeris. There. are about

340 species.

Pro2)(rties and Uses.— Of little importance except for the

beauty of their flowers, on which account they are much culti-

vated. The fruits of many are edible, as those of Astroloma

humifustim, the Tasmanian Cranberry ; Leucopocion Richei, the

Native Currant of Australia : Lissanthe sapida, &c.

3. Epipetalse.

Natural Order 140. Ebenace^. — The Ebony Order.

—

Character.—Trees or shrubs without milky juice. Leaves

alternate, entire, coriaceous, exstipulate. Flowers polygamous.
Calyx 3—7-parted, inferior, persistent. Corolla 3—7-parted.

Stamens, equal in number to the lobes of the corolla, or twice,

or four times as many, attached to the corolla, or hypogynous
;

anthers 2-celled, introrse, opening longitudinally. Ovary 3— 12-
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celled, each cell -with 1 or 2 oviiles suspended from the apex

;

style usually having as many divisions as there are cells to the

ovary. Fruit fleshy. Seeds large, albuminous.

Distrihi'.tion, cf-c.—They are mostly natives of tropical India,

but a few occur in colder regions. Examples of the Genera

:

Royena, Diospyros. There are about 180 species.

Properties and Uses.—Many of the trees of this order are re-

markable for the hardness of their wood, which is known under
the names of Ebony and Ironwood. Many species have edible

fruits, and some have astringent barks.

Diospyros.— "M-anj species of this genus have hard anddark coloured heart-
woods, which form the'different kinds of Ebony ; thus, from Z>. reticulata

is obtainpd Mauritius Ebony, the best kind ; from D. Melanoxylon, a native
of the Coromandel Coast, what is commonly known as Black Ebony ; from
D. Ebenaster, the Bastard Ebony of Ceylon ; and from D. Ebe'nus, the
best Ceylon Ebony. Coromandel or Calamander Wood, a beautifully
variegated furniture wood, is also procured from Ceylon, and is obtained
from D. qi/cesifa. Other sj^ecies also yield valuable timber. The fruit of D.
Kaki is eaten in China and Japan. It is known in Japan under the name of

the Keg-fig. The fruit of D. virginiana, the Persimmon or Date Plimi, is

sweet and edible when ripe, especially after a frost ; but it is very austere
in an vmripe state, hence it is frequently employed in that condition in the
United States, where it is indigenous, as an astringent. The bark has been
also used as a febrifuge and astringent. D, Lotos, a native of Europe, has
also an edible fruit. The bark of D. j}fe'anoT!/Ion possesses tonic and astrin-
gent properties. The fruit of D. Embryopieris is powerfully astringent, and
is oflBcinal on that account in the Indian Pharmacopoeia,

Natural Order 141. AQriroLiACE^. — The Holly Order.

—

Character.—Evergreen trees or shrubs. Leaves {fig. 297)
coriaceous, simple, exstipulate. Flowers small, axillary, some-
times unisexual. Sepals distinct, 4— 6. Corolla 4— 6-parted,

imbricated. Stamens equal in number to the divisions of the
corolla, and alternate with its segments ; anthers 2-celled, adnate,

opening longitudinally. Ovary 2— 6, or more celled, with one
pendulous ovule in each cell

;
placentas axile. Fruit fleshy, in-

dehiscent. Seeds suspended; embryo small, at the base of a
large quantity of fleshy albumen.

Jbistrihidion, ^-c.—They are widely although sparingly scat-

tered over the globe. Only one species, the Common Holly, is

found in Europe. Examples of the Genera

:

—Ilex, Prinos. There
are about 110 species.

Properties and Uses.—Bitter, tonic, and astringent properties

are those chiefly found in the plants of this order. Some are

emetic and purgative, while others are largely used as substitutes

for China Tea.

IJex.—The leaves and bark of /. Aguifolium, the Common Holly, have been
employed in intermittent fevei-s. The ben-ies are purgative and emetic.
Bird-lime is prepared from the bark, and its white wood is used by cabinet
makers for inlaying. A decoction of the leaves of /. vomitoria constitutes
the Black drink of the Creek Indians. The leaves and young twigs of /.

paraguayensis, the Brazilian or Paraguay HoUy, are extensively employed in
South America as Tea, under the name of Mate or Paraguay Tea. It is
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rpmarkablo that Mate contains Theine, the alkaloid already noticed as exist-
ing in China Tea, &c. (See Thea, page 468.) Like China Tea it also con-
tains a vegetable oil, tannin, and gluten ; its properties are also somewhat
similar, but it is more exciting, and when taken to excess produces a kind
of intoxication. In Brazil a kind of Mat6, called Gongonha, is also prepared
from /. gongonha and /. theezans. Mat6 tea is generally used in Brazil,
Paraguay, Peru, Uruguay, Chili, &c. Johnston estimated some years since
the consumption of Mate at 20 millions of pounds annually. From the
great astringency of the fresh leaves of /. paraguayensis, I, gongonha, &c.,
they are used by the dyers in Brazil.

Prinos glaber.—The leaves of this plant, which is a native of North Ame-
rica, are used as a substitute for China Tea. This is known under the name
of Appalachian Tea. (See page 567, Viburnum.) The hark ot P. verticillatus,

called Black Alder Bark or Winter Berry, is employed in the United States,
in the form of a decoction, as a tonic and astringent.

Natural Order 142. Sapotace^.— The Sapota or Sapodilla

Order.—Character.—Trees or shrubs, often haA-ing a milky
juice. Leaves alternate, simple, entire, coriaceous, exstipulate.

Flowers hermaphrodite. Calyx usually with 5, or sometimes
with 4—8 divisions, persistent. Corolla with as many divisions

as the calyx, or twice, or thrice as many. Stamens definite, in

a single row, half of them sterile and alternating with the fertile

ones, the latter being opposite to the segments of the corolla
;

anthers commonly extrorse. Ovary 4—12-celled, with a solitary

anatropous ovule in each cell; style 1. Fruit fleshy. Seeds

large, with a shining bony testa ; embryo large, usually in albu-

men, and with a short radicle.

Distribution, Sfc.—Natives chiefly of the tropical parts of

Asia, Africa, and America. Examples of the Genera

:

—Chryso-
phyllum, Achras, Isonandra, Bassia. There are about 216 species.

Projyerties and Uses.—Many species yield edible fruits ; others

are valuable timber trees. The seeds of several contain a fatty

oil. Some have bitter astringent febrifugal barks, and the milky
juices of others yield a substance analogous in its general cha-

racters to caoutchouc or india-rubber.

Achras.—Several species of this genus yield dessert fruits ; thus the fruit of

A . Sapota is the Sapodilla Plum ; that of A . mammosa, the Marmalade. Achras
Sapota has also a febrifugal bark, and diuretic and aperient seeds. Its wood
is called Bully-tree Wood or Black Bully. This has a greenish colour, and is

veiy hard. It is imported, and used for ship-building, &c. (See Mimusops.)
The bark of several other species has been also employed as a substitute for

Cinchona. Achras or Sapota MuUeri, a native of Guiana and Central Ame-
rica, yields a kind of Gutta Percha, called Batatas.

Bassia.—The ripe kernels of B. latifolia and those of B. longifolia, the El-

loopa-tree, yield fatty oils which are much employed in India, for lamps, for

culinary purposes, in snap-making, and extenially in cutaneous affections.

The flowers and fruits serve as food to man and other animals ; and the
flowers by distillation yield an alcoholic spirit, which is in much repute in

some parts of India. The flowers of B. longifolia, under the name of Elloopa,

have been recently imported into London. The wood of B. longifolia and others
is hard and durable, and the bark and leaves are used in medicine. From
the seeds of B. butiiracea a concrete oil is also obtained in India. It is known
under the name of Fiilwa Butter. It is highly esteemed as an external ap-
plication in rheumatism, &c. The Shea or Galam butter of African travel-

lers is said to be yielded by another species of Bassia, probably B. Parkii.

Chrysophylluin.—The fmit of C. Cainito is known under the name of the
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Star-apple. It is much esteemed in the "VTest Inrlie?. Other pperies of

ChrysophyUnm also yield edible fruits. C. Buran/ieim yields an astringent

bark called Jlonesia hark; which has been mnch eniployed in France and
Germany. It contains a principle called mo?iesine, which is analogous to

sapotiiiie. Monesine has been also employed as a medicinal agent.

Jsonandra Gutta, the Gutta Percha or Taban-tree.—This is a native of

Singapore, Borneo, Simiatra, and other Eastern Islands. From this, and
probably other species of Jsonatulra, the raluable substance called Gutta
Percha is obtained. The Gutta Percha tree is now extinct in Singapore.

The annual importation of Gutta Percha into this country is 20,000 c-svt.

Liicuma.—Several species yield edible fruits.

Mimusops.—The fruit of several species is employed as a dessert ; that of M.
Elengi is the Surinam Medlar. The bark of M. Elengi also possesses astiingent

and tonic properties ; and in Southern India the fragrant nectar distilled from
the flowers is used as a perfume and as a stimulant medicine. The fntit of

M. Kaki is also much eaten in India. The seeds of some species yield useful

oils. Several species, as J/. Elengi, M. iiulica, M. hexandia, yield hard,

heavy, and durable timber. The Bully- tree of British Guiana is also by some
authors regarded as a species of Mimusops. (See Achras.)

Natural Order 143. Styeacace.^. — The Storax Order.—
Character.—Trees or shrubs. Leaves simple, alternate, exsti-

pulate. Flowers axillary. Calyx inferior or superior, 4—5-

parted, or almost entire, persistent. Corolla of from 5— 10 petals,

either united at the base, or distinct ; (estivation imbricate, or

somewhat valvate. Stamens equal in number to the petals, or

twice, or thrice as many, more or less coherent at the base;

anthers 2-celled, roundish or linear. Ovary superior or inferior
;

style simple. Fruit drupaceous, always more or less fleshy.

Seeds 1 usually in each cell, sometimes more ; embryo in the

midst of abundant fleshy albumen, wnth a long radicle. Miers
has divided the Styracaccce into two orders, called Sym'plocace/s

and Styracaccce, the former of which is essentially distinguished

by its inferior ovary, imbricated aestivation of corolla, and
roundish anthers.

Distribution, cf"c?.—The plants of this order are sparingly dis-

tributed in warm and tropical regions ; a few only are found in

cold climates. Examples of the Genera

:

—Symplocos, Styrax.

Miers enumerates about 120 species.

Properties and Uses.—The plants of this order are principally

remarkable for yielding stimulant balsamic resins. Some yield

dyeing agents, but these are of little importance.

Styrax.—The plants of this genus frequently yield stimulant balsam.ic resins.

S. Benzoin, the Benjamin tree, is the source of the well-known concrete Bal-
samic resin which is commonly, but improperly, called Gum Benjamin. It

is obtained from incisions in the bark. Two kinds are distinguished in com-
merce under the names of Siam and Sumatra benzoin. The fomier is most
esteemed in England. Benzoin is used in medicine as a stimulant expectorant.
It is, however, chiefly employed for the preparation of benzoic acid ; and on
account of its agreeable odour when heated, for fumigations in the ceremonies
of the Roman Catholic and Greek churches, and also as an ingredient in Aro-
matic or Fumigating Pastilles, and in Court or Black Sticking Plaster. In
Brazil other species of Styrax yield similar balsamic resins. S. officinale,

a native of Greece, the Levant, and Asia Minor, has been supposed by many
to be the source of our commercial Liquid Storax ; but Hanbuiy has proved
that while it was the source of the original and classical Storax, this has in
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modern times wholly disappeared from commerce, and that our Liquid
Storax is the produce of Liquidambar orientale of Miller. {See Liquidambar.)
Storax has similar medicinal properties to Benzoin.
Symplocos.—The leaves of S. Alstonia, or Alstonia theaformis, are slightly

astringent. They have been employed as Tea in New Granada, under the
name of Santa-Fe Tea. The leaves of S. tincforia (Sweet-leaf, or Horse-
Sugar), a native of North America, have a sweet taste, and are eaten by
cattle. They are also used in dyeing yelloAV. This plant has a bitter and
aromatic root. The leaves of other species are also employed in Nepaul for

dyeing yellow. The bark of S. racemosa is likewise used in India as a dyeing
material and as a mordant.

Natural Order 144. Apocynaceje.— The Dog-bane Order

(figs. 966 and 967).—Character.—Trees or shrubs, usually

milky. Leaves entiite, commonly opposite, occasionally whorled or

scattered, exstipulate. Cal^x 5-parted (fig. 967), persistent.

Corolla (fig. 967) 5-lobed; cestivatio7i contorted. Stamens (fig.

Fig. 966. Fig. 967.

Fig. 966. Vertical section of the flowerof Periwinkle (Vinca).
Diagram of the flower of the same.

-Fig. 967.

967) 5, alternate with the lobes of the corolla
; filaments distinct

;

anthers united to the stigma (fig. 966), 2-ceIled (fig. 513) ;
pollen

granular. Ovary composed of 2 carpels {fig. 967), which are

generally merely in contact, or rarely united so as to form a 2-

celled ovary ; styles 2 or 1 {figs. 585 and 966) ; stigma 1, expanded
at the base and apex, and contracted in the middle, so as to re-

semble in shape an hour-glass, or dumb-bell {fig. 585, s) ; cv-uks

numerous. Fruit consisting of 1 or 2 follicles, or a capsule, drupe,

or berry. Seeds usually with albumen, rarely exalbuminous.
Distribution, 6fc. — Natives principally of tropical regions,

but a feAv occur in northern regions. Vinca is the only
British genus. Examjjlcs of the Genera :—Allamanda, Urceola,

Apocynum. There are about 600 species.

Properties and Uses.—The plants of this order are generally to

be suspected, as many of them are intensely poisonous, although
the fruits of a few species are edible. Some are drastic purgatives,
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and in others the bark is tonic and febrifugal. India Eubber or

Caoutchouc is obtained from the milky juice of several species.

Ahtonia scholaris, a native of the East Indies, has a bitter tonic and
astringent bark, which is much esteemed in chronic diarrhoea and dysentery.
(See Sumplocos.)
Alyxia stellata has an aromatic bark, which is analogous in Its properties

to that of Canella and Winter's Bark.
Apocynum.—The roots of A. cannahinum and A. androscemifolium are

emetic, and slightly pm-gative.

Aspido.iperma excelsum, a native of Guiana, is remarkable for its fluted

trnnk ; this is employed for making paddles.

Carissa.—Carissa Carcmdus bears an edible fruit, which is eaten in the
East Indies, where it is used as a substitute for Red Currant jelly. The
fruits of C. edulis and C. iomentosa are also eaten in Abyssinia.
Hancornia speciosa bears a delicious fruit, which is much esteemed by the

Brazilians. It is termed Mangalea or Mangava. The milky juice when
hardened forms a kind of India Rubl)er. Mr. Collins says that Pemambuco
rubber is probably derived from this species.

Landoiphia,—L. oicariensis, L. Jiorida, and other species are said to yield

African India Rubber.
Plumieria.—The flowers of P. alba and other species, natives of the West

Indies and some parts of South America, have a delicious odour ; and it is

said that the perfume known as " Frangipanni " is distilled from them.
P. rubra is called Red Jasmine in the West Indies.

Rovpel/ia grata, a native of Sierra Leone, yields an edible fruit called

Cream fruit.

Taberncemontana utilis, the Hya-Hya or Cow-tree of Demerara, has a
milky nutritious juice.

Taiighinia venenifera, the Madagascar Poison-nut.—The seeds of this

plant are amongst the most deadly of poisons. It is said that one not larger
than an almond vrHl destroy twenty persons. It was formerly used as an
ordeal in Madagascar.

Thevetia ne/uifolia.—The bark of this West Indian shrub is reputed to
possess valuable antiperiodic properties.

Urceola elastica is one of the principal plants of the order yielding caout-
chouc. According to Mr. Collins it yields all the rubber of the Malaj-an
Archipelago, and which we obtain from Singapore.

Vahea gummifera, a native of Madagascar, and other species, yield a kind
of caoutchouc. This kind is much valued in France, where it is sometimes
known as Mauritius India Rubber.

WrigJdia.~The bark of W. antidvsenterica or Holarrhena antidysenterica is

febrifugal and astringent. It is called Conessi bark. The seeds have similar
properties. Both the bark and seeds are much used in India. From W.
tindoria a blue dye resembling Indigo is obtained. The wood of W. coccinea
and W. moUissijna are also employed in India for palanquins, and by
turners.

Natural Order 145. Loganiace.^.—The Spigelia or Str}'chnos

Order.—Character.—Shrubs, herbs, cr trees. Leaves opposite,

entire, with stipules ; the latter, however, sometimes exist only
in the form of a raised line or ridge Cali/x {fig. 462) 4—5-parted.

Corolla {fig. 462) regular, 4—5, or 10-cleft; estivation valvate
or convolute. Stamens sometimes anisomerous ; anthers 2-celled ;

pollen 3-lobed. Ovary 2, 3, or 4-celled ; style simple below, and
with as many divisions above as there are cells to the ovary

;

stigma simple. FrvAt capsular, or drupaceo-baccate ; 'placentas

axile, ultimately detached. Seeds usually peltate, sometimes
winged, with fleshy or cartilaginous albumen. This order is by
no means well defined.
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Distrihution, ^fc.—Almost all natives of tropical regions. Ex-
amples of the G^twe?*a;— Spigelia, Logania, Strychnos. There are

about 200 species.

Properties and Uses.—The plants of this order are almost uni-

versally poisonous, acting on the nervous system and producing
frightful convulsions. Some have been used in medicine in torpid

or paralytic conditions of the muscular system, and for their tonic

and anthelmintic properties, but they require much caution in their

employment, and can generally be only given in very small doses.

Ignatia amara.—This plant has been supposed to yield the seeds known
as St. Ignatius's beans, but Bentham has shown that this genus was impro-
perly formed, and he has now named the plant yielding them Strychnos
Ignatia. These seeds come to us from the Philippine Islands. They are
intensely bitter, and contain the alkaloid Strychnia in even larger propor-
tions than Nnx Vomica seeds. Their effects are similar to them.

Spigelia.—S. mar;jlnndica, Carolina Pink, Wormseed, Perennial Worm-
grass. The root and leaves of this plant are much employed in North Ame-
rica as anthelminti3s. In larger doses they operate as irritant cathartics,

and in poisonous doses as narcotics. They are but little used in this country.
S. Anthehnia, Demerara Pink Root, is employed for similar purposes in

Guiana and the West Indies.

Sliychnos.—This genus contains some of the most poisonous plants that
ai'e known. ;S'. Nux-vomica, the Koochla tree, produces Nux Vomica seeds,

so well known for their powerfully poisonous effects. Tliey owe their viru-
lent properties to the presence of the alkaloids .strychnia' and brucia

; f of a
grain of strychnia has been known to iiroduce death. It is stated by some
authors, but upon what authority we know not, that the fruit of Fenillcea

cnrdifolia is an antidote for this poi^on. Both the seeds and the alkaloid

sti-ychnia have been employed as stimulants of the nervous system in paraly-

sis. Nux vomica seeds are imported from Coromandel, Ceylon, &c.
In consequence of the enormous quantities which have been of late years
brought to this country, it was thought by some that they were employed
in the manufacture of bitter ale on account of their intense bitterness, but
although this has been satisfactorily disproved, it is still unknown for

what puri^oses they are so largely required, and with such a powerful
poison it would be very satisfactory to have this circumstance explained. A
large quantity of both nux vomica seeds and sti-ychnia are, however, em-
ployed by gamekeepers, &c., to destroy vermin, &,c. The bark of <S. ^ux-
Vomica is also powerfully poisonous owing to the presence of brucia. As
already noticed, it was formerly confounded with cusparia or angustura bark
(see p. 5G4), hence it is also known as false angustura bark. This bark is

also frequently sold in Calcutta under the name of Rohun, from which cir-

cumstance it has been substituted for the febrifuge bark of Soymidafebrifuga,
the Rohuna tree (see p. 48o). The juice of Strychnos Tieuti is the Java
poison, called Upas Tieute. It owes its poisonous properties to strychnia.

This poison must not be confounrled with the true Upas, which is derived

from a species of Antiaris (see Antiaris). The juice of S. toxifera is the

basis of the celebrated ^Voura^l, Urari, or Ourari poison of Guiana. From
S. cogens a similar arrow poison is also prepared by some of the Indian
tribes in South America. Wourali has been emplo3'ed in tetanus, but
with no vei-y satisfactory results. The wood of S. colubrina and S. ligustrina,

natives respectively of Malabar and Java, is employed as an antidote to the

bites of poisonous snakes, hence it is known under the name of Lignum
Colubrinum or Snake-wood. Several other kinds of wood are, however,
known in Asia under the same name. Lignum colubrinum has been
also employed as a cure for intermittent fevers, and for other piirposes. It

contains strychnia, and therefore requires much caution in its employment.
The bark of S. I'seudo-Quina is extensively employed in the Brazils as a sub-

stitute for Cinchona Bark. It contains neither strychnia nor brucia, and is
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devoid of poisonous properties. It is freqiiently erroneously called copalchi

bark (see Cvoton for the origin of this bark;. The dried ripe seeds of S. pota-

torum are devoid of poisonous properties. They are employed by the Hin-
doos to clear muddy water, hence the name of Clearing-nuts which is com-
monly appUed to them. Their efficacy is due to the presence of albumen
and casein, which act as fining agents in a similar manner to analogous
agents employed for beer and wine. These seeds are also reputed to be

emetic. The pulp of the fruit of ^. potatorum is eatable, as is also that of <S.

Pseudo-Quinu ; and according to Roxburgh, that of S. Nux-Vomka, this is

greedily eaten by birds. Some of the above species of Strychnos, as S. cogens,

S. tigustrina, and others, are imperfectly defined. (See also Ignatia.)

Natural Orders 146 and 147. Diapexsiace.^, and SxiLBACEiE.

—These are two small orders of shrubby plants which are placed

by Lindley in his Gentianal alliance, and regarded by him as

nearly allied to LoganiacecB. The DiapensiaacB (of which there

are but 2 genera, and 2 species, the uses of which are unknown)
are nati^-es of North America and Northern Europe ; and the

StilbacecB (of which there are 3 genera, and 7 species, without

any known uses) are natives of the Cape of Good Hope.
Natural Order 148. Gentiaxace,ie.—The Gentian Order.

—

Character.—Herbs, or rarely shrubs, usually smooth. Leaves

{Jig. 419) generally simple, entire, opposite, sessile, and strongly

ribbed ; rarely alternate, or stalked, or compound ; always exsti-

pulate. Flowers (Jig. 419) almost always regular, variously

coloured, axillary or terminal. Ca///.r inferior, persistent, usually

with 5 divisions, or occasionally with 4, 6, 8, or 10. Corolla per-

sistent, its divisions ccwrresponding in number to those of the

calyx; cestIvation imbncate; twisted, or induplicate. Sta/uens a.s

many as the segments of the corolla, and alternate to them. Ovary
1 -celled, or rarely partially 2-celled fi'om the projection inwards
of the placentas, with numerous ovules; placentas 2, parietal

{Jig. 666), anterior and posterior to the axis, and frequently

turned inwards ; style 1 ; stigmas 2, right and left of the axis.

Fruit capsular {Jig. 666), 2-valved, with septicidal dehiscence;

or a berry. Seeds numerous {Jig. 666), small ; embryo minute,

in the axis of fleshy albumen.
Diagnosis.—Usually smooth herbs. Leaves without stipules.

Flowers nearly always regular. Calyx and corolla persistent,

with an equal number of lobes. Stamens alternate to the lobes

of the corolla, and equal in number to them. Ovary 1 -celled,

with 2 parietal placentas placed anterior and posterior, some-
times meeting in the centre and forming a 2-celled ovary

;

style 1 ; stigmas 2. Seeds small, numerous, with a minute em-
bryo in the axis of fleshy albumen.

Division of the Order, and Exanrples of the Genera.—The order
has been divided into two sub-orders, the characters of which
are taken from the sestivation of the corolla :

—

Sub-order 1. Gentianeas.— Corolla imbricate-twisted. Exam-
ples:—Gentiana, Chlora.
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Sub-order 2. Memjanthece.—Corolla plaited, or indiiilicate. Ex'
amples:—Menyanthes, Villarsia.

Distribution and Numbers.—They are found in nearly all parts

of the world, inhabiting both the coldest and hottest regions.

There are upwards of 500 species.

Properties and Uses.— A bitter principle almost universally

pervades the plants of this order ; hence many of them are tonic,

stomachic, and febrifugal.

Erythrcea Centaurium, Common Centaury, is an indigenoiis plant possess-

ing similar properties to Gentian. It was till lately officinal in our pharma
copceias. Other species have similar properties.

Exacum.—Various species of this genus, as E. bicolor, E. pendtinculatum,
&c., natives of the East Indies, possess the tonic and stomachic properties
of Gentian, and may be substituted for it.

Frasera carolinensis or F. Walteri.—The root is officinal in the Pharma-
copoeia of the United States. It is known as American Calumba. It has
much less bitterness than Gentian root ; and though simUar in properties, it

is less powerful. It has been sold for Calumba in France, and is hence
texmeA false Calumba.

Gentiana lutea.—This plant is a native of the mountains of central and
southern Europe. Its root is our officinal Gentian, so well known for its

bitter tonic properties. The roots of other species of Gentian are frequently
mixed with it, as those of O. purpurea, G. punctata, and G. pannonica ; the
admixture is, however, of little consequence, as they all possess similar pro-
perties. From Gentian root, the Swiss and Tyrolese prepare a spirit which
is mucb prized by them as a stomachic. Other Gentians have similar pro-
perties.

Menyanthes trifoUatn, Buck-bean, Bog-bean, or Marsh Trefoil.—The leaves
and rhizome are tonic and astringent, and in lai-ge doses cathartic and
emetic. The plant his been employed in some parts of Germany as a sub-
stitute for hops. It was till lately officinal in our pharmacopoeias.

Ophelia (Agathotes) Chirafa, the Chiretta or Chirayta.—The dried plant
and root possess great bitterness. Chiretta is used by the natives of India as

Gentian is employed in Europe. It is also in use as a tonic, &c. in this coun-
try, and is officinal in the British Pharmacopoeia. Other species, natives of

the East Indies, have similar properties.

Stbbatia angularis, American Centaury.—The herb and root are employed
in the United States for their tonic and febrifugal properties.

Natural Order 149. Asclepiadaceje.—Tlie Asclepias or Milk-

weed Order {_fgs. 968-970).—Character.—Shrubs or herbs,

commonly milky, and frequently of a twining habit. Leaves

entire, exstipulate. Flowers regular {figs. 968 and 969). Calyx

and corolla 5-partite {figs. 968 and 969); cestivation of the latter

imbricated, or rarely valvate ; the calyx persistent {f^g. 551), the

corolla deciduous. Stamens 5 {fig. 968), alternate with the lobes

of the corolla
;

filaments usually comljined so as to form a

tube round the pistil {fig. 969), sometimes distinct; ^'pollin

when the anther dehisces, cohering in masses {fig. 551, h), and
sticking to 5 processes of the stigma {fig, 551, p) by twos, or

fours, or singly." Ovary {fig. 968) formed of 2 carpels, which
are more or less adherent below, but distinct above ; styles 2

;

stigmas united and expanded into a fleshy 5-cornered head, the

pollen masses adhering to gelatinous processes arising from itg

angles {figs. 561, s, and 969). Fruit consisting of 2 follicles, or
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with thin albumen

Fig. 968.
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numerous, generally comose {fig. 735),

Fig. 969. Fig. 970.

Fig. 968. Diagram of the flower of Asclepias nivea. Fig. 969. Flower of
a species of Asclepias, witli the united stamens fonning a tube round
the pistil, p. Corolla, a. Appendages of the stamens. Fig. 970. One
of the stamens of the same removed. /. FilameuC. a. Anther, p.
Hornlike staminal appendage.

Diagnosis.—This order is at once distinguished amongst the

Epipetalse, by its curiously formed stigma, and adhering pollen

masses.

Bistribidion, S,-c.—They are chiefly tropical plants, abounding
in southern Africa, India, and equinoctial America. Examples
of the Genera:—Hemidesmus, Solenostemma, Calotropis, As-
clepias, Hoya, Stapelia. There are about 1,000 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for their bitter acrid juice, wliich renders them
stimulant, emetic, purgative, and diaphoretic. Several species

are reputed to be antidotes to snake-bites. The milky juice of
many species contains caoutchouc. Some are edible, as the roots

of Goinpkocarpus pedunculatus, and the tubers of Ciropcgia

Vignaldiana, ^-c.
^

Asclepias.—The root of A. Ctirassavica is employed in some of the "West
Indian islands as an emetic, hence it is termed Bastard Ipecacuanha. From
the stems of A. (enacissima, Jelee or Tongoose fibres are obtained. The root
of A . tuberosa, the Butterfly-weed or Pleurisy-root, is employed in the United
States as a diaphoretic and expectorant. A . incarnata. Swamp Silk-weed, is

used in North America as an anthelmintic, and in asthma and rheumatism.
Ca^o^/'C'pw.—The dried root-bark of C. gigantea and C. procera form Muclar

bark, which has been much employed in India in cutaneous affections. It
has been also used as a substitute for ipecacuanha. It contains a principle
called mudarine. According to Eoyle, Ak or J/Mdarfibres are obtained from
this bark. The bai-k of the root of C. Hamiltonii possesses similar properties,
and is said to jield Yerciim fibres.

Cynanchum.—The expressed juice of C. monspeliaaim mixed with other
purgative substances constitutes French or Montpellier Scammony. C. ovali-
folium yields caoutchouc at Penang. (See Solenostemma.)
Gymnema.— G. lactiferiim is the Cow-plant of Ceylon. It derives its common

name from producing a juice resembling milk in colour and consistency.

Q Q
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The leaves when boiled and chopped into pieces are administered to nurses
mirier the idea that they increase the secretion of milk, G. sylvestre, a native
of Northern India, has the singular property when chewed of destroying
the uower of tasting sugar for 24 hours, without in any other way interfer-
ing with the sense of taste.

Hetnidesmus indicus.—The roots are kno^vn under the names of Indian,
scented, and country sarsaparilla ; they were originally imported under the
name of Smilax aspera, from an erroneous idea of their origin. They
resemble sarsaparilla in their properties, and are largely used in the East
Indies as a substitute for it. Hemidesmus is now officinal in the British
Pharmacopoeia.
Marsdenia.—M. iinctoria, a native of Silhet, produces a kind of indigo. M.

tenacissima has very tenacious fibres, which are used for bow-strings by the
mountaineers of Rajm^hl.
Solenostemma {Cynanehum) Argel.—The leaves have been much employed

to adulterate Alexandrian Senna. (See Cassia, p. 524.)
Tijlophora asthtnatica.—The dried leaves form an efficient substitute in the

East Indies for Ipecacuanha.

Natural Order 150. Cordiace^,— The Cordia or Sebesten
Order.— Character.— Trees with alternate scabrous leaves,

exstipulate. Cali/x and corolla 5-merous; (estivation of the
corolla imbricated. Stamens 5, alternate with the segments of

the corolla; anthers versatile. Ovatnj 4—8-celled, with 1 pen-
dulous ovule in each cell ; stigma 4— 8-cleft. Fruit drupaceous,
4—8-celled, or frequently some of the cells are abortive; 'pla-

centas axile. Seeds 1 in each cell, pendulous by a long cord

;

albumen none ; cotyledons plaited longitudinally.

Distribution, ^"c.— Natives almost exclusively of tropical

regions. Examj^les of the Genera :—Cordia, Varronia. There
are above 180 species.

Properties and Uses.—The fruits of many species are edible, as

those of Cordia Mi/xa and C. latifolia, called Sebestens or

Sebesten plums, which are eaten by the natives, &c. in India

;

those of Cordia abyssinica, Wanzey or Vanzey, which are

esteemed by the Abyssinians ; and the succulent fruits of Var-
ronia roticndifoHa, which are used to fatten cattle and poultry.

The bark of C. Mi/xa is reputed to be a mild tonic and astringent.

Some species, as Co7'dia Eumphii and Cordia Gerascanthus, yie'd

useful and ornamental timber. The wood of Cordia Myxa is

said to be that from which the Egyptians constructed their

mummy-cases. (See also Ficiis.) AnacuhuiteWood, a substance

recently imported into this country, and recommended as a
tonic, &c., is also derived from a species of Cordia.

Natural Order 151. Convolvulace^.—The Convolvulus or

Bindweed Order {fffs. 971-973).— Character.— Herbs or

shrubs, generally twining (fiiji. 197) or trailing, and milky.

Leaves (fig. 197) alternate, exstipulate. Calyx (figs. 971 and
972) with 5 deep divisions, much imbricated, persistent. Corolla

(figs. 971 and 972) 5-partite or 5-plaited, regular, deciduous,

without scales in its tube ; (estivation plaited. Stamens 5, alter-

nate with the lobes of the corolla (fig. 972). Ovary (fig. 972)
2, 3. or 4-celled, or the carpels are more or less distinct ; ovules



COROLLIFLOR.E. 595

1—2 in each cell or carpel, erect. Fruit capsular, 1—4-cellecl,

with septifragal dehiscence. Embryo {fig. 973) large, curved or

coiled in a small quantity of mucilaginous albumen, with folia-

ceous crumpled cotyledons.

Fig. 973.Fig. 971. Fig.. 972.

Fig. 9ri. Flower of Great Bindweed (Cahjstegia
{Convolvulus) septum). Fig. 972. Diagram of
the flower, showing two bracts on the outside
of the calyx. Fig. 973. Vertical section of
the seed.

Distribution, ^r.—They are chiefly found in the plains and
valleys of hot and tropical regions. A few occur in temperate
climates, but they are altogether absent in the coldest latitudes.

Examples of the Genera :—Convolvulus, Exogonium, Ipomsea,
Batatas. There are nearly 700 species.

Troperties and Uses.— They are chiefly remarkable for the
presence of an acrid milky purgative juice in their roots, hence
the order includes some important medicinal plants. The
purgative property of the juice is due to a peculiar resin. In
the roots of other species this resin is either absent or in but
small quantity, and starch or sugar predominates, which renders
them edible. The seeds of some species are also purgative.

Batatas edujis.—The root of this plant constitutes the Sweet-Potato, which
is largely used for food in many tropical countries.

Convolvulus, Bindweed.—From the incised fresh root of C. Scainmonia,
the valuable purgative gum-resin called Scammony is obtained. This plant
is a native of Asia Minor, Syria, and Greece. The greater part of the
Scammony of English commerce is imported from Smyrna. The roots of
many other species also possess in a certain degree purgative properties ; as
those of our native species. Convolvulus (Calt/stegia) sepium, C.arvensis, and
C. Soldanella, &c. It is said that Con volvulus disseclus yields hydrocyanic acid
when distilled with water. It is one of the plants used for flavouring Xoyau.
Exogonium purga.—This plant is a native of Mexico, near ChicanquiVco.

Its tubercular roots constitute the trae Jalap of the Materia Medica, so well
known as a purgative. Jalap is officinal in the British Pharmacopoeia.
(See Iponuea.)
Jpomcea.—The roots of /. Orizahensis are sometimes fcamd intermixed

with true jalap. This spurious jalap is kno^^Ti in Mexico as male jalap, and
in English commerce as icoodij jalap or jalap icood, and on the Continent as
light or fusiform jalap. It possesses similar, although less powerful pro-
perties than those of true jalap. The roots of /. Turpethuin, Tnrpeth, wete

QQ2
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formerly mucTi used as a purgative. The large roots of 7. macrorhiza
contain much farinaceous matter, and are eaten by the inhabitants of
Georgia and Carolina. 7. panditrata is the mechameck of the Indians of
North America ; its roots are said to be purgative and somewhat diuretic.
Tampico jalap, now much employed as a substitute for true jalap (see
Exogonium) in consequence of the scarceness of the latter, is derived from
Jpomoea simulans.

Pharbitis ML— The seeds are known commonly in India under the name
of Kaladana seeds. They possess similar medicinal properties to our officinal

jalap, although not so powerful.
Rhodorrhiza.—From the species of this genus, natives of the Canary

Islands, the volatile oil called Oil of Rhodium is said to be obtained. The
powdered wood is also used for snuff, and for fumigation.

Natural Order 152. Cuscutace^is. — The Dodder Order {figs.

97i and 975).

—

Diagnosis.—This is a small order which is gene-

rally regarded as a sub-division of Convolvulacese. The plants

Fig. 974.

Fig. 975.

Fig. 974. Corolla of Dodder (Cmcuta) laid open to show the scales and
stamens. Fig. 975. Spiral embryo of a species of Cuscuta.

composing it are distinguished from that order by their para-

sitic habit {fig. 231); by the absence of leaves {fig. 231); by
the tube of their corolla being furnished with scales {fig. 974),

which alternate with its segments ; and by having a filiform

coiled embryo {fig. 975), with almost obsolete cotyledons.

Distribution, cfr.— Chiefly natives of temperate climates.

There are about 50 species.

Properties and Utes.—They are said to be purgative in their

action. They are often very destructive to Flax, Clover, and
other crops.

Natural Order 153. Polemoniace^.— The Phlox Order.

—

Character. — Herbs. Leaves opposite or alternate. Calyx

5-parted, persistent, generally regular. Corolla 5-lobed, with

contorted, or occasionally imbricated sestivation. Stamens 5,

alternate with the segments of the corolla
;
pollen usually of a

blue colour. Ovary 3-celled ; style 1 ; stigma trifid. Fruit cap-

sular, 3-celled, 3-valved
;
placenta axile. Seeds few or many

;

embryo straight in the axis of copious horny albumen ; cotyledons

elliptical, foliaceous.

Distribution, ^r.—They abound most in the temperate parts
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of North and South America. They are far less abundant in

Europe and Asia, and altogether imknown in tropical countries.

Examples of the Genera

:

—Phlox, Collomia, Polemonium, Cobsea.

There are above 100 species.

Properties and Uses.—Of no importance except for the pret-

tiness of their flowers. The seeds of Collomia and some other
plants of this order have their testa covered with hair-like cells

containing spiral fibres ; these fibres in Collomia expand in

coils when the seeds are moistened. (See p. 328.)

Natural Order 154. Solaxaceis:.—The Solanum or Potato
Order (fgs. 976-978).— Character.—This order is defined,

according to the views of Miers, as follows :—Herbs or shrubs.
Leaves alternate, often geminate. Inflorescence axillary, or more
frequently extra-axillary (Jiff. 328). Flowers isomerous (Jiff.

976). Calffx (Jiff. 976) with 5, or rarely 4 divisions. Corolla

(Jiff. 976) regular, or nearly so, 5, or rarely 4-partite ; (Estivation

Fiff. 976. Fiff. 977. Fiff. 978.

Fig. 976. Diaarram of the flower of the Potato {Solanum tuberosnm) Fig.
977. Vertical section of the flower, c. Calyx, p, p. Corolla, o. Ovary.
e. Stamens, s. Style and atigma. Fig. 978. Vertical section of the
seed of Solanum Dulcamara, te. Testa, ch. Chalaza. alb. Albumen.

valvate or induplicate-valvate. Stamens equal in number to the

lobes of the corolla, with which they are alternate (Jiff. 976), the

fifth stamen very rarely sterile ; anthers introrse, with longitu-

dinal or porous dehiscence (Jiff. 525). Ovary (Jigs. 976 and 977)
usually 2-celled, rarely 3 to 5-celled ; style (Jig. 977) simple

;

stigma clavate or 2-lobed. Fruit capsular or baccate, 2 or more
celled. Seeds numerous, albuminous, with the embrj'o straight,

or curved in a more or less annular or spiral form (jig. 978).

Division of the Order, and Examples of the Genera.—The order

may be divided as follows :

—

Sub-order 1. Eectembryea.—Embryo short and straight. Ex-
amples :—Cestrum, Fabiana.
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Sub-order 2. Curvemhryca>.—Embryo slender, terete, and curved

in a more or less annular or spiral manner {fig. 978). Ex-
amples :—Capsicum, Solanum.

Distribution and lumbers.—They are scattered over various

parts of the globe except the polar circles, but are most abun-
dant in tropical regions. This order and the Atropacese contain

together, according to Miers, about 1,100 species.

Fropcrties and Uses.—The plants of this order frequently

possess narcotic properties, but not by any means to the same
extent as those of the Atropacese. Fatal cases of poisoning

have, however, occurred from their improper use. Some are

pungent and stimulant owing to the presence of an acrid resin.

Others contain a bitter tonic principle, and a few have edible

fruits, leaves, or tubers. It has been stated that the juice of the

Solanacese does not produce dilatation of the pupil of the eye, as

is the case with that of many plants of the order Atropaceae.

Capsicum.—The species of this genus are remarkable for the presence of

an acrid resin (capsicine) in their fi-nits, which rendei's them hot, pungent,
and stimulating. The various species of Capsicum are generally supposed
to be natives of South America, from whence they have become distributed
over the world. There are several species and varieties of Capsicum in
common use, one of which is officinal, namely, the C. fastigiatum. of

151ume {C. annuum of Linnasus). The fruits of this are commonly sold as
chillies. They are sometimes two or three inches in length, whilst in other
varieties they are less than one inch. The shorter variety is the best,

and constitutes the officinal capsicums of the British Pharmacopoeia.
Cayenne Pepper is the powdered fruits of probably several species of Capsi-
cum, but principally of C. fastigiatum. Other varieties or species of Capsicu/n
in use are the C. cerasifoime (CheiTy-Pepper or Round Chilli), C. grossum
(Bell Pepper), C. //wtece^js (Spice Pepper), C. baccatum (Bird Pepper), C.

tetragonum (Bonnet Pepper).
Lycopersicon esculeiitum.—This plant produces the fi-uits called Love-apples

or Tomatoes, so much employed in the preparation of sauca?.
Physalis.—P. peruviana has an edible fruit which is known as the Peruvian

Winter CheiTy. P. alkekevgi. Winter Cherry, and some other species, are
diuretic. Physalis (Withania) somni/era, as its name implies, is reputed to
possess narcotic properties.

Puneeria (Withania) coaguJans.—The dried frait is employed in India as a
carminative and stomachic, and also as a substitute for rennet in making
cheese, &c.
Solanwn.—The Common Potato, which is so largely used as food in tem-

pei-ate climates, is the tuber of ,S. tuberosum. A decoction of the stem and
leaves has been used as an alterative in cutaneous diseases, and an ex-
tract of the herb has bcpn also employed as a narcotic and antispasmodic.
The leaves when roasted have been used with success for thickening
mordants in dyeing. The medicinal properties of the potato plant are chiefly
due to the presence of a small quantity of an alkaloid called Solanina, which
has powerful narcotic properties. Solanina does not produce dilatation of
the pupil like the alkaloids of the Atropacese ; and hence the reason why the
juice of the Solanacefe generally differs in such respect from that of the
Atropacea?. Solanina has been detected in all parts of the Potato plant, but
in the tuber only traces of it are to be found, and these are entirely removed
by the process of boiling and preparing potatoes for the table. Starch
is largely obtained from potatoes, and used for food under the names of
English arrowroot, Bright's nutritious farina, &c. It is also employed in
the preparation of dextrine or Starch-gum, which is used in the arts, &c. as a
substitute for gum, size, and paste. Solanum Dulcamara, Woody Nightshade
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or Bitter-sweet. The dried twigs of this plant are officinal ; they are
employed as an alterative in cutaneous diseases. They also possess slight

narcotic properties o-wing to the presence of solanina. A fatal case of

poisoning by the berries has occurred at Toulouse ^vithin the last few years.

S.nigrum, Black Xightshade, also possesses alterative and narcotic properties.

The fruit is said to be ecUble, but if such be the case, its use for food requires
caul^n, as solanina has been found in it. In ilaiu-itius, however, this herb as

\sj|r as S. oleraceuin are common pot-herbs, and largely consumed. The fiiiits

yseveral species of Solanum ai-e, however, eaten in various parts of the world,
Sj those of <S. MeJongena and <S. ovigerum, called Egg-apples ; those of >S'.

quitoense, named Quito Oranges ; also those of S. laciniatum in Austraha,
As'here they ore termed Kangaroo-apples ; those of .S. »H//-ifo^?/7n and -S. nemo-
rense in Peru ; and those of »S'. anthropophagorum and^S. repanduniin the Fiji

Islands. The leaves of .S'. okraceum and S. anthropophagorum are hkewise
eaten by the Fijians. <S. marginatiun has astringent properties, and is

employed in Abyssinia in the process of tanning. S. Pseudoquina, a BraziUan
species, is much employed in that country as a tonic and febrifuge. Several
species of Solanitm are also reputed to have diuretic properties, as S. mam-
mosinn, paniculatum, dx. The flowers and leaves of S.c^rnuum are sudorific,

and have been employed in gonorrhoea, syphilis, &;c.

Natural Order 155. Atropaceje.—The Deadly Nightshade
Order {JiffS. 979 and 980).

—

Diagnosis.—The plants included in

Fiq. 979.

Fi^. 980.

Fig. 979. Vertical section of the
flower of Tobacco (Xicotiana
Tabaciim). Fig. 980. Dia-
gram of the fluwer.

this order were separated by Miers from the Solanaceae and
Scropliulariacese, and formed into a distinct order under the name
of Atropacete. In habit, character of the leaves, inflorescence,

calyx, ovary, fruit, and seeds, the Atropacese agree essentially

with the Solanacege ; but they diiFer in the cBstivation of their

corollas being always more or less imbricated {fig. 980) instead

of valvate ; in the lobes of the corolla being frequently some-
what unequal ; in 1 or more of the stamens, which are nor-

mally 5, being more frequently sterile ; and in the anthers being
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either introrse or extrorse, and always dehiscing longitudinally.

The chief distinctive character between the two orders lies in

the diiferent sestivation of their corollas.

Distribution, S^'c.—They abound in tropical regions, but some
are found in most parts of the world except in the coldest

regions. Examples of the Genera

:

—Nicotiana, Datura, Salpi-

glossis, Hyoscyamus, Atropa, Lycium. This order with the

preceding contains about 1,100 species.

Properties and Uses. — Many of the plants have powerful
narcotic properties ; hence several are very poisonous The juice

of numerous species will produce dilatation of the pupil of the

eye. (See Propierties and Uses of the Solanaceee, p. 698.)

Atropa Belladonna, Deadly Nightshade or Dwale,is a powerful poison. It

is employed internally as an anodyne and antispasmodic, and externally for

dilating the pupil. It owes its activity to a peculiar alkaloid called atropia,

which is frequently employed to produce dilatation of the pupil, and for

other purposes. Atropia is a most powerful poison.

Datura.—D. Stramonium. A narcotic property is possessed by all parts of

the plant, and is especially developed in the seeds. Its medicinal effects

resemble those of Atropa BeUadonna. It is employed as an anodyne and
antispasmodic. In spasmodic asthma, smoking the herb, or inhalation from
its infusion in warm water, has frequently given great relief, but its u^e
requires much ca^^tion, as it has in some instances produced fatal results. A
strong decoction of the leaves is used in Cochin China as a remedy for
hydrophobia, in which disease it is reputed to be very efficacious. Stra-
monium owes its principal activity to the presence of a narcotic alkaloid
called daturia, which much resembles hyoscyamia and atropia, the alkaloids
respectively of Hyoscyamus niger and Atropa Belladonna. Daturia is a
powerful poison, and strongly dilates the pupil. D. alba, D, TatnJa, D.
fastuosa, and others, have similar properties to D. Stramonium. The fruit

of D. sanguinea, the Red Thorn-Apple, is in use among the Indians of the
Andes, and in Central America, in the preparation of narcotic drinks ; these,

it is believed, produce a peculiar excitement, and enable those who partake
of them to have communication with the spirits of their ancestors.
Hyoscyamus niger. Henbane.—The whole herb possesses narcotic pro-

perties, and is employed medicinally as a narcotic, anodyne, and soporific.

Its activity is essentially due to the presence of the alkaloid hyoscyamia,
which is a powerful poison resembling atropia and daturia, and like them it

causes dilatation of the pupil. Two varieties of Henbane are commonly cul-

tivated, the Annual and the Biennial ; the latter of which is the most active.

Mandragora officinalis, the true Mandrake.—The roots have a fancied
resemblance to the human form, hence their name. This Mandrake must
not be confounded with the roots of Bryonia dioica, which are also sometimes
so named. (See p. 544.) Mandrake is an acrid-narcotic poison, and was used
by the ancients as an anaesthetic. The plant is called Devil's-apple by the
.Arabs. Mandrake is considered to be the Dudaim of Scripture.

Nicotiana.—The leaves of various species and varieties supply the different

kinds of Tobacco, now in such general use in some form or other in nearly
every part of the globe. Mr. Crawford estimated the consumption of
Tobacco in the British Islands in 1851 at 28,062,978 lbs., being at the rate of
16"86 oz. per head of the population. He also estimated the total annual
production at 2,000,000 of tons, which, at the value of 2rf. per pound, would
amomt to 37,000,000?. sterling. Tlie consumption of tobacco in this
country has enormously increased of late years, and is still increasing.
Thus in the year 1841 the quantity of tobacco cleared for consumption in
the UDited Kingdom amounted to 13f oz. per head of population. In the
year 1851 the amount had increased to 1 lb. OJ oz. per head ; in the year
1861 to 1 lb. 3^ oz. ; in the year 1863 to 1 lb. 4^ oz. ; and in the j^ear 1865 to

1 lb. 5 oz. Tobacco owes its principal properties to the presence of an
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alkaloid called Nicotia, which is a most energetic poison ; and to some extent
to a volatile oil (nicotian in), and an empyrmmatic oil. Tobacco has been em-
ployed in medicine as a local Ptunnlant, and as a sedative, antispasmodic,
emetic, laxative, and diuretic. The principal kinds of Tobacco are the
American, from N. Tabacum ; the Shiraz or Persian, from N. perxica ; the
East Indian, Manilla, Latakia, and Turkish, from N. nistica; Cuba and
Havanuah, from iV. repanda ; and Orinoko, from N. latissima.

Natural Order 156. Oleace.^.—The Olire Order {figs. 981-
983).—Character.—Trees or shrubs. Zeaw5 opposite. Floivers
usually perfect, or rarely unisexual. Calyx persistent, 4-eleft

{fig. 981), sometimes obsolete {fig. 424), inferior {fig. 988).
Corolla regular, 4-cleft {fig. 981), or of 4 distinct petals

Fig. 981. Fig. 982. Fig.^%^.

Fid. 981. Diagram of the flower of Lilac (Syringa imlgaris). Fig. 982.

Flower of the 'Ma.nnn Ash, Orniiseur/ypcEaorFraxinHsOmus,vrith 4-cleft

calyx ; corolla with 4 distinct petals ; 2 stamens ; and 2 carpels. Fig. 983.

Vertical section of the calyx and pistil of the Privet {Ligustnim vulgare).

{fig. 982), or absent {fig. 424); (Bstivation valvate {fig. 981).

Stamens usually 2 {figs. 424 and 982), rarely 4. Ovary (figs. 981

and 983) 2-celled, •with 2 suspended ovules in each cell. Fruit

fleshy or dry, often 1- seeded. Seeds with abundant fleshy albu-

men ; embryo straight.

Distribution
,
^-c.—They are principally natives of temperate

regions, but a few occur within the tropics. Examples of the

Genera

:

— Olea, Ligustrum, Fraxinus, Syringa. There are about

150 species.

Properties and Uses.—The barks of many plants of this order

are tonic and febrifugal. The mild purgative called Manna is

obtained from some species. The pericarp of the Common
Olive yields the well-known Olive Oil. Other species are

remarkable for the hardness of their wood.

Fraxinvs.—F. excelsior, the Common Ash, has a febrifugal bark. The
leaves are reputed to possess cathartic properties. It also yields a small
quantity of manna, especially when gi'own in a warm climate. The wood
possesses much strength and elasticity combined with lightness, hence it

is commonly used for ladders, poles, and agricultural implements. The
sweet concrete exudation kno-mi as manna is obtained by making incisions
into the stems of two or more species of Fraxinus. There is some uncer-
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tainty as to the species from wMch our supplies are derived ; bnt they are
chiefly, if not entirely, obtained from Fraxinus Ornus or Ornus europcea, and
F. roiundifolia or Ornus roiundifoUa. These plants are natives of the south
of Europe and Asia Minor, but our supplies of Manna are chiefly derived
from Calabria and Sicily, where the trees are cultivated for the purpose.
Manna is a mild agreeable laxative. It owes its properties to mannite, and
a peculiar resin. Fraxinus chinensis is the tree upon which the insect
{Coccus Pe-la) producing the AYhite Wax of China feeds.

Olea.—Oha eixrvpcea, the Olive.—The ripe fruit has a very fleshy pericarp ;

this yields by expression the fixed oil, known as Olive Oil, and which
is so largely used for dietetical purposes, in the arts, and in medicine.
In medicine it is principally employed externally, either by itself, or in com-
bination with other substances. When administered internally, it is nutrient,
emollient, demulcent, and laxative. The olives used as a dessert are prepared
by first soaking the green unripe fruits in water to deprive them of a portion
of their bitter flavour, and then preserving them in a solution of salt slightly

aromatised. The leaves and bark of the Olive-tree have been highly extolled

by some writers for their tonic and febrifugal properties, and they certainly
deserve more attention as remedial agents than they have hitherto obtained
in this country. The substance called olive gum or olivile is a resinous exu-
dation from the Olive-tree. It was formerly employed in medicine, biit at
present is not applied to any useful purpose. The wood of the Olive is much
used for cabinet-work. The flowers of Olea fragrans are employed in China
to give odour and flavour to a particular kind of tea.

Syringa vulgaris, the Lilac, has a bitter tonic, and febrifugal bark.

Natural Order 157. Jasminackte.— The Jasmine Order,

—

Character.

—

Shrubs, often twining. Calyx persistent, with
5—8 divisions. Corolla regular, 5—8-partite ; cedivation imbri-

cated. Stamens 2, included. Ovary 2-lobed, 2-celled, with 1—

4

erect ovules in each cell. Fruit a capsule or berry. Seeds

with very little or no albumen ; embryo erect.

Distribntmi, ^'c.—Chiefly natives of the East Indies, but a few
species are found in several other warm regions of the globe.

Examples of the Genera

:

—Jasminum, Nyctanthes. There are

about 100 species.

Pro2)erties and Uses.—The flowers are generally fragrant.

The volatile oil of jasmine, which is used in perfumery, is chiefly

obtained by distillation from the flowers of Jasminum officinale

and J. grandifloritm. The fragrant flowers of J. Samboc
are used as votive offerings in India; they are also said to

have much power in arresting the secretion of milk. The leaves

and roots of some species of Jasminum are reputed bitter, and
have been employed for various purposes, but generally speaking

the order contains no active medicinal plants. The flowers of

Nyctanthes arbor-tristis are employed in India for dyeing yellow.

Natural Order 158. SALVADOEACEiE.—The Salvadora Order.

—

Character.— Shrubs or small trees. Leaves opposite, entire,

leathery. Flowers small, panicled. Calyx of 4 sepals. Corolla

4-partite, membranous. Stam.ens 4. Omr?/ 1 -celled ; stigma sessile.

Fruit fleshy, 1 -celled, with a solitary erect seed. Albumen none.

Distribution, ^-c.—Natives of India, Syria, and North Africa.

Examples of the Genera:—Salvadora, Monetia.

PropertiiS and Uses.— Some are acrid and stimulant. The
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only plant of importance is Salvadora jxrsica, which Dr. Eoyle
has proved, to be the Mustard-tree of Scriptui-e. The fruit of

this is edible, and. resembles in taste garden Cress. The bark
of the root is acrid, and is employed as a blistering agent in

India. The leaves are reputed to be purgative.

Natural Order 159. jMyrsixace.^.— The Myrsine Order.

—

Character.—Trees or shrubby plants. Leaves coriaceous,

smooth, exstipulate. Flowers small, perfect or imisexual. Ca^yx

and corolla 4—o-partite. Stame7is corresponding in number to

the segments of the corolla and opposite to them, sometimes

there are 5 sterile petaloid alternate ones ; anthers dehiscing

longitudinally. Ovary superior or nearly so, 1-celled; ijleicenta

free central, in which the ovules are imbedded. Fruit fleshy.

Seeds 1, 2, or many; albumen abundant, horny.

Distribution, (^'c.—Chiefly natives of the islands of the southern

hemisphere. F^amples of the Genera :— Myrsine, Ardisia,

Theophrasta. There are above 300 species.

Froperties and Uses.—Of little importance. The fruits and
seeds of some species are pungent. The fruit of Myrsine afri-

cana is used by the Abyssinians mixed with barley, as food for

their asses and mides. The seeds of Theophrasta Jussim are

used in St. Domingo in the manufacture of a kind of bread.

Natural Order 160. ^giceeace^.—The -3tgiceras Order.

—

Diagnosis.—This order includes but one genus of plants. There
are 5 species ; these inhabit se^i-shores in tropical regions, and
root from their seed-vessels into the mud, like Mangroves. The
genus jEyiceras diflfers from Myrsinacege in its anthers dehiscing

transversely ; in having follicular fruit ; and in the seeds being
without albumen.

Natural Order 161. Primulace.e. — The Primrose Order.

{/igs. 984-986).— Character. — Herbs. Leaves {fg. 368)

Fig. 984. Fig.d^b.

Fig. 986.
Fig. 984. Flower of Pimpernel {Anagallis). e. Calrx. p.

Petals, s. Stamens. Fig. 985. Vertical section of the
flower. J)/. Free central placenta, s. Style and capitate
stigma. Fig. 986. Vertical section of the seed of the
Primula elatior. t. Integuments, p. Alhumeu. e. Embryo.
h. Hilum.
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simple, exstipulate. Flowers regular, perfect {figs. 465 and 984).

Calyx {figs. 441 and 465) 4—5-cleft, persistent, inferior {fig. 985),

or partly superior. Corolla {figs. 465 and 984) 4— 5-cleft, very

rarely absent. Stamens {fig. 984, s) equal in number to the

segments of the corolla, and opposite to them. Ovary superior

{fig. 441), or rarely partly inferior, 1-celled {fig. 985

)

;
placenta

free central {figs. 621 and 985); style 1 {figs. 441 and 985);
stigma capitate {figs. 565 and 985). Fruit capsular {fig. 693),

with transverse or valvular dehiscence. Seeds {fig. 986) nume-
rous, with fleshy albumen; embryo placed transversely to the

liilum.

Distribution, ^-c.—They principally inhabit cold and tempe-

rate regions in the northern parts of the globe. They are rare

in the tropics, where they are only found on the sea-shore or

in mountainous districts. Examples of the Genera

:

—Primula,

Cyclamen, Anagallis, Samolus. There are about 250 species.

Properties and Uses.—Of no particular importance except for

the beauty of their flowers. The flowers of the Cowslip {Pri-

mula veris) are sedative and diaphoretic, and are sometimes

employed in the manufacture of a soporific wine. The roots of

Cyclamens are acrid, especially those of Cyclamen hedcrafolium,
which have been used as a drastic purgative and emmenagogue.
The Cyclamens are commonly known under the name of Sow-
breads from their being eaten by wild boars in Sicily.

Natural Order 162. Plumbaginace^. — The Leadwort or

Thrift 0rder(^_^5. 987 and 988).—Character.—Herbs or under-

shrubs. Leaves entire, exstipulate. Flowers regular {fig. 985).

Fig. 987. Fig. 988.

Fig. 987. Diagram of the flower of a
Plumhagn. Fig. 988. Essential
organs of the same.
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Calyx tubular, plaited persistent, 5-partite {fig. 987). Corolla

{fig. 987) membranous, 5-partite, or of 5 petals. Stam(7is {figs.

623, 987 and 988) 5, opposite the petals, to which they are

attached when the corolla is polypetalous, and hypogynous and
opposite to the divisions of the corolla when this is monopetalous.

Ovary 1-celled {figs. 621 and 987); ovule solitary, suspended

from a long cord arising from the base of the cell {fig. 623)

;

styles {fig. 988) usually 5, sometimes 3 or 4. Fruit utricular, or

dehiscing by valves at the apex. Seed solitary ; embryo straight

;

albumen mealy, and small in quantity.

Distribution, ^r.—Chiefly found growing on the sea-shore and
in salt marshes in various parts of the globe, but by far the greater

number inhabit temperat-e regions. Examples of the Genera

:

—
Statice, Armeria, Plumbago. There are about 250 species.

Properties and Uses.—Of little importance, but acridity and
astringency appear to be the most remarkable properties of the

plants of this order.

Armeria vulgaris, Common Thrift.—The dried flowers are diuretic.

Plumbago.—The roots of several species are acrid and vesicant when fresh,

as those of P. europcea, Toothwort, P. zeylanica, P. scandens, and P. rosea.

P. toxicaiHa is used as a poison in Mozambique.
Slatice caroliniana is called Marsh Rosemary in the United States, where

its root is much employed as an active astringent.

Natural Order 163. Plantaginace;e.—The Eibwort Order

{fitgs. 989 and 990).— Character.—Herbaceous plants, gene-

Fig. 989. Fig, 990.

Fig. 9S9. Plant of a species
of Rib-grass (Plantago),
•with radical leaves.
Fig. 990. Flower of the
game.

rally without stems {fig. 989). Leaves commonly ribbed and
radical {fig. 989). Flowers usually spiked {fig. 387) and perfect

{fig. 990), or rarely solitary, and sometimes imisexual. Calyx

persistent, 4-partite, imbricated {fig. 990). Corolla dry and mem-



606 SYSTEMATIC BOTANY.

branous, persistent, -i-partite {fig. 990). Stamens equal in num-
ber to tlie divisions of the corolla, and alternate with them

{fig. 990) ;
filaments long and slender ; anthers versatile. Ovary

simple, but spuriously 2 or 4-celled from the prolongation of

processes from the placenta ; style and stigma simple {fig. 584).

Capsule membranous, with transverse dehiscence
;
placenta free

central. Seeds 1, 2, or more, with a mucilaginous testa; embryo
transverse, in fleshy albumen.

Distribution, <^c.—They abound in cold or temperate climates,

but are more or less diffused over the globe. Examples of the

Genera: — Littorella, Plantago. There are above 100 species.

Properties and Uses.—Unimportant. The seeds of Plantago
Ispaghula, P. Psyllium, P. annarla, and P. Cynops are demulcent,

and have been used like those of Linseed in tlie preparation of

mucilaginous demulcent drinks ; those of the first species are

officinal in the Indian Pharraacopceia. The leaves and roots of P,

lanccolata and some other species are slightly bitter and astringent.

Natural Order 164. Hydrophvllaceje.—The Hydrophyllura
Order.—Character.—Herbs, biishes, or small trees. Leaves
usually hairy, lobed, and alternate. Flowers either solitary,

stalked, and axillary, or arranged in circinate racemes or spikes.

Calyx persistent, o-partite. Corolla regular, 5-cleft. Stainens

equal in number to, and alternate with, the segments of the

corolla. Ovary simple, 1—2-celled, with 2 parietal placentas
;

styles and stigmas 2 ; ovules 2 or many. Fruit capsular, 2-valved,

2 or 1 -celled, with a large placenta filling the cell. Seeds netted

;

albumen hard, abundant.
Distribution, cfr.— Chiefly natives of the northern and most

southern parts of the American continent. Examples of the

Genera : — Hydrophyllum,
Nemophila, Eutoca. There
are about 80 species.

Properties and Uses.—
Unimportant, except as

showy garden plants.

Natural Order 165. Bo-
raginaceje.— The Borage
Order {figs. 991 and 992).

—Character.—Herbs or

shrubs, with more or less

rounded stems. Leaves

{fig. 414) alternate, entire,

usually rough. Inflores-
cence scorpioid {figs. 414-
416). Flowers regular, sym-
metrical {figs. 414 and

992). Calyx {figs. 991 and 992) persistent, 4—5-partite. Corolla

{figs. 466 and 992) regular or nearly so, 4—5-partite, usually

Fig. 991. Vertical section of the fruit of

Myusotis. Two aclifBtiia are seen, and
two have been removed. Fig. 992.

Diasram of ti)e flower of Coiiifrey iSym-
•plxytwm ojfflcinale).
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with scales in its throat {fig. 466, r) ; estivation imbricated.

Stame?is (fig. 992) equal in number to the lobes of the corolla

and alternate with them. Ovarg deeply 4-lobed {fig. 596),

with a solitary ovule in each lobe ; stgle 1 {fig. 696), basilar

;

stigma simple or bifid. Fruit consisting of from 2— 4 distinct

aciisenia, placed at the bottom of the persistent calyx {figs. 687

and 991). Seeds exalbuminous ; crahryo straight, with a superior

radicle.

Distritnction, ^'c.—Chiefly natives of temperate regions in the

northern hemisphere. Examples of the Genera : — Cerinthe,

Echium, Borago, Cynoglossum. There are nearly 700 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for their mucilaginous properties ; hence they are

mostly harmless, and possess little value as medicinal agents.

Several species have roots of a reddish colour, which render

them useful as dyeing agents.

Anchusa (Alkanna) tinctoria, Alkanet, has a dark blood-red root; this is

chiefly employed to give colour to oils, &c., which are used in perfumery,
and for dyeing woods, &c.

Borago officinalis. Borage.—The root is mucilaginous and emollient. The
herb imparts coolness to beverages in which it is steeped o'wing to its con-

taining nitrate of potash.

Echium.—The broken leaves, stems, and flowers of species of Echium are

employed in India as an alterative, tonic, demulcent, and diuretic. They are

sold in the bazaars under the name of Gouzaldni.

Mertensia maritima is called the Oyster plant from its leaves having the

taste of oysters.

Symphytum.—S. officinale. Comfrey, is reputed vulnerary. The young
leaves and shoots are sometimes eaten as a vegetable. It is said to form a
good substitute for spinach. The root contains a good deal of starch and
mucilagiuons matters, and when finely scraped and laid on caUco to about
the thickness of a crownpiece, it forms an excellent bandage for broken
limbs, &,c. S. asperrimum has been recommended for cultivation in this

country as food for pigs, &c.

Natural Order 166. Ehretiace-E.— The Ehretia Order.

—

Diagnosis.—The plants of this order resemble the Boraginaceae

in most of their characters, but they differ in having their carpels

completely united, so as to form a 2 or more celled ovary ; in

their terminal style ; and drupaceous fruit. They are usually

characterised also by the presence of a small quantity of albu-

men in their seeds: this is, however, sometimes absent. By
some authors the Ehretiacese are made a sub-order of the Bora-

ginacese.

Distribution, S^x.—Chiefly tropical trees or shrubs. Examples

of the Genera

:

—Ehretia, Heliotropium. There are about 300
species. •

Properties and Uses.—Unimportant. Some species of Ehretia

have edible fruits- The root of Ehretia buxifolia, when fresh,

is employed in India by the native practitioners, as an altera-

tive. Some plants of the order have a delicious odour, as the

Peruvian Heliotrope {Heliotropitim pentvianum).
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Natural Order 167. Nolanace^.— The Nolana Order.

—

Character.—Herbs or shrubs. Leaves alternate, exstipulate.

Inflorescence straight. Calyx 5-partite, persistent, with a valvate

aestivation. Corolla regular, with a plaited aestivation. Stamens

5, opposite to the lobes of the calyx. Ovary composed of from
5—20 carpels, either distinct or more or less combined into

several bundles ; style on a fleshy disk, simple ; stigma simple.

Fruit composed of 5 or more separate aciisenia, or more or less

combined ; enclosed in the persistent calyx. Seed with a little

albumen ; embryo curved ; radicle inferior.

Distribution, S^'c.—Natives exclusively of South America, es-

pecially of Chili. Examples of the Genera:—Nolana, Alona.

There are about 36 species.

Properties and Uses.—Unknown.
Natural Order 168. Labtat.e or Lamiace^.—The Labiate

Order {figs. 993-998). — Character.— Herbs {fig. 367) or

shrubby plants, with usually square stems. Leaves opposite

{fig. 367), commonly strong-scented, exstipulate. Flowers gene-

Fig. 993. Fig. 994.

^^^^^^^

Fig. 993. Diagram of tlie flower of the White Dead-nettle (Lamium album).
Fig. 994. Flower of the common Bugle (Ajuga reptans).

rally in axillary cymes, which are arranged in a somewhat
whorled manner, so as to form what are called verticillasters {fig.

367). Calyx persistent, tubular, 5 or 10-toothed, regular; or ir-

regular and bilabiate {fig. 445), with 3—10 divisions, the odd tooth

or division always posterior {fig. 993). Corolla {figs. 468-471,

994 and 995) more or less bilabiate, with the upper lip undi-

vided (fig. 468) or bifid {figs. 469 and 470), usually more or

less arched over the lower lip {fig. 468), or sometimes nearly

suppressed {fig. 994) ; the lower lip 3-lobed, with the odd

lobe anterior {fig. 993). Stamens usually 4, didynamous {figs.

595 and 997), or rarely 2 by abortion {fig. 996) ; anthers 2-celled,

or 1 -celled by abortion ; the filament or connective sometimes

forked, each branch then bearing a perfect cell, or the cell on one

side obsolete or sterile {fig. 503). Ovary deeply 4-lobed {figs.

595 and 998), seated on a fleshy disk, with 1 erect ovule in

each lobe; style 1, basilar {figs. 595 and 998); 5%^na forked

{fig. 998). Fruit composed of from 1—4 achsenia, enclosed by
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the persistent calyx. Seed erect, with little or no albumen:

embryo erect, with flat cotyledons.

Fig. 995. Fig. 996.

Fig. 995. Front view of the
flower of Lamimn.— Fig.

998. Tbe corolla of tlie

Garden Sage (Salvia offl-ci-

nalis) cut open. Fig.

997. The corolla of the
Horchound (Marruhium
vulgare) cut open. Fig.

998. Lobed ovary, style,

and stigma of the Garden
Sage {Salvia officinalis).

Diagnosis.—Herbs or shrubby plants, with opposite exstipulate

leaves. Flowers irregular, unsymmetrical. Calyx persistent.

Corolla more or less bilabiate. Stamens didynamous, or 2 by

abortion. Ovary deeply 4-lobed ; style 1, basilar; stigma bifid.

Fruit consisting of from 1—4 achpenia, enclosed by the persistent

calyx. Seed erect, with little or no albumen.
Distrihution, ^r.—Chiefly natives of temperate regions. Fx-

amples of the 6^mgm.-— Lavandula, Salvia, Eosmarinus, Origa-

num, Scutellaria, Lamium. There are nearly 2,500 species.

Properties and Uses.—The plants of this order are entirely

free from any deletericrus qualities. They abound in volatile oil,

hence they are commonly aromatic, carminative, and stimulant.

All labiate plants also contain more or less of a bitter extractive

matter, and many of them possess an astringent principle, hence

they are frequently tonic and stomachic. Several are used in

perfumery on account of their agreeable odours ; and many are
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employed by the cook for flavouring, &c., such as Thymus 'vulgaris

(Grarden Thyme), Thymus cUrudorus (Lemon Thyme), Salvia

officinalis (Sage), Origanum vulgare (Marjoram), Majorana hor-

fensis (Sweet Marjoram), Satureja montana (Winter Savory),

Satureja hortensis (Summer Savory), &c. The fleshy under-

ground stems of Stachys palusiris and of a species of Ocymtun
are edible.

Anisomelos maJaharka is in great repute in Southern India in intermittent
fevers, catarrhal affections, &c.
Hedeoma pulegioides, American Pennyroyal, is much used in the United

States as an emmenagogue, and also occasionally as a stimulant and carmi-
native.

Lavandula.—The flowering heads of L. vera, Common Lavender, yield by
distillation with water English Oil of Lavender, which is largely used in
perfumery, and also in medicine as a stimulant, stomachic, and carminative.
The flowers are likewise occasionally employed as a sternutatory. The
flowering heads of L. spica or latifolia, French Lavender, yield Oil of Spike
or Foreign Oil of Lavender, which has a much less agreeable odour than
the English Oil, and is not employed medicinally, but principally by painters

and varnish-makers, and to adulterate English Oil of Lavender. L. Stcecha.i

also yields by distillation an essential oil, which is commonly distinguished
as the True Oil of Spike.
Marrubium vulgare, Common Horehound, is much employed as a domestic

remedy in coughs, &c.
Melissa officinalis. Common Balm, possesses mild stimulant properties. It

is used as a diaphoretic in fevers, as an exhilarating drink in nervous affec-

tions, and as an emmenagogue.
Mentha, Mint.—Several species are used in medicine, and as sweet herbs.

The volatile oils of two species are officinal, namely, of M. viridis, Spearmint,
and of M. piperita. Peppermint. M. Pulegium, Pennyroyal, M. rotundifolia,

M. aquatica, M. arvensis, &c., have similar properties. All the Menthas are
stimulant and carminative.
Micromeria theasinmsis is used in France as a substitute for China Tea.
Monarda.—M. punctata, Horsemint, is used medicinally in the United

States. In its properties it resembles the ordinary mints, but it is more
stimulating. M.fistulosa is said to be febrifugal. The leaves of M. didyma
and M. purpurea are used in North America as tea under the name of Oswego
Tea. The flowers of M. didyma are said to contain the same colouring
principle as cochineal, and may be used for the preparation of carmine.
Ocymum.— 0. album is used in India as Tea, which is known as Toolsie

Tea. 0. sanctum, 0. Basilicum, and other species, are reputed throughout
India to possess stimulant, diaphoretic, and expectorant properties.

Origanum.— 0. vulgare. Common or Wild Marjoram, has simi'ar properties

to the other labiate plants. The thied leaves have been employed as a sub-

stitute for China Tea. Hanbury has shown that the! red volatile oil sold

usually in the shops as Oleum Origan i, or Oil of Thyme, is obtained by dis-

tillation from Thymus vulgaris. This oil is imported fi-om the south of

France. Several species of Origanum are used by the cook for flavouring,

as 0. vulgaris. Common Marjoram, 0. Majorana or Majorana hortensis, Sweet
Marjoram, &c.

Fogostemon Patchouli, Pucha-Pat or Pa'-chouly.—This plant is a native
of Silhet and the Malayan Peninsula. The dried tops are imported and
yield by distillation a strong-scented volatile oil, called Oil of Patchouli,

which has been much employed in p Tfumery. The coarsely powdered herb
is also used for making sachets. The odour of Chinese or Indian Ink has
been erroneously stated to be due to Patchouli.

Rosmarinus officinalis. Common Rosemary.—The flowering tops contain

a volatile oil, which imparts to them stimulant and carminative properties.

Rosemary is however chiefly used in perfumery, and by the hairdresser.

The flavour of Narbonne Honey is said to be due to the bees feeding on the
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flowers of this plant. The dried leaves are sometimes employed as a substi-

tute for China Tea.
Salvia ojficinaHs, Common or Garden Sage.—The leaves were formerly

much employed as tea. An infusion of Sage is frequently used in the United
States as a gargle in common sore throat and when the uvula is relaxed. It

is also stimulant, carminative, and anti-emetic. Sage is also employed by
the cook as a flavouring agent, &.c.

Thymus vulgaris, Common or Garden Thyme, yields by distillation the

volatile oil known as Oil of Thyme. (See Origanum.) This and other

species of Thymus are also employed by the cook as flavouring agents, &c.

Natural Order 169. Vekbenacejs.—The Vervain Order (^y. 999).

—Character.—Herbs, shrubs, or trees. Leaves opposite or al-

ternate, exstipulate. Cali/x persistent, tubular. Corolla usually

more or less 2-lipped, or irregular. Steimens 4, usually didyna-

mous, or rarely equal ; sometimes there are but p- ggg
2 stamens ; anthers 2-celled. Ovary {fig. 999) 2

^'

or 4-celled ; style 1, terminal {fig. 999); stigma

simple or bifid. Fniit dry or drupaceous, com-
posed of from 2—4 carpels, -which when ripe

usually separate into a- many iudehiscent 1 -seeded

achaenia. Seed erect or ascending, with little or

no albumen, and an inferior radicle.

Diagnosis.—Known at once from the Labiatse

by their more coherent carpels and terminal style.

Distribution, ^x:— They are found both in
-^[^.-f

9-
fi^yLiu!

temperate and tropical regions. Examples of the (V'^rhena.)

Genera

:

—Verbena, Lantana, Tectona, Clerodendron. There are

above 660 species.

Properties and Uses.— Many of the plants are slightly aro-

matic and bitter, but there are no important medicinal plants

included in this order. Some are valuable timber trees. The
fleshy fruits of other species are edible ; the leaves of a few
are used as substitutes for China Tea. Many are cultivated

in our gardens for the beauty of their flowers and for their

fragrance, as the different species and varieties of Verbena, the

Aloysia or Lippia citriodora, the Sweet Verbena or Lemon-
plant, &c.

Clerodendron.—Tlie leaves of C. infortunatum, an Indian species, possess
tonic and antiperiodic properties.

Gmelina parvifolia and G. asiaiica have demulcent properties.

Lantana pseudo-thea is used in the Brazils as tea, under the name of Capitdo
da matte. Some species of Lantana have edible fruits.

Stachi/tarpha ja7}iaicpnsis is reputed to be purgative and anthelmintic. Its
leaves are sometimes employed in Austria as a substitute for, or to adulterate,
China tea. This is known imder the name of Brazilian tea.

Tectona grandis. Indian Teak-tree or Indian Oak, is the soiirce of the
very hard and durable wood known as East Indian Teak, which is employed
in ship-building, &c.

FiYex.— Several species of this genus have acrid fraits, as those of F. fri-

folia, Wild Pepper, V. Negundo, and V. Agnuscastus. The fresh leaves of the
two former species are in great repute in India for their discutient proper-
ties. They are also regarded as anodyne, diuretic, and emmenagogue.

Katural Order 170. Myoporace.t:.—The Myopora Ordt-r.

—

n R 2
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B'uignosis.—This order is sometimes considered as a sub-order

of the Yerbenacese, from 'ohich it can be scarcely separated. It

only differs essentially from that order in having pendulous

seeds, and a superior radicle.

Bistrihution, ^'c.—Chiefly natives of the southern hemisphere.

Examples of the Genera

:

—Myoporum, Avicennia. There are

about 40 species.

Properties and Uses.—Unimportant. The bark of Avicennia

tomentosa, White Mangrove, and other species, are much used in

Brazil for tanning.

Natural Order 171. SELAGiNACEiE.— The Selago Order.

—

Cliaracter,—Herbs or shrubs, with alternate exstipulate leaves,

i^/owfrs irregular, unsymmetrical, sessile, bracteated. Calyx per-

sistent, usually monosepalous with a definite number of divi-

sions, or rarely consisting of two distinct sepals. Corolla tub\ilar,

5-partite. Stamens 4, or rarely 2; anthers 1 -celled. Ovary
superior; style 1, filiform; ovule solitary, pendulous. Frvit

2-ee]led, with 1 solitary pendulous seed in each cell. Embryo in

a little fleshy albumen, with a superior radicle. In Glohularia

there is but one carpel.

Distribution, cfx\—Chiefly natives of the Cape of Grood Hope.

The species of Globidaria are however European plants. Ex-
amples of the Genera:—Selago, Globularia. There are 120

species.

Properties and Uses.—Of little importance. The Glohularias

are purgative and emetic. The leaves of Globularia Alypum
form the Wild Senna of Germany. In small doses they act as

a tonic, and in full doses as a safe mild and efficient purgative.

They have been sometimes employed for the adulteration of

Senna Leaves, and also, it is said, in the process of tanning.

They contain both tannic and gallic acids.

Natural Order 172. Pedatjace^.—The Pedalium Order.

—

C h a ra, c t e r.—Glandular herbs. Leaves entire, without stipules.

Flowers axillary, usually large and irregular. Calyx 5-partite.

Corolla bilabiate. Stamens didynamous with the rudiment of a

fitth, included; anthers 2-celled. Ovary on a fleshy or glan-

dular disk, 1-celled, with 2 parietal placentas; sometimes

spuriously 4—6-celled ; style I ; stigma divided. Fruit bony or

capsular. Seeds wingless, without albumen ; embryo with large

cotyledons, and a short radicle.

distribution, ^'c.— Chiefly tropical plants. Examples of the

Genera:—Pedalium, Sesamum. There are about 25 species.

Properties and Uses. — Chiefly remarkable for their oily

seeds.

Pedalium Miirex.—An infusion of the fresh leaves and stems has been
employed with success in India in dysuria and gonorrhoea.

Sesamum mclicum.—The seeds yield by expression a fixed oil which is

much used in India, where it is regarded as an efficient substitute for olive

oil. It is rarely imported, however, into this country, as it soon becomes
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rancid. It is said to be employed to adulterate Almond Oil. The Oil is

kaiown as Til, Teel, Gingili, or Gingelly Oil.

Natural Order 173. GESXERACEiE. — The Gesnera Order.

—

Character.—Herbs or soft-\rooded sliriibs. Leaves wrmkled,

exstipulate, generally opposite or whorled. Flowers irregular,

showy. Cali/x half-superior, o-parted. Corolla 5-lobed. StamcnS

diandrous, or didynamous with the rudiment of a oth ; anthers

2-celled, frequently united. Ovary half-superior, 1-celled, sur-

rounded by an annular fleshy disk, or by glands ; stfjle 1 . Fruit

capsular or succulent, 1 -ceiled, with 2-lobed parietal placentas.

Seeds numerous, with or \^ithout albumen; embryo ^^ixh. minute

cotyledons, and a long radicle.

Division of the Order, and Examples of the Genera.—The
order has been divided into two sub-orders as follows :

—

Sub-order 1. Gesnerece.—Fruit partially adherent to the calyx.

Seeds with a little albumen. Examples:—Gesnera, Gloxinia.

Sub-order 2. CyrtandrecB.— Fruit not adherent to the calyx.

Seeds exalbuminous. Examples:—^schynanthus, Cyrtandra.

Distribution and Numbers.—Chiefly natives of warm or tropical

regions. The Gesnerece are all American ; the Cyrtandrecu are

more scattered. There are about 290 species.

Properties and, Uses.— Of little importance except for the

beauty of their flowers, which are common objects of cultivation

in this country. Some GesnerccB have edible fruits.

Natural Order 174. CREsCENTiACEiE. — The Crescentia or

Calabash Tree Order.— Character. — Small trees. Lea ves

simple, alternate or clustered, exstipulate. Flowers irregular,

growing out of old branches or stems. Calyx free, entire at

flrst, afterwards splitting irregularly. Corolla somewhat bila-

biate. Stamens didynamous with a rudimentary oth ; anthers

2-celled. Ovary surrounded by an annular disk, l-celled

;

flaccntas 2—4, parietal; style 1. Fruit indehiscent, woody.

Seeds large, numerous, enveloped in pulp, without albumen;
cotyledons large, amygdaloid ; radicle short.

Distribution, ^~c.— Natives exclusively of tropical regions.

Examples of the Genera

:

—Crescentia, Parmentiera. There are

34 species.

Properties and C/se^.—Unimportant. The sub-acid pulp of

the fruit of Crescentia Cujete, the Calabash Tree, is eaten by the

negroes in America, and its hard pericarp is used for bottles,

forming floats, &c. The fruit of Parmentiera edulis is also

eaten by the Mexicans, and that of P. ccrifcra is also greedily

devoured by cattle in Panama. The latter resembles a can-

dle in shape, and hence the tree bearing it is named the Candle-

tree.

Nattiral Order 175. Bigxoxiace^. — The Bignonia or

Trumpet-flower Order.—Character.—Usually trees or shrubs,
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which are often twining or climbing, rarely herbs. Leaves ex-

wipulate, iisnally opposite. Inflorescence terminal. Flowers

irregular. Calyx entire or divided. Corolla 4—5-lobed. Sta-

onens 2 or 4 ; anthers 2-celled. Ovary seated in a disk, 2— 4-

celled ; -placentas axile ; style 1. Fruit 2-valved, capsular, 2—4-

celled. Seids numerous, sessile, large, winged; albumen none;

embryo with large leafy cotyledons.

Distribution, ^-c.—Chiefly tropical plants. Examples of the

Genera:—Bignonia, Tecoma, Jacaranda. There are above 450
species.

Properties and Uses.— The chief interest of the plants in

this order lies in their beautiful flowers. "From the leaves of

Bignonia Chica the Indians of South America obtain a red dye

called Chica or Carajuru, which is used for painting their bodies

and arrows, and for other purposes. This Chica must not be

confounded with Chica or Maize Beer (see Zea Mays), and
other Chicas, which are common drinks of the Indians in South

America. An oil is obtained in India from the wood oi Bignonia

xylocarpa. It is reputed to be a vahiable external t.pplication

in cutaneous diseases. Some species of Tecoma have astringent

properties. The wood of several plants of the order is used in

Bi'azil. The bark of Jacaranda bahamensi^ is employed as an
anthelmintic in Panama.

Natural Order 176. Acanthace.^.— The Acanthus Order.—
Character.—Herbs or shrubs. Leaves opposite, simple, ex-

stipulate. Flowers irregular, bracteated. Calyx 4—5 -parted,

oi' consisting of 4—5 sepals, persistent, much imbricated ; some-

times obsolete. Corolla more or less 2-lipped. Stamens 2, or

4 didynamous. Ovary seated in a disk, 2-celled
;
placentas pari-

etal, although extended to the axis; style 1. Fruit capsular,

2-celled, with 1, 2, or many seeds in each cell. Seeds hanging

by hard cup-shaped or hooked projections of the placenta, with-

out wings; albumen none; cotyledons large and ^eshj ; radicle

inferior.

Distribution, ^-c.—Chiefly tropical. Examples of the Genera :

—Thunbergia, Euellia, Acanthus, Justicia. There are nearly

1,-300 species.

Properties and Uses.—Unimportant. Many species are muci-

laginous and bitter. The dried stalks and root of Andrographis

paniculata are held in high esteem in India for their bitter

tonic and stomachic properties. From Euellia indigotica a blue

dye is obtained in China. The species of Acanthus have lobed

and sinuated leaves, and are said to have furnished tlie model of

the Corinthian capital.

Natural Order 177. Scrophulariace^.—The Figwort Order

{fi IS. 1000 and 1001 ).—C h a r a c t e r.

—

Herbs or rarely shnibby

plants, with generally opposite leaves. Liflorescence axillary.

Flowers {figs. 1000 and 1001) anisomerous, irregular. Calyx
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{fig. 1001) persistent {fig. 694), 4—o-partite. Corolla more

{figs. 472 and 473) or less {figs. 476 and 477) irregular, 4—5-

partite ; cBstivation\mhv\c?i.\.e {fig. 1001). Stamens 2 {fig. 1000),

or 4 didynamous {fig. 545), rarely 5 or with a rudimentary Sth;

anthers introrse. Ovary usually 2-cened {fig. 1001), its com-
ponent carpels being placed anterior and posterior ; style 1 {fig.

1000). Fruit usually capsular {fig. 694), rarely baccate, gene-

rally 2-celIed
;

placentas axile. Seeds generally numerous,

Fig. 1000. Fig. 1001.

Fig. 1000. Flower of Speedwell (Veronica). Fig. 1001. Diagram of the flower
of Frogsuioutli {Antirrhinum majus), with oue bract below.

albuminous ; emhryo straight or slightly curved. The above
definition of the Scrophulariacese is in accordance with the views
of Miers.

Distribution, 4'<^.—The plants of this order are found in all

parts of the globe. Examples of the Genera

:

—Calceolaria, Ver-
bascum Antirrhinum, Scrophularia, Veronica, Khinanthus. As
above defined, there are about 1,700 species.

Froperties and Uses. — The plants of this order must be
regarded with suspicion, as some are powerful poisons. Many
are bitter, others astringent, some purgative, emetic, or diu-

retic, and a few possess narcotic properties. A great many
are cultivated in our gardens, &c. on account of the beauty of
their flowers. Several are root-parasites, as Melampyrmn,
Rhinanthics, cfc. : these turn black when dried.

C'apraria hifolia is used in Central America as tea.

Digitalis purpurea, FoxgloTe.—This is by far the most important medicinal
plant in the order. The roots, leaves, and seeds are the most active parts of
the plant, but the leaves only are no^v officinal in the British Pharmacopceia.
Foxglove is largely used as a diiuretic in dropsies, aiad as a sedative of the
circulation in diseases of the heart, &c. In improper doses it is a deadly
poison. It owes its activity essentially to the presence of a powerfully-
poisonous bitter principle, called Ligitaline. Other species of Digitalis have
similar properties to those of D. pur})urea, but they are not so active as it.
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Gratiola oficinalh, Officinal Hedge Hyssop, was formerly officinal in our
pliarmacopoBias. It possesses purgative, emetic, and diuretic properties, and
in large doses is an acrid poison.

Scrophularia.—The fresh leaves of *Sf. nodosa are sometimes used in the
form of an ointment or fomentation, as an application in skin diseases and to
indolent tumours, &c. The leaves and roots of this species and of S. aquatica
are purgative and emetic, and are supposed to be slightly narcotic.

Verbascum.—The. leaves of V. Thapsus, Great Mullein, have emollient,
demulcent, and slightly narcotic properties. Its seeds and those of V. ni-

grum are said to be employed by poachers to stupify fish in order that they
may be readily taken.

Veronica.—The leaves of V. officinalis have been used in this country,
and on the Continent, as a substitute for China tea : hence the plant is

sometimes called Tld de VEurope. The root of Veivnica {Leptandra) vir-

gin ica is a celebrated eclectic remedy in the United States of America.

Natural Order 178. OROBANCHACEiE. — The Broom-rape
Order.—Character,—Herbs of a more or less fleshy character

growing parasitically on the roots of other plants. Stems scaly,

but without any true green leaves. Cal?/x persistent, toothed.

Corolla irregular, persistent ; (sstivation imbricate. Stamens 4,

didynamous; anthers 1—2-celled. Ovary 1-celled ; its component
carpels being placed to the right and left of the axis

;
placentas

2—4, parietal; style 1. Fruit capsular. Seeds very numerous,
minute, with fleshy albumen, and a very small embryo.

Distribution, cf'c. — Principally natives of Europe, northern
Asia, North America, and the Cape of Good Hope. Examples
of the Genera:—Epiphegus, Orobanche, Lathrsea, There are,

about 120 species.

Properties and Uses.—The presence of an astringent principle

is the most marked property of the plants of this order, but
they are altogether unimportant in a medicinal point of view.
The root of Epiphegus virginiana is called Cancer-root, from its

having been formerly used as an application to cancers. It

formed an ingredient in a once celebrated North American nos-

trum, called Martin's Cancer Powder,
Natural Order 179. LENTiBULARiACEiE,— The Butterwort

Order,—Character,—Herbs, growing in water, marshes, or wet
places. Leaves radical, entire, or divided into thread-like filaments
bearing little pouches or air vesicles. Flowers irregular. Calyx
persistent, 2-lipped. Corolla 2-lipped. Stamens 2, included

;

anthers 1-celled. Ovary 1-celled; style 1, short; stigma bilabiate;

placenta free central. Fruit capsular, 1-celled, Seeds minute,
numerous, without albumen ; embryo minute, with the cotyledons
much smaller than the radicle.

Distribution, ^'c.—Natives of all parts of the globe, particu-
larly tropical regions. Examples of the Genera:—Utricularia,

Pinguicula, There are about 180 species.

Properties and Uses.—Of little importance. Pinguicida vul-

garis is termed Butterwort from the property its leaves possess
of coagulating milk.
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Artificial Anali/sis of the Natural Orders in the Sub-class

CoROLLii-LOR^E. Modified from Lindley.

*^* A few Orders belonging to the other Sub-classes, the floTcers of which
are sometimes monopetalous, are also included in this analysis.

(The numbers refer to the Orders.)

1. Epigynae.
A. Carpel solitary.

a. Anthers united.

Ovule solitary, pendulous
Ovule solitary, erect

b. Anthers distinct.

Fruit with 1 perfect cell, and 2 rudimentary ones.
Seed exalbuminous

Fruit 1 -celled, and -without any rudimentary
one. Seed albuminous

B. Carpels more than one.

a. Antheis united.

Leaves alternate
b. Anthers distinct.

1. .Stamens 2.

Filaments not united to the style .

Filaments united to the style ....
2. Stamens more than 2.

Anthers opening by pores ....
Aurhers opening longitudinally.
Stigma with an indu!^ium ....
Stigma without an indusium.
Leaves without stipules.

Stamens definite.

Leaves alternate. CoroUa persistent
Leaves opposite. Stem round .

Leaves verticillate. Stem square
Stamens numerous ....

Leaves with stipules.

Stipules interpetiolar. Flowers herma-
phrodite

Stipules cirrhose. Flowers unisexual .

2. Hypostaminete.
A. Carpel solitary.

Stigma indusiate. Leaves radical, entire
B. Carpels more than one.

a. Anthers opening by pores.
Herbs. Seeds Avith a loose-winged testa
Shrubs. Seeds without wings. Anthers

2-celled

b. Anthers opening longitudinally.

1. Anthers l-celled

2. Anthers 2-cel/ed.

Plants with dotted leaves ....
Parasitic brown scaly plants

3. Epipetalas.
A. Flowers regular.

a. Ovary lobed.

Inflorescence scorpioidal. Estivation of coroUa
imbricated

Inflorescence straight. Corolla with a valvate
aestivation. Leaves exstipulate

Calycej'acece, 128.

CompositcE. 129.

Valerianacece. 126.

Dipsacacece. 127.

Lobeliacece. 131.

ColumelliacecB. 12-5.

Stylidiacece. 133.

Vacciniacece. 134.

GoodeniacecE. 132.

Campanulacers. 130.

Caprifoliacece. 122.
Galiacece. 124.

BelvisiacecE. 110.

CinchonacecE. 123,

GucurbiiacecE. 9y.

BrunoniacecE. 135.

PyrolaceoB. 1 38.

EricacecE. 1 36.

EpacHdacecE. 139.

RutacecE. .59.

MonotropaceoB, 137

Boraginatece. IC-j.

Nolanac«(JE. 1G7
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b. Ovarii not lobed.

1. Cwpels more than three, distinct or combined.

Stamens equal in number to the petals and
opposite them.

Stem herbaceous. Style 1. Fruit capsular,

dehiscent Primulacece. 161.

Stem woody. Style 1. Fruit fleshy, inde-

hiscent Myj'sinacece. 159.

Stem herbaceous, or woody. Styles 5,.

(rarely 3 or 4), Fruit membranous . . Plumbaginacece. 162.

Stamens not opposite the petals if of the same
number.

Carpels distinct.

Seeds numerous Crassttlacece. 89.

Seeds few Anonacece. i.

Carpels combined. Ovary 2 or more celled.

Ovules erect or ascending.
Estivation of the corolla plaited. Fruit
dry Convolvulacece. 151.

Estivation of the corolla imbricated.
Fniit fleshy ..... Sapotaceoe. 142.

Ovules pendulous or suspended, or rarely
partly ascending.

Stamens twice or four times as many as

the lobes of the corolla, distinct . Ebenaceoe. 140.

Stamens equal in number to the lobes

of the corolla. Filaments distinct.

Anthers adnate Aguifoliacece. 141.

Stamens equal in number to the lobes

of the corolla. Filaments distinct.

Anthers versatile .... Cordiacece. 150.

Part of the ovules sometimes ascending.
Filaments more or less cohering . Styracacece. 143.

2. Carpels three, coinbined so as to form a o-celled

ovary.
Stem herbaceous. Disk hypogynous . . Polemoniaceoe. 153.

Stem woody. ]So disk Diapensiaceoe. 146.

3. Carpels ijvo, combined, or more oi-less distinct.

Stamens 2.

Corolla 4-cleft Oleacece. 156.

Corolla more than 4-cleft .... Jasminaceae. 157.

Samens 4 or more. Inflorescence scor-

pioidal.

Fruit capsular, 1 -celled, or imperfectly
2-celled Hydrophyllaceoe 164.

Fruit drupaceous. 2 or more celled . . Ehretiacece. 1G6.

Stamens 4 or more. Infloi-escence straight.

Leafless plants. Parasitical . . . Cuscutctcece. 152.

Leafy plants.

Leaves alternate.

Calyx in a broken whorl . . . Convolvulacece. 151.

Calyx in a complete whorl.
Anthers united to tlie stigma . . Asclepiadacece. 149.

Anthers free from the stigma.
Placentas parietal .... Gentianaceoe. 148.

Placentas axile.

Estivation of corolla valvate or
induplicato-valvate . . . Solanacece. 154.

Estivation imbricate or some mo-
dification of it . . . . Atropacece. 155.

Leaves opposite, whorled, or clustered.

Anthers united to the stigma . . Asclepiadacece. 149.

Anthers fi-ee from the stigma.
Leaves with stipules .... Loganiacece. 145.
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Leaves without stipules.

Stijrma shaped like an hour-glass.
^Estivation of corolla contorted .

Stigma not contracted in the middle
like an hour-glass.

Estivation of corolla imbricate.
Placentas pai-ietal .

Estivation of corolla valvate.

Placentas axile....
4. Carpel solitary.

Stamens opposite the lobes or petals of the
corolla

Stamens alternate to the lobes of the corolla.

Fruit 1 -celled. Stigma sessile

Fruit spurioiisly 2-celled, or rarely 4-celled.

Style capillary

B. Flowers irregular.

a. Ocar-p i-lobed

6. Oraiy not lobed.

1. Carpel solitary

2. Carpels two.

Fruit hard or nut-like.

Anthers 1 -celled

Anthers 2-ceIled. Ovules erect.

CoroUa imbricated in jestivation

Corolla valvate in Eestivation .

Anthers 2-ceUed. Ovules pendulous .

Fruit capsular or succtilent.

Placentas parietal.

Leafless scaly brown parasites .

Leafy plants. Seeds with wings
Leafy plants. Seeds without wings.

Fruit capsular or baccate. Cotyledons
minute, radicle long ....

Friiit bony or capsular. Cotyledons
large, radicle short ....

Frtiit woody with a pulpy interior.

Cotyledons large, radicle short .

Placentas axile.

Seeds without wings.
Albuminous
Exalbuminons. Seeds attached to

hai-d placental processes

Seeds winged. Exalbuminons .

Placentas free central

ApocynacecE. 144.

Gentianacece. 14S.

Stilbaceoe. 147.

Plumbaginacece, 1C2.

Salradoracece, 158.

Plantaginacece. 163.

Labiatce. 168.

Sel.-!ginacece. 171.

Selaginacece. 171.

Verbenacece. 169.

Stilbacece. 147.

Myoporacece. 170.

Orobanchacece. 178.

Bignoniacece. 175.

Gesneracece. 173,

Pedaliaceoe. 172.

Crescentiacece. 174.

Scrophulariacece. 177.

Acanthacece. 176.

Bignoniacece. 175.

Leniibitlariucece. 179.

There are certain exceptions to the characters abore given

01 the Corolliflor?e and its sub-divi-sions. Thus among the

Epigynse, we sometimes find polypetalous corollas in Capri-

foliacece and Loheliacete, and hence such plants properly belong
to Calyciflorse. The ovary is sometimes superior in Goodeniacecs,

thus resembling the Epipetalse of the sub-class Corolliflorse,

instead of the £pig}'n8e to which they usually belong. In
the Hypostaminese, polypetalous species are more or less found
in EricacecB, Monotropacece, Fyrolaace, and Epacridaaa, which
are therefore in such cases Thalamifloral. In Epacridaceff,

also, the stamens sometimes adhere to the corolla, in the same
way as in the orders of the Epipetalse of CoroUiflorse.

Among the Epipetalse we occasionally find plants with poly-

petalous corollas, as in Sti/racaccce, OleacecB, Primulacece,
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Myrsinacecs, and Pluvihaginaccce. The stamens are also some-
times hypogynous in Ebenacece, PTlmulacccB, and Plumbaginacea,
and lience such plants resemble the Thalamifiorse if the petals

are distinct, or if united the Hypostamineoe of the Corollifiorse.

Again, among the Epipetalse we occasionally find the ovary
inferior or partly so, in Ehenacecs, SfyracacecB, Myrsinacece,

PnrimlacecB, and always in Gesneracece, and hence such plants

belong to the Epigynse of the Corollifiorse, or to the Epigynse of

the Calycifloree, according as their petals are united or distinct.

In OlcacecB and Primulacece, apetalous species sometimes occur,

under which circumstances they therefore resemble the Mono-
chlamydese.

Unisexual species are sometimes found in Valericmacece, Com-
])osit(S, Ebenacece, Aquijoliacccs, Myrsinacece, and Planinginacea.

Sub-class IV. Monochlamydea.

This sub-class is commonly divided by botanists into two
sub-divisions, called respectively, Angiospermia and Gymno-
spermia, but the plants of the latter group present such striking

differences in their structural and physiological characters from
those of other Dicotyledons, that we have placed them in a
division by themselves under the name of Grymnospermia at

the end of the Monochlamydeous Orders.

Natural Order 180. Polygonace.e.—The Buckwheat Order

{figs. 1002 and 1003).—Character.—Usually herbs with alter-

Fig. 1002. Fig. 1003.

Fig. 1002. Flower of a species of Pohioonum,-
of Bumex.

-Fig. 100.3. Pistil of a species

nate leaves and ochreate stipules {fig. 247). (The stipules are, how-
ever, occasionally absent, and the plants are sometimes shrubby.)

Flowers perfect {fig. 1002), or sometimes unisexual. Calyx^

* When there is but one floral envelope in Dicotyledonous

plants, we call that the calyx, whatever be its colour or other

peculiarity, in which nomenclature we follow the example of

Lindley. By most botanists the term perianth is employed in

such cases, but we use that name only in speaking of Monocoty-
ledonous plants. (See page 208.)
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free {fig. 1002), more or less persistent, imhricated. Stametis

{fig. 1002) hypogynoiis or perigynous ; anthers dehiscing lon-

gitudinally. Ovary superior {fig. 1002), 1-celled; styles and
stigmas 2—3 {figs. 1002 and 1003) ; ovule solit<iry {figs. 713 and
721), orthotropous. Fruit usiially a triangular nut {fig. 1003).

/Sf<?c? solitary, erect ; embryo {fig. 761) generally with farinaceous

albumen, inverted, with a superior radicle.

Distribution, ^-c.—Generally diflPiised over the globe, and more
particularly so in temperate regions. Examples of the Genera

:

—
Eheum, Polygonum, Coccoloba, Rumex. There are about 500
species.

Properties and Uses.—Chiefly remarkable for the presence of

acid, astringent, and purgative properties. The acidulous cha-

racter is principally due to the presence of oxalic acid. The
fruits and roots of several are more or less nutritious.

Coccoloba uvifera. Seaside Grape.—From the leaves, wood, and bark of
this species a very astringent extract is obtained, which is commonly known
as Jamaica Kino. The fruit is pleasantly acid and edible.

Faqopiirum.—The fruits of F. esculentum. Common Buckwheat, of F. tata-

ricnm, and other species are used as a substitute for corn in the northern
parts of Asia and Eastern Europe, and in some other parts of the world.
The former species is cultivated in Britain as a food for pheasants.
Polygonum.—T\\e root or rhizome of P. Bistorta, commonly called bistort

root, is a powerful astringent, which property is due essentially to the
presence of tannic acid. Starch is also one of its constituents, hence it pos-
sesses nutritive properties, and is sometimes eaten when roasted in Siberia.
The roots of P. viviparum are also used as food by the Esquimaux. Tae
leaves of P. Hydropiper are very acrid, hence the common name of Water-
pepper which is given to this plant. A yellow dye may be obtained from this
species. From P. tinctorium a blue dye resembling indigo is obtained in France,
&c. The Chinese produce a blue dye from several species of Polygonum.
Rh^um, Rhubarb.—The species of this genus usually possess more or less

purgative and astringent properties ; this is especially the case with their
roots, and hence these are largely used in medicine. Various species of
Rhubarb are indigenous or cultivated in different parts of the world, but
the exact source of our officinal rhubarbs is at present unknown. Roylo
says, that " the Rhubarb country (from which tbey are derived) is in the
heart of Thibet, within 95° of E. long, and 35° of N. lat., and as no
naturalist has visited this part, and as neither seeds nor plants have been
obtained thence, it is as yet unknown what species yields the Rhubarb."
The principal kinds of Rhubarb which have been described by pharmaco-
logists are Russian or Turkey, East Indian, Dutch-trimmed, Hima'ayan, and
English. The first three are alone officinal. The Russian was the best kind,
but at present the old Russian sort is not to be met with, Himalayan Rhu-
barb is the produce of several species, more especially of R. Moorcro/lianum,
R. Webbianum, and R. Emodi. Enghsh rhubarb is obtained from .ff. Rha-
poniicum, and is now extensively employed in the hospitals of this country,
and in America, but it is not so active as the officinal kinds of rhubarb.
The petioles of R. Ribes are employed in the East for the preparation
of shertet. The petioles of R. Rhapontkum and other species are used for
tarts and puddmgs. Their acidulous character is principally due to the
presence of oxalic and malic acids. The roots of the species of Rheum
contain abundance of oxalate of lime crystals (conglomerate raphides).
(See p. 32.)

Rumex.—Several species possess acid properties owing to the presence of
oxalic acid, especially R. acetosa, common Sorrel, R. Acetosella, R. scutatus,
and R. Patientia. They have been employed as pot-herbs, and for salads. R.
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acetosa is sometimes used medicinally for its refrigerant, diuretic, and anti-
Fcorbotic properties. In times of scarcity, it has been employed in Scan-
dinavia as a substitute for bread. The root of /'. Ilydrolapathiim, Great
Water Dock, is astringent and antiscorbutic. The roots of R. alpinus are
purgative, and were formerly employed instead of Rhubarb under the name
of Monk's Rhubarb.

Natural Order 181. Nyctagixace.'e.—The ]^Tarvel of Peru
Order.—Character.—Herbs, shrubs, or trees, with the stems
usually tumid at the joints. Leaves generally opposite. Flowers

with an involucre. Calyx tubular or funnel-shaped, often co-

loured, plaited in sestivation, contracted towards tlie middle, its

base persistent and ultimately becoming indurated and forming
a spurious pericarp. Stamens 1 or many, hypogynous. Ovary
superior, 1 -celled, with a single ovule ; style 1 ; stigma 1. Fruit
a utricle, enclosed by the hardened persistent base of the calyx,

which forms a spurious pericarp. Seed solitary {fig. 762) ; em-
bryo coiled round mealy albumen {fig. 762), with foliaceous

cotyledons, and an inferior radicle.

Distribution, cfc.—Natives exclusively of warm regions. Ex-
ampks of the Genera:—Mirabilis, Pisonia. There are about

100 species.

Properties and Uses.—Chiefly remarkable for the presence of

a purgative property in their roots ; this is especially the case

with Mirabilis Jalajm and M. longiflora. M. Jalapa was long
erroneously regarded as the source of our officinal Jalap. M.
dichotoma is commonly known under the name of the Pour-
o'clock plant, from opening its flowers in the afternoon. Boer-

havia diffusa is said to possess expectorant properties.

Natural Order 182. Amaranthace^e.—The Amaranth Order.

—Character.—Herbs or shrubs. Leaves simple, exstipulate,

opposite or alternate. Flowers crowded, spiked or capitate,

bracteated, perfect or occasionally unisexual. Ccdyx of 3—

o

sepals, dry and scarious, persistent, often coloured. Stametis 5,

hypogynous and opposite to the sepals, or a multiple of that

number; anthers 2 or 1-celled. Ovary free, 1-celled, with 1 or

more ovules ; style 1 or none ; stigma simple or compound. Fruit

a utricle, a caryopsis, or a berry. Seeds 1 or more, pendulous
;

embryo curved round mealy albumen ; radicle next the hiluni.

Distribution, cf-c.—The plants of this order are most abundant
in tropical regions, and are altogether unknown in the coldest

climates. Examples of the Genera:— Celosia, Amaranthus.
There are nearly 500 species.

Properties and Uses.— Unimportant. Anmraoithus spinosus

and other Indian species possess mucilaginous properties.

Another Indian species, Achyranthcs aspera, is also reputed to be

astringent and diuretic. Gomphrena officincdis and G. macroce-

phcda are used in Brazil in intermittent fevers, diarrhoea, and
some other diseases. Some of the species have bright-coloured

persistent flowers, and are hence cultivated in our gardens, as
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Amarantkus caudatus, Love-lies-bleeding, Amaranthus hypo-

chondriacus, Prince's-feathers, Cclosia cristata, Cock's-comb, &e.

Natural Order 183. Chexopodiace^. — The Groosefoot or

Spinach Order.—Character.—Herbs or undershriib*. Leaves

exstipulate, usually alternate, rarely opposite. Floivers minute,

greenish, without bracts, perfect, polygamous or diclinous.

Calyx persistent {fig. 682), usually divided nearly to the base

{fig. 423), imbricated. Stamens equal in number to the lobes of

the calyx and opposite to them {fig. 423), or rarely fewer, hypo-

gynous, or inserted into the base of the lobes; anthers 2-celled.

Ovary superior {fig. 425) or partly inferior, 1-celled, with a

single ovule attached to its base ; style {fig. 425) usually in 2—

4

divisions, rarely simple. Fruit an achsenium, or utricle {fi^g.

680), or sometimes baccate. Seed solitary ; embryo with or with-

out albumen, with the radicle towards the hilum.

Diagnosis.—They are chiefly distinguished from the Nycta
ginaceae by their habit and non-bracteated flowers.

Distribution, ^r.—]More or less distributed over the globe, but
most abundant in extra-tropical regions. Ea:amples of the

Genera:— Salicornia, Atriplex, Spinacia, Beta, Chenopodium,
Salsola. There are above 500 species.

Properties and Uses.—Several plants of this order inhabit salt-

marshes, and yield by combustion an ash called barilla, from
which carbonate of soda was formerly principally obtained, but
its use for this purpose has much fallen off of late years, in con-

sequence ofthat substance being more readily extracted from other

sources. The plants which thus yield barilla principally belong
to the genera, Salsola, Salicornia, CJienopodium, and Atriplex.

Many plants of the order are esculent, as Beet and Mangold-
Wurzel ; and some are used as pot-herbs, as Spinach or Spinage
{Spinacia o^eracea).(jta,vdie-a. Orache or Mountain Spinach {Atriplex

hortensis), and English Mercury {Chenopodiuni Bonus Henricus).

The seeds of ethers are nutritious ; and several contain volatile

oil, which renders them anthelmintic, antispasmodic, aromatic,

carminative, and stimulant.

Beta.—The root of Beta vulgaris, the Common Beefc, is used as a salad,
and as a vegetable. It is largely cultivated on the continent and elsewhere
as a source of sugar. Two varieties of the Beet are commonly gro-vvn for
sugar ; namely, that which is known under the name of Betterare a Sucre,
and the "White or Silesian Beet (Beta Ctcia). The latter variety is the most
esteemed. In 1868 about 8,000,0i)0 tons of Beet root were gi-o-mi, yielding
about 650,000 tons of sugar. Attempts have been made of late years to
grow beet in this country, and there can be no doubt but that there are many
districts in which it might be cultivated with success. The grated root or
sugar cake, and the molasses, which are refuse substances obtained in the
manufacture of beet sugar, are also useful, the former for feeding cattle, and
the latter, when mixed with water plightly acidulated with sulphuric acid,
and submitted to fermentation, yield fi-om '24 to 30 per cent, of spirit,
which is said to be used to adulterate brandy like potato spirit. A variety
of the Common Beet (Beta vulgaris macrovhiza) is the M^angold-Wurzel, so
much used as a food for cattle. B. maritima is sometimes used as a substi-
tute for spinach or greens. The petioles and midribs of the leaves of the



624 SYSTEMATIC BOTANY.

large White or Swiss Chard Beet form the favourite vegetable of the French
termed Poiree it Catde. It is eaten like Sea Kale or Asparagus.

fhenopodivm.—The seeds of C. Qitinoa contain starch granules, which are
remarkable for being tlie smallest hitherto noticed. These seeds are nutri-

tious ; th^ are known under the name of petty rice, and are common articles

of food in Peru. €. Bonus Jlenricus, as already m.entioned, may be used as

a pot-herb. The seeds of C. anthelininiicum, Wormseed, are largely employed
in the United States for their anthelmintic properties. They also possess to

some extent antispasmodic qualities. The herb generally has similar pro-
perties. These effects are due to the presence of a highly odorous volatile

oil. C. ambrosioides and C. Botrys are reputed to possess somewhat similar

properties, but they are not so powerful. C. Vulvaria or olidum. Stinking
Groosefoot, is an indigenous plant. It is a popular emmenagogue and anti-

spasmodic. C. ambrosioides is also employed in Mexico and Columbia as

Tea, which is hence known as Mexican Tea.

Natural Order 184. Basellace^.— The Basella Order.

—

Diagnosis.—This is a small order of climbing herbs or shrubs

closely allied to Chenopodiacese, but readily distinguished by
having a coloured calyx with two rows of sepals, and by their

stamens being evidently perigynous. There are 12 species, all

of which are tropical plants. Basella rubra and B. alba are used

in the East Indies as a substitute for Spinach. From the former

species a purple dye may be also obtained. The fleshy roots of

Ullucus tubirosus. or Melloca Uiberosa, are largely used in Peru
and some of the adjoining countries as a substitute for the Potato.

Natural Order 185. Sclekanthace^.—The Scleranthus Order.
—Biagnosh.—This is a small order of inconspicuous herbs, fre-

quently considered as a sub-order of Paronychiacese, from which

its plants are distinguished by the want of stipules ; by being

apetalous ; by the tube of their calyx becoming hardened and
covering the fruit, which is solitary and 1-celled; and by their

stamens being evidently perigynous.

Distribution
,
^'C.—They are valueless weeds found in barren

places in the temperate regions of the globe. There are 14

species, of which two species belonging to the genus Sclerantkus

are natives of Britain.

. Natural Order 186. Phytolaccace^.— The Phytolacca

Order.—Character.—Herbs or undershrubs. Leaves alternate,

entire, exstipulate. /lowers perfect, racemose. CWt/x 4—5-parted.

Stamens nearly or quite hypogynous, either equal in number to

the divisions of the calyx and alternate with them, or more
numerous ; anthers 2-celled. Ovary superior, composed of 2 or

more carpels, distinct or more or less combined in a circle

;

styles and stigtnas distinct, equal in number to the carpels.

Fruit dry or succulent, each carpel of which it is composed
containing 1 ascending seed ; embryo curved round mealy albu-

men, with the radicle next the hilum.

Distribution, Sfc.—Natives principally of America, India, and
Africa. Examples of the Genera:—Oiesekia, Phytolacca.

Properties aoid Uses.— An acrid principle is more or less

diifused through'out the plants of this order ; this is frequently
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destroyed by boiling in water. Some are emetic and purga-

tive.

Giesekia pharnaceoides.—The fresh plant of this Indian species is reputed

to be a powerful anthelmintic in cases of taenia.

Phytolacca,—The roots of P. decandra, Poke or Pocan, are emetic and pur-
gative. The ripe beiTies have been used in chronic rheumatism and in

syphilitic affections. Its young shoots boiled in water are eaten in the

United States as Asparagus, and those of P. acinosa are also similarly eaten

in the Himalayas.

Natural Order 187. Surianace^.—This name is given to

an order of which there is but one known species ; this is

common on the sea-coast in the tropics. The order is supposed

to be allied to Phytolaccace?e, which it closely resembles in the

structure of its ovary ; but it is at once distinguished by the

possession of petals, and by the stamens being opposite to the

sepals. Its uses are unknown.
Natural Order 188. Petiveriace^.—The Petiveria Order.

—Diagnosis.—This is another small order of plants which is

placed by some botanists as a sub-order of the Phytolaccacese,

with which it agrees in many particulars. It is distinguished

from that order by having stipulate leaves, an ovary formed of a

single carpel, exalbuminous seeds, and a straight embryo with

convolute cotyledons.

Distribution, ^-c.—The plants of this order are natives of

tropical America. Most of the species are acrid, and some have

a strong alliaceous odour. Petiveria alliacea is reputed to be

sudorific and emmenagogue, and its roots are used in the West
Indies as a remedy for toothache.

Natural Order 189. Gyrostemone.^. — The G-yrostemon

Order. — Diagnosis.— This is another small order of plants,

natives of South-Western Australia, which is considered by some
botanists to be allied to Phytolaccacese. and is even sometimes

associated with it. It is distinguished from that order by having

imi sexual flowers, by the carpels being arranged round a colu-

mella, by having 2 suspended seeds in each carpel, and a hooked
embrj'O. They have no known uses.

This order and the three preceding ones include about 80

species. They aU require further investigation before their

affinities can be well ascertained.

Natural Order 190. Piperace.^.— The Pepper Order. —
Character.— Herbs or shrubs with jointed stems. Floiucrs

spiked, perfect, without floral envelopes, bracteated. Stamens 2

or more ; anthers 1—2-celled. Ovary simple, 1 -celled, with one

erect orthotropous ovule; stigma sessile. Fruit more or less

fleshy, 1-celled, 1-seeded. Seed erect; embryo in a distinct

fleshy sac at the apex of the seed, and on the outside of abimdant
albumen.

Distribution, ^c.— Natives exclusively of tropical regions,

especially in America and the islands of the Indian Archipelago.
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Examj^Ics of the Genera:—Charica, Cubeba, Piper, Artanthe.

There are above 600 species.

Properties and Uses.— The plants of this order are chiefly-

remarkable for acrid, pungent, aromatic, and stimulant pro-

perties. These qualities are principally found in their fruits,

and are essentially due to the presence of an acrid volatile oil

and resin. Some are narcotic, and others are reputed astrin-

gent and febrifugal.

Artanthe.—The dried leaves of A. elongata {Piper angustifoKum) constitiite

our officinal Matico. Matioo has been recommended as a topical applica-

tion for aiTOsting ha3mon-hage from wounds, &c. It has been also em-
ployed internally as a styptic, but its effects, thus administered, are very
feeble. Its action appears to be more especially mechanical, like lint, felt,

&c. In Peru Matico is employed for the same affections as Cubebs. It

should be noticed that the name Matico is applied by the inhabitants of

Quito, &c. to Etipatoriti7n glutinosum (see Etipatorium). Other plants are

also similarly designated in South America. The dried fruits of A. adunca,
&c. are used in America as pepper. The leaves of A. adunca have been
substituted in this country for those of A. elongata. The fi-uits of A. crocata

are employed for dyeing yellow.

Chavica.—The dried unripe female spikes of C. Eoxbrn-ghii (Piper longum)
constitute the Long Pepper of commerce, which is obtained from our Indian
l)osses?ions ; those of C, officinarum, which are used in America, &c., are

derived from the Dutch colonies. The former is the kind generally used in

this country. Long Pepper contains an acrid resin, a volatile oil, and a
peculiar crystalline alkaloid called Piperine. It resembles Black Pepper in

its effects, and is used in similar cases. It is chiefly employed for culinary
purp-ses. Dried slices of the root are in great repute amongst the natives

of India, under the name of Peepla Mool, as a stomachic. Other species of

Chavica have similar properti^^s. The leaves of C. Betle, Betel Pepper, and C.

Siriboa are chewed by the Malays and other eastern races, mixed with slices

of the Betel Nut {Areca Catechu), and a little lime. Betel as thus prepared
is considered to impart an ornamental red hue to the lips and mouth, and
an agreeable odour to the breath, and is also siipposed to possess stimulant
and narcotic projxirties, and to be a preservative against dysentery. (See

Areca.)
Ciiheba.—The dried unripe fruits of Cubeba officinalis constitute our offi-

cinal Cubebs. Cubebs are the produce of Java and the adjoining islands.

They are extensively employed in affections of the ganito-urinary organs,

upon which they are generally supposed to have a specific effect. In
the East they are used as a stomachic. Their properties depend principally

upon the presence of a volatile oil. They are frequently distinguished by
the name of Tail Pepper, from the dried fruits having always a short stalk

attached to them. The dried unripe fruits of Cubeba Clusii, African Cubebs
,or Black Pepper of Western Africa, are employed by the negroes of Sierra

Leone, &ic. as a condiment, and also in medicine. Their effects in genito-

urinary affections do not appear to resemble those of the officinal Cubebs.
Accor.;ing to Stenhonse they contain Piperine, and not the peculiar alkaloid

of Cubebs, which has been termed Cubebine.
Macropiper methysticum.—1\\e large rhizome of this plant is known in the

South Sea Islands under the name of Ava, where it is largely used in the

preparation of an intoxicating and narcotic liquor, called Ava or Cava. It

is also employed medicinally in chronic rheumatism and venereal affections.

Piper.—P. nigrum. Black Pepper.—The dried unripe fruits of this plant

constitute the Black Pepper of the shops. "White Pepper is the same fruit

in a ripened state divested of its external pulpy covering. The former is

the more acrid and pungent, as these properties are lost to some extent in

the process of ripening. Both kinds are extensively employed as condiments,

and medicinally as stimulants and con-ectives. They are also thought to be

febrifugal. They contain an acrid resin and volatile oil, to which their
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acrid, pungent, aromatic, and stimulant properties are essentially due ; and
Piperiue, -which possesses to some extent febrifugal properties. Piper
trioicum and a few other species also produce good pepper.

Natural Order 191. Chloranthace^. — The Chloranthus
Order.— Character.— Herbs or undershrubs with jointed

stems tumid at the nodes. Leaves simple, opposite, sheathing,

with small interpetiolar stipules. Flowers spiked, aehlamydeous,

with scaly bracts, perfect or unisexual. Stamens 1, or more and
united. Ovary 1-celled, with a solitary pendulous ovuIp. Fruit

drupaceous. Seed pendulous, with a minute embryo (not enclosed

in a distinct sac), at the apex of fleshy albumen, and an inferior

radicle.

Distribution, cf'c.—Natives of tropical regions. Examples of
the Genera:—Hedyosmum, Chloranthus. There are 15 species.

Properties and f/s^s.—Aromatic stimulant properties are the

principal characteristics of the plants of this order.

Chloranthus.—The roots of C. officinalis and C. brachystachys have been em-
ployed in Java as stimulants in malignant fevers, &c., and for their anti-
spasmodic effects. The flowers of C. inconspicuus are used in China to per-
fume tea. (See Thea.)

Natural Order 192. SAiPRrEACE.Ti:.— The Saururus Order.

—

Character.—Marshy herbs. Leaves entire, alternate, stipulate.

Flowers spiked, aehlamydeous, perfect. Stamens 3—6, hypo-
gynous, persistent. Ovaries 3—4, more or less distinct, or united,

with a few ascending ovules. Fruit either consisting of 4 fleshy

indehiscent achsenia, or capsular and 3—4-celled. S(eds ascend-

ing, with a minute embryo in a fleshy sac on the outside of hard
mealy albumen.

Distribution, <^'c.—Natives of North America, Northern India,

and China. Examples of the Genera

:

—Saururus, Houttuynia.
There are about 7 species.

Properties and Uses.—They have acrid properties, and are

reputed to be emmenagogue.
Saururus cermtus, a natiA^e of iSTorth America, is said to be a valuable

remedy in inflammatory affections of tlie genito-urinary organs, and also
externally as a soothing discutient cataplasm.

Natural Order 193. Podostemace^.— The Podostemon or

Eiver-weed Order.—Character.—Aquatic herbaceous plants

with the aspect of Mosses or Liverworts. Leaves mintite or

finely divided. Flowers minute, usually perfect, spathaceous,

aehlamydeous, or with an imperfect calyx, or with 3 sepals.

Stamens 1 or many, hypogynous ; anthers 2-celled. Ovary supe-

rior, 2—3-celled ; stigmas 2—3 ; ovules ascending, numerous.
Fruit capsular, ribbed, with parietal or axile placentation. Seeds

numerous, exalbuminous, with a straiglit embryo.
Distribution, ^'c.— Principally natives of South America.

Examples of the Genera:—Hydrostachys, Podostemon. There
are about 100 species.

Properties and Uses.—Unimportant. Some species of Lacis
ss 2
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are used for food on the Eio Negro, &c., in South America, and
other plants of the order are eaten by cattle and fish.

Natural Order 194. TnYMELACEiE.—The Mezereon Order {fig.

1004).—Character.— Shrubs or very rarely herbs. Leaves

entire, exstipulate. Flowers perfect {fig.

Fig. 1004. 1004), or rarely unisexual. Calyx inferior

{fig. 1004), coloured, tubular, 4—6-lobed;

atstivation imbricate. Stamens perigynous

{fig. 1004), twice as many as the divisions

of the calyx, or equal in number to them, or

fewer, in the two latter cases they are oppo-
site to the lobes of the calyx ; anthers 2-

celled {fig. 1004), bursting longitudinally.

Ovary superior {fig. 1004), simple, 1 -celled,

with a solitary suspended ovule {fig. 71o).

Fruit dry and nut-like, or drupaceous. Seed
suspended ; albumen none, or but small in

quantity ; embryo straight, with a superior
Fig. 1004. Vertical ra(liele
sectiou of the flower '.,'.,,. - mu ^ j
of a species of Distribution, 8fc.—Ihey are found more or
Daphne. ^ess abundantly in all parts of the world, but

especially in Australia and the Cape of Good Hope. Examples

of the Genera:—Daphne, Pimelea, Lagetta. There are about

300 species.

Properties atid Uses.—The plants of this order are chiefly

remarkable for the toughness and acridity of their bark. The
fruit of JDlrca 'palustris is narcotic, and that of the plants gene-

rally of the order poisonous or suspicious, but the seeds of

Inocarpus edidis are said to resemble Chestnuts in flavour

when roasted. Several species of Daphne, Pimelea, and other

genera, are handsome shrubby plants.

Dap?ine.—T\\e dried bark of D. Mezereum, Mezereon, and D. Laureola,
Spurge Laurel, is officinal in the British Pharmacopoeia. Both the root-

bark and stem-bark are officinal, but the former is the more powerful.

Mezereon bark, as it is commouly called, may be used as a vesicatory, and
as a masticatory in toothache. It is however principally employed as a
stimulant diaphoretic, alterative, and diuretic. It owes its properties to an
aciid resin and an acrid volatile oil. The fruit is also very acrid and
poisonous. The bark of Z». Gnidinm is likewise of an acrid nature, and is

sometimes substituted for the officinal bark, but it is not so active. The
inner bark of D. cannahina and other species is used in some parts of the
world for making paper, &c.
Lagetta lintearia, Lace-Bark Tree.—The bark possesses, in some degree,

similar properties to that of Mezereon. When macerated, it may be separated

into laminte, the number of which depends upon the age of the specimen ;

these have a beautiful lace-like appearance, hence its common name. It

possesses great strength and may be used for making ropes, &c. It was at

one time employed in the West Indies for malving the slave whips. Sloane
states that caps, ruffles, and even whole suits of ladies' clothes, have been
made from it. Lagetta cloth has been imported into Liverpool under the

of guana.

Natural Order 195. Aquilariaceje.—The Aquilaria Order.

—Character.—Trees, with entire exstipulate leaves. Calyx
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tubular, or top-shaped, 4— o-lobed, imbricate, persistent. Sta-

mens perigynous, 10, 8, or 5, opposite the lobes of the calyx when
equal to them in number ; anthers 2-celled, opening longitudi-

nally. Ovary superior, 2-celled; ovules 2, suspended. Frtdt
usually 2-Yalved, capsular, sometimes succulent and indehis-

cent. Seeds usually 2, or rarely 1 by abortion ; exalbuminous.
Bistribi'.tioii, ^-c.—Natives exclusively of tropical Asia.

—

Ex-
amples of the Genera:—Aquilaria, Leucosmia. There are 10
species.

Properties and Uses.—Some species yield a fragrant stimulant

resin. The substance called Lign-Aloes, Agallochicm, Aloes-wood

or Eagle-wood, is said to be the Ahalini and Ahaloth of the

Old Testament, and the Aloe or Aloes of the New. It is ob-
tained from Aquilaria {Aleoxylon) Agallochum, and probably
also from A. ovata. It was formerly held in high repute as a medi-
cinal agent in Europe, but its use is now obsolete. It is said to

be useful as a cordial, and as a remedy for gout and rheumatism.
Natural Order 196. El.^agnacrs;.—The Oleaster Order.

—

Character.—Trees or shrubs, with entire exstipulate usually

scurfy {fig. 128) leaves. Flowers mostly dioecious, rarely per-

fect. Male flowers amentaceous, bracteated. Sepals 2—4, or

united, Stame7is definite, perigj'nous. Female flowers with an
inferior tubular cah'x, and a fleshy disk; (estivation imbricate.

Ovary superior, 1 -celled, with a solitary ascending ovule. Fruit
enclosed in the succulent calyx, indehiscent. Seed solitary, ascend-

ing, with thin albumen ; embryo straight, with an inferior radicle.

Distributio7i, ^r.—They are generally diflfused in the northern

hemisphere, and rare in the southern. Examples of tJie Genera

:

—Hippophae, Elseagnus. There are about 30 species.

Properties and Uses.—Unimportant.—The fruits of Elceagnus

orientalis are esteemed in Persia, and those of E. arhorea, E. con-

fcrta, and others, are eaten in certain parts of India. Those also

oi Hippophae rhamnaides, the Sea-Buckthorn, which is a native of

England, are also edible, and have been employed in the manu-
facture of a sauce for fish, but their use requires caution, as they

contain a narcotic principle.

Natural Order 197. Photeaceje.— The Protea Order.

—

Character.—Shrubs or small trees. Leaves hard, dry, exsti-

pulate. Flowers perfect. Calyx inferior, 4-partite or of 4 sepals
;

cBstivation valvate. Stamens perigynous, equal in number to the

partitions of the calyx and opposite to them ; antliers bursting

longitudinally. Ovary simple, superior, 1 -celled, with 1 or more
ovules, ascending. Fruit dehiscent or indehiscent. Seeds exal-

buminous, with a straight embiyo, and an inferior radicle.

Distribution, ^-c.—Natives chiefly of Australia and the Cape
of Good Hope. Examples of the Genera

:

—Protea, Franklandia,

Grevillea, Banksia. There are more than 600 species.

Properties and Uses.—They are chiefly remarkable for the
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beaxity or singularity of their flowers, and their evergreen foliage.

The fruits and seeds of some species are, however, eaten ; and
the wood is largely employed at the Cape and in Australia for

burning, and occasionally for other purposes, thus, that Qf Protea

grandiflora is used at the Cape of Grood Hope for waggon-wheels,

hence the plant is named Wagenboom.
Natural Order 198. Penjeace^.—The Pensea or Sarcocolla

Order.—Character.—Evergreen shrubs, with opposite exsti-

pulate imbricated leaves. Flowers perfect. Calyx inferior, brac-

teated, 4-lobed ; (Estivation valvate or imbricate. Stamens peri-

gynous, 4 or 8, alternate with the divisions of the calyx when
equal to them in number. Ovary superior, 4-celled ; style 1;

stigmas 4, with appendages on one side. Fridt 4-celled, dehis-

cent or indehiscent. Seeds varying in position, exalbuminous
;

embryo with very minute cotyledons.

Bistrihition, cf-c.—They are only found at the Cape of Good
Hope. Exam])l/s qf the Genera:— Pensea, Geissoloma. There
are over 20 species.

Properties and Uses.—Unimportant.— The gum-resin called

Sarcocolla is said to be derived from Penaa Sarcocolla.

Natural Order 199. LAUKACEiE. — The Laurel Order.

—

Character {fig. 1 005). •— Aromatic trees or shrubs.— Leaves

exstipulate, usually alternate, sometimes dotted. Flowers gene-

rally perfect, sometimes imperfectly unisexual {fig. 1005). Calyx

inferior {fig. 1005), deeply 4—6-cleft, coloured, in two whorls, the

limb sometimes obsolete ; cestivation imbricated. Stamens perigy-

nous, definite, some always sterile
; fila-

Fig. 1005. ments distinct, the inner ones commonly
with glands at their base {fig. b27,g,g),

anthers adnate, 2—4-celled {fig. 527, 1, 1),

dehiscing by recurved valves {fig. 527, v).

Ovary superior {fig. 1005), 1 -celled,

with 1 or 2 pendulous ovules {fig. 1005).

Fruit a berry or drupe. Seeds exalbu-

minous; emhryo with large cotyledons,

and a superior radicle.

Distrilmtion, ^c.— They are chiefly

natives of tropical regions, but a few
Fig. 1005. Vertical section of occur in North America, and one {Lau-
ihe female flowei" of iaztrits 7-7'\--i7< tp i \c -tt^
nobiiis, the Sweet Bay. rus nobilis) m JiiUrope. Jixamptes of the

Genera:— Cinnamomum, Camphora, Mes-
pilodaphne, Nectandra, Sassafras, Laurus. There are above 450
species.

Properties and Uses.—The plants of this order are almost uni-

versally characterised by the possession of aromatic properties

which are due to the presence of volatile oils ; many of them
are therefore employed as aromatic stimulants ; others are nar-

cotic. Some again act as sudorifics ; and others are tonic, febri-
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fuge, and astringent. Several have edible fruits, and many
yield valuable timber.

AcrodicUdium Gamara yields the false nutmeg, which is called in Guiana
the Ackawa or Cainara Nutmeg. Its use is similar to that of the other
false nutmegs derived from plants of this order. (See Agathophyllum and
Cryptocainja.)

Agathophyllum aromaticum yields a kind of false nutmeg, which is the
Clove-Nutmeg of Madagascar or Ratensara nut. It is used as a spice.

Camphora officinarum, the Camphor tree, is a native of China, Japan,
and Cochin China, and has been introduced into Java. Camphor is obtained

by boiling pieces of the roots, wood, and branches of the tree in water until

the camphor begins to adhere to the stirring-rod, the liquid is then strained

and allowed to stand till the camphor concretes, after which it is sublimed,

and the camphor which is thus obtained is termed crude camphor, in which
condition it is exported to Europe, &c., where it is afterwards purified by
subliming again with a certain amount of lime, after which process it is

called refined camphor. Camphor is a, stearoptene or solid volatile oil. This
kind of camphor is commonly distinguished from other camphors by the
name of Laurel, Common, or Officinal camphor (see Dryobalanops, p. 46-5).

In pi'oper doses, camphor produces exhilarating and anodyne effects, for

which purposes it is principally employed in medicine. In large doses it is

narcotic and poisonous.
Cinnamomum,—Gi\ixia.vaon, which is so much employed as a condiment,

and medicinally as a cordial, stimulant, tonic, astringent, carminative, anti-

spasmodic, and as an adjimct to other medicmes, is the inner bark of C.

zeylanicum. The best comes fi-om Cejion. It owes its properties essentially

to the presence of a volatile oil. This volatile oil is the oil of cinnamon
of commerce. A concrete fatty substance is obtained in Ceylon by ex-

pression from the ripe fruits, which is called Cinnamon Suet. Royle sup-

poses this to be the Comacum of Theophrastus. From the leaves of the

Cinnamon tree a volatile oil is also distilled in Ceylon. It has an analogous
odour and taste to that of oil of cloves. The Cinnamon tree is the Kinnemon
or Kinman of the Bible. C. Cassia of Blume, C. aromaticum of Nees, a
native of China, yields Cassia-lignea or the Cassia bark of commerce ; this

possesses analogous properties to Cinnamon, and like that bark yields by
distillation a volatile oil, called 0/7 of Cassia, to the px-esence of which its

properties are essentially due. Cassia-buds of commerce, which are brought
from China and occasionaUy used as a condiment and in medicine, are

reputed to be the flower-buds of the same plant. C. dulce, C, Loureiri, and
C. iners have also been mentioned as the source from whence they are

derived. Cassia-.buds possess somewhat similar properties to Cassia lignea.

The Cassia tree is the Kiddah or Cassia of the Bible. The inner bark of

C. iners is vei-y similar in its nature and properties to that of Cassia bark.

The bark called Indian clove bark is obtained from C. Culilawan. It

possesses properties resembling Cassia. Sintoc bark, which has analogous
properties, is the produce of C. sintoc. C. nitidum (eucalyptoides) and C.

Tamala were probably the source of the folia malabathri of the old phar-
macologists, which were formerly so higlily esteemed for their stomachic
and suclorific properties. The roots of C. parthenoxylon and C. glanduliferum
resemble the officinal sassafras in their properties. The latter is the
" Sassafi-as of Nepal."

Cryptocarya moschata yields a kind of false or wild nutmeg termed the

Brazilian Nutmeg.
Dicypellium caryophyllatum yields Brazilian Clove-Bark or Clove Cassia

Bark. It is occasionaUy imported, and used for mixing with other spices.

Laurus nobilis, the Sweet Bay, is said to be the Ezrach or Green Bay-tree

of the Bible. It is the classic Laurel which was used by the ancients to

make crowns for their heroes, hence it is frequently knoAvn as the Victor's

Laurel. The fruit, which was fomierly officinal, is kno\vn under the name
of Bay or Laurel berries. Bay berries are reputed to be aromatic, stimu-

lant, and narcotic, but they are very rarely used in medicine. By distilla-

tion with water they yield a volatile oil, commonly known as the volatile oil
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of Sweet Bay. The substance called Expressed Oil of Bays or Laurel fat is

obtained from both the fresh and dry fruits by pressing them after they
have been boiled in water. This is of a green colour, and butyraceous con-

sistence. Laurel leaves have somewhat similar properties to the fi-uit.

From their aromatic properties they are used by the cook for flavouring.

These leaves must not be confounded with these of the poisonous Cherry
Laurel, already noticed. (See Frunus, p. 5:^1.)

Mespilodapfine pretiosa, a native of Brazil, yields the aromatic bark called

Casca pretiosa by the Portuguese,
Necta7idra.—'N. Rodia=i is the Beheeru or Greenheart Tree of Guiana, the

wood of which is very hard and durable, and has been employed in ship-

building, &c. Bebeeru or bibiru hark is obtained from the above tree ; it has

been used of late years in medicine as a substitute for the cinchona-barks, pos-

sessing, like them, tonic, antiperiodic, febrifugal, and astringent properties.

These properties are due to the presence of a peculiar alkaloid called Beberia

or Bebeerine, which has nearly similar medicinal properties to quinia, and
is employed by itself, and in the form of a sulphate, as an economical
substitute for sulphate of quinia. It is, however, very inferior in its

properties to quinine. The bark and alkaloid are now both officinal in

the British Pharmacopoeia. The seeds of the Bebeeru contain starch ;

this is mixed with an equal quantity of a decayed astringent wood, and
a similar proportion of cassava pulp, and made into a kind of bread,

which is used as food by the Indians. JV. cymbarum of Nees, the Ocotea

amara at Martins, yields the substance called Brazilian Sassafras. The
cotyledons of N. Fuchury major and minor are imported from Brazil under
the name of Sassafras- Nuts or Puchurim Beans, which are much esteemed as

a flavouring for chocolate. During the continental war they were used as

a substitute for nutmegs. Several species of Nectandra, as iV. Jiodicei,

JV. sanguinea, N. exaltata, N. leucanf/ia, yield more or less valuable timber.

Oreodaphne.—SeYeral si:)ecies of this genus yield valuable timber, thus the

Siceet-wood is the produce of <). exaltata ; the Til of the Canaries, of

O. foetens ; and the Siraballi of Demerara is derived from a species of

Oreodaphne or some nearly allied genus.

Persea.— The fruit of /'. gratissima is in much repute in the "West Indies.

It is commonly known as the Avocado or Alligator Pear. P. indica, a native

of Madeira, yields a timber somewhat resembling mahogany.
Sassafras.—^\\Q root of S. ojficinale under the name of Sassafras, is

officinal. Sassafi-as is employed medicinally in this country and elsewhere,

as a stimulant, diaphoretic,' and alterative. From it the volatile oil of

Sassafras is detained. Sassafras pith is largely used in the United States of

America as a demulcent.

Natural Order 200. Cassythacev-e. — The Dodder - Laurel

Order.

—

Liagno.ns.—This is a small order which was sepa-

rated from the Lauracese by Lindley. The only important dif-

ferences between the Lauracese and the Gassythacese consist in

the plants of the latter being parasitical in their habit ; in

having scales in place of tnie leaves ; and in their fruit being

enclosed in a succulent calyx.

Distrilmtion, ^c.—Natives of tropical regions. There is only

1 genus

—

Cassytha, which contains 9 species. Their uses are

unknown.
Natural Order 201. Atherospermaceje.—The Plume Nutmeg

Order.—Character.—Trees with opposite exstipulate leaves.

Fiou-crs axillary, racemose, bracteated, diclinous or rarely perfect.

Cah/cc tubular, with several divisions. Male flovxrs with nume-
rous perigynous stamens ; anthers 2-Gelled, opening by recurved

valves. Female flower usually with abortive scaly stamens.

Carpels numerous, distinct, each with a solitary erect ovule

;

siyles and stigmas as many as the carpels. Fruit consisting of
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a nuniber of achsenia crowned with persistent feathery styles,

and enclosed in the tube of the calyx. Seeds erect, with a

minute embryo at the base of fleshy albumen.
Distribution, ^x.—Natives of Australia and Chili. There are

but 3 genera, namely, Atherosperma and Doryphora from Aus-
tralia, and LaureUa from Chili ; these include 4 species.

Properties and Uses.—They are fragrant plants. The achse-

nia of Laiirelia somewhat resemble common Nutmegs in their

odour. A decoction of the bark of Atherosperma moschata is

stated by Backhouse to be used in some parts of Australia as

a substitute for China tea. This bark resembles sassafras in

flavour and odour, hence it is sometimes known under the name
of Australian Sassafras ; it is occasionally imported into this

country. The wood is also valuable as timber.

Natural Order 202. Moximiaceje.—The Monimia Order.

—

Diagnosis.—Trees or shrubs, with opposite exstipulate leaves,

FJouers axillary, diclinous. The flowers generally resemble

those of the Atherospermaceee, but they differ in always being

unisexual ; in the longitudinal dehiscence of their anthers ; in

the absence of feathery styles to the fruit ; and in their ovules

and seeds being pendulous.

Distribution, ^c.—They are principally natives of South

America, but are found also in Australia, Java, Madagascar,

Mauritius, and New Zealand. Examples of the Genera

:

—Moni-
mia, Boldoa. There are about 40 species.

Properties and Uses.—They are aromatic fragrant plants, but

have no particular importance in an economical or medicinal

point of view.

Natural Order 203. Myeisticaceje.—The Nutmeg Order.—
Character.— Trees. Leaves alternate, exstipulate, entire,

stalked, leathery. Flowei^s diclinous. Calyx leathery, 3—4-cleft;

in the female flower, deciduous; (Estivation valvate. Mcde flower

with 3— 12 stamens, or rarely more numerous
; filaments distinct

or monadelphous ; anthers, 2-celled, extrorse, distinct or united,

with longitudinal dehiscence. Female floiver of 1 or many car-

pels; or rarely 2, and distinct; each with 1 erect ovule. Fruit

succulent. Se(d arillate, with copious oily-fleshy ruminated
albumen ; embryo small, with an inferior radicle.

Distribution, ^-c.—Natives of tropical India and America.

Examples of the Genera

:

—Myristica, Hyalostemma. There are

above 40 species.

Properties and Uses.—Aromatic properties are almost univer-

sally found in the plants of this order, more especially in their

seeds. The bark and the pericarp are frequently acrid,

Myristica.—The valuable and -n-eU-known spices caUed Xiitmegs and
Mace are both derived from M. moschata (njfici7iaUs), the Nutmeg tree. The
Nutmeg tree is a native of the Molucca Islands, but it is now cultivated in

Ceylon, Malabar, in the Malayan Archipelago and Peninsula, Mauritius,
some of the West India Islands, &c. At Penang, Malacca, and Singapore,
where formerly the best nutmegs were obtained, its cultivation has declined
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of late years. This tree bears pear-shaped fruits, commonly about the size

of an ordinary peach, with fleshy pericarps ; each fruit contains a single

seed, surrounded by a lacerated envelope called an aril, or commonly mace ;

this is scarlet when fi'esh, but usually becomes yellow when dried, as in the

mace of commerce. Beneath the mace we find a hard shell, and within this

the nucleus of the seed invested closely by its endopleura or inner coat, which
also penetrates the substance of the albumen and divides it into lobes (rumi-

nated albumen). This nucleus, or the seed divested of its shell and aril, is our
commercial nutmeg. The pericarp is commonly used as a preserve. Both nut-

megs and mace are largely employed as condiments, but their use requires

caution in those subject to apoplexy or other cerebral affections, as they

possess narcotic properties. In medicine they are employed as stimulants, car-

minatives, and tlavouring agents. Nutmegs yield when distilled Avith water
a volatile oil, caUed Volatile or Essential Oil of Nutmegs. Mace under like

conditions also yields a volatile oil of nearly similar properties. The sub-

stance called Expressed Oil of Mace, Butter of Nutmegs, or Expressed or

Concrete Oil of Nutmegs, is imported from the Moluccas, and is prepared by
heating nutmegs, and afterwards submitting them to pressui-e. It consists of

a small quantity of volatile oil mixed with two fatty substances. The Nut-
megs thus described are frequently termed the Ti-ue, Round, or Officinal

Nutmegs, to distinguish them from those of an inferior quality, which are

obtained from other species of Myristica, dx. One of these inferior nutmegs
is found in commerce, it is called the Long or Wild Nutmeg. It occurs in

three conditions, namely, without the hard shell and aril, then termed the

long or wild nutmeg ; enclosed within the shell divested of its aril (long or

wild nutmeg in the shell) ; and within the shell and aril (long or tvild nutmegs

covered with mace). These long nutmegs are said to be derived from Myris-

tica fatua or tomentosa, and probably, also, to some extent, from M. mala-
harica. Both the long nutmeg and its mace are very inferior to the similar

parts of M. moschata. There are several other kinds of Nutmegs, derived from
different species of Myristica, which are in use in various parts of the world,

but as they are much inferior in their qualities and are not found in com-
merce, it is unnecessary to allude to them here. We have already stated,

that some false or tcild Nutmegs are also derived from plants of the order

Lauraceee. (See page 631.)

Natural Order 204. Begoniace^.— The Begonia Order.

—

Character.—Herbs or low succulent shrubs. Leaves alternate,

unequal-sided at the base {fig. 312), with large stipules. Flowers

diclinous. Calyx superior. Male flower with 4 sepals, 2 of

which are smaller and placed internal to the others. Stainens

numerous, distinct, or coherent in a cohimn ; anthers 2-celled,

clavate, with longitudinal dehiscence, clustered. Female flower

with 5 or 8 sepals. Ovary inferior, winged, 3-celled, with 3

large projecting placentas meeting in the axis ; stigmas 3, sessile,

2-lobed. Fruit winged, capsular. Seeds numerous, wdth a thin

reticulated testa, and without albumen. This order and the

Datiscacese are placed by some botanists near to Cucurbitacese,

to which they are certainly nearly allied.

Distribution, tfc— Natives chiefly of India, South America,

and the West Indies. Examples of the Genera:—Begonia, Di-

ploclinium. There are above 160 species.

Properties and Uses.—Tliey are reputed generally to possess

astringent and bitter qualities, and occasionally to be purgative.

None, however, have any particular importance.

Natural Order 205. Datiscace.^;;.— The Datisca Order.

—

Character.—Herbs or trees. Leaves alternate, exstipulate.
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Flowers diclinous. Maleflower with a 3—4-cleft calyx. Stamens
3—7 ; ayithers 2-celled, linear, bursting longitudinally. Female
flower with a superior 3—4-toothed calyx, and a 1 -celled ovary,

with 3—4 polyspermous parietal placentas. Fruit dry, opening
at the apex. Seeds without albumen, minute, numerous.

Distribution, ^-c.—They are widely distributed over the globe.

Examples of the Genera:— Datisca, Tetrameles, Tricerastes.

The above are the only genera : there are 4 species.

Properties and Uses.—Of little importance. Datisca cannabina

is bitter and purgative. The root is employed in Cashmere as

a yeUow dye. Useful fibres might probably be obtained from
the plants of this order.

Natural Order 206, Sajitdaces;. — The Samyda Order.

—

Character.—Trees or shrubs. Leaves alternate, simple, ever-

green, stipulate, usually with roimd or linear transparent dots.

Flowers perfect. Calt/x inferior, 4— o-partite. Stamens perigy-

nous, 2, 3, or 4 times as many as the segments of the calyx
;

filaments imited, some of them frequently sterile ; anthers 2-celled.

Oyary superior, 1-celled; style 1, filiform; ^^acew;'^^ parietal, bear-

ing numerous ovules. Frz/.iZ' capsular, leathery, 1-celled. Seeds

numerous, arillate, with oily or fleshy albumen ; embryo large.

Distribution, ^-c.—Exclusively tropical, and principally Ame-
rican. Examples of the Genera

:

—Samyda, Casearia. There
are above 100 species.

Properties and Uses.—Of little importance. They are com-
monly bitter and astringent. Casearia idmifolia, a native of

Brazil, is there highly esteemed as a remedy against snake-bites.

Some species of Casearia have poisonous properties. C. esculenta

has purgative roots.

Natural Order 207. Lacistemace^.—The Lacistema Order.

—

Characte r,—Shrubby plants. Lea ves simple, alternate, stipu-

late. Flowers in axillary catkins, perfect or unisexual. Calyx
inferior, with several divisions, enclosed by a bract. Stamen 1,

hypogynous, with a 2-lobed connective, each lobe bearing 1 cell

of the anther, which bursts transversely. Ovary superior, seated

in a disk, 1-celled, with numerous ovides attached to parietal

placentas. Fruit capsular, 1-celled, 2—3 valved. heeds generally

2 or 3, arillate, suspended, with fleshy albumen.
Distribution, ^-c.—Natives ofwoody places in tropical America.

Examples ofthe Genera

:

—There are 2 genera, namely, Lacistema
and Synzyganthera, which contain 6 species. Their properties

and uses are unknown.
Natural Order 208. Chailletiaceje.—The Chailletia Order.

—

Character.—Trees or shrubs. Leaves alternate, entire, stipu-

late. Calyx inferior, of 5 sepals ; (estivation induplicate. Stamens

10, perigynous, in two alternate whorls, the outer petaloid and
sterile. Ovary superior, 2—3-celled, with twin pendulous ovules.

Fruit dry, 1—3-celIed. Seeds pendulous, exalbuminous. Many
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botanists regard the outer whorl of sterile stamens as petals,

and place the order amongst the Calyciflorse, near Celastracese, to

which it seems most nearly allied.

Distribution, ^c.—Natives of tropical regions. Examples of
the Genera:—Chailletia, Stephanopodium. There are 10 species.

Properties and Uses.—Unimportant. The fruit of Chailletia

toxicaria, a native of Sierra Leone, is called Ratsbane on ac-

count of its poisonous nature.

Natural Order 209. Ulmace^.—The Elm Order.—C haracfeer.

—Trees or shrubs. Leaves alternate, scabrous, with deciduous

stipules. Flowers perfect or unisexual, in loose clusters. Calyx
inferior, membranous, imbricated. Sta7)iens perigynous, definite.

Ovary superior, 1—2-celled; styles ov stigmas 2, Fruit in(\.Q-

hiscent, samaroid or drupaceous, 1—2 celled. Seed solitary,

pendulous, with little or no albumen ; cotyledons foliaceous

;

radicle superior.

Division of the Order, and Examples of the Genera.—This
order is divided into two sub-orders, as follows :

—

Sub-order 1. Celtem. Ovary 1 -celled. Examples:— Celtis,

Mertensia.

Sub-order 2. JJlmece. Ovary 2-celled. Examples

:

—Planera,

Ulmus.

Distribution and Numbers.—They are chiefly natives of the

nortliern regions of the world. There are about 60 species.

Properties and Uses.—Some are valuable timber trees. The
bark and fruit of others are bitter, tonic, and astringent ; and a
few possess aromatic properties,

Celtis.—The fruit of C occidentalis has a sweetish astringent taste, and has
been used in dysentery, &c. The tree is commonly loiown under the names
of Nettle-tree and Sugar-ben-y. C orientalis has aromatic properties,

Ulmus, Elm,— The inner bark of Ulmus campestris, the common English
Elm, is thought to be demulcent, tonic, diuretic, and alterative, and is used
in certain cutaneous diseases. The wood of this species, as also that
of U. monfana, the Scotch or Wych Elm, &c., is largely employed as
timber, which is valuable not only for its toughness, but because it ia

not readily acted upon by water. The inner bark of U. fulva, the Slippery
Elm or Red Elm, a native of the United States, is much employed in that
country as a demiilcent for both external and internal use. When ground
it forms an excellent emollient poultice, like that of Linseed meal.

Natural Order 210. IJRTiCACEiE.—The Nettle Order {figs. 1006
and 1007).—Character,—Herbs, shrubs, or trees, with a wa-
tery juice. Leaves alternate, usually rough, or with stinging

glands (fig. 145) ; stipulate. Flowers small, unisexual {fig. 1006)

or rarely perfect, scattered or arranged in heads o^ catkins.

Calyx {-aiervov {fig. 1006, c), lobed, persistent. Mah fiower with

a few distinct stamens {fig. 1006), perigynous, and opposite the

divisions of the calyx. Female flotver with a superior 1 -celled

ovary {fig. 715 and 1007), with a single ascending ovule {figs.

715 and 1007). Frtiit indehiscent, surrounded by the persistent
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calyx. Seed solitary {fig. 760), erect; embryo {fig, 760) straight,

enclosed in albumen ; and -with a superior radicle, r.

Fig. 1006. Fig. 1007.

Fig. 1006. Male flower of the Sraall Nettle (Urtica vrens). c. Calyx, e, e,

e, e. Stamens, with 2-celled anthers, pr. Rudimentary pistil. Fig,
1007. Vertical sertiou of the pistil of Urtica Vrens. p. Wall of the ovary,
s. Stigma, o. Ovule.

Distribution, cfc.—The plants of this order are more or less

distributed over the world. Examples of the Genera :—Urtica,

Bcehmeria, Parietaria. The order contains above 300 species.

Properties a7id Uses.—Chiefly remarkable for yielding valuable

fibres, and for the acrid stinging juice contained in their glands.

Boshmeria.—Several species yield valuable fibres, as B. Puya (Pooah fibre),

in Nepaitl and Sikkim, and B. speciosa (Wild Rhea). The most celebrated
of them all, however, is B. n ivea, from which the fibres are obtained that
are used in the manufacture of the celebrated Chinese grass-cloth, and
for other purposes. These fibres are now largely used in this country for
textile fabrics, &c. The Rhea fibre of Assam, one of the strongest knowB
fibres, is also obtained from this plant.

Parietaria officinalis. Wall Pellitory, is by many regarded as a valuable
diuretic and lithontriptic.

Urtica, Nettle.—The Nettles ai'e well known from theu- stinging glands.
Some of the East Indian species, as r. crenulata, U. stimulans, and more
especiaDy U. u}-enti.s.si?7U(, produce verj- violent effects. Flagellation by a
bunch of nettles (Urtica dioica or U. urens) was formerly employed in palsy,
&c. U. baccifera is employed as an aperient in the West Indies ; the root
of U. pilulifera is regarded as diuretic and astringent ; and an infusion of
the leaves of U. dioica, commonly known as Nettle Tea, is much itsed in
certain parts of this country as a purifier of the blood. Some Nettles,
as U. tuberosa, have edible tubers ; others yield useful fibi-es, as Urtica
hetei'ophylla, Neilgherry Nettle, and U. tenacissima.

Natural Order 211. CA>rxABiNACE.a;.— The Hemp Order.

—

Character.—Rough herbs with a watery juice. Leaves aXter-

nate, lobed, stipidate. Flovjcrs small, unisexual, dioecious.

Male flowers in racemes or panicles. Calyx scaly, imbricated.
Stamens 5, opposite the sepals

;
filaments filiform. Femaleflowers

in spikes or strobiles {fig, 395), each flower with 1 sepal sur-
rounding the ovary, which is superior and 1 -celled, and con-
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tains a solitary pendulous ovule. Frwit indehiscent. Seed

solitary, pendulous, without albumen ; embryo hooked or spirally

coiled, with a superior radicle.

Distribution, ^-c.— Natives of the temperate parts of the

northern hemisphere in Europe and Asia. Examples of the

Genera

:

—Cannabis, Hamulus, These are the only genera, and

each contains but one species.

Properties and Uses.—The plants of this order yield valuable

fibres, and possess narcotic, stomachic, and tonic properties.

Cannabis saliva, the Common Hemp.—The valuable fibre called Hemp is

obtained from this plant. It is principally derived from Russia, but the

best hemp is produced in Italy. Inferior hemp is obtained from the United

States and India. Hemp is chiefly used for cordage, sacking, and sail-cloths.

This fibre has been known for more than 2,500 years. The fruits, commonly
termed ht'jnp seed, are oleaginous and demulcent. They are used for feeding

birds. When submitted to pressure, they yield about -15 per cent, of a fixed

oil, which is employed as a varnish, and for other pui-poses. When the

Hemp plant is grown in tropical countries, it varies in some important

characters from the ordinary C. saliva of colder climates, and is even by some
botanists considered as a distinct variety, which is named C. saliva var.

indica, Indian Hemp. This plant produces less valuable fibres than the

former, but it acquires marked narcotic properties, from secreting a much
larger quantity of a peculiar resin than is the case with that of colder lati-

tudes. The herb and resin are largely employed in Asia, and some other

parts of the world, for the pun^oses of intoxication, and in medicine. The
principal forms in which Indian Hemp is found are,

—

Gunjah, the dried

flowering tops of the female plant, containing the resin ; Bang, Subjee or

Sidhee, the larger leaves and fruits without the stalks ; and Churi-us, the

concrete resinous exudation from the flowers, stems, and leaves. The
above forms are in common use in India ; and another called Hashish or

Hashash is employed in Arabia. Other preparations of Hemp are, majoon,

in use at Calcutta, mapouchari at Cairo, and the dawames of the Arabs.

Indian Hemp is also used for smoking. The plant is also known under the

name of Diamba in Western Africa, where it is also employed for intoxicating

purposes under the names of maconie and makiah. In the foi-m of an extract

or tincture, Indian Hemp has been employed medicinally in this country and
elsewhere. Pereira calls it an exhilarant, inebriant, phantasmatic, hypnotic

or soporific, and stupefacient or narcotic. As obtained in this country,

however, it varies so much in activity, that its effects cannot be depended

upon with certainty, and it is consequently not much employed. It has, how-
ever, been introduced into the British Pharmacopoeia. The resin is called

cannabin, and is the active principle of the plant.

Humiilus Lupulus,the Hop.—The aggregate fruits of this plant are known
under the name of strobiles, or commonly hops. These fruits consist of scales

(bracts), and achpenia, the latter of which are surrounded by yellowish aroma-
tic glands (fg. 142). These glands, which are commonly termed lupulinic

glands, are the most active parts of hops. They contain a volatile oil, and
a bitter principle called hipuline or liipulite, to the presence of which hops

owe their properties. The bracts also contain some lupuline, and are

therefore not devoid altogether of active properties. Hops are used

medicinally for their stomachic and tonic properties. They are also to

some extent narcotic, especially the odorous vapours from them, hence a

pillow stuffed with hops is occasionally employed to induce sleep. The chief

use of hops, however, is in the manufacture of ale and beer, to which they

impart a pleasant aromatic bitter flavour, and tonic and soporific pro-

perties. They also prevent beer from rapidly becoming sour.

Natural Order 212. Morace^.—The Mulberry Order (fgs.

1008 and 1009).—Character.—Trees or shrubs with a milky
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juice, ieares -witli large sti- Fig. ]00S.
pules. Flowers unisexual, in

heads, spikes, or catkins.

Male flowers with a 3—4-

partite calyx {fig. 1008), or

uchlamydeous. Sta/7iens3—i,

perigynous {fig. 1008), and
opposite the segments of the

calyx. Female flowers with
3—5 sepals. Ovary supe-

rior, I—2-celled. Fruit a so- _,. ,^^„ ^, , ^ ^ .^ ^, , ,, ,
• f r «w.\ Ftg.iom. il.-ile flower of the Black Mul-

rosis {fig. 710), or syconus herry (Moras nigra). F/ff. 1009. Ver-

(fiq. 380). ISeed solitary, E'*''*'
section of the ovary iu tlae female

J 1 /£ -,rM^n\ I
" flower of the same,

pendulous {fig. 1009) ; embryo
hooked {fig, 1009), in fleshy albumen, and with a superior

radicle.

Distrihdion, ^-c.—They are natives of both hemispheres, and
occxir both in temperate and tropical climates. Examples of the

Genera

:

—Morus, Ficus, Dorstenia. There are over 200 species.

Properties and Uses.—The milky juice of some species pos-

sesses acrid and poisonous properties, while in others it is bland,

and may be taken as a beverage. From the milky juice of some,
caoutchouc is obtained. The inner bark of other species supplies

fibres. Some possess stimulant, sudorific, tonic, and astringent

properties. Many yield edible fruits, while the seeds generally

of the plants of this order are wholesome.

Broussonetia papyrifera, the Paper Mulberry, is so named from its inner
bark being used in China, Japan, kc, for the manufacture of a kind of
paper. The Otaheitans, &ic., also make a kind of cloth fi-om it.

Dorstenia.—The rhizomes and roots of several si^ecies of this genus have
been supposed to be antidotes to the bites of venomous reptiles ; those of

D. Contrayerva and D. braziliensis have been employed in Britain for their
stimulant, tonic, and diaphoretic properties.

Ficus.—F. Carica yields the -neU-known fruit named the Fig. Figs are
nutritive, emoUient. demulcent, and laxative, and are frequently employed
in medicine. The Fig tree is the Teenah of the Bible. F. oppositir'olia and
F. polycarpa, natives of the East Indies, are said to possess emetic pro-
perties. /'. elastica, a native of India, yields an inferior kind of India
Rubber. It is known in commerce as Assam India Rubber. It is rarely or
ever used in this country. Various other species yield a similar substance.
The juii-e of F. ioxicaria and F. dcemona is a very powerful poison. F.
Sycoinoj-i/s (Siuoinonts antiquoru7n), the Sycamore Fig, is said by some
authors to have yielded the wood jfrom which mummy-cases were made.
(See Cordia Myxa, p. 594.) Richard states that the Abyssinians eat the
inner bark of /'. panifica.
Madura.—The wood of M. tinctoria, a native of the "West Indies and South

America, is of a golden-yeUow colour, and is much employed in this country
and elsewhere as a dyeing agent. It is known as Fustic or Old Fustic, to
distinguish it from Young Fustic, already noticed. (See Rhus.) The fruit

is edible. M. auranliaca supplies the fruit called Osage Orange, the juice of
which is used by the native tribes in some districts of America as a yellow
war paint.

Morus.—The fruit of Morus nigra is our common Mulberry. Mulberries
are employed medicinally for their refrigerant and slightly laxative
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properties, and also to give colour and flavour to other medicines. The
Sycamine tree of the Bible is supposed to be this plant. The leaves of this

species, as well as those of the Morus alba, White Mulberry, and othei-s, are

in common use as food for silk-worms. The roots of both M. nigra and
M. alba are said to be cathartic and anthelmintic.

Natural Order 213.—
ArtocarpacbjE. — The
Bread -Fruit Order {fig.

1010). — Character. —
Trees or shrubs with

a milky juice. Leaves

alternate {fig. 1010),

simple, with large convo-

lute stipules. Flowers uni-

sexual, in dense heads {fig.

1010). Male flowers {fig.

1010, b) achlamydeous,

or with a 2—4-lobed, or

2—4-sepaled calyx. Sta-

mens opposite the lobes of

the calyx, or to the sepals.

Female flowers arranged

over a fleshy receptacle of

varying shape {fig. 1010,

a, c). Cahjx inferior, tubu-

lar, 2—4-cleft, or entire.

Oy«r^ superior, 1 -celled. Fruit commonly a sorosis. Seed erect

or pendulous, with little or no albumen ; embryo straight, with

a superior radicle.

Distribution, ^'c.—Exclusively tropical plants. Examples of
the Genera : — Antiaris, Artocarpus, Phytocrene. There are

about 60 species.

Properties and Uses.—The milky juice contains caoutchouc or

India Kubber. This juice is in some cases poisonous, while in

others it forms a nutritious beverage. Some yield valuable

timber. The fruits of some are edible, and the seeds generally

of plants of this order are wholesome.

Antiaris.—A. toxicaria is the celebrated Ant.y'ar or Upas poison tree of

Java, but most of the stories related concerning it are fabulous. The milky
juice is the poisonous product. This poison owes its activity to a peculiar

principle named by Pelletier and Caventou antiarin. Antiaris (Lepurandra)
saccidora, a native of the East Indies, has a very tough inner bark, which is

used for cordage, matting, &c. Sacks also are made from it as follows :

—

" A branch is cut corresponding to the length and diameter of the sack

wanted. It is soaked a little, and then beaten with clubs until the liber

separates from the wood. This done, the sack formed of the bark is turned
inside out, and pulled down till the wood is sawed off, ^^ith the exception of

a small piece left to form the bottom of the sack." These sacks are com-
monly used to carry rice, &c. The seeds have a very bitter taste.

Ai'tocay-pus.— The fruit of A. incisa is the important bread-fruit of the

Moluccas and islands of the Pacific. It supplies the place of corn to the

natives of those regions It is also used to some extent in the West Indies,

Fig. 1010, Branch of the Bread-fruit Tree
(Artocarpus incisa). a,c. Heads of pistillate

flowers, b. Head of stamiuate flowers.
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but is not so much valued there for food as the plantain. In the South Sea
Islands the juice is employed as glue, the wood as timber, and the bark for

makiug a coarse kind of cloth. A. integrifoUa yields the Jak or Jack-fruit

;

this is largely used as food by the natives in Ceylon, Souther-n India, and other

warm parts of Asia. The roasted seeds are also much esteemed. The inner
wood is also employed to dye the Buddhist priests' robes of a yellow colour.

Brosimum.—B. Galadodetidron is the celebrated Palo de Vaca, or Cow-
tree of South America. It is so named from its milky juice being nutritious

like milk from the cow. The fibrous bark of B. Xamagua is used in Panama
for sails, ropes, garments, &c. B. Aubletii {Firatuiera Guianensis), a native of

British Guiana,"istbe source of the beautiful fancy wood called Snake-wood,
Leopai'd-wood, or Letter-wood. B. AUccuitrum yields edible seeds, which
are called Bread-nuts in Jamaica. The wood, which somewhat resembles
mahogany, is also tliere used by cabinet makers.

Fia. 1011,Castilloa elastica. — According to Mr.
CoUins, this species yields aU the India
rubbers obtained from Central America,
Ecuador, New Granada, and the "West

Indies ; and known commercially as West
Indian, Carthagena, Nicaragua, Honduras,
G-uyaquil, and Guatemala rubbers.

Cecropia peltata is remarkable for its

stems being hollow except at the nodes,

hence they are used for ^\-ind instruments.
Cudrania.—The heart-wood of a si)ecies

o£ this genus, native of East Tropical
Africa, yields a light yellow colour some-
what between quercitron bark and fustic.

Pliytocrene.—^This genus is now com-
monly considered to constitute a new
order called Phytocrenacece. The plants are

climbing shrubs, natives of the East Indies,

with dichlamydeous imisexual flowers, and
seeds Mith a large quantity of albumen,
which latter character at once distinguishes

them from Artocarpaceje. They yield a
large quantity of watery juice when
woimded, hence they are termed Water-
vines, or '• plant-foimtains." InMartaban
this jidce is di-unk by the natives.

Natural Order 214. Platanace^.
—The Plane Order {fig. 1011).—
Character.—Trees or shrubs with

a watery juice. Leaves alternate,

with deciduous sheathing stipules

{fig. 1011). Floiuers unisexual,

monoecious, in globular {fig. 1011)

amentaceous heads ; achlamydeous.
Male flowers with one stamen, and
a 2-celled linear anther. FemaU
flowers {fig. 1011) consisting of a
1 -celled ovary, and a thick style;

ovules 1—2, suspended. Fruits ar-

ranged in a compact rounded head,

consisting of clavate achenia with a
persistent style. Seeds 1—2, pendulous ; embryo in very thia

albumen, with an inferior radicle.

T T

Fig. 1011. Branch of the Plane
Tree (Platanus orientalis), with
amentaceous heads of achla-
ruydeous female tiowers.
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Bistrihution, ^-c. — They are natives principally of North
America and the Levant. Flatanus is the only genus, of which
there are 5 or 6 species.

Properties and Uses.—Of no particular importance, except

that, from their being large handsome trees, they are commonly
planted in our parks and squares. The leaves resemble in form
those of the Sycamore tree. The timber is sometimes used by
the cabinet maker.

Natural Order 215. Stilaginaceje.—The Stilago Order,

—

Character. — Trees or shrubs. Leaves alternate, simple,

leathery, with deciduous stipules. Flowers minute, unisexual,

in scaly spikes. Cal^x 2—5-partite. Male flowers consisting

of 2 or more stamens on an enlarged thalamus ; anthers usually

2-lobed, with a fleshy connective, and dehiscing transversely at

the apex. Female flowers with a superior, 1—2-celled ovary,

each cell with 2 suspended ovules. Fruit drupaceous. Seeds

suspended, albuminous ; embryo straight, with leafy cotyledons,

and a superior radicle.

Distribution, ^-c.—Natives of Madagascar and the East Indies.

Examples of the Genera:—Stilago, Falconeria. There are about

20 species.

Properties and Uses.—Unimportant. The fruits of Antidesma
piibescens and Stilago Bunias are sub-acid and agreeable.

Natural Order 216. Ceratophyllaceje. — The Hornwort
Order.-— Character. —Aquatic herbs. Leaves verticillate.

Flowers minute, axillary, sessile, monoecious. Calyx or invo-

lucre inieuov, 8— 12-partite. Male flower consisting of 12—20

stamens, without filaments ; anthers 2-celled. Female flower

with a superior 1-celled ovary, and 1 pendulous ovule. Fruit

hard or nut-like, indehiscent. Seed exalbuminous, pendulous

;

e/)nbryo with a large many-leaved plumule, and a very short

inferior radicle.

Bistrihution, ^r. — Natives of the northern hemisphere.

Ceratophyllum is the only genus, which includes, according to

Chamisso, 6 species ; but, according to Schleiden, only one. The
properties and uses of the species are unknown.

Natural Order 217- CAXLiTRiCHACEiE.—TheStarwort Order.—
Character. — Small aquatic herbs. Leaves opposite, entire,

simple. Flowers minute, axillary, solitary, unisexual, achlamy-

deous. Male flower of 1—2 stamens, anthers reniform. Female

flower with a 4-cornered, 4-celled ovary, with 1 suspended

ovule in each cell. Fncit indehiscent, 4-celled. Seeds 4, peltate,

with fleshy albumen ; embryo inverted, with a very long superior

radicle.

Bistrihution, S(c.—Natives of fresh-water pools, in Europe and
North America. Callitriche is the only genus ; this includes several

varieties or species. Their properties and uses are unknown.
Natural Order 218, Euphorbiaceje.—The Spurgewort Order



MOXOCHLAMYDE^. 643

(^^5. 1012 and 1013).—Character.—Trees, shrubs, or herbs,

usually with an acrid milky juice. Leaves alternate or opposite,

simple {fig. 306), or rarely compound, and with or without

stipxiles. Flowers unisexual {figs. 509, 537, 613, and 1012),

monoecious {fig. 1012) or dioecious, axillary or terminal, some-

times enclosed in a calyx-like involucre {fig. 1012, i); achlamy-

Fig. 1013.

Fig. 1012. Monoepious head of flowers of a species of Euphorbia, i.

Involucre, a portion of wliicli lias been removed in front. <j, g. Glands
on tiie divisions of the involucre, b, b. Scales or liracts at the base of
the flowers, fm, fm. Male flowers, each consisting of a stamen sup-
ported on a pedicel, to which it is articulated, ff. Female flower, sup-
ported ou a stalk. From Jussieu. Fig. 1013. Vertical section of a
coccus of the fruit of a species of Euphorbia.

deous {figs. 509 and 613) or with a lobed {figs. 537, 627, e)

inferior calyx, having on its inside glandular or scaly appendages

{figs. 627, t, and 1012, h), or even evident petals {figs. 537, p,
and 627, p), which are either distinct or united. Male flowers

consisting of 1 {figs. 509 and 1012, fm) or more stamens {fig.

537, e), distinct or united, and 2-celled anthers. Female flowers

with a superior ovary {figs. 627 and 628), which is either ele-

vated upon a stalk {fig. i012, ff), or sessile {figs. 627 and 628),
1-2- 3- or many-celled ; styles either absent or corresponding in

number to the cells of the ovary, entire or divided {figs. 613,

627, and 628) ; stigmas equal in number to the cells of the ovary,

or, when the styles are divided, coiTespondiug in number to their

divisions (yi'^s. 613, 627, and 628); ovules 1 or 2 in each cell,

suspended from their inner angles {fig. 1013). Fruit either dry,

and its parts then separating from each other and from the axis

{figs. 661 and 695), and usually opening with elasticity, or suc-

culent and indehiscent. Seeds 1 or 2 in each cell, suspended {fig.

1013), often arillate or carunculate ; embryo {fig. 1013) in fleshy

albumen, with flattened cotyledons, and a superior radicle.

Diagnosis.—Herbs, shrubs, or trees, commonly with an acrid

milky juice. Flowers unisexual, monoecious or dioecious. Calyx
absent, or present and inferior. Male flowers with 1 or
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more stamens, and 2-celled anthers. Female flowers with a

superior ovar}-, 1 or more celled, with 1 or 2 suspended ovules in

each cell. Fruit of 1, 2, 3, or many dry carpels, which separate

from the axis and from each other, and usually open with elas-

ticity ; or fleshy and indehiscent. Seeds siispended. Embryo
in fleshy albumen, with a superior radicle.

Distribution, dfc.—They are more or less distributed over the

globe, and are especially abundant in Equinoctial America.

Examples of the Genera :— Euphorbia, Mercurialis, Ricinus,

Rottlera, Xylophylla, Buxus. There are above 2,500 species.

Properties and Uses.—The plants of this order generally con-

tain an acrid poisonous principle or principles, which is found
more or less in all their parts. In proper doses many are used
medicinally as emetics, purgatives, diuretics, or rubefacients.

Some are very deadly poisons. A pure starch, which is largely

employed for food, may be obtained from some plants of the

order; while caoutchouc may be procured from the milky juice

of others. A few are entirely devoid of any acrid or poisonous

principle, and are employed medicinally as aromatic tonics.

Some have edible roots ; others yield dyeing agents ; and some
are employed on account of their wood.

Acalypha indka.—The expressed juice of the leaves possesses emetic and
expectorant properties. The root is purgative.

Aleurites triloba, the Candle-nut tree.—The oil obtained by expression from
the seeds is called Kiikui or Kekune ; it is largely employed in some parts

of the world, and has been lately imported into London. It is used as an
artist's oil, and has been recommended as a purgative. It resembles castor

oil in its action.

Anda braziliensis.—The seeds yield by expression a fixed oil. Both the

oil and seeds are active cathartics.

Buxus.—B. sev)pe7-vivens, the Box-tree, is valuable for its timber, which is

much used by wood engravers. Its leaves are purgative. B. balearica, the
Turkey-box, also yields valuable timber.

Croton.—The seeds of C. Tiglium constitiite the croton or tiglium seeds of

the Materia Medica ; these yield by expression the officinal oil termed croton

oil, which is a powerful hydragogue cathartic in doses of from half a
drop to two or three drops. It is also employed externally, as a rubefacient
and counter-irritant. The seeds are used in India as purgative pills, under
the name of Jamalgata pills. The seeds of C. Roxburghii {Bnliospermum
montannm), C. Pavaiia, and C. oblongi/olivs have similar purgative pro-
perties to those of C. Tiglium, C. Eluteria of Bennett, a native of the Bahama
Islands, yields the aromatic, bitter, and tonic bark, coiTimonly known as

cascarilla bark, and which is officinal in the British Phannacopoeia. It

has an agreeable smell when bm'nt, hence it is also used for fumigation and
as an ingredient in pastilles. C. Pseudo-China yields the Quilled Copalche
bark of Pei-eira, and (.'. suberosum is probably the source from whence
Corky Copalche bark of the same author is obtained. Copalche barks in

their medicinal properties resemble cascarilla. The aromatic bark known
as Malambo bark is the produce of C. Malambo. It is a favourite medicine
in Columbia in diarrhoea, and as a vermifuge, and is also used externally in

the form of an alcoholic tincture in rheumatism. In the United States it

is reported to be employed for adulterating ground spices. C. lacciferum, a
native of Ceylon, and C. Draco, a native of Mexico, yield resins which are

useful for making varnishes, &.c. The spirituous liquor known in the West
Indies as Eau de Mantes, and useful in irregular menstruation, is obtained
from C. balsamiferum.
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Crozophora tincforia, a native of the south of France, yields by expression
a green juice, which becomes purplish under the combined action of ammonia
and the air. This purplish dye is known under the name of turnsole.

Elfpococca verrucosa and E. vernicia.— The seeds of these plants yield by ex-
pression valuable oils, the first in use for burning, and the latter by painters.
Euphorbia.—Some species of this genus have succulent stems, much resem-

bling the Cactaceas ; bat their milky juice wiU. in most cases, at once dis-

tinguish them. The acrid resin, commonly called gum euphorbium, is obtained
from one or more species. E, ojficinarum appears to be the principal source.
This drug is a dangerous acrid emetic and cathartic when taken internally,

and externally it is a powerful rubefacient ; its iise is now solely confined to
veterinary practice. The seeds of E. Lathyris, Caper Spurge, are purgative,
and yield by expression a very active cathartic oil. They were formerly called
Semina Cataputice minoris. This plant is called the Caper Spnrge, from the
use of its pickled fruits by housekeepers as a substitute for ordinary capers.
The employment of such a substitute is, however, certainly not free from
danger, although the process of pickling would seem, in a great meamre, to
destroy the acrid purgative nature which the fruit possesses in afresh state.

The root of E. Ipecacuanha is commonly known as American Ipecacuanha,
from its use in the United States as an emetic. The root of E. coroUata,
called in the United States IVIilk-weed, has similar properties. E. Petitiana

and E. Schimperiana have very purgative properties, and are said to be some-
times mixed ^\-ith Kousso (Z?/-awra) to increase their activity. The root
of E. neriifoUa is in great repute in India as a remedy in snake-bites. The
acrid milky juice of E. antiquorum, E. Niculia, and E. Tirucalli possesses
cathartic and anthelmintic properties.

Hippomane Mancinella is the famous Manchineel tree. The juice is a viru-
lent poison. It would seem probalile that the poisonous principle of this
plant is volatile, as it has been asserted that some persons have died from
simply sleeping under it. Seemann states, that if sea-water be applied to
the eyes when affected by the poison, it allays the inflammation in an effec-

tual manner.
Jatropha.—The seeds of /. purgans {f'urcas purgans), and those at J. mul-

tlfidus (Curcas multifidus), are called Physic Xuts. They yield by pre'^sure

fixed oils, and both the seeds and oils are drastic cathartics. The seed is

largely exported from the Cape de Verd Islands to Portugal, where the oil is

extracted and used principally for burning under the name of purqueira oil.

In English commerce it is known as FuUa Oil or Seed Oil. The oil of /.

purgans is commonly distinguished as Oil of Wild Castor Seeds or Jatropha oil,

and is well adapted for burning. It is said to be employed for adulterating East
Indian Croton od. A decoction of the leaves is used by the natives of the
Cape Verd Islands to excite a secretion of milk. The seeds of /. gossupiifolia

,

Bastard French Physic Xut, also possess purgative properties.
2/anihot utilissi)na (Jatropha or Jariipha Manihot), Bitter Cassava.—Cassava

Meal, which is lai-gely employed in the making of the Cassava Bread or
Cakes, in common use by the inhabitants of tropical America as food, is ob-
tained by grating the washed roots, and then subjecting the pulp to pressure
and drying it over a fire. The roots and expressed juice are virulent poisons,
o-uing chiefly to the presence of hydrocyanic acid ; but their poisonous nature
is desrroyed by washing and applying heat. Cassava Starch. Tapioca Meal or
Brazilian Arrow- root, and Tapioca are also prepared from the roots of Mani-
hot iifilissima : thus the fecula, which is deposited from the expressed juice
when washed and dried, constitute? Cassava starch ; and Tapioca is prepared
by submitting Cassava Starch while moist to heat on hot plates. Tapioca is

largely employed as a dietetical substance in this cotmtry and elsewhere.
The sauce called Casareep in the "VTest Indies. &c., is the juice concentrated
by heat and flavoured by aromatics. Manihot Aipi or Javipha Lcejiingii,

Sweet Cassava, has none of the poisonous properties of the preceding plant.
It is generally considered as a variety of Manihot utilissima. The root is a
common article of food in the West Indies and some parts of South America.
It is as mealy as a potato when boiled. Cassava meal and bread, as also
Cassava Starch and Tapioca, are also prepared from the sweet cassava root.

oidfieldia afrirana is the source of the valuable timber kno^vn as Africair
Oak or African Teak.
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Omphnlea tria7irfra.—T'he juice is sometimes employed in Guiana as a sub-
stitute for black ink. The seed from which the embryo has been extracted
is said to be eatable.

rhyllanthus.—Phyllanthvs Emhlica (Emblica officinalis).—The fruits of this

Indian plant constitute Emblic Miirobalans. (See Terminalia.) "When in

a dry state they are employed for tanning, and as an astringent in medicine.
The fruits are likewise used as a pickle, or pi-eserved in sugar. The bark is

also astringent, and the flowers are reputed to be refrigerant and aperient.

P. Niriiri and P. urinaria are employed as diuretics in India.

Ricinus communis, the Castor Oil Plant, or Palma Christi.—The plant
called Kikayon in the Bible, and translated Gourd, is by some considered to
refer to this species. This plant and other species or varieties are largely
cultivated in the East and West Indies, America, Italy, and some other parts
of the world for their seeds, which are commonly called Castor Seeds. The
leaves have been recommended as an external application, and for internal
administration to promote the secretion of milk. Castor oil is obtained from
the seeds, either by expression with or without the aid of heat, or by decoc-
tion, or by the aid of alcohol. The oil employed in England is obtained by
expression solely. Castor seeds when taken whole are extremely acrid, and
have produced death ; but the oil obtained from them is a mild and most
efficient non-iri'itating laxative. This oil OAves its laxative properties
principally to the presence of an acrid resin, which is contained in both the
albumen and embryo. The so-called concentrated castor oil, which is sold in

gelatine capsules, is adulterated with croton oil, and hence may produce
serious effects when given in particular cases. The Ricinus communis has
been recently cultivated in Algeria for the purpose of feeding silkworms
upon its leaves. The oil has also been uted there for burning, and when
deprived of its acrid principle it is said to be useful for food.

Rottlera tinctoria (Mallotns PlnUipintnsis).—The fruit of this plant is

covered by a red powder which principally consists of smaU glands. This
powder has long been employed as a dye for silk ; for this purpose it is com-
monly mixed with alum and carbonate of soda, &c., when it produces a
deep durable beautiful orange or flame colour. The dye is known at Aden
under the name of Waras or Wurrus. It is designated in the Indian bazaars,
Kamala. The root of this plant is also reputed to be used in dyeing.
Kamala is also much employed in India as an anthelmintic, and in certain
cutaneous diseases. The Arabs likewise use it in leprosy, &c. Kamala has
been introduced into the British Pharmacopoeia, and is said to be especially

useful for the expulsion of taenia. Dr. FlUckliger has described in the
Pharmaceiitical Journal another kind of Kamala possessing similar pro-
perties, and which is also derived from a species of Rottlera or Mallotus.

Sip/wnia elastica (Hevea Gitayanensis), and probably other species, natives

of Brazil and Guiana, are the sources of Para India Eubber, the best com-
mercial variety and the one most used in this country. Maranham India
Kubber is also probably obtained from one or more species of Siphonia.

Stillingia.—S. sebifera is called the Chinese Tallow Tree, from its seeds

being covered by a white sebaceous substance, which, when separated, is

foimd to be a pure vegetable tallow ; it is used for candles. &c. The plant
has now been successfxilly acclimatised in Algeria through the exertions of

the French government. S. sylvatica, Queen's-root, is used in the United
States as an emetic, cathartic, and alterative.

Natural Order 219. Scepace^.—The Scepa Order.— Dia-
gjiosis.—This order is closely allied to Euphorbiacepe, from which
it may be distinguished by its flowers being ameniacrous.

Distrihution, ^r.—Natives of the East Indies. There are 6

species. The wood of Aporosa [Sccjoa or Lcj^idostacl/ys) JRox-

burghii is called Cncus or Kokra. It is very hard, and is chiefly

emplo^'ed for flutes and similar musical instruments.

Natural Order 220. Empetrace/B.— The Crowberry Order.
— Character.— Small heath-like evergreen shrubs. Leaves
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Fig. lOU. Fig. 1015.

exstipulate. Flowers axillary, unisexual. Calyx of 4—6 -per-

sistent imbricated hj'pogynous scales, the innermost occasionally

petaloid and combined. Stamens alternate with, and equal in

number to, the inner sepals. Ovary superior, placed on a disk,

2—9-celled; ovules solitary. Fncit fleshy, composed of from
2—5-nuts. Seed solitary in each nut, ascending ; enibryo with

an inferior radicle.

Distribution, ^"c.— Mostly natives of Northern Europe and
North America. Examples of the Genera

:

—Empetrum, Corema.
There are 4 species.

Properties and Uses.— The leaves and fruit are generally

slightly acid. The berries of Empetrum nigrum^ the Crowberry,

are eaten in the very cold parts of Europe, and are also employed
in Grreenland in the preparation of a fermented liquor. In Por-

tugal, the berries of Corema are also used in the preparation of

a beverage which is said to be useful in febrile complaints.

Natural Order 221. Batidaceje.—The
Batis Order. — This supposed distinct

order only contains a single plant, the

Batis maritima, a succulent shrubby
species, a native of the West Indies, where
it is occasionally used as an ingredient

in pickles. Its ashes also yield barilla.

Some authors regard this genus as be-

longing to Chenopodiacese.

Natural Order 222. Nepenthace^.—
The Pitcher-plant Order.— Character.
— Herbaceous or somewhat shrubby
plants. Leaves alternate, and terminated

by a pitcher which is provided with an
articulated lamina {fig. 364). Floivers

terminal, racemose, dioecious. Calyx infe-

rior, with 4-divisions. Stamens usually 1 6,

collected into a column ; anthers 2-celled,

extrorse. Ovary superior, 4-angled, 4-

celled. Fridt capsular, 4-celled, with
loculicidal dehiscence. Seeds very minute,

numerous, albuminous; embryo with an
inferior radicle. ^'S'- ioi4. Vertical section

Ti- , -7 ,• n -v i* r of the flower of tlie coin-
Distribution, ^'c—Natives of swampy mon Birthwort unstoio-

ground in China and the East Indies.

Nepenthes is the only genus ; it includes

about 14 species. Their properties are

unknown.
Natural Order 223. ARiSTOLocHiACEiE.—The Birthwort Order

{figs. 1014-1016).—Character.—Herbs, or shrubby climbers.
Leaves alternate. Floiucrs axillary, perfect {fig. 1014), dull-

coloured. Calyx tubular, superior {fig. 1014), with a valvate

chia Clematitis). Fig.
1015. Tlie pistil aud andrre-
ciuiu of the same. Fig.
1016. Transverse section
of the seed.
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{estivation. Stamens 6—12, arising from the top of the ovary,

and either attached to the style {fig. 1015) or distinct; anthers

extrorse. Omr?/ inferior {fig. 1014), 3—6-celled; style simple;

stigmas radiating {fig. 1016), and corresponding in number to

the cells of the ovary. Fruit capsular or succulont, 3— 6-celled.

Seeds numerous, albuminous {fig. 1016); embryo very minute

(/^. 1016).

Distribution, ^r.—Sparingly distributed in several parts of

the world, but very common in tropical South America. Ex-
amples of the Genera:—Asarum, Aristolochia. There are about
130 species.

Properties and Uses.—Birthworts contain a bitter principle

and volatile oil ; they possess, generally, tonic, stimulant, and
acrid properties. Many of the species are regarded in various

parts of the world as useful in curing the ejBfects of snake-bites.

Aristolochia, Birthwort.— Several species have been employed for centuries
in medicine, principally on account of their supposed emmenagogne pro-
perties, and hence the name of Birthwort which is applied to the genus.
The roots of A. longa,A. rotuvda, A.Clemaiitis, <tc.,haTe been thus employed.
They all possess stimulant and tonic properties. The powdei-ed root of A.
longa was one of the ingredients in the once celebrated Duke of PortJand's
poirderfor govt. Several of the species have been reputed specifics for snake-
bites, but without any satisfactory proof. A . anguicida is supposed by Lindley
to be the celebrated Gunco of the Columbians. The juice of its root, as well
as that of many other species, is said so to stupify snakes that they may be
handled and played with. The rhizome and rootlets of A. Set'pentaria,

Vii'ginian Snake-root, are officinal under the name of Serpentary root.
Serpentary was originally introduced into this country and elsewhere as an
antidote to snake-bites, but it has no efficacy in such oases. It is, how-
ever, a valuable stimulant, tonic, and diaphoretic, and is especially useful
in fevere of a low or typhoid character. A. indica is in high repute in India
as a stimulant, tonic, and emmenagogue. A. bracteata is regarded in India
as an anthelmintic.
Asarum.—A. europceum, Asarabacca, possesses acrid properties. It has

been employed in medicine as an emetic, and as an errhine in headache
and ophthalmia. Its powder is supposed to constitute the chief ingredient
in cephalic snuff. A. canadense, Canada Snake-root or Wild Ginger, has
aromatic properties. The I'hizome is used in the United States as a tonic,
diaphoretic, and aromatic stimulant.

Bragatitia.—The juice of the leaves of B. Wallichii is regarded as an
antidote in snake-bites, more especially in that of the cobra. B. tomentosa
is itsed by the Japanese as an emmenagogue.

Natural Order 224. Santaxace^.—The Sandal-wood Order.

—

Character.—Herbs, shrubs, or trees. Leaves entire, alternate.

Flowers usually perfect. Calyx superior, 4—5-eleft, valvate in

aestivation. Stamens perigynous, equal in number to, and oppo-
site the segments of, the calyx. Oy«ry 1 -celled, inferior ; ovides
1—4, usually suspended

;
placenta free-central. Fruit inde-

hiscent, 1-seeded. Seed with a quantity of fleshy albumen;
embryo straight, minute ; radicle superior.

Distribution, S^c.—Natives of various parts of the world. The
species found in North America and Europe are inconspicuous
herbs ; those of India, Australia, &c., are trees or shrubs.

The genus Thesium is partially parasitic on the roots of other
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plants. Exa/jiples of the Genera

:

—Fusamis, Santalum. There
are about 115 species.

Properties and Uses.—Some, as Tkesium, are slightly astrin-

gent ; others have a fragrant wood ; and a few produce edible

fruits and oily seeds.

Fusanvs acuminatus is tlie Quandang Nut of Australia. The fniit is

edible and resembles Almonds in flavour.

Santalum.—S. album is a native of India. The wood called Sandalwood
is remarkable for its fragrance. It is sometimes used as a perfume. In
India it is also employed as a sedative and for its refrigerant properties. By
distillation it yields a fragrant volatile oil, which is esteemed as a perfume,
and has recently been recommended as a remedy in gonorrhoea. S. Frey-
cinatium and S. pan iculatum produce the sandal-wood of the Sand^vich Islands.

Natural Order 225. Loraxthacks:.—The Mistletoe Order.

—

Character.—Parasitic shrubby plants. Leaves commonly oppo-
site, exstipulate, greenish. Flowers perfect or dioecious. Calyx
superior, with 3— 8 divisions ; cestivation valvate, sometimes
absent. Stamens equal in number to, and opposite the lobes of,

the calyx. Ovary inferior, 1 -celled, with 1—3 orules, erect or

suspended, and a free-central placenta. Fruit commonly succu-

lent, 1 -celled, with a solitary seed; embryo in fleshy albumen,
with the radicle remote from the hilum.

Most botanists place this order amongst Corolliflorals, and
near Caprifoliacese, as the genus Loranthus has a cup-like

expansion external to the floral envelopes, which is regarded by
many as a true cah'x, and what we have called a calyx above,

as a corolla. We follow the arrangement of Lindley, who
regards this cup-like body as an expansion of the pedicel,

Miers, again, has separated this order into two, Loranthace?e and
Viscacese: Loranthaceae being usually characterised by its large

showy crimson dichlamydeous perfect flowers, long stamens, and
an ovary with a solitary suspended ovule ; and Viscaceae by its

small pallid dioecious monoehlamydeous flowers, with stamens
sessile or nearly so, and a 1 -celled ovary with 3 ovules attached

to a short free-central placenta, one of which only becomes
perfected.

Distribution, Sfc.—Principally found in the hotter parts of

America and Asia. Three species are natives of Europe, and a

few occur in Africa and some other regions. Exampksof the Ge-
nera :—Myzodendron, Viscum, Loranthus. There are aboye 400
species.

Properties and Uses.—Unimportant. Some are astringent.

Loranthus tetrandus, a native of Chili, produces a black dye.
Viscum album is the Common Mistletoe. It is parasitic on many trees, as

"Willows, Thorns, Lime. Elms, Oaks, Firs, and especially on Apple-trees, in
this country. The Mistletoe of the Oak, which is very rare, was an object
of superstitious veneration by the Druids. The fruit has a viscid pulp,
which is employed for making bird-lime. Its bark has astringent properties.
The leaves of V. monoicum, parasitic on Strychnos Nux- Vomica, were found in
India to possess similar poisonous properties to that plant, and to be useful
in like cases in medicine.



650 SYSTEMATIC BOTANY.

Natural Order 226. Helwingiacbje.—The Helwingia Order.
—Character.—The order only contains a single known species^

Helwingia riiscifolia ; this is a shrubby plant found in Japan,
the leaves of which are employed as an esculent vegetable. Dr.
Hooker places this genus in the order Araliacese, but Lindley
considered it as nearly allied to Garryacege, from which it is

chiefly known by its alternate stipulate leaves, fascicled flowers,

and 3—4-celled ovary.

Natural Order 227. G-arryace.^.— The Grarrya Order.

—

Character,—Shrubs. Leaves opposite, exstipulate. Flowers
unisexual, amentaceous. Male flower with 4 sepals, and 4

stamens alternating with them. Female flower with a superior

2-toothed calyx, and a 1 -celled ovary with 2 styles and 2 pen-
dulous stalked ovules. Fruit indehiscent, baccate, 2-seeded.

Embryo very minute, albuminous.
Distribution, cfc.—Natives of the temperate parts of North

America, or of the West Indies. Examples of the Genera

:

—
Garrya, and Fadgenia. These are the only genera ; they include

6 species. They have no known properties.

Natural Order 228. Juglandace.e.— The Walnut Order {figs,

1017 and 1018).—Trees. Leaves alternate, pinnate, exstipulate.

Fig. 1017.

Fig. 1018.

Fig. 1017. Staminate amentum of the Walnut tree {Juglans regia) ; the
flowers are separated by scaly bracts. Fig. 1018. Seed of the same.

Flowers unisexual (fig. 1017). Male fiowers in amenta {fig.

1017); calyx 2—6-partite, irregular. Female flowers solitary,

or in small terminal clusters ; calyx superior, regular, 3—5-lobed;

ovary inferior, 2—4-celled at the base, l-celled above ; ovule

solitary, erect. Fruit called a tryma (page 312). Seed {fig.

1018), 2—4-lobed, without albumen; ew6n/o with sinuous oily

cotyledons, and a short superior radicle.
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Distribution, cfr.—Chiefly natives of North America, but a few
are found in the East Indies, Persia, and the Caucasus. Juglajis-

regia, the "Walnut tree, is a native of the countries between
Greece and Cashmere. Examples of the 6^t?icra .-—Juglans,

Carya. There are about 30 species.

Properties and Uses.—Chiefly important for their valuable

timber, and for their oily edible seeds.

Carya.— Carya alba is the common Hickory, valuable for its timber, and
for its edible seeds, which are commonly known as Hickory Nuts. C. oUvce-

formis yields an olive-shaped or elliptical seed, which resembles the "Walnut
and Hickory in flavour, and is known as the Peccau Nut. These nuts have
the finest flavour of any species of this genus ; they yield a fixed oil by
pressure, which is palatable. Both Hickory and Peccan nuts are occasionally
imported into this country. C. jwrcina yields an edible seed which is termed
the Pig or Hog Nut. It is consumed by pigs, squirrels, &c. Its wood is

regarded as superior to that of either of the other species of Carya.
Juglans.—J. regia, the Walnut, is valuable for its hard rich deep brown

beautifully markedwood . It is much employed in ornamental furniture work,
and for gim stocks. The seed of this plant is our well-known edible Walnut.
This yields by expression a useful fixed oil of a drying nature like Linseed
oil. It may be used for burning in 1 imps and in cookery. The bark possesses

cathartic properties. J. nigra, the Black Walnut, a native of North America,
is also esteemed for its timber. J. alba, the White Wahiut or Butter-nut, is

another useful timber tree. The inner bark of its root is used in the United
States as a mild purgative. The seed is edible.

Natural Order 229. Coryla.ce,5 or Cupuxtfee.e.—The Oak
or Mastwort Order {Jigs. 1019-1021).—Character.—Trees or

shrubs. Leaves {fig. 183) alternate, usually feather-veined {fig.

Fig. 1019. Fig. 1020. Fig. 1021.

Fig. 1019. Male flower of a species of Oak (Querciis). rig. 1020. Female
ilower of the same. Fig. 1021. Transverse section of the female flower.

287), simple, with deciduous stipules. Flowers monoecious.

Male fiowers {fig. 1019) clustered or in amenta {fig. 371);
stamens 6—20 {fig. 1019), inserted into the base of a membranous
valvate calyx, or of scales. Female fiowers {fig. 1020) solitary

or clustered, and surrounded by an involucre of bracts {fig.

1020), which ultimately form a cupule {figs. 374 and 375) round

the ovary and fruit ; ovari/ inferior, surmounted by a rudimentary

calyx (y<;^. 1020), 3 {fig. 1021) or more celled; ovules 2 {fig.

1021) in each cell or ^solitary, pendulous or peltate: stigmas

almost sessile. Fruit a glans or nut {figs. 374 and 375). Seeds

1 or 2, without albumen.
Distrioutiou, ^t.—They abound in the forests of temperate

regions. A few occur in the high lands of tropical and hot
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climates. Examples of the Gemra:—Carpinus, Corylus, Castanea,

Q,uereiis. There are nearly 300 species.

Properties and Uses.—Most important on account of their

valuable timber. Many yield edible seeds, and some have

highly astringent barks and cnpules.

Ca?-pinus.— C. Betulus, the Horn-beam, and C.americanus, are well known
for their timber, which is principally employed for making agricultural

implements, and for the cogs of mill wheels.
Castanea.— C. vulgaris (vesca) is the Spanish Chestnut, which is much

cultivated for its timber, and for its nuts which are so well known for their

edible properties. They are principally imported from Spain, where they
are largely employed as an article of food by the agricultural classes. C.

americana, a native of the United States, also yields a much smaller, but
very sweet kind of Chestnut, which has been occasionally imported.

Corylus Avellana, the common Hazel, is the origin of the most anciently

used and most extensively consumed of all our edible nuts. There are

several varieties of the Hazel, as the White, Red, and Jerusalem Filberts ;

the Great and Clustered Cobs ; the Red Smyrna, the Black Spanish, and the

Barcelona nuts, &c. The importation of these alone into this country is, on
an average, 150,000 bushels a year. The oil which is obtained from them by
expression is occasionally employed by artists and watchmakers. Good
charcoal is also obtained from the branches of the Hazel.
Fagus.—F. sylvatica, the Common Beech, is well known for its timber.

The fruits (Beech-mast) form a food for pigs. The frait of F. ferritginea is

eaten in North America. The seeds of some species yield by expression a

fixed oil.

Ostrya vulgaris (virginica) possesses a very hard wood, which in America
has been cailed in consequence Iron-wood. It is also termed Lever-wood
from its being used in making levers.

Quercus.—The timber of several species of this genus is extensively em-
ployed for ship-building, and for other important purposes, as that of the

Q. Robur, the common British Oak, of which there are two varieties, whicb
by some are regarded as distinct species, called Q. pedunculata and Q. sessi-

flora ; that of the Q. Cerris, Turkey or Adriatic Oak ; of the Q. alba.

White Oak ; the Q. rubra, Red Oak ; the Black Oak (Q. (indoria) ; the Q.

Ilex; and the Live Oak (Q. virens), &c. Many Japane-e species also

yield valuable timber. The bark of several species is astringent, and largely

employed in tanning, &c. ; that of Quercus pedanculata is most esteemed.

This is also employed in medicine as an astringent and tonic. The fruits

(acoms) of this species and of the other species or varieties which are

natives of this country have been also generally recommended as food for

cattle, but recent experience would seem to show that they possess injurious

properties. The outer bark of Quercus Suber, the Cork Oak, constitutes

the cork of commerce. The bark obtained from the younger branches of

the same tree is imported into this country from Spain. It is usually

known as European Alcornoque Bark, and is employed for tanning purposes.

(See Boicdichia, p. 521.) The inner bark of older stems is also imported as

cork-tree bark, and similarly employed. Quercus JEgylops.—The acorn-cups

of this species are imported fi-om the Levant under the name of Valonia;

the dried half-matured acorns of the same plant are also imported under
the name of Camata ; and the very young ones as Camatina. These three

articles are very valuable for their "tanning properties. Quercus tinctoria,

the Black Oak, has already been noticed as a valuable timber tree. Its

bark is called Quercitron Bark, it is used for tanning, and in this country

its inner portion is also employed for dyeing yellow. The bark of this

species and that of Quercus alba is used in the United States for its astringent,

febrifugal, and tonic properties. The bark of Q. aquatica, a North American
species, and that of Q. Ilex, a South European species, is also employed by
tanners. Q. sinensis, a native of China, yields a dye. Quercus cocci/era, the

Kermes Oak, has its young branches attacked by a species of Coccus, by
which little reddish balls are formed upon their surfaces, which were
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formerly much used as a crimson dye. Oak trees are especially liable to

be attacked by insects, which thus produce excrescences, commonly called

ffalls. The more important of these excrescences are the Nut Galls of com-
merce, and the large Mecca or Bussorah GaUs of Pereira. The latter are
also called Bead-sea apples, ii»ad apples, and apples of Sodom : they are pro-
duced by Cynips insaita on the Quercus infectoria. The former are pro-
duced on the branches of Quercus infectoria by the Diplolepis Gallce tinc-

torial. They are extensively employed in tanning, for making ink. andfor other
purposes in the arts. They likewise possess tonic, astringent, and anti-

periodic properties. Pereira also regarded them as a valuable antidote in
poisoning by Tartar Emetic. The best Nut Galls come from the Levant.
Two kinds are especially distinguished under the names of blue and white
galls. The dai'k coloured imperforate galls are the most valuable. The
round smooth galls, noAV commonly found on the lower branches of the
Oaks in this country, although containing tannic acid, are far less valuable
than commercial nut-galls. The acorns of some species of Quercus, as Q.
Ballota, Q. Gramuntia, Q. ^sculus, and Q. Hiiidsii, are edible.

Natural Order 230. Myricace^.—The Gale or Bog-Myrtle
Order.—Character. — Shrubby plants, with alternate simple
resinous-dotted leaves. Flowers unisexual, amentaceous. Male
flowers aehlamydeous ; stamens definite. Female flowers with a
1 -celled ovary, and 1 erect ovule

; fruit drupaceous ; seed solitary,

erect ; embryo without albumen ; radicle superior.

Distribution, cfc.—Natives of the temperate parts of Europe
and North America, and of the tropical regions of South America,
India, and the Cape of Good Hope. Examples of the Genera

:

—
Myrica, Comptonia. There are about 20 species.

Properties and Uses.—The plants of this order are chiefly

remarkable for aromatic and astringent properties.

Comptonia aspJenifolia, Sweet Fern, is employed in the United States as
an astringent and tonic in diarrhcea.

Myrica.—M, cerifera, the Waxben-y, Candleberry, or Wax Myrtle. The
bark of the root is extensively used in the United States as a stimulant as-
tringent in diarrhoea and dysentery. The fruits when boiled yield the kind
of wax known as Myrtle Wax. Other species of Myrica yield a somewhat
similar waxy substance. The fruit of M. sapida is eaten in Nepaul. Its
bark is an aromatic stimulftnt, and is employed in some parts of India as a
rubefacient and sternutatory.

Natural Order 231. CASUARiNACEiE.—The Beefwood Order.

—

Character.—Trees, with pendulous jointed striated branches,

without evident leaves. Flowers in bracteated spikes or heads,

unisexual. Male flowers with 2 sepals united at their points,

and 2 alternating bracts ; 1 stamen, and a 2-celled anther.

Female flowers in dense spikes or heads, naked, but each having
2 bracts; ovary 1-celled, with 1—2 ascending ovules, and 2
styles. Fruits winged, indehiscent, collected together into a
cone-shaped body under the thickened bracts. Seeds without
albumen ; radicle superior.

Distribution, ^'c.—They are principally natives of Australia.

They are called Beef-wood trees from the colour of their timber
resembling raw beef. In general appearance they much resemble
tlie branched Equiseta. There is 1 genus, and about 32 species.
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Properties and TJses.—T'he species of Casuarina yield very

hard and heavy timber, and the bark of some is said to be tonic

and astringent.

Casuarina.—Several species produce valuable timber, which is chiefly used
in this country for inlaying and marqueterie. The wood is known under
the names of Beef-wood, Botany Bay Oak, Forest Oak, He-Oak, She-Oak, &c.
The bark of C. murlcata is an excellent astringent, which is in use in India.

Natural Order 232. Betulace.b. — The Birch Order.

—

Character,—Trees or shrubs. Xmws simple, alternate, with

deciduous stipules. Flowers unisexual, amentaceous, with no
true calyx, but in its place they have small scaly bracts,

which in some cases are arranged in a whorled manner.
Male flowers with 2 or 3 stamens opposite the bracts. Female

flowers with a 2-celled ovary, and 1 pendulous ovule in each cell.

Fruit dry, indehiscent, 1 -celled, 1-seeded, without a cupule. Seed

pendulous, exalbuminous ; 7'adicle superior.

Bistrihutmi, ^-e.—They are principally natives of the colder

regions in the northern hemisphere. Examples of the Genera:—
Betula, Alnus. These are the only genera ; there are about 70
species.

Properties and Uses.—They are valuable for their timter,

and for their astringent tonic and febrifugal barks,

Alnus.—-A. ghUinosa. the common Alder.—Its wood is valuable for the piles

of bridge?, and for other purposes where entire submersion in water or damp
earth is required. Its bark is astringent, and has been used in medicine,

and for tanning and dyeing. The leaves and catkins have similar properties.

The wood is also employed for making charcoal, which is much valued
for the manufacture of gunpowder. The bark of A. incana is used in

Kamtschatka for making a kind of bread.

Betula.—B. alba, the common Bii-ch, yields the timber known as Norway
Birch. The wood is also used for charcoal. The bark yields a kind of oil,

which gives the ixjculiar odour to Russian leather. The sap contains in the

spring a good deal of sugar, hence it is then used in the preparation of a
kind of wine ; this is commonly known as Birch wine, and is employed in

domestic practice for those afflicted with stone or gi-avel, B. nigra.—Ihe
Black Birch of North America is also valuable for its timber. Its sap, like

that of B. alba and B. lenta, yields sugar of good quality, and wine may be
also prepared from it. B. papijracea has a thick tough bark, which is used

by the Indians in North Ainerica for boats, shoe-soles, and other purposes.

The bark of B. Bhajapallra is employed in India as a kind of paper.

The bark of B. lenta, known in the United States as Sweet Birch or Cherry
Birch, yields by distillation a volatile oil, which is identical with that of the

GauWieria procumbens.

Natural Order 233, ALTiNGiACEiE or Liquidambaeace^.—The
Liquidambar Order.—Character.—Balsamiferous trees, with

simple or lobed alternate leaves, and deciduous stipules. Flowers

unisexual, involucrate, amentaceous. Male flowers naked, with

numerous nearly sessile anthers. Female flowers with a 2-celJed

ovary, the whole flowers collected into a globular head ; ovules

numerous. Fruit a cone-shaped body, composed of 2-celled

capsules enclosed in hard scales. Seeds winged, peltate, albu-

minous ; embryo inverted ; radicle superior.

Distribution, ^c.—Natives of the warmer parts of India, North
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Fig. 1023.

America, and the Levant. Examjjles of the Genera

:

—The only

genus is Liquida7nhar {Altingia of some botanists). It contains

3 species.

Properties and Uses.—Chiefly remarkable for fragrant bal-

samic properties. The species hare warm bitter barks.

Liquidamhar.—L. oHentale of Miller yields our officinal Liquid Storax.

(See Sti/rax.) This plant is called in Cyprus, Xi/Jon Effendi (the wood of

our Lord). The storax is obtained fi'om the inner bark, which is afterwards
used by the Turks for the purpose of fumigation. This bark is the Cortex
Thymiamatis or Storax Bark of phannacologists. Z. styraciflua, a native of

the United States and Central America, yields by incision a fluid balsamic
juice called liquidambar or cojxtlm balsam. L. altingia, a native of Java,
yields a similar fragrant balsam. In their effects and uses, both Liquid
Storax and Liquidambar resemble other balsamic substances, as the Balsams
of Peru and Tolu, Benzoin, &c.

Natural Order 234. Salicace.e,—The Willow Order {figs.

1022 and 1023).—Character.—Trees or shrubs. Leaves sim-

ple, alternate, stipulate. Flowers

unisexual {figs. 1022 and 1023),

amentaceous {figs. 389 and 390),

naked, or with a membranous or

cup-like calyx. Male flowers {fig.

1022). with 1—30 distinct or

monadelphoits stamens. Female

flowers with a superior 1 -celled

ovary {fig. 1023), and numerous
erect o^niles. Fruit 1 -celled, 2-

valved. Seeds numerous, covered

with long silky hairs {fig. 736),

exalbuminous ; embryo erect, with

an inferior radicle.

Distribution, ^'c.— Chiefly na-

tives of cold and temperate cli-

mates. Examples of the Genera :—
Salix, Populus. These are the only

genera ; there are about 250 species.

Properties and Uses. — Many
species are either valuable as tim-

ber, or for economic purposes.

The bark commonly possesses

tonic, astringent, and febrifugal

properties. The hairs which invest the seeds have been em-
ployed for stuffing cushions, and for other purposes. The buds
of some species secrete an oleo-resinous substance of a stimula-

ting nature,

Populus, Poplar.—Several species of this genus have been employed for

their timber. The bark is commonly tonic, astringent, and febrifugal,

which properties it owes to the presence of salicine.

(Sa/ix.—Several species of this genus are used for timber, and for basket-

work ; also for the manufacture of charcoal. The timber is, however, want-

Fig. 1022. Male flower of a species
of willow (Salix), with two sta-
mens, and a single l)raot at the
base. Fig. 1023. Feraale flower
of the same with bract at the
base, and a solitary stalked
ovary surmounted by two stig-
mas.
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ing iu strensrtli and durability. A peculiar alkaloid resembling quiuia in

its properties, called salicine, has been obtained from the bark, leaves, or
flowers, of about twenty species of Salix. The barks of S. Russelliana, S.

alba, S. Caprea, S. frayilis, S. pentandra, and S. purpurea, yield most
salicine.

The three succeeding orders, namely, the Balanophoraceae,

Cytinacese, and Kafflesiacese, have been commonly put by bota-

nists in a class by themselves, which has been placed between
the Cryptogamia and Phanerogamia, and to which the name of

Khizogens or Rhizanthege has been usually given. The special

characteristics of the plants of this class are said to be their

acotyledonous embryo, fungoid texture, and peculiar parasitic

habit : but as one or more of such characters also occur in several

orders of Dicotyledones, there does not appear to be any suffi-

ciently valid reasons for separating them from this class of

plants. By Dr. Hooker, the Balanophoracese have been most
intimately examined, and he has arrived at the opinion that they

are allied to the Haloragacefe ; and other botanists regard the Raf-

flesiacese as related to the Aristolochiaceae. We place these orders

here, not because we believe them to have any especial relation

to the orders just treated of, but simply that, as their position in

the Natural System has not been distinctly defined, they may be

well described at the end of the Angiospermous Dicotyledons,

to which division of the vegetable kingdom they evidently belong.

Natural Order 235. Balanophorace^.—The Balanophora
Order.—Character.—Leafless root-parasites; with amorphous
fungoid stems, of various colours, but never green ; and under-

ground more or less fleshy tubers or rhizomes. Peduncles naked
or scaly, bearing spikes of flowers, which are commonly imi-

sexual, bracteated, and of a white colour. Male flowers very

evident, each with a tubular calyx, which is either entire or

3—5-lobed. Stamens usually 3—5, sometimes 1, more or less

united or distinct. Female flowers minute, with a tubular supe-

rior calyx, Ivnb wanting, or present and bilabiate. Ovary in-

ferior, usually 1 -celled; styles 2; ovule solitary, pendulous.

Fridt small, more or less compressed. Seed solitary, albuminous,

with a lateral undivided or amorphous embryo.

Distribution, cfr.—These plants are found parasitic on the roots

(of various Dicotyledonous plants, especially in the tropical and
;sub-tropical mountains of Asia and South America. Other
species are found in different parts of Africa, Australia, &c.
Examples of the genera

:

—Cynomorium, Langsdorffia, Bala-
nophora. There are, according to Dr. Hooker, 37 species.

Properties and Uses.—Many are remarkable for their astrin-

gent properties ; others are edible, as Omh'ophytiim, a native of

Peru, and Lopliophytum of Bolivia. Others, again, secrete a
kind of wax.
Balanophora.—In the mountainous districts of Java the natives make

candles from a species of Balanophora, as follows :—The parasite is heated
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in an iron pan, after which bamboo sticks covered with cotton are dipped

into the meltevl mass, when the waxy substance of the plant adheres to them.

This so-called wax is, according to Dr. De Vry, a mixture of at least two
resins and a vegetable fat.

Cynomoriuin cocaneum is the Fungus melUensis of pharmacologists. It has
had a great reputation as a styptic.

Langsdorffia hypoga'a.—'Dr. Hooker says "that this species yields so large

a quantity of wax, that candles are made of it in New Granada." The stems

are also said to be collected near Bogota, " and sold under the name of Si^os,

and used as candles on saints' days."

Natural Order 233. Cytinace.?:.—The Cistus-rape Order.

—C h a r a e t e r.—Root parasites with a fungoid texture. Flowers

perfect or unisexual, and either solitary and sessile, or clustered

at the top of a scaly stem. Calyx 3—6-parted. Anthers sessile,

opening longitudinally. Ovary 1-celled, inferior ; ovules very

numerous ; 'placentas parietal. Fruit 1-celled, with numerous
seeds imbedded in pulp. Seeds with or without albumen ; embryo

amorphous.
Distribution, ^'o.—Parasitic on the roots of Cistus, upon

fleshy Euphorbiacese, and upon other succulent plants. They
occur in the south of Europe and Africa. Examples of the

genera:— Cytinus, Hydnora, There are 7 species.

Properties and Uses.—Some have astringent properties, as

Cytinus Hypocistus. A kind of extract is made from this plant

in the South of Europe, and used, under the name of Succus

Hypocistidis, in diarrhoea and for arresting haemorrhage. Hyd-
nora africana has a putrid-animal odour, but when roasted it is

eaten by the native Africans at the Cape of Good Hope.
Natural Order 237. RAFFLESiACEiE.—The Rafflesia Order.

—Character.—Stemless and leafless parasites {fig. 232), of a

fungoid texture. The plants consist solely of flowers {fig. 232),

which are sessile upon the branches of trees, and are surrounded
by scaly bracts. The flowers are perfect or dioecious. Calyx

5-parted {fig. 232), tubular; the throat surrounded by a number
of thickened scaly processes, which are either distinct from each

other, or united into a ring. Anthers placed upon a column
which adheres to the calyx, 2-celled, distinct, and each opening
by a pore ; or united into a many-celled body and opening
by a common pore. Ovary 1-celled, inferior, ovules numerous

;

placentas parietal. Fruit indehiscent. Seeds very numerous,
with or without albumen ; embryo amorphous.

Distribution, ^-c.—Parasitic upon the stems of Cissi in the

East Indies, and on Leguminous plants in South America. Ex-
amples of the genera:—Eafflesia, Brugmansia. There are 16

species.

Properties and Uses.—Some have styptic and astringent pro-

perties. They are chiefly remarkable for their flowers, some of

which are of a gigantic size, and fungoid in texture. (See page
119.)
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Artificial Analysis of the 'Natural Orders in the Suh-class

MoNocHLAMVDE^. Modified from Lindley.

(The Numbers refer to the Orders as previously described.)

1. Achlamydeous Flowers.

A. Leaves stipulate.

a. Flowers unisexuaL
Ovary 1-celled.

Ovules numerous, comose . . , .

Ovules 1—2.
Ovule erect ......
Ovnle pendulous

Ovary 2 or more celled.

Seeds numerous, winged . , .

Seeds few, not winged
b. Floicers hermaphrodite.
Carpel solitary.

Ovule erect. Embryo in a vitdlus
Ovule suspended. Embryo naked

Cai-pels several.

Ovule erect. Embryo in a vitellus

B. Leaves exstipulate.

a. Flowers unisexual.

Ovule very numerous . . . .

Ovules solitary, or very few.

Flowers naked.
Ovary 1 -celled

Ovary 4-celled

Flowers in an involucre.
Anther-valves recurved ....
Anther-valves slit.

Embryo on the outside of the albumen
Embryo enclosed in the albumen

h. Flowers hennaphroclite.

Embryo in a viteUus

Embryo without a vitellus ....

Salicacece. 234.

Myricacece. 230.

Platanacete, 214.

Altingiacece. 233.

Euphorbiaceoe. 218.

Piperaceas. 190.

Chloratithaceoe. 191.

Saururacece. 192.

Podostemacece. 193.

Myricacece. 230.

CaUitrichaeece. 217.

Atherospermacece. 201.

Monimiacece. 202.

Euphorbiaceoe. 218.

Piperaceo!. 190.

Podostemacece. 193.

2. Monochlamydeous Flowers.

A. Ovary inferior, or partially so.

a. Leaves stipulate.

1. Flowers hermaphrodite .... Aristolochiaceoe. 2x3.

2. Flowers unisexual.
Fruit cupulate Corylaceoe. 229.

Fruit naked.
Many-seeded Begoniacece. 204.

One-seeded Artocarpaceoe . 213.

b. Leaves exstipulate.

1. Flowers hermaphi-odite.
Ovary 3—6-celled. Ovules numerous . . Aristolochiacece. 223.

Ovary 1-celled. Ovules definite.

Ovules with a naked nucleus , . . Loi'anthacece. 225.

Ovules with a coated nucleus.

Calyx valvate. Embryo straight . . Santalacece. 224.

Calyx imbricated. Embryo curved . Chenopodiacece. 183.

2. Flowers unisexuaL
Amentaceous.
Leaves alternate Myricacece. 230.

Leaves opposite.

Simple leaves Garryacece. 227.

Compound leaves Juglandacece. 228.
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Not amentaceous.
Seeds numerous, parietal .... Datiscacece. 205.

Seed solitary, axile Helmingiacece. 226.

B. Ovary superior.

a. Leaves stipulate.

1. Flowers hermaphrodite.
a. Carpel solitary.

Stipules ochreate Polygona<;ece. 180.

Stipules distinct Petiveriacece. 188.

h. Carpels more than one, combined.
Seeds exalbuminous.
Calyx imbricated TJlmacece. 209.

Calyx induplicate Chailletiacece. 208.

Seeds albuminous.
Styles or stigmas 1 . Leaves usually dotted Samydacece. 206.

Styles or stigmas 2. Leaves not dotted . Ulmaeece. 209.

2. Flowers unisexual.

a. Carpel solitary.

Cells of anther perpendicular to the filament Slilaginacece. 215

.

Cells of anther parallel to the filament.

Embryo straight.

Sap watery. Stipules small. Seeds

albuminous Urticacece. 210.

Sap miliy . Stipules large. Seeds ex-

albuminous Artocarpacecs. 213.

Embryo hooked.
Sap watery. Seeds without albumen . Cannahinacece. 211.

Sap milky. Seeds with albumen . Moracece. 212.

6. Carpels more than one, combined.
Flowers amentaceous.

Seeds arillate.

Stamen 1 Lacistemacece. 207.

Samens more than 1 . . . . Scepacece. 219.

Seeds not arillate Betulacece. 232.

Flowers not amentaceous .... Euphorbiacece. 218.

b. Leaves exstipulate.

1. Flowers hermaphrodite.
a. Carpel solitary.

Anther-valves recurved. Leafy . . Lauracece. 199.

Anther-valves recurved. Leafless . . Cassythacece. 200.

Anthers slit.

Leaves covered -uith scales . . . ElceagnacecE. 196.

Leaves not scaly.

Calyx long or tubular.
Hardened at base .... Kyctaginacece. 181.

Tube hardened .... Sclei'anthacece. 185.

Kot hardened in any part.

Stamens in the points of the sepals Proteacece. 197.

Stamens not in the points of the
sepals Tliymelacece. 194.

Calyx short, not tubular or but slightly

'so.

Flowers in involucels . . . Polygonacece. 180.

Flowers not in involucels.

Calyx dry and coloured . . Amaranthaceoe. 182.

Calyx herbaceous, or succulent.

Stamens hypogynous, or nearly so Chenopodiacece. 183.

Stamens perigyiious . . . Basellacece. 184.

&. Carpels more than one, either distinct or

combined.
Carpels distinct Phytolaccacece. 186.

UU2
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Cai'pels combined.
Seeds exalbuminous.
Calyx tubular.
Ovary 2-celled Aquilariaceoe. 195.

Ovary 4-celled Penceacece. 198.

Calyx tubular, or imperfect . . Podostemaceoe. 193.

Seeds albuminous Phytolaccaceoe. 186.

2. Flowers unisexual.

a. Carpels solitary, or quite distinct.

Calyx tubular.
Anthers opening by recurved valves . Atherosfpermacece. 201.

Anthers opening longitudinally . . MyrisHcaceee. 203.

Calyx not tubular.

Seeds exalbuminous. Embryo straight.

Leaves verticillate .... CeratophyUacece, 216.

No evident leaves .... Casuarinacece. 231.

Seeds albuminous.
Embryo curled round the albumen . Chenopodiacece. 183.

Embryo straight Monimiaceee. 202.

b. Carpels more than one, combined.
Ovules indefinite.

Leaves with pitchers .... Nepenthacece. 222.

Ovules definite.

Fruit fleshy. Seeds ascending . . Empetracece, 220.

Fruit dry. Seeds suspended . . . Enphorbiaceoe. 218.

Artificial Analysis of the Bhizogens of Lindley.

A. Ovules solitary BaJanopJiO^acece. 235.

B. Ovules indefinite.

Anthers opening by slits Cytinaceae. 236.

Anthers opening by pores Rafflesiaceoe. 237.

Monochlamydeous or Achlamydeous flowers also occasionally occur in

plants belonging to the following Orders of the Sub-classes Thalamifloras,

Calyciflorae, and Corolliflorse.

1. Thalamiflorte :

—

Ranunculaceoe, Menispermacece, Papaveraceoe, Fla-
courtiacece, Caryophyllacece, Sterculiaceoe, Byttneriuce<R, TiliacecE, Malpi-
ghiacece, Rutacece, Xanthoxylaceoe, and Geraniaceoe.

2. Calyciflorae :

—

Celastracece, Rhamnaceie, Anacardiacece, Leguminosce,

Rosaceoe, Lythracece, Saxifragaceoe, Cunoniaceoe , Paronychiacece, Mesem-
bryacece, Passifloracece, Myrtacece, Onagraceoe, Haloragaceoe, Combretacece,

Hamamelidacke, and Araliaceoe.

3. Corolliflorae -.—Oleacece, and Primulacem.

Class I.—DICOTYLEDONES.

Division 2. Gymnospermia.

Natural Order 238. Pinaceje or Conifeeje.—The Pine or

Coniferous Order.—Character.—Eesinous trees or evergreen

shrubs, with branched continuous stems. Leaves linear, needle-

shaped {fig. 315), or lanceolate, parallel-veined, fascicled {fig.

262) or imbricate. Flowers naked, monoecious or dioecious.

Male flowers arranged in deciduous amenta. Stamens 1 or several,

monadelphous ; anthers 2 or many-celled, opening longitudinally.

Female flowers in cones {figs. 267, 394, and 1024), consisting of
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flattened imbricated carpels or scales arising from the axils of

membranous bracts; ovules naked, 2 {fig. 712) or more, on the

upper surface of each carpel. Fruit a woody cone {figs. 267 and
1024) or a galbulus {figs. 707 and 708). Seeds naked (^i^s. 1025

Fig, 1024. Fig. 1025.

Fig. 1026.

Fig. 1024. A ripe cone of the Larch {Abies Larix or Larix eurnpcea). Fig.
1025. A ripe scale or carpel of the Scotch Fir iPinus sylvestris), with
two winged seeds at its base. mic. Micropyle. ch. Chalaza. Fig.
1026. A scale of tlie Larch bearing a naked seed, the other seed has
been removed.

and 1026), with a hard crustaceous integument, albuminous

;

cotgledons 2, or many {fig. 753).

Division of the Order, and Examples of the Genera.—This
order has been divided into two sub-orders as follows :

—

Sub-Order 1. AbietecB.—Ovules inverted, with the micropyle
next the base of the carpel {fig. 712). Pollen oval. Examples:
—Pinus, Abies, Araucaria.

Sub-Order 2. Ctopressea.—Ovules erect. Pollen spheroidal.

Examples :—Juniperus, Cupressus, Taxodium.

Distribution and Numbers.—The plants of this order occur in

all parts of the world ; but they abound most in temperate
climates. There are about 120 species.

Properties and Uses.—They possess very important properties.

Many supply valuable timber, and most of the species contain an
oleo-resinous juice or turpentine, which is composed of a volatile

oil and resin.

Abies.—Several species of this genus supply valuable timber, as Abies
excelsa, the Norway Spruce, Abies alba, the White Spruce, A. canadensis, the
Hemlock Spruce, A. Larix ox Larix europoea, the Common Larch, &c. Abies
excelsa yields by spontaneous exudation a resinous substance called frank-
incense, which when melted and strained constitutes our officinal Burgimdy
Pitch : this is imported from Switzerland. Grood paper has been made from
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the wood of this species. The leaf-buds are used on the Continent in the
preparation of a kind of beer, which is employed in scorbutic and rheumatic
complaints. A. balsamea, the Canadian Balsam or Bahn of Gilead Fir,

yields our officinal Canada Balsam. A. canadensis, the Hemlock Spruce
Fir, is said to exude an oleo-resin resembling Canada Balsam. A. Ficea,

the Silver Fir, yields Strasbourgh turpentine. Its leaf-buds, like those of

A. excelsa, are employed in the preparation of a kind of beer, which is

used for similar purposes. A. nigra, the Black Spruce Fir.—The young
branches of this when boiled in water, and the solution afterwards concen-
trated, form Essence of Spruce, which is employed in the preparation of

Spruce Beer. A. Lavix of Lambert, the Larix europcea of De CandoUe,
yields Larch or Venice turpentine, and a kind of Manna, called Larch
Manna or Manna de Brian9on. The bark is sometimes used in tanning.

Araucaria.—The species of this genus, known as A. imbricata, from
Chili, and A. Bidwillii, from Moreton Bay, have edible seeds. Those of the

former are extensively used for food by the natives of Chili and Patagonia.
It is said, that "the fruit of one large tree will maintain eighteen persons
for a year." Both species also yield hard and durable timber.

Callitris quadrivalvis, the Arar Tree, yields the resin called Sandarach,
Juniper-resin, or Gum Juniper. This is imported from Mogadore, and em-
ployed in the preparation of varnishes. When powdered it is called pounce.

The wood of this tree is also very durable, and is used by the Turks for the
floors and ceilings of their mosques.

Cedrus.—Cedrus Libani, the Cedar of Lebanon, and C. Deodara, the
Deodar, are most valuable timber trees. The turpentine obtained from the
latter is used in India, where it is in great repute in skin diseases and as

an application to ulcers, under the name of kelon-ke-tel.

Cupressns, the Cypress.—The wood of some species is very durable. Some
suppose that the Gopher-wood of the Bible was obtained from species of

Cupressus and other allied Coniferte.

Dammara.—D. australis, the Kawrie or Cowdie Pine of New Zealand,

produces a timber which is much valued for making masts and spars. A
gum-resin known under the names of Australian Copal, Kawrie Gum, and
Australian Dammar, is largely imported into this country ; it is chiefly

used in the preparation of varnishes. D. orientalis yields a somewhat similar

gum-resin, known as Indian Dammar.
Juniperus.—J. communis, the common Juniper. The fruit, and the vola-

tile oil obtained from it and other parts of the plant, have stimulant and
diuretic properties. The oil distilled in Britain from the unripe fruit is

officinal in the British Pharmacopoeia. Oil of Juniper is also used to

flavour English gin and Hollands. Turpentine is, however, commonly
employed for the former on account of its comparative cheapness. Juniper
wood has a reddish colour, and is used occasionally for veneers. /. Oxycedrus.

—In France, a tarry oil, called Huile de Cade, is obtained by diy distillation

from the wood of this plant ; it is principally used in veterinary medicine.

The wood is very diurable. /. bermudiana is the Red or Pencil Cedar, and
/. virginiana, the Virginian Red Cedar. The wood of these is used for

Cedar..pencils ; that of the former is considered the best. /. Sabina, the
common Savin.—The fresh and dried tops and the oil obtained from the

former are officinal ; they have acrid, stimulant, diuretic, and emmenagogue
properties. In large doses they are irritant poisons, and have been frequently

token to cause abortion.

Pinus.—Several species of this genus are valuable timber trees ; as F.

sylvestris, the Scotch Fir, which yields the timber known as Dantzic or

Riga Fir, and Russian Deal ; P. Strobus, the White Pine or Deal of the

United States ; F. miiis and F. palustns, the YeUow Pine or Deal ; F. rigidct,

P. Lambertiana, &c. &c. The wood of these trees is used to an enormous
extent in this country and elsewhere. Pinus palustris, the Swamp Pine, or

Long-leaved Pine, " furnishes by far the greater proportion of turpentine,

tar, &c., consumed in the United States, or sent from thence to other

countries." P. Toeda, the Frankincense Pine, and P. Pinaster, the Cluster

Pine, more especially the former, are also sources from which we derive

our supplies of turpentine. The concrete turpentine, known as Thus
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Americanum or Common Frankincense, is also obtained from P. palustris
aud P. Tceda. The oleo-resin turpentine yields by distillation the es-

sential oil, called oil of turpentine, and j-ellow and black resin. P. Pin-
aster also yields Bordeaux turpentine and Gallipot tar. Pin us sylrestris,

the Scotch Fir, also produces some turpentine, and the wood of this
and other species of Pinus yields by destructive distillation, wood-tar,
and pitch ; and Creasote is a product of the distillation of "Wood Tar.
The inner bark of the Scotch Fir is used ia Norway for maldng bark
bread. From the leaves also of this species the substance called Pine*
wool or Fir-wool is prepared. It is used for stuffing mattresses, &c.

;

it is said to be repulsive to vermin. "Wadding for medical use, and
cloth for various articles of dress, kc. are also manufactru-ed from these
leaves. An oily substance, caUed fir wool oil or fir wool spirit, has also
been introduced into this country from Germany, and recommended for
external use in rheumatism, neuralgia, &c. Paper of good quality is now
made from the wood of this and some other species of Pinus aud Abies.

(See Abies excelsa.) P. Pinea, the Stone Pine, has edible seeds, which are
used as a dessert under the name of pine-nuts. P. Cembra, the Siberian
Stone Pine, has also edible seeds. The young shoots by distillation yield the
so-caUed Carpathian balsam. P. Pumilio, the Mugho or Mountain Pine,
produces by spontaneous exudation an oleo-resin called Htmgarian balsam.
Pinus Geradiana, found in Thibet and Affghanistan, has edible seeds, P.
longifolia, an Himalayan species, yields a very good turpentine.

Natural Order 239. Taxacejs.—The Yew Order {figs. 1027,
1028).—Character.—Trees or shrubs, with continuous bran-
ches, ie^i'g^^ usually nar-

row, rigid, and reinless ;
Fig. 1027. Fig. 1028.

sometimes broad, with

forked veins. Flowers

unisexual, naked, brac-

teated. Male flowers

several together, each

with one or several sta-

mens, which are united

{fig. 1027) or distinct;

anthers bursting longi-

tudinally. Female flowers

solitary, and consisting

of a single naked ovule,

which is either terminal,

or placed in the axil of a

bract. Seed small, en-

veloped in a cup-shaped,

fleshy mass {figs. 709 and
1028, «r), albuminous {fig. 1028, alb); embryo straight {fig.

1028, i^O-
Distribution, ^c.—Natives of the mountains of tropical coun-

tries, and of temperate regions. Examples of the Genera

:

—
Taxus, Salisburia. There are about 50 species.

Properties and Uses. — In their general properties they re-

semble the Pinacese.

Dacrydium.—D. FrankUnii, the Huon Pine of Australia.—The wood is

Fig. 1027.—Male flower of the Common Tew
(Toxics buccata), with numerous mouadelph-
ous stamens. Fig. 1028. Vertical section uf
theseed of thesame. ar. The succulent cup-
shaped mass which envelopes the seed.
pi. Embryo, alb. Albumen, cli. Chalaza.
mi. Micropyle.
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valuable for ship-builcling. Other species, as D. iaxifolium, the Kakatcrro
of New Zealand, and D. cupressinum, the Dimon Pine, are also valuable
timber trees.

Podocarpus Totarra and some other New Zealand species are valuable
timber trees.

Taxus baccafa, the Common Yew, produces extremely durable and valu-
able timber. Its leaves and young branches act as narcotico-acrid poisons,
both to the human subject and other animals. It is said that animals
may feed upon the young growing shoots with impimity, but that when
these have been cut oif , and left upon the ground for a short time, they are
then poisonous. This notion is altogether erroneous, for the shoots are
poisonous in all conditions. We believe that the pulp surrounding the seed

is harmless, but that the seed itself is poisonous. Yew leaves and seeds
(betries) have been given medicinally for their emmenagogue, sedative,

and anti-spasmodic effects. According to Dr. Taylor, "Yew-tree tea" is

sometimes taken to cause abortion.

Natural Order 240. Gnetaceje.—The Jointed Fir Order.

—

Character.—Small trees or shrubs, with jointed stems and
branches. Leaves opposite, entire, net-veined, sometimes small

and scale-like. Flowers unisexual, in catkins or heads. Male
flowers with a 1 -leaved calyx; anthers 1 -celled (2—3?), with

porous dehiscence. Female flower naked or surrounded by 1

or 2 scales ; ovules 1—2 naked, pointed by a style-like process.

Seed succulent ; embryo dicotyledonous, in the axis of fleshy

albumen.
Bistrihition, ^-c.— The plants of this order occur in both

tropical and temperate regions. There are 3 genera—Ephedra,
Welwitschia, and Gnetum, and about 30 species.

Properties and Uses.—Unimportant. The seeds and leaves

of some species are eaten. Some species of Ephedra are

astringent.

Natural Order 241. Cycadaceje. — The Cycas Order.

—

Character.—Small palm-like tmbranched trees or shrubs, or

occasionally dichotomous, with their surface marked by the

scars of fallen leaves. Leaves clustered at the summit, pinnate,

parallel-veined, hard and woody ; leaflets sometimes circinate in

vernation. Flowers quite naked, unisexual, dioecious. Male

flowers in cones, consisting of scales, from the under surface of

which 1 -celled anthers arise. Female flowers coiisisting of naked
ovules placed on the margins of altered leaves, or of ovules arising

from the base of flat scales or from the under surface of peltate

ones. Seeds hard or succulent, with 1 or several embryos con-

tained in fleshy or mealy albumen.

Bistrihition, ^'c.—Natives principally of the temperate and
tropical parts of America and Asia; and occasionally at the

Cape of Good Hope, Madagascar, and Australia. Examples of
the Genera :—Cycas, Dion, Zamia. There are about 50 species.

Properties and Uses.—The stems and seeds of the plants of

this order yield mucilage and starch.

Cycas.—Frova the stems of Cycas circinalis and C. revohita a starch may
be obtained. Of this a kind of tago is prepared ; that from C. revoluta is
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said to constitute Japan Sago. This sago is not an article of European
commerce, all the sago imported into Europe being deriyed from species

of Palms. (See Sagus and Saguerus.) Japan sago and other kinds are

esteemed as articles of food. The seeds of the above species are also edible.

Dion edule has large mealy seeds from which the Mexicans prepare a kind
of arro^\Toot.

Encephalarios.—Yaxioxis species contain starch, and form what is called

Caffre- bread.
Zamia.—In the Bahamas and other "West Indian Islands, excellent

arrowroot is prepared from the starch obtained from the stems of Z. inte^

grifolia and other species. It is sold in the West India markets, but is

not known as a commercial article in this country or in any other part of

Europe.

Artificial Analysis of the Natural Orders of the Gtuxospermia.

Class I. Bicotyledones.

Division 2. Gymnosper mi a.

1. Stem jointed, branched Gnetacece. 240.

2. Stem notjointed.

Branched, Leaves simple.

Carpels collected in cones .... Coniferce. 238.

Seed soUtai-y, suiTounded by scales . . . Taxacece. 239.

Not branched. Leaves pinnate .... Cycadacece. 241.

Class II.—MONOCOTYLEDONES.
Sub-class I. LidyogencB.

Natural Order 242, Dioscoeeaceje. — The Yam Order,—
Character,—Shrubby plants, vith twining stems rising from
tuberous root-stocks or tubers placed above or under the

ground. Leaves net-veined, stalked, Floicers unisexual, dioe-

cious, small, bracteated, arranged in a spiked manner, Male
fower

:

—Ferianth 6-cleft, Stamens 6, inserted at the base of

the perianth. Female flower:—Ferianth superior, 6-parted,

Ovary inferior, 3-celled ; styles 3, distinct, or 1 and then deeply

trifid ; ovules 1—2 in each cell, suspended. Fruit dehiscent

and compressed, or fleshy, 1— 3-celled, Seeds albuminous
;

embryo small, in a cavity in the albumen,

JDistrihution, ^r.—Chiefly tropical plants. Tamv.s communis
is, however, found in Britain and other temperate regions.

Exaynfles of the Genera:—Tamus, Dioscorea. There are above

150 species.

Fropcrties and Uses.—The plants generally contain an acrid

principle. The tuberous root-stocks of many species of Dioscorea

are, however, when boiled, used for food in tropical countrips.

Dioscorea.—The tuberous root-stocks of several species, as those of D.

alata, D. sativa, and D. aculeaia, when boiled, are eaten in tropical countries,

as potatoes are in Europe, The Chinese Yam {D. Batatas) is now cultivated

in this country, and when properly boiled is much esteemed by many as an
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esculent. Some species of Dioscorea are very acrid even when boiled, and
cannot therefore be used for food.
Tamus.—T. communis. Common Black Bryony, has a large fleshy root

which when fresh possesses considerable acridity. It is sometimes used as
a topical application to bruised parts to remove the marks. Taken inter-

nally, it acts as a diuretic, and also, it is said, as an emetic and cathartic.

The young shoots of this species, and those of T. cretica, when thoroughly
boiled, so that their acridity is desti'oyed, have been eaten like asparagus.

Testudinaria elephantipes, a native of the Cape of Good Hope, has a very
peculiar tuberous stem, hence it has been called Elephant's foot or Tortoise
plant ; the inner part of this is very mealy, and is used for food by the
Hottentots.

Natural Order 243. Smilace.^.—The Sarsaparilla Order {fig.

1029).—Character.—Herbs or shrubs, more or less climbing

{fig. 1029). Leaves petiolate {fig. 1029), net-veined, articulated.

Fig. 1029.

Fig. 1029. A portion of a branch, with leaves and fruit of the Smilax papyracea.

Flowers regular, unisexual and dioecious, or hermaphrodite.

Perianth inferior, 6-parted, with all its divisions alike. Stamens

6, perigynous or rarely hypogynous; anthers introrse. Ovary
superior, 3-celled ; stigmas 3. Fruit a berry {fig. 1029), few or

many-seeded. Seeds with a minute embryo, albuminous.

Distribution, <^'c.—The species are scattered over various parts

of the world, both in tropical and temperate climates : they

are, however, most abundant in tropical America. Examples of
the Genera:—Smilax, Eipogonum. There are probably about
120 species, but some botanists make the number considerably

more.

Properties and Uses.—The plants of this order generally

possess alterative properties.

Ripogonum parviflorum has similar properties to Sarsaparilla. (See

Smilax.) It is a native of New Zealand, where it is much used as a remedial
agent.

Smilax.—The roots of several species or varieties of Smilax constitute the

Sarsaparilla of the materia medica, which is commonly regarded, and in our
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opinion most justly so, as an alterative in venereal and skin diseases, in rheu-

matism, &c. Upwards of 1 20,000 lbs. are annually used in this country alone.

Several kinds of SarsapariUa are knoA\Ti, of which the most esteemed is

that called Jamaica Sarsaparilla, although it is not the produce of that

island, but of Central America. It is obtained from S. oJicinaUs. This kind

is alone officinal in the British Pharmacopoeia. Other kinds of Sarsaparilla

distinguished in commerce, are Lima, probably from S. officinalis ; Lean
Vera Cruz, from S. medica ; Lisbon or BraziUan, from S. papyracea, and
probably also from S. officinalis ; Guatemala, from S. papyracea ; Honduras,
from, l" beUeve, S. papyracea ; and Caracas or Gouty Vera Cruz, probably

from .S. officinalis and <S". syphilitica. Several other species of Smilax are in

use in different parts of the world, as .S. aspera in the south of Europe ; its

roots iovm Itahan Sarsaparilla. S. glabra, S. lanc^oefolia, S. ovalifoUa, and
S. prolifera are employed in India ; S. glycyphylla in Australia, >S. Macahucha
in the Philippines, and S. anceps in the Mauritius, &c. S. China is commonly
regarded as the somxe of the China root of the materia medica. Several

spurious China roots are in use in America : their source is doubtful.

Natural Order 244. Teilliace^.— The TriUium or Paris

Order.— Character.— Unbranched herbaceous plants, with

rhizomes or tuberous root-stocks. Leaves whorled, not articu-

lated, net-veined. Flowers large, terminal, solitary, hermaphro-

dite. Perianth inferior, with 6—8 parts, arranged in 2 rows
;

the parts being all alike, or those forming the inner row much
larger and coloured. Stamens 6— 10, with linear apicilar

anthers. Ovary superior, 3— 5-celled, with a corresponding

number of styles and stigmas ; 'placentas axile. Fruit succulent,

3—5-celled. Seeds numerous, albuminous; embryo minute.

Bistribution, cf'c.—Natives of the temperate parts of Europe,

Asia, and America. Examples of the Genera

:

—Paris, Trillium.

There are about 30 species.

Properties eind Uses.—The plants of this order are reputed to

be narcotic, acrid, emetic, or purgative, but none are employed in

regular practice. The root of Trillium erectum {pendidtini),

under the name of Beth-root, is in use in the United States, and
is regarded as astringent, tonic, and antiseptic.

Natural Order 245. Eoxbueghiace^. — The Eoxburghia

Order.— Character.— Twining shrubs, with tuberous roots.

Leaves net-veined, leathery, broad. Flowers large and showy,

solitary, hermaphrodite. Perianth inferior, with 4 petaloid divi-

sions. Stamens 4, hypogynous ; anthers introrse, apicilar. Ovary

superior, 1-celled, with a basal placenta; stigma sessile. Fruit

2-valved, 1-celled. Seeds numerous, in 2 stalked clusters,

anatropous ; embryo in the axis of fleshy albumen.

Bistribution, cfr.—They are natives of the hotter parts of the

East Indies. There is but one genus, Eoxburghia, and 4

species. Their properties are unimportant.

Natural Order 246. Phxlesiace^.— The Philesia Order.

—

Biagnosis.—The plants of this order are closely allied to the

Roxburghiacese, from which, however, they are readily distin-

guished by their hexamerous perianth and andrcecium, perigy-

nous stamens, parietal placentation, long style, and semi-anatro-

pous ovules.
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Distribution, ^-c.—^Natives of Chili. There are 2 genera,

—

Philesia and Lapageria, and 2 species. In their properties they
are said to resemble Sarsaparilla. (See Smilax.)

Sub-class II. Petaloidece or FloridcB.

1. Epigynse,

Natural Order 247. Okchtdaceje.—The Orchis Order {figs.

] 030-1033).—Character.—Herbs or shrubs, terrestrial (jf^^s.

235 and 236) or epiphytical ( fig. 230). Boots fibrous or tuber-
culated {figs. 235 and 236) ; no true stem, or a pseudo-bulb {fig.

Fig. 1030. Fig. 1031. Fig. 1032.

Fig 1030. Front view of the flower of the Tway-hlade {Listera ovata),

showing the bifid labellum with the other five divisions of the
perianth ; and the essential organs of reproduction forming a column.

Fig. 1031. Diagram of the flower of an Orchid. .«, si, si. The three
outer divisions of the perianth ; s being anterior or inferior, sJ, si being
lateral, pi, pi. The two lateral divisions of the inner whorl of the
perianth, ps. The superior or posterior division (Lahellum) of the
inner whorl ; this by the twisting of the ovary becomes ultimately
Inferior or anterior, e. The fertile stamen, with two anther lobes.

c. Transverse section of the ovary, with three parietal placentas. .

Fig. 10.32. Fruit of an Orchid dehiscing l)y three valves, each valve
bearing a placenta and numerous seeds. Fig. 1033. Seed of an
Orchid, with a loose reticulated testa.

230). Leaves entire {fig. 290), generally sheathing. Flowers

irregular {figs. 532 and 1030), solitary or numerous, with a

single bract, hermaphrodite. Perianth superior {figs. 532 and

1030), usually petaloid, and composed of six pieces {fig. 1031),

which are commonly arranged in two whorls ; the oitter whorl,

s, si, si, formed of three pieces {sepals), more or less united

below or distinct, one, s, being anterior, or when the ovary is

twisted posterior {figs. 532 and 1030), and two, si, si, lateral;

the in7ier whorl {fig. 1031, pi, pi, ps) usually of tliree pieces

(
petals), or rarely of but one, alternating with the pieces in the
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outer whorl ; one (the labellum or lip) {fig. 1031, ps) posterior,

or by the twisting of the ovary anterior {fig. 1030), usually
longer and larger than the other pieces, and altogether different

to them in form {fig. 1030), often spurred {fig. 532) ; sometimes
the labellum exhibits a division into 3 regions, of which the
lowest is termed the hypochiliiun, the middle the mesochilium

,

and the upper the epichilium. Andrc^cium united to the style
(gynandrous) {figs. 532, 552, and 1030) in a central column
or gynostemium. The column usually bearing 1 perfect anther
and two lateral abortive ones, or rarely two lateral perfect
anthers and one abortive anther in the centre. PoUcn powder)-,
or more or less collected into grains, or in waxy or mealy masses
{pollinia) {fig. 550, p) ; the masses free or attached by their
stalk, c (caudicle), to the apex {rostelluiii) of the stignia {fig.
bb2). Ovary inferior, 1 -celled, with 3 parietal placentas {figs.

608 and 1031), bearing a number of anatropous ovules; style

united with the andrcecium and forming with it a column or
gynostemium {figs. 532 and 1030) ; stigma a viscid space in front
of the column {fig. 552). Fruit usually capsular, 3-valved {fiq.
1032); the valves bear the placentas in their middle, and sepa-
rate from the central parts or midribs of the component carpels,

which are left as an open frame-work ; the fruit is rarely fleshy,

and indehiscent. ^eecls very minute and numerous {fig. 1032)'

with a loose netted, or rarely hard crustaceous testa, exalbu-
minous ; embryo a fleshy solid mass.

Diagnosis.—This order is known by its irregular flowers ; bythe
peculiar form which the labellum assumes in many cases, so as
to cause the flower to resemble some insect, reptile, bird, or other
living object ; by its gynandrous stamens ; by its coherent pollen

;

and by its 1-celled inferior ovary with 3 parietal placentas.
Distribution, Sfc,— They are more or less abundantly dis-

tributed in nearly every region of the globe, except in those
which have a very cold or dry climate. Some species are
terrestrial and occur chiefly in temperate regions ; others are
epiphytal and are confined to hot climates. Examples of the
Genera:— Malaxis, Dendrobiura, Cattleya, Vanda, Oncidium,
Stanhopea, Orchis, Habenaria, Spiranthes, Cypripedium. Lind-
ley estimated the order to contain about 3,000 species.

Properties and Uses.—The plants of this order, which present
so much interest from the singularity, beauty, and fragrance
of their flowers, are of little importance in an economical or
medicinal point of view. Some are aromatic and fragrant,
several possess nutritious roots, and others produce a colouring
matter like indigo.

Angreecumfragrans.—The dried leaves of this fi-agrant species are used as
a kind of tea in the Mauritius ; this tea is commonly known as Faham or
Bourbon tea. It has been lately introduced into London and Paris, but is
not much esteemed. This tea should be prepared by boiling, and is'recom-
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mended to be taken with milk and rum. It is said to produce a soothing

effect, but without causing sleeplessness.

Eulophia vera and E. campestris.—The tubercular roots of these species

are used in India in the preparation of the nutritious substance known by
the names of Salep, Salop, and Saloop, which is there very highly esteemed
in some parts. (See Orchis).

Orchis.—The roots of sevei-al species of this genus, as those of 0. mascula,

0. latifolia, 0. morio, &,c., when dried form European or Indigenous Salep
;

that prepared from 0. mascula is said to be the best. Salep contains
hassorine and a little starch, and possesses similar properties to those of

other starches and mucilaginous substances. (See Eulophia.)

Sobralia.—T'he fruit of a species of Sobralia is said to yield in Panama a
kind of VaniUa which is called chica.

Vanilla planifoUa, V. aromatica, V. guianensis, V. palmarum, V. pompona,
and other species, are remarkable for their fragrant odoriferous fruits

which constitute the Vanilla or Vanile of the shops. Vanilla is extensively

used in flavouring chocolate, and also in confectionery and perfumery.
It has been also employed on the Continent as a medicinal agent, in hysteria,

&c. The fruits of V. planifoUa and V. aromatica are commonly regarded as

the most fragrant. (See also Sobralia.)

Natural Order 248. Apostasiaceje.—The Apostasia Order.

—

Character.—Herbs, -with regular hermaphrodite flowers. Pe-

rianth superior, regular, with 6 divisions. Stamens 2 or 3,

iinited by their filaments with the lower part of the style into a

column ; anthers sessile upon the column, 2 or 3. Ovary inferior,

3-celled, with axile placentation ; ovules numerous ; style united

below to the filaments into a column, but prolonged above into

a filiform process. Capsule 3-celled, 3-valved. Seeds very

numerous.
Distribution, cfc.—Natives of damp woods in tropical India.

Examples of the Genera

:

—Apostasia, Neowiedia. There are 5

species. Their properties are altogether unknown.
Natural Order 249. BuRMANNiACEiE.—The Burmannia Order.

Character.—Herbaceous plants, without true leaves, or with

tufted radical ones. Flowers hermaphrodite, regular. Perianth

tubular, regular, superior, usually witli 6 divisions. Stamens

distinct, inserted into the tube of the calyx, either 3 introrse,

and opposite the inner segments of the perianth, or 6 extrorse.

Ovary m^Qviov, 1 -celled with 3 parietal placentas, or 3-celled

with axile placentas ; style 1 ; stigmas 3. Capsule 1—3-celled.

Seeds numerous, very minute ; embryo solid.

Distribution, ^r.—They are principally found in the tropical

parts of Asia, Africa, and America. Examples of the Genera

:

—
Burmannia, Thismia. According to Miers, there are 38 species.

Their properties are unimportant, but some are reputed to be

bitter and astringent.

Natural Order 250. ZiNGiBERACEiE.—The Ginger Order.

—

Character.—Aromatic herbaceous plants, with a creeping rhi-

zome, and broad simple stalked sheathing leaves, with parallel

veins springing from the midribs. Flowers arranged in a spiked

or racemose manner, and arising from among spathaceous mem-
branous bracts. Perianth superior, irregular, arranged in 3

whorls, each whorl composed of 3 pieces. Stamens 3, distinct, the
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2 lateral atortire, and the posterior one perfect ; antlier 2-celled

;

filament not petaloid. Ovary inferior, 3-celled, placentas axile

;

style filiform. Fruit 1—3-celled, capsular or baccate. Seeds

numerous, albuminous ; embryo enclosed in a xitellus.

Distribution, ^-c.— Chiefly natives of tropical regions, Fx-
amples of the Genera:— Zingiber, Curcuma, Elettaria, Alpinia.

There are about 250 species.

Properties and Uses.— Chiefly remarkable for the stimulant

aromatic properties possessed by their rhizomes and seeds, o"wing

to the presence of resin and volatile oil, hence several are used

as condiments, and in medicine as aromatic stimulants and sto-

machics. Some contain starch in large quantities, which when
separated is employed for food.

Alpinia.—The root or rhizome, known as the greater or Java Galangal root,

appears to be derived from A. Galanga of Linnjeiis ; that called the lesser or

Chinese Galangal, from A. chinensis. The source of the light Galangal ot

Guibourt is altogether unknown. The Galangals have similar properties

to Ginger. The ovoid China Cardamom is the fruit of A. alba ; its seeds are

used as a condiment in China.
^7no»H/m.—Several species of this genus have aromatic and stimulant

seeds, which are used as spices, and in medicine in various parts of the
world. The only species which is much used in this country is the A. mele-

gueta, which yields the Grains of Paradise of the shops. It is a native of the
"Western Coast of Afiica. These seeds are much employed in Africa as a
spice. The common notion that they are veiy injirrious is erroneous. They
are principally employed in this country in veterinary medicine, and for

giving pungency to beer, wine, spirits, and vinegar. A. Cardamomum yields

the fruit known as the round cardamom. The fruits of A. maximum con-
stitute Java Cardamoms; those of A. Korarima Korarima Cardamoms ;

and those of A. glohosum the large round and the small round China
Cardamoms. The latter are much employed in China. Many other species
have similar properties.

Curcuma.— C. longa.—Thedried tubers or rhizomes of this plant constitute
the turmeric of the shops. Turmeric is used as a condiment, as a test, and
for dyeing yellow. It is largely employed in India, China, &c. It forms an
ingredient in Curry Powder, &c. Unsized white paper steeped in Tincture
of Tunneric, when dried, is employed as a test to detect free alkalies, which
change its colour from yellow to reddish-brown. C. angustifolia : the rhi-
zomes of this species contain a large quantity of starch, which when
extracted foiTos East Indian Arrovrroot or Curcuma Starch, This kind of
arro-^vroot may be also obtained from other species of Curcuma, as C.
leucorrhiza, C. ruhescens. &c. In its effects and uses it resembles "West
Indian Arro-nToot or Maranta Starch. (See J/«?-««ta.) But it is not so
pure a starch as it. C. aromatica yields the Round Zedoary of pharmaco-
logists. C. Zedoaria is supposed to yield the so-caUed Cassumimar roots,
the Long Zedoary, and the Zerumbet roots of commerce ; they all possess
aromatic and tonic properties. Archer believes that Zerumbet and Cassu-
munar are derived from C. Zerumbet. (See Zingiber.)

Elettaria.—E. Cardamomum. a native of Malabar, yields the capsules which
constitute the officinal, small, or Malabar Cardamoms ; the seeds are in
common use in medicine in this country on account of their cordial and
.stimulating properties, and as flavom-ing agents. E. major yields Ceylon
Cardamoms, which are much employed on the Continent ; their uses and
effects are similar, but they are of less value than the former.

Zingiber.—Z. officinale, the Ginger Plant.—The so-called Ginger-root or
Ginger of the shops is the rhizome of this species. The rhizomes when very
young, or the young shoots of the old rhizomes, are used for preserving, and
form in this state Preserved Ginger. The Ginger of the shops is foimd in
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two states, one being called white ginger or uncoated ginger, and the other

,

black ginger or coated ginger. The former is prepared from the rhizomes of

about a year old, which when dug up are washed, scalded, scraped and dried :

this kind is generally preferred. The latter is prepared from the rhizomes
in a somewhat similar manner, but not submitted to the scraping process.

The essential distinction between the two consists, therefore, in White Ginger
having its epidermis removed, while in Black G-inger it remains on the sur-

face as a shrivelled membrane. Ginger is extensively used as a condiment,
and also in medicine as a stimulant and stomachic internally, and ex-

ternally as a rubefacient. Z. Cassumnnar is supposed by some to be the
plant from which Cassumnnar root is obtained, but there can be but little

doubt that this is obtained from a species of Curcuma. (See Curcuma.)

Natural Order 251. Marantace^.—The Maranta or Arrow-

root Order.—Character.—Herbaceous plants, generally with-

out aromatic properties. They have a close resemblance to the

Zlngiberaceae, Their distinctive characters are, in their more
irregular perianth ; in one of the lateral stamens being fertile,

and the other two stamens being abortive ; in the fertile stamen

having a petaloid filament, an entire or 2-lobed anther, one lobe

of which is sterile, and the anther is therefore 1-celled ; in the

style being petaloid or swollen ; and in the embryo not being

enclosed in a vitellus.

Distribution, ^r. — Exclusively natives of tropical regions.

Examples of the Genera:— Maranta, Canna. There are about

160 species.

Properties and Uses.—The rhizomes of some species contain

starch, which when extracted is extensively employed for food.

One species has been described as possessing aromatic and
stimulant properties ; this, if true, is a marked departure from

the general properties of the order, for one of its distinctive cha-

racters from Zingiberacese is usually considered to be the absence

of such qualities, (See Canna.)

Canna.—One or more species of this genus yield " Tous les mois," a very

pure and useful starch, now lai'gely consumed in this country and elsewhere.

The exact species of Canna from which this starch is obtained is not
positively known ; it is said to be C. edulis, but it is just as probable to be

derived also from C. glauca and C. Achiras. A rhizome called "African
Turmeric," from its resemblance in appearance and properties to ordinary
commercial Turmeric, has been described by Dr. Daniell in the Pharma-
ceutical Journal. The plant producing it is said to be the Canna speciosa of

Roscoe. It requires further investigation. The seeds of C. indica are

commonly known under the name of Indian Shot, from their black colour

and hardness, &c. The seeds of this and other species are made use of as

beads. The rhizomes or tubers of some species are eaten as a vegetable.

Maranta.—M. arundinacea.—The. rhizomes or tubers of this plant con-

tain a large quantity of starch, which, when extracted, constitutes West
Indian Arrowroot, one of the purest and best known of the amylaceous
substances used as food. As this arrowroot is now obtained from the

M. arundinacea in other parts of the world besides the West Indies, it is best

distinguished as Maranta Starch. It forms a very firm jelly, and is perhaps
the most palatable and digestible starch known. The name arrowroot was
originally applied to this plant from the fact of its bruised rhizomes being
employed by the native Indians as an ai)plication to the poisoned wounds
inflicted by their arrows. The name arrowroot has since been given to

various other starches used as food in this country and elsewhere. Af.

ramosissima is also used in the East Indies for obtaining arrowroot.
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Natural Order 2o2. Musace^e; — The Banajaa or Plantain

Order.— Character.—Herbaceous plants, often of large size.

Leaves large, with parallel curved veins springing from the

midribs {fig. 292), and long sheathing petioles, which together

form by their union a spurious aerial stem. Flowers irregular,

spathaceous. Perianth irregular, 6-parted, petaloid, superior,

arranged in 2 whorls. Stamens 6, inserted upon the divisions

of the perianth, some abortive ; anthers 2-celled. Ovary inferior,

3-celled. Fruit capsular, dehiscing loculicidally, or indehiscent

and succulent, 3-celled. Seeds usually numerous, rarely 3, with

mealy albumen ; embryo not enclosed in a vitellus.

Distribution, ^'c.—Generally diffused throughout tropical and
sub-tropical regions. Earraijyles of the Genera:—Musa, Eave-
nala. There are about 20 species.

Properties and Uses.—The fruits of some species form most
important articles of food in tropical regions. Others yield valu-

able textile materials ; and the large leaves of many are used

for various pui'poses, such as a kind of cloth, thatching for

cottages, &c. The seeds and fruits of others are used as dyeing

agents in some countries.

Musa.—The fniits of some species, as those of M. paradisiaca, the Plan-
tain, and M. sapientum, the Banana, are well knoTvn as important articles

of food in many tropical regions. They owe their value in this respect

chiefly to the presence of starch and sugar, but they also contain ssome

nitrogenous substances. Dr. Shier states that a new plantain-^valk will

yield IT cwt. of starch per acre. According to Humboldt, the produce
of Bananas to that of wheat is as 133 to 1, and to that of potatoes as

44 to 1. The expressed juice is in some parts made into a fermented
liquor. The fibrous material of the spurious stems of the different species of

Mitsa may be used for textile fabrics, and in paper-making. The fibres ob-
tained fi-om Musa textilis constitute the Manilla Hemp of commerce. From
the finer fibres of this plant the celebrated Indian muslins are manufactm-ed.
The young shoots of the Banana and other species of Musa are boiled and
eaten as a vegetable ; and the large leaves are used for various domestic
purposes. The young leaves of the Banana and Plantain are in common
use in India for dressing blistered surfaces.

Ravenala speciosa has been called the Water-tree and Traveller's-tree, on
account of its large sheathing petioles storing up water. Its seeds are
edible.

Natural Order 253. InmACEJE.—The Iris or Corn-Flag Order

{figs. 103ii-1038).— Character.— Herbaceous plants, usually

with bulbs, corms {figs. 219 and 220), or rhizomes {fig. 208).

Leavesynth. parallel straight venation, generally equitant. Flowers

spathaceous {fig. 1034), regular {fig. 1035) or irregular. Peri-

anth superior {fig. 1037), petaloid, 6-parted {fig. 1035), in 2

whorls {fig. 1034). Stamens 3, inserted on the outer segments of

the perianth {fig. 1035) ; anthers 2-celled extrorse. Ovary inferior

{fig. 1037), 3-celled {fig. 1034) ; style 1 {figs-. 1035 and 1036);
stigmas 3, often petaloid {figs. 629 and lOZQ). Fruit capsular,

3-celled, 3-valved, with loculicidal dehiscence {fig. 696). Seeds

numerous, with horny or hard albimien {fig. 1038).

Distribution, ^'c.— Chiefly natives of temperate and warm
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climates. They are found in various parts of the globe, but are

most abundant at the Cape of Good Hope. Examples of the

Genera

:

—Sisyrinchium, Iris, Grladiolus, Crocus. There are about

560 species.

Fig. 1034. Fig. 1035.

Fig. 1034. Diagram of the flower of a species of Iris, with a solitary bract
or spathe below, six divisions to the perianth in two whorls, three
stamens, and a three-celled ovary. Fig. 1035. A flower of the Spring
Crocus {Crocus vermis) cut open. Fig. 1036. The three petaloid
stigmas of the same with the end of the style. Fig. 1037. Vertical
section of the flower of Iris germanica. ce, ce. Two of the external
divisions of the perianth, ci. One of the internal divisions, t. Tube
formed by the union of the divisions, e, e. Stamens, covered by
the petaloid stigmas, s, s. o. Inferior ovary, with numerous ovules, g,
attached to placentas in the axis. Fig. 1038. Vertical section of the
seed of the same. t. Spermoderui or integuments of the seed. p.
Albumen, e. Embryo, vi. Micropyle. (From Jussieu.)

Properties and Uses.—The rhizomes of several species possess

acrid properties, which render them purgative, emetic, &c.

Some have fragrant rhizomes. Others are employed as colour-

ing agents, and some are commonly regarded as antispasmodic,

carminative, «fec. Many contain starch in large quantities, but
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as this is commonly combined with acridity, they are not gene-

rally available as food, although some are stated to be thus

employed in Africa.

Crocus saiivus.—The SafEron Croci;s is the Karcom of the Bible. The
dried stigmas of this plant ^vith the end of the style {fig. 1036) constitute

Hay Saffron, or when pressed together they form Cake Saffron. The latter,

however, is not now found in the shops ; the substance sold under that
name being the compressed florets of Carthamus tinctorius (see Carthamus).
SafEron contains a colouring principle called pohjchroite. The dried stigmas
of some other species, as C. aureus, C. odorus, C. Uiteus, C. vernus, &c., are

sometimes employed for the preparation of saffron in certain parts of the
Continent, &c. Saffi-on is much used as a flavouring agent on the Continent
and in the East. In this country it is principally employed as a colouring

agent in pharmacy, in certain nervous affections, and as an emmenagogue.
Bird-fanciers also use it, as they believe it assists the moulting of birds.

Iris, Flower de Luce.—The rhizomes of several species are more or less

purgative and emetic. The so-called orris-root of the shops is in reality

the dried scraped rhizomes of /. florentina, I. pallida, and /. germanica.
These rhizomes possess a violet odour, and are principally used in perfumery,
for imparting a pleasant odour to the breath, and by the French, especially,

for making issue-peas. The roasted seeds of /. Pseud-acorus, the Yellow
Flag of this country, have been recommended as a substitute for coffee,

but they are altogether wanting in the important properties of that
beverage.

Natural Order 254. Amaryllidace^..—The Amaryllis Order

{figs. 1039-1042).—Bulbous or fibrous-rooted plants, without

any aerial stem, or sometimes with a woody one. Leaves

with parallel straight venation, linear-ensiform. Flowers usually

Fig. 1039. Fig. 1040.

Fig. 1039. Diagram of the flower of the Spring Snowflake (Leucojiim

vernwm), yvith. six divisions to the perianth arranged m two whorls,

six stamens, and a 3-celled ovary with axile placentation. Fig.

1040 The perianth of the Daffodil {Narcissus Pseudo-narcissus) lut

open in a vertical manner, t. Tube hearing six stamens. I. Lnnb of

the perianth, n. Corona.

on scapes, and spathaceous (fig. 376). Perianth regular or nearly

so (figs. 376 and 1039), petaloid, superior {fig. 1041), with 6

divisions, and with {figs. 485 and 1040, n) or without a corona

{fig. 1041). Stamens 6, inserted on the segments of the peri-

xx2
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anth {figs. 1040 and 1041); mithcrs introrse {fig. 1041). Ovari/

inferior {fig._ 1041), 3-celled {fig. 1039). Fruit capsular, 3-cellfxi,

3-valved, with ioculicidal dehiscence, and numerous seeds ; or

a berry with 1—3-seeds. Seeds with fleshy or horny albumen,
and an embryo with the radicle next the hilum {fig. 1042).

Fig. 1041. Fig. 1042.

Fid. 1041. Vertical soctinn of tlie flower of the Spring Snowflake
[Lencojum vernum). Fiy. 1042. Vertical section cf the seed of the
same.

Distribution, cfr.—Natives of many parts of the -world, but,

like the Iridaeese, most abundant at the Cape of Good Hope.
Examples of the Genera

:

— Galanthus, Amaryllis, Narcissus,

Agave. There are above 400 species.

Properties and Uses.— Several plants of this order possess

poisonous qualities. This propei'ty is especially evident in

Hamanthus toxicarius, the juice of which is used by the Hottentots

to poison their arrow-heads. Some yield excellent fibres. The
juice of a few species is saccharine, and is used in the prepara-

tion of fermented liquors. Starch may be obtained from some
species of Ahtroemeria. Medicinally, several have been employed
as emetics and purgatives.

Aanve americana, the American Aloe, Magmey, or Hundred-years' plant.

The latter name was jriven nnder the erroneous idea tliat the Agave lived a
hundred years before flowering. From the leaves of this and other species

the useful fibre known as Aloe Fibre, Pita, or Pite Hemp is obtained. It is

employed for textile fabrics, and for paper-making. The juice of the leaves of

Agave amerkana and other species just before flowei-ing contains much sugar
and mucilage, and when fermented yields a vinous acid l)everage called

Pulque. Avhich is highly esteemed by the Mexicans. It has an odour some-
thing like putrid meat. A very intoxicating spirit or brandy may be
obtained from the jtulqxie. To this brandy the name of mexicaJ or agiiai-dient

de mayiiey has been given. The unfermented juice is called Aguamiel or

honey-water. Its roots are reputed to possess alterative and diuretic

properties.

A l.strcemeria pallida and some other species have succulent roots containing
aiuch starch, which w^hen extracted is used as a kind of arroAvroot in

certain parts of South America.
Crinum asiatictim var. toxicarium.— The fresh root is ofRcinal in the

Pharmacopoeia of India. It possesses emetic and diaphoretic properties, and
its therapeutic uses are analogous to those of Squill. The dried root has
similar properties, but it is not so powerful in its action.
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Natural Order 255. Hypoxidace.^.—The Hypoxis Order.

—

Diagnosis.—This is a small order of herbaceous plants, closely

allied to Amaryllidacese, but distinguished by their habit, their

dry harsh leaves, by the outer divisions of their perianth being
of coarser texture than the inner, by their seeds being commonly
strophiolate, and especially by the radicle of their embryo being
remote from the hilum. The latter character is of the most
importance.

Distributimi, ^'C.—They are scattered over various warm parts

of the globe. Examples of Uie Genera:—Forbesia, H}^oxis.
There are about 60 species.

Proptrties and Uses.—They are reputed bitter and aromatic.
The roots of CurcuUgo orchioides are used in Travancore by the
native doctors in gonorrhoea, menorrhagia, &c. The fleshy roots

of some species are eaten.

Natural Order 256. H^modoeace^.— The Blood-Eoot
Order.—Character.—Herbs or rarely shrubby plants, with
fibrous roots. Leaves usually equitant, ensiform. Perianth
superior, tubular, 6-parted, regular, the divisions usually scurfy

or woolly on their outside. Stamens 3 or 6, when 3, opposite the
inner segments of the perianth; anthers introrse. Ovary in-

ferior, 3-celled, or sometimes 1-celled. Fruit dehiscent or

indehiscent, covered by the withered perianth. Seeds few or

numerous, with cartilaginous albumen, and radicle remote from
the hilum.

Distribution, cf-c.—Natives of America, the Cape of Good
Hope, and Australia. Examples of the Genera:—Hsemodorum,
Vellozia. There are about 50 species.

Properties and Uses.—The roots of some species are used as
dyeing agents in North America, others are edible, and a few are

bitter and astringent.

Aletris farinosa is remarkable for its bitterness. It is reputed to possess
tonic and stomachic properties.

Hcemodorum.—The roots of several species, as those of II. pan iculatum and
H. spicatum, are roasted and eaten by the natives in some parts of Aus-
tralia. The roots contain a red colouring matter.
Lachnanthes tinctoria has a blood-red root, which is used for dyeing in

North America.

Natural Order 257. Taccace^.—The Tacca Order.—Charac-
ter.—Perennial herbaceous plants with fleshy roots. Leaves
with parallel veins, radical, stalked. Perianth tubular, regular,

6-parted, superior. Stamens 6, inserted into the base of the

divisions of the perianth, with petaloid filaments hooded at the

apex; anthers 2-celled, placed in the concavity below the apex of
the filaments. Ovary inferior, 1-celled, with 3 parietal pla-

centas projecting more or less into the interior; styles 2>. Fruit
baccate. Seeds numerous, with fleshy albumen.

Distribution, ^'c.—Natives of damp places in the hot parts of

India, Africa, and the South Sea Islands. Examples of the
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Genera

:

—Tacca, Ataccia. These are the only genera ; there

are 8 species.

Properties and Uses.— The roots are bitter and acrid, but
when cultivated they become larger, and lose in some degree
their acridity and bitterness, and contain much starch, which
when separated is used for food.

Tacca.—The roots of T. oceanica yield the starch known as Tacca starch,
Tahiti ArrowTOot, or Otaheite Salep. It may be employed as a substitute
for West Indian Arrowroot. Cakes made from this starch are eaten by the
natives of Otaheite and the other Society Islands. This plant is commonly
cultivated in the Society Islands. T. pinnatifida is by some considered to be
identical with the former species. Like it, the roots contain starch, which
when extracted is used as food by the inhabitants of China, Cochin China,
Travancore, &.c.

Natural Order 258. Beomeliacbje.—The Pine-Apple or

Bromelia OrJer.—Character.— Herbs or somewhat woody
plants, commonly epiphytical. Leaves persistent, crowded, chan-
nelled, rigid, sheathing at base, and frequently scurfy and with
spiny margins. Flowers showy. Ferianth superior, or nearly or

quite inferior, arranged in two whorls, the outer of which has
its parts commonly united into a tube ; and the inner has its

parts distinct, imbricated, and of a different colour to those of

the outer whorl. Stamens 6; anthers intxorse. Omr^ 3-celled

;

st?/le 1. Fruit {fig. 266) capsular or indehiscent, 3-celled.

Seeds numerous ; embryo minute, at the base of mealy albumen,
with the radicle next the hilum.

Distribution, ^'c.— They are mostly found in the tropical

regions of America, West Africa, and the East Indies. They
appear to have been originally natives of America and the ad-

joining islands, but are now naturalised in "West Africa and the

East Indies. Examples of the Genera:—Ananassa, Bromelia,
Tillandsia. There are about 180 species.

Properties and Uses.-—They are chiefly important for yielding

edible fruits and useful fibrous materials. Some are anthel-

mintic, and others contain colouring matters.

Ananassa sativa, the Pine-apple.—The fruit of this species is the weU-
known and delicious fruit, the Pine-apple. A large number of these fruits
axe now imported into Britain, chiefly from the Bahama Islands, but in
flavour, &c. they are very inferior to those produced iu this country.
The unripe fruit possesses anthehnintic properties. The fibre obtained
from the leaves of this species, as well as that from one or more species
of Bromelia and Tillandsia, is known under the name of Pine-apple fibre,
and has been used for various textile fabrics, and for the manufacture of
paper, cordage, &c,

Billbergia tinctoria.—In Brazil a yellow colouring agent is obtained from
the roots of this plant.

Bromelia Pinguin possesses vermifuge properties. Its leaves yield useful
fibres.

Tillandsia nsneoides is commonly called Tree-beard or Old Man's Beard,
from the fact of its forming a mass of dark-coloured fibres, which hang from
the trees in South America, like certain of the Lichens iu cold climates.
This article has been imported under the name of Si^anish Moss, and em-
ployed for stuffing cushions, &c., mixed with horsehair. It has been also

used for stuffing birds, and for other purposes.
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2. Hypogynse.

Natural Order 259. Lii.iACEiE.—The Lily Order (figs. 1043-

1048).—Character.—Herbs {fig. 217), shrubs {fig. 383), or

i^j^. 1043. Fig. 1044.

Fig. 1043. Diagram of the flower of a species of Lily. s. The three outer
divisions of the perianth, p. Tlie three inner, e. The stamens, c.

Three-celled ovary. Fig. 104-1. Flowering stem, and portion of the
succulent leaf of the Socotrine Aloes {Aloe socotrina). Fig. 1045.
Flower of the Crown Imperial {Fritillaria imperialist, with half of the
perianth removed. Fig. 1046. Vertical section of a flower of the
Solomon's Seal (Poli/gonatum multiflorum). Fig. 1047. Transver.*e
section of the ovary of the White Lily (Lilium candiduni). Fig. 1048.
"Vertical section of the seed of the Crown Imperial.

trees {fig. 178), with bulbs (/^5. 214-217), rhizomes {fig. 209),
tuberous or fibrous roots. Stem simple or branched. Leaves
with parallel veins, sessile or sheathiDg. Floivers regular {f-gs.
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403, 422, and 1043). Perianth green or petaloid, inferior (figs.

422 and 1046), 6-leaved (figs. 422 and 1043) or 6-parted (fig.

1044). Stamens 6 (figs. 422, 508, and 1043), inserted on the

periantli (fig. 1046), or rarely on the thalamus ; anthers introrse

(figs. 508 and 1046). Ovary superior (figs. 422, 508, and 1046),

3-celled (figs. 1043 and 1047); stj/le 1 (figs. 422 and 1046);

stigma simple (fig. 422) or 3-lobed (fig. 632). Fruit a loculicidal

capsnle, or succulent and indehiscent, 3-celled. Seeds with

fleshy albumen (fig. 1048), numerous.

Distribution, ^c.—They are widely distributed throughout the

temperate, warm, and tropical regions of the globe. Examples

of the Genera:—Tulipa, Lilium, Aloe, Allium, Scilla, Hyacinthus,

Asphodelus, Asparagus. There are about 1,200 species.

Properties and Uses.—The plants of this order frequently pos-

sess very important properties, but there is no great uniformity

in them. Some are purgative; others emetic, diuretic, dia-

phoretic, stimulant, acrid, &c. Several yield astringent sub-

stances, and many produce valuable fibres. The bulbs, young

shoots, and seeds of others are eaten.

AUiuin.—The bulbs, Sic, of several species of this genus are well known
dietetical articles, and are extensively used as condiments under the names
of Onion, Garlic, Leek, &c. Garlic and Onion are sometimes employed in

i^iedicine ; thus externally applied, they are rubefacient, &c., and internally

administered, they are stimulant, expectorant, diuretic, and somewhat an-

thelmintic. All the species yield an acrid volatile oil, containing sulphur

as one of its ingi-cdients. Some species when cultivated in warm dry regions

lose much of their acridity and powerfnl taste, as the Portugal, Spanish, and
Egj'ptian Onions. A. .mtivum is the Common GarUc ; A. Cepa, the Onion ;

A. Porrum, the Leek ; A. Sdicenoprasum, the Chive ; A. Scorodopraiuin, the

Rocambole ; A. ascalonicuin, the Shallot.

Aloe.—The species of this genus have succulent leaves {fig. 1044). The
purgative drug Aloes is the inspissated juice obtained from the parallel

brownish-green vessels found beneath the epidermis of the leaves. Several

commercial varieties are Icnown, but the origin of some is not accurately

determined. Aloe vulgaris {barbadensis) yields the kind called Barbadoes

Aloes. A. socotrina and other undetermined species of Aloe yield Socotrinc

Aloes, and probably also Hepatic Aloes, for, as shown by Dr. Pereira,

the difference between these two kinds may be readily accounted for by
difference of preparation in the two respectively. Thus, when the juice

of the Socotrine Aloes plant is inspissated by artificial heat, the product
resembles Socotrine Aloes ; but when solidified without the aid of artificial

heat, that of commercial Hepatic Aloes. Socotrine and Barbadoes Aloes are

officiiml in the British Pharmacopoeia. Cape Aloes is yielded by A. spicaia

and other species ; Indian Aloes, by A. Indica and others. Other commercial
varieties of Aloes are kno^vni as Horse or Caballine Aloes, Mocha Aloes, and
Cura9oa Aloes. Their sources are not accurately known. Aloes is used in

small doses as a tonic, and in larger doses as a purgative and emmenagogue.
Asparagus.—A. officinalis. Asparagus.—The young succulent shoots called

tufios, when boiled, are highly esteemed as an article of food. These, and
the roots, and flowering stems, are sometimes employed as diuretics. The
juice of Asparagus has marked diuretic properties, and is deserving of more
attention than it has of late years received. Asparagus is also popularly

employed as a lithic. The roasted seeds have been used as a substitute for

coffee.

Camassia esculenta has edible bulbs, which are used by the North American
Indians under the name of Quamash. They are also known as Biscuit-

roots.
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Draccena Draco, the Dragon Tree of Teneiiffe (_fig. 178), yields a red resin

resembling Dragon's Blood, but it is not kno^vn in commerce. (See Calamus
and Pterocarpus.) The roots of D. terminalis, the Ti Plant, are baked, and
eaten largely by the inhabitants of the Sandwich Islands. A fermented
beverage is also obtained from the juice of this plant ; and its leaves are

employed as fodder for cattle, and for clothing and other domestic purposes.
Lilitnn.—T'he bulbs of some species, as those of L. tenuifolium, L. kamt-

schatictnn, and L. spectabile, are commonly eaten in Siberia,

Phonnium tenax.—This plant is a native of New Zealand. The fibre ob-
tained from its leaves possesses great strength, and is commonly known under
the name of New Zealand Flax. It is much used for twine and cordage, and
occasionally for linen, &c. It was recommended 25 years ago for paper-
making, but although a very strong paper may be made from it, veiy
little commercial progress has been made -with tliis material. Its root has
been recommended as a substitute for SarsaparUla.
PoJygonatum officinale {vulgare).—The rhizomes of this, and probably

those of P. multiflorum, are sold in the herb shops under the name of Solo-

mon's Seal. They are employed as a popular application to remove the marks
from bruised parts of the body.

Ruscus aculeatus. Butcher's Broom {fig. 383), has aperient and diuretic

roots, which were formerly much employed in visceral diseases. The roasted

seeds have been used as a substitute for coffee.

Sanseviei-a zeylanica and other species produce very strong and tough
fibres, which are known under the names of African Hemp and Bowstring
Hemp.

Urginea.—U. Scilla or Scilla ma}-itima.--T'he bulb of this species is our
officinal Squill. It is a valuable medicine ; in small doses acting as an
expectorant and diuretic, and in larger doses as an emetic and cathartic. In
excessive doses it is a narcotico-acrid poison. Some other species seem to

possess analogous properties. Two active principles have been obtained from
the Squill by M. ilandet—one which prodiices expectorant and diuretic pro-

perties, and not poisonous ; the other, an in-itating poison : the fonner is

called scillilin, the latter sciilein. U. indica has similar properties to the
officinal squill.

Xonthorrhcea.—The species of this genus are commonly kno^vn in New
South "Wales, where they are natives, under the name of Grass-trees. The
tops of these plants afford fodder for cattle, and their young leaves and
buds are eaten as a vegetable. From X arborea, X. Hastile, and others, two
resins are obtained ; one of which is known as Yellow resin of New Holland
or Botany Bay resin, the other, as the Red resin of New Holland or Black-boy
gum. The latter appears to be the produce otX. Hastile. Both resins exude
spontaneously from the trunks of the trees. They both possess a fragrant
balsamic odour. They have been recommended for use in the preparation
of pastilles, and medictnaUy in those cases where tolu and other balsams are

employed.
Yucca gloriosa and other species which are commonly known under the

name of Adam's Needle, yield fibres, but these are but little used.

Natural Order, 260. Melaxthace.?: or Colchicaceje.—The
Colchicum Order {figs. 1049-1052).— Character.—Herbs,
with bulbs, corms (figs. 221 and 10i9), tuberous or fibrous roots.

Floivers regular {fig. 1050), usually hermaphrodite, rarely uni-

sexual. Perianth inferior, white, green, or purple, petaloid

{fig. 1049), 6-parted or 6-leaved. Stamens 6 {figs. 505 and
1050) ; anthers extrorse {fig. 505). Ovary superior or nearly so,

3-celled {fig. 1050); style 3-parted {fig. 1049). Fruit 3-celled

{fig. 1051), B-valved, with commonly septicidal dehiscence {fig.

655), sometimes loculicidal. Seeds with a membranous testa;

embryo minute, in fleshy albumen {fig. 1052).

Distribution, ^v.—Generally diffused, but most abundant in
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Europe, North America, and the northern parts of Asia. Exam-
ples of the Genera

:

—Asagrsea, Veratrum, Uvularia, Colchicum.
There are about 130 species.

Fig. 1049. Fig. 1050.

Fig. 1051. Fig. 1052.

"4%

Fig. 1049. Flowering plant of the Meadow Saffron (Colchicum. autum-
nale). Fig. 1050. Diagram of the flower of the same, with six
divisions to the perianth, arranged in two whorls; six stamens ; and
a 3-celled ovary. Fig. 1051. Transverse section of the fruit. Fig.
1052. Vertical section of the seed.

Projjerties and Uses.—The plants of this Order are almost
universally poisonous owing to the presence of powerful alka-

loids. In proper doses several are valuable medicines, possess-

ing emetic, purgative, diuretic, acrid, and narcotic properties.

Asagrcea officinalis.—This plant, a native of Mexico, is the source of the
officinal Cevadilla, Sabadilla, or Cabadilla of the British Pharmacopoeia.
This consists of fruits and seeds. It is priucipalJy employed as a source of
the alkaloid Veratria, which is contained in the seeds, Veratria has been
iTsed externally as a rubefacient, in rheumatism, gout, and neuralgic
affections, and also internally in similar aifections in doses of one twelfth
to one sixth of a grain. It is a most powerful poison. CabadiUa seeds
have been employed internally as an antheLmintic. They are called lice

seeds by the Germans, because when powdered and applied externally, they
destroy vermin.
Colchicum.—C. autumnale, the Colchicum or Meadow Saffron.—Both the

seeds and corms of this plant are employed medicinally in gout and rheu-
matism. In improper doses they act as narcotico-acrid poisons. They owe
their properties to a peculiar alkaloid, called Colchicia. The once celebrated
French nostrum for gout, called Eati mklicinale d'Eusson, owed its pro-
parties to Colchicum. The flowers and leaves, more especially the latter,

arc poisonous to cattle, and hence this plant, which, moreover, occupies
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a considerable space, as it has large leaves, should be eradicated as far as

possible from the pastures in which it is found. The Hermodactyls of the
Greek physicians and Arabians, and which were largely employetl by them in

diseases of the joints, have been shown by Planchon to have been the corms
of C. variega(u7n, the source of the Hermodactyls of the present day. Some
other Hermodactj-ls had a different origin.

Uvularia.—T'he species of this genus do not possess the usual poisonous
properties of the Melanthacese, but appear to be simply astringent in

their action.

Verati'um.—V. Sabadilla is thought by some to be one of the sources of

Cevadilla, but we have never foimd it in any commercial samples of that

drug. The rhizomes of F. album are commonly kno^-n as White Hellebore

roots. They contain the alkaloid Veratria, and another alkaloid termed
Jervin. White Hellebore is a narcotico-acrid poison. It has been employed
externally as an errhine, and for destroying vermin ; and internally as a
purgative and anodyne in gout, &c. The diied rhizome and rootlets of V.

viride, Green Hellebore, are now much employed in the United States, under
the name of American Hellebore, Swamp Hellebore, and Itch Wood, as an
arterial sedative in ialiammatory affections. In its local action it resembles

White Hellebore. It is officinal in the British Pharmacopoeia.

Natural Order 261. Gixliesiacelb.—TheGrilliesia Order.—Cha-
racter.— Small herbaceous bulbous plauts,with grass-like leaves.

Flowers perfect, umbellate, spathaceous. Perianth in two whorls,

the outer consisting of 6 or 8 petaloid leaves, the inner minute,

and either a single lip-like organ, or urn-shaped and 6-toothed.

The outer portion of the perianth was regarded by Lindley as

a whorl of bracts. Stamens 6, all fertile, or 3 sterile. Ovary
superior, 3-celled. Fruit a loculicidal capsule, 3-celled. Seeds

numerous, with a black brittle testa ; embryo curved, in fleshy

albumen.
Distribution, ^'c.— They are natives of Chili, There are 2

genera, Grilliesia and Miersia, and 5 species. Their properties

and uses are unknown.
Natural Order 262. Po'tederacke. — The Pontederia

Order.—Character.—Aquatic plants. Leaves sheathing at the

base, with occasionally dilated petioles. Floiars irregular,

spathaceous. Perianth inferior, 6-parted, petaloid, tubular.

Stamens 3 or 6, inserted on the segments of the perianth

;

anthers introrse. Fruit capsular, occasionally somewhat ad-

herent to the persistent perianth. Seeds numerous, with mealy
albumen.

Distribution, ^r.—They are natives of the East Indies, Africa,

and America. Examples of the Genera:—Leptanthus, Ponte-

deria. There are above 30 species. Their properties are unim-
portant.

Natural Order 263. Mayaceje.— The Mayaca Order.

—

Diagnosis.—Small moss-like plants growing in damp places.

They are closely allied to Commelynaceae, from which they differ

in their habit, their 1 -celled anthers, their 1-celled ovary and
capsule with parietal placentas, and in their carpels being oppo-

site to the inner segments of the perianth.

Distribution, ^'c.—They are found in America from Brazil to
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Virginia. Mayaca is the only genus, of which there are 4

species. Their properties and uses are unknown.
Natural Order 264. CoMMELYNACEiE.— The Spider-Wort

Order.— Character.— Herbs with flattened narrow usually
sheathing leaves. Perianth inferior, more or less irregular, in 6

parts arranged in two whorls ; the outer parts being green, per-

sistent, and opposite to the carpels ; the inner petaloid. Stamens
3 or 6, some generally abortive, hypogynous ; anthers 2-celled,

introrse. Ovary 3-celled, superior; style 1. Capsule 2 — 3-

celled, 2— 3 valved, with loculicidal dehiscence and axile pla-

centation. Seeds few, with a linear hilum ; embryo shaped like

a pulley, remote from the hilum, in dense fleshy albumen.
Distribution, cfr.—They are chiefly natives of India, Africa,

Australia, and the West Indies. Examples of the Genera

:

—
Commelyna, Tradescantia. There are above 260 species.

Properties and Uses.—Their properties are unimportant. The
rhizomes of some species, as those of the Commelyna tuberosa,

C. angustifolia. and C. striata, contain much starch, and when
cooked are edible. Some species have been reputed astringent

and vulnerary, and others emmenagogue, &c.
Natural Order 265. Xyridace^I!;. — The Xyris Order. —

Character.— Sedge-like herbaceous plants. Leaves radical,

sheathing, ensiform or flliform. Flowers perfect, in scaly heads.

Perianth inferior, of 6 parts arranged in two whorls,—tlae outer

glumaceous, distinct, and opposite the carpels ; the inner peta-

loid, and united. Stamens, 6, 3 being fertile and inserted on the

petaloid perianth ; anthers extrorse. Ovary superior, 1 -celled,

with parietal placentas. Capsule 1 -celled, 3 -valved. Seeds

numerous, orthotropous ; embryo minute, on the outside of fleshy

albumen.
Distribution, <^-c.— Exclusively natives of tropical and sub-

tropical regions. Examples of the Genera:—Xyris, Kapatea.
There are about 70 species.

Properties and Uses.—Unimportant. The leaves and roots of
some species of Xyris have been employed in cutaneoiis affections.

Natural Order 266. Philydeace^.—The Water-wort Order.
— Character.—Herbs with fibrous roots. Leaves equitant,

ensiform, sheathing. Flowers surrounded by spathaceous per-

sistent bracts, solitary. Perianth inferior, in 1 whorl, 2-leaved,

petaloid. Stamens 3, 2 of which are abortive
; filaments united.

Ovary superior, 3-celled, with axile placentas. Fruit a loculi-

cidal capsule. Seeds numerous, with an embryo in the axis of

fleshy albumen.
Distribution, cfc.—They are natives of China, Cochin China,

and New Holland. There are 2 genera, Philydrum and Hetaeria,

and 2 species. Their properties and uses are unknown.
Natural Order 267. Jtjkcacbje.— The Eush Order {figs.

1053 and 1054).—Sedge or grass-like herbs, with tufted or
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fibrous roots. Leaves with parallel veins, fistular or more or less

flattened and grooved. Flowers regular {fig. 1053), usually
glumaceous, or sometimes petaloid. Perianth inferior, 6-parted

{fig. 1053), persistent. Stamens 6 {fig. 1053) or 3, perigynous;

Fig. 1053. Fig. 1054.

Fig. 1053. Flower of a species of "Wood rush (JaizuIo), havine an in-
ferior perianth with 6 divisions. 6 stamens, and a superior ovary -with
1 style and 3 stigmas. Fig. 1054. Vertical section of the seed.

anthers introrse, 2-celled. Ovary superior {fig. 1053), 1—3-

celled; style 1 {fig. 1053); stigmas 3 {fig. 1053) or 1. Fruit
a loculicidal capsule, 3-valved, and with 1 or many seeds in
each cell; rarely 1-eelied, 1-seeded, and indehiscent; embryo
very mimite, in fleshy or horny albumen {fig. 1054).

Distribution, ^-c.—A few are found in tropical regions, but
the mass of the order inhabit cold and temperate climates.
Examjyles of the Genera

:

—Luzula, Juncus, Narthecium, There
are about 200 species.

Properties and Uses.—Their medicinal properties are unim-
portant, although some have a reputation as anthelmintics and
diuretics. Nartheciu?7i ossifraoum is poisonous to cows fed on it.

The pale cellular tissue at the base of some of the leaves of
certain sppcies is occasionally eaten. The chief use, however,
to which the plants of this order are applied is, in making floor

mats, and for the bottoms of chairs, &c. The leaves of the
species of Jimcus are employed for these purposes. The pith of
the fistular leaves of Junci are also employed for the wicks of
rushlights.

Natural Order 268. Oroxtiaceje or Acorace.^.—The Oron-
tium or Sweet-flag Order.—Character.—Herbaceous plants.
Flowers perfect, arranged on a spadix, and with or without a
spathe. Perianth absent, or composed of scales, which are infe-
rior. Stamens equal in number to the scales of the perianth,
4—8, hypogynous or perigynous. Ovary superior, 1 or more
celled. Fruit baccate. Seed with an axile embryo which is

cleft on one side ; usually with fleshy or mealy albumen, or rarely
exalbuminous. This order is commonly regarded as a division
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of the Aracese, but we place it here, in accordance with the views

of Lindley, on account of its plants possessing perfect flowers.

Distrihition, ^c.— They are found in cold, temperate, and
tropical regions. Examples of the Genera:—Calla, Orontium,
Acorus. There are about 70 species.

Properties and Uses.—The generality of the plants of this

order have acrid properties. The acridity may usually be got
rid of by drying and by heat, and then the rhizomes of certain

species may be eaten. Some are aromatic stimulants ; others

antispasmodic, expectorant, and diaphoretic.

Acorus Calamus, Sweet Flag.—The rhizome is an aromatic stimulant,
and is regarded by many as a valuable medicine in agues, and as a useful

adjunct to other stimialants and bitter tonics. It is reputed to be sometimes
employed by the rectifiers of gin. In India it is occasionally employed as an
insectifuge and insecticide. The volatile oil which may be obtained from
it by distillation, is used for scenting snuff, and in the preparation of
aromatic vinegar.

Calla palustris has acrid I'hizomes, but by drying, washing, grinding, and
baking, they have been made into a kind of bread in Lapland.
I>racontium.—The fresh roots of Z>. polyphyllum are in repute in Malabar

for their antispasmodic properties.

Symplocarpus fcefidus, Skunk Cabbage.—The root has a very foetid odour,
especially when fresh. It is considered in the United States as an efficacious

nervous stimulant, and has been used in spasmodic asthma, hooping-cough,
catarrh in old people, and in other diseases. Its properties are much im-
paired by keeping.

Natural Order 269. Palmace^.—The Palm Order (Jiffs.

1055-1060).— Character.— Trees or shrubs, with simple

(Jiff. 170, 1) or rarely branched trunks (Jig. 177). Leaves ter-

minal (Jig. 170, 1), large, with sheathing stalks. Flowers perfect

(Jigs. 1057 and 1058) or unisexual (figs. 1055 and 1056),

arranged generally on a branched spadix {fig. 391), which is

enclosed by a spathe. Perianth inferior, in two whorls, each of

which is composed of three parts (figs. 1055 and 1056). Sta-

mens 6 (figs. 1055 and 1057), 3, or numerous, hypogynous, peri-

gynous. Ovarg superioress. 1057 and 1058), 1—3- (fig. 1056)
celled. i^rMiif(/^. 1059) nut-like, baccate, or drupaceous. Seeds

with a minute embryo (fig. 1059, e, and 1060), in a cavitj^of the

albumen (fig. 1059, d); cdbumcn fleshy or horny (figs. 1059, c,

and 1060), often ruminate (fig. 743,^).
Distribution, iS,-g.—Most of the plants are tropical, but a few

occur in temperate regions. Examples of the Genera:—Leopol-

dinia, Areca, Sagus, Chamserops, Attalea, Cocos. There are

probably about 600 species.

Properties and Uses.—Of all orders of plants, there is none,

with the exception of the Grasses, that is so valuable to man as

regards their dietetical and economical applications as the Palms.

They supply him with sugar, starch, oil, wax, wine, resin, astrin-

gent matters, and edible fruits and seeds. Their terminal leaf-

buds, when boiled, are eaten as a vegetable. Their leaves are

applied in various ways, as for thatching, materials for writing
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upon, in the manufacture of hats, matting, &e. ; their wood is

applied to many useful purposes ; the fibres of their petioles

Fig. 1057. Fig. 1058.

Fig. 1056. Fig. 1059. Fig. 1060.

Fig. 1055. Diagram of the staminate flower of the Fan Palm (Chamwrops),
with six divisions to the perianth, and six stamens. Fig. 1056.

Diagram of the pistillate flower of the same, with six divisions to the
perianth, and a 3-celled ovary. Fig. 1057. Hermaphrodite flower of
the Blue Palmetto (Chamcerops hystrix"), with the perianth removed.
ov. Ovary, st. Stamens. Fig. 1058. The same, with three of the
stamens removed, so as to exhibit more completely the three carpels
composing the pistil, st. Stamens, c. Cari)els. Fig. 1059. Vertical
section of tlie fruit of the Cocoa-Nut Palm (Cocos nucifera). a. The
two outer layers or husk of the pericarp. &. Endocarp, inner layer, or
shell, c. Albumen, d. Cavity in the albumen, e. Embryo. Fig.
1060. Vertical section of the seed of the Fan Palm.

and fruits supply materials for cordage, cloth, and various

textile fabrics ; and the hard albumen of their seeds is applic-

able in many ways. In a medicinal point of view they are of

very much less importance ; indeed, they do not supply any
important article of the Materia Medica of Europe, although in

tropical countries they are of more value, and in frequent use as

medicinal agents.
Areca.—A. Catechu, the Catechu or Betel Nut Palm.—The seeds are kno-wn

under the name of Betel or Areca Nuts. In the south of India an extract

is made from these nuts, which constitutes the commercial variety of

Catechu, kno^vn as Colombo or Ceylon Catechu, although it is doubtful
whether any Catechu is prepared in that island. It is the Betel Nut
Catechu of Pereira. In its properties and uses this Catechu resembles that
obtained from Acacia Catechu. (See p. 526.) Charcoal prepared from the
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Areca nut is termed Areca-nut charcoal, and is used in this country as a
tootli powder. It has no value over that of ordinary charcoal. The Betel

Kut is one of the ingredients in the famed masticatory of the East, called

Betel. (See Chavica.) The dried expanded leaf-stalks have been used iu

India as splints. A. olevacea is known as the West Indian Cabbage Palm,
its young terminal bud when boiled being eaten as a vegetable.

Attalea.—A. funifera.—The fruits of this species are largely imported
into this countiy, and constitute the Coquilla nuts of commerce. The peri-

carp is very hard, and forms a useful material for the handles of doors,

drawers, sticks, umbrellas, &c. The pendulous fibres of the petioles supply
the coarser variety of Piassaba, the other and finer kind being derived
from Leopoldinia Piassaba (See Leopoldinia.) Tliis coarse kind is obtained
from Bahia. Other species of Attalea appear to yield similar fibres. From
the seeds of A. Cahouni, the Cahoun Palm, a fatty oil may be obtained.
They have been imported for that purpose. The seeds of A. Gonipta,Vi\e

Pimdova Palm, are much esteemed in Brazil, and the leaves are also used
for making hats, &c.

Corassus flabeUiformis, the Palmyra "Palm.—From the juice of this Palm
toddy and an'ack are obtained in large quantities in India. Palmyra fibres

are obtained from its leaves, and Palmyra wood from its trunk.
CaZ«7»;/s.—Several walking-canes are obtained from species of this genus,

as C. Scipiomnn, the Malacca cane; 0. Rotang and C. Rudentum, Rattan
canes. Partridge canes and Penang lawyers are the produce of undetermined
species. C verus, C. viminalis, &c., are also other sources of the canes now
largely used for walking-sticks and for chair bottoms, couches, &c. About
twenty millions are annually imported, the value of which being aboat
40,000?. The fruit of C. D)-aco, and of probably other species, is the chief

source of the astringent resinous substance known as Dragon's Blood. (See

also Pterocai'pus Draco and Draccena Draco.)
Caryota wens.—From this palm sugar may be procured, and its juice

forms a kind of toddy or palm wine. From the trunks of the old trees a
kind of Sago is obtained in Assam.

Ceroxylon or Iriartea ctndicola.—The trunk and axils of the leaves of this

palm secrete wax, which may be applied to many useful purposes. It is

a native of New Granada.
Chamcevopn.—C. hmnilis is the only Palm found wild in Europe. It sup-

plies fibres which have been used as a substitute for horsehair, and iu

Sicily its different parts are applied to various purposes, as walking-canes,
and for the making of hats, baskets, &c. The materials employed for

the Brazilian chip or grass hats arc obtained from C. arqentea.

Cocos nucifera, the Cocoa-nut Palm.—This is perhaps the most valu-

able of all the Palms. An impure sugar, called Jaggery, is largely

obtained from the juice which flows out when its spathes and spadix are

injured. The fresh juice is termed Toddy. A spirit called arrack is also

prepared to a great extent fi-om the fermented juice, as also vinegar. The
albiimen of the seeds, and the liquid portion within this (cocoa-nut milk),

form an important part of the food of the inhabitants of tropical regions.

In large doses this milk when fi'e«h has been used in India as an
aperient. The Cocoa-nut is also largely consumed in this country. From
the albumen the concrete oil. known as Cocoa-nut oil or Cnroa-nut butter,

is obtained. It is extensively emploj^ed for making candles and soap.

In India it is much esteemed as a pomatum, but its unpleasant odour,

and the rancid character which it soon acquires, prevent its use in

this country for such a purpose. The oleine obtained by pressure from
the crude oil,^ and afterwards purified by alkahes, &c., has been recom-
mended as a substitute for cod-liver oil, but although its use has been
favourably reported upon by some physicians, its employment has not been

generally approved. From the fibrous portion of the pericarp of the Cocoa-

nut the strong fibres called Coir or Cocoa-nut fibres are obtained. Coir is

remarkable for its durability, and is accordingly much used for cordage,

fishing-nets, matting, scrubbing-brushps, &c. The wood of the Cocoa-nut
is very hard, handsome, and durable, and is used for several purposes under
the name of Porcupine Wood.

Copernicia cerifera, the Carnanba Palm, is a native of the Brazils. On
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the lower surface of its leaves wax is secreted, which is occasionally imported
into this country under the name of Garnauba or Brazilian Wax.

Corypha umbraculifera, the Talipot Palm, yields a kind of Sago in
Ceylon, but this is not an article of commerce.
Mais guineensis and E. melanococca, the Guinea Oil Palms.—The sarco-

carp of the drupaceous fruits of these Palms abounds in oil, which when
extracted is known as Palm Oil. This is a solid butter-like oil, of a rich

orange-yellow colour, and is extensively used in tliis country in the manu-
facture of soap and candle?, and for lubricating the wheels of railway-
carriages, ifcc. About 900,000 cwt., representing a money value of 1,800,00(V.,

were imported into this country in 1868. In Africa Palm oil is used as food
by the natives. The hard stony putamen of the same fruits also yields a
limpid oil. Palm wine or toddy is likewise obtained from the wounded
spathes of these Palms.

Euterpe.—E. montana is one of the Cabbage Palms.. It is so called from
the circumstance of its young terminal leaf-bud being boiled and eaten as

a vegetable. From the fruits of other species, as E. edulis and E. Assai,

pleasant beverages are prepared.
Hyphcene thebaica, the Doum Palm of Egypt {fig. 177). The pericarp of the

fruit resembles gingerbread ; hence this plant is sometimes known as the
Gingerbread tree.

Leopoldinia Piassaba.—The persistent petiole-bases of this Palm terminate
in long pendulous beards of bristle-hke fibres ; these are cut off from the
young plants after having been previously combed out by means of a rnde
comb, and now form an important article of commerce in Brazil. The
fibres are known under the names of Piassaba or Pia^ava, Para Grass, or

Monkey Grass. They are chiefly used as a substitute for bristles by brush-
makers, and for making the stout brooms now commonly used for cleaning
the streets, &c. Two kinds of Piassaba fibre are knouTa in commerce—one,
the finer vai-iety, imported from Para, and which is derived fi'om this plant

;

and a coarser kind obtained from Attaleafunifera. (SeeAltalea.) According
to Spriice, the pulpy envelope of the sarcocarp of the ripe fiiiit yields a deli-

cious drink resembling cream in colour and taste.

Mauritia vinifera, the Jluriti Palm, and J/.fiexiwsa, yield toddy.
Phoenix.—P. dactylifera is the Date Palm. The fruits called Dates are

nutritious, and aiford the principal food of the inhabitants of some parts
of Africa and Arabia. Animals are also fed upon them. They are imported
into this country, and used for dessert but they are not much esteemed.
About ten tons annually are received. They have been lately used as a
food for cattle, but at present their price is too high to allow of any great
consumption for such a purpose. The Date Palm is the Palm commonly
referred to in Scripture. The juice (toddy) affords sugar, and an intoxicat-

ing beverage tei-med lagbi is also sometimes obtained from it. The leaves,

the fibres obtained from the leaf-stalks, the wood, and in fact nearly every
part of this palm is applied to some useful purpose. P. sylvestris, the Wild
Date Palm, is the plant from which the largest quantity of palm sugar is

obtained. It is a native of India, where, it is said, 130,000,0(0 pounds of

sugar are annually extracted from it. Palm sugar resembles cane sus'ar in

flavour. The total amount of palm sugar obtained from the different kinds
of Palms has been estimated by Johnston at 220,000,000 pounds. P. farini-

fera yields an inferior kind of Sago, which is used in some parts of India.

Phytelephas macrocarpa.—The hard albumen of the seed of this Pahn
constitutes the vegetable ivory of commerce ; this is used extensively by the
turners. The fruits present some resemblance to negroes' heads, and are
hence termed Cabeza del negro.

Saguerus saccharifer, the Areng or Gommuti PaLni, supplies abundance of

palm sugar in the Moluccas and Philippines. Pahn sugar is iisually

obtained from the juice which flows out from the different Palms upon
wounding their spathes and surroundmg parts. It is commonly known in
India by the name of Jaggery. The juice (toddy) of the Gommuti Palm,
when fermented, produces an intoxicating liquid. In Sumatra it is

termed neva, and a kind of arrack is distilled from it in Batavia. From
the trunk of this Palm, when exhausted of its saccharine juice, a good deal

Y Y
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of our commercial Sago is obtained. A single tree will yield from 150 to

200 pounds of Sago. (See Sagus.) The juice of the fruit is very acrid.

The stiff strong horsehair-like fibre known under the name of Gommnti
or Ejow fibre is derived from the leaf-stalks of this palm.

Sagus.—From the trunks of S. Jcevis, S. ge7nnna, and other species, the
principal part of our Sago is obtained; from the former as much as

800 lbs. may be procured from a single plant. Sago is imported into this

country from Singapore. The average importation for some years has
exceeded 4,000 tons. Ah the Sago consumed in this country is derived from
these palms and t^aguerus saccharifer. (See Saguerus.)

Seaforthia elegans.— This palm produces the Moreton Bay canes of com-
merce.

Natural Order 270. Juncaginace^.—The Arrow-grass Order.

—C h a r a c t e r.—Herbaceous marsh plants. Leaves with parallel

veins. Flozvers perfect, whitish or greenish. Perianth small,

more or less scaly, inferior, in two whorls, each containing three

pieces. Stamens 6 ; anthers usually extrorse. Carpels 3—6,

separate, or more or less united; ovules 1—2. Fruit dry, ulti-

mately separating into as many parts as there are carpels.

Seeds attached to axile or basal placentas, without albumen

;

embryo straight, with a lateral cleft {figs. I'^'l and 748).

Distribution, ^x.—Found more or less in nearly all parts of

the world, but most abundant in temperate and cold regions.

Examijlcs of the Genera

:

— Triglochlin, Potamogeton, Ouvirandra.

There are about 50 species.

Properties and Uses.—Of little importance.

Ouvirandra fmestralis, a native of Madagascar, is known under the name
of the Lattice-leaf plant, from its leaves resembling open lattice-work. Its

roots are of a fleshy farinaceous nature, and form an article of food ; hence
the name Ouvirandram, by which the plant is known in Madagascar, the

literal meaning of which is Water-yam.

Natural Order 271. Alismace,^.—The Alisma Order {figs.

1061 and 1062).— Character.— Swamp or floating plants.

Fig. 1061. Fig. 1062.

Fig 1061. Flower of a species of Alisma, with an inferior perianth,

arranged in two whorls, earh consisting of three parts ; six stamuns ;

and numerous carpels. Fig. 1062. Vertical section of the same flower.

Leaves narrow or with an expanded lamina, parallel-veined.

Flowers perfect {figs. 1061 and 1062), or very rarely unisexual.
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Pcriardh inferior, arranged in two whorls, each consisting of

three parts {fig. 1061); the outer whorl herbaceous, the inner

coloiu-ed. Stamens {fig. 1061) few or numerous; anthers

introrse. Ovaries several {fig. 1061) superior, 1-celled; ovules

solitary, or 2-superposed
;

^:)^«ce/ei'fis axile or basal {fig. 1062).
Fruit dry. Seeds without albumen ; embryo undivided, curved.

Distribution, ^r.—They are principally found in the northern
parts of the world. Examples of the Genera ;—Alisnia, Sagit-

taria, Actinocarpus. These are the only genera; there are

about 50 species.

Properties and Uses.— Of little importance. Many have fleshy

mealy rhizomes, which are edible when cooked. Others possess
astringent properties. Alisma Plantago had formerly a reputa-

tion as a remedy, in hydrophobia.

Natural Order 272. Butomace.^.—The Butomus or Flowering
Rush Order {figs. 1063 and 1064). —Character.— Aquatic
ptlants with parallel-veined

leaves, sometimes milky. ]r;g_ 1063. Fig. 1064.
Flowers perfect {figs. 576,

622, and 1063), showy.

Perianth inferior, of six

pieces, arranged in two
whorls {fig. 1063), the

inner being coloured. Sta-

mens few {fi^. 1063) or

numerous. Ovaries supe-

rior {fig. 1063), 3—6 {fig.

578) or more, more or less

distinct; ovules numerous, „. ,_„ . „ , *, t^, • r. i,' -, , . ' Fig. 10G3. A flower of the Flowering Rush
arranged all over the inner (Butmuus umbellatus), with an inferior

fiiifhop nf tliP n-rnripc t fin perianth, arranged lu two whorls; nine

^y.f ^ :
OVaiies [Jig stamens, and six carpels. Pi^. 1064. Verti-

622). I^ruit many-seeded, cai yectiou of the seed.

separating more or less

when ripe into as many parts as there are component carpels.

Seeds without albumen {fig. 1064).

Distribution, ^'c.—A few occur in tropical countries, but the

mass of the order inhabit the northern parts of the world.

Examples of the Genera

:

—Butomus, Lymnocharis. There are

7 species.

Properties and Uses.—Of little importance. Butomus v.m-

hellatus, the Flowering Eush, possesses acrid and bitter pro-

perties, and was at one time used in medicine. The roasted

rhizomes are edible.

3. Diclines.

Natural Order 273. Paxdanace^.—The Screw-pine Order.

—

Character.—Palm-like trees {fig. 170, 2) or shrubs. Leaves
YY 2
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sheathing, imbricated, and spirally arranged in 3 rows, simple or

pinnate. Flowers unisexual or polygamous, numerous, arranged

on a spadix, with numerous spathaceous bracts. Pericmtk

absent or scaly. Stamens numerous ; anthers 2—4-celled.

Ovaries 1 -celled; ovicles solitary or numerous, on parietal pla-

centas. Fruit consisting of a number of 1 -seeded fibrous drupes
;

or of many-celled many-seeded berries. Embryo minute, solid,

ab the base of fleshy albumen.

Distribution, cfc.—Exclusively tropical plants. Examples of

the Genera:—Pandanus, Carludovica, Cyclanthus. There are

about 75 species.

Properties and Uses.—None possess any very active properties.

Pandanus has edible seeds. The juice which flows from the

wounded spadices of Nipa, when fermented, furnishes a kind of

wine. The fruit of Nipa fruticans is the Atap of India. The
young unexpanded leaves of Carludovica palmata furnish the

material employed in the manufncture of Panama hats.

Natural Order 274. Typhace^.— The Bulrush Order.

—

Character.—Herbs growing in watery places. Leaves v'l^id,

linear, sessile, parallel-veined. Fhmers monoecious, arranged on

a spadix or in heads, without a spathe. No true perianth,

merely scales or hairs. Male flower with 1—6 distinct or

monadelphous stamens, with long filaments, and innate anthers.

Female flower a solitary 1 -celled ovary, with a single pendulous

ovule. Fruit indehiscent. Seed with mealy albumen ; embryo

axial, with a cleft on the side; radicle next the hilum.

Distribution, ^-c.— A few are found in tropical and warm
climates, but they are most abundant in the northern parts of

the world. Examples of the Genera:— Typha, Sparganium.

These are the only genera, which include about 13 species.

Properties and Uses.—Unimportant.

TypJia.—The young shoots of T. latifolia and T. angustifolia are some-
times boiled, and eaten like Asparagus ; their rhizomes are also edible ; their

pollen is inflammable. The poUi n of some species of Typha is edible ; thus,

that of T. elephantiiia is made into a kind of bread in Scinde, and that of

T. utilis in New Zealand. Some species are said to be astringent and
diuretic.

Natural Order 275. ARACEiE.—The Arum Order (flgs. 1065

-1C68).—Character.—Herbs or shrubs with an acrid juice,

and subterranean tubers, corms, or rhizomes (flff. 1065). Leaves

sheathing (/^. 1065, /), usually net-veined, simple or rarely com-

pound. Flowers monoecious, arranged' on a spadix (flgs. 377 and

1066) within a spathe (fly. 377). Perianth none '{fly. 1066).

Male flower :— Stamens few or numerous; anthers extrorse {fly.

487), sessile {fly. 487) or upon very short filaments. Female

flower:— Ovary {fly. 1067) 1-celled, or rarely 3 or more celled.

Fruit succulent {fly. 1065, c). Seeds-^wl^y, with mealy or fleshy

albumen {fly. 1068), or rarely exalbnminous ; embryo axial, slit

on one side. (See Orontiacece.)
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Distribution, §-c.—They abound in tropical countries, but a

few also occur in cold and temperate regions. Examples of the

Genera:—-Arum, Caladium, Eicliardia. There are about 170

species.

Properties and Uses.—^The plants of this order are all more

Fiff. 1066. Fig. 1067.

Fig. 1065. A plant of the Cuckow-pint CAriim maciilatum) in fruit. 6.

Underground corm or tuber. I. Leaf. s. The remains of the spatlie.

c. Fruit. Fig. 1066. The spadix of the same witli the spathe removed ;

the flowers are all naked and unisexual, the pistillate flowers being
below, the staminate above, and those in the centre being abortive.

Fig. 1067. Vertical section of the pistil of the same. Fig. 1068. Ver-
tical section of the seed.

or less acrid, and often highly poisonous. This acrid principle

is frequently volatile, or decomposed by heat ; hence it may be in

such cases more or less destroyed by drj-ing or exposing to heat

the parts in which it is found. The best method of getting

rid of the acridity is, however, by boiling in water, as the acrid

matter is commonly soluble in that fluid. Starch is usually

associated with the acrid principle.
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Ariscema atrorubens. Dragon-root, Indian Turnip.—From the tuber of
this plant a nutritious fecnla is obtained in the United States. The tuber is

also given internally as a stimulant in rheumatism, bronchial affections,

&c., and is likewise used extensively as an application to aphthous affections
in children.

Arum.—Th.Q underground stems (tubers or corms) of some of the species
of this genus contain a large quantity of starch ; those of A. maculatum,
Wake-Robin, Cuckow-pint, or Lords and Ladies, a common native of this
country, are the source of what has been called Portland Sago, or Arrow-
root ; 1 peck of tubers yields about 3 lbs. of starch. The preparation of this
starch is now, in a commercial point of view, given up. Formerly the tubers
were used medicinally as diuretics and expectorants. When fresh, they act
as an in-itant poison. A. campanulatum ot AmorphoiJhallus campanulatus,
and A. indicum, produce edible corms.
Caladium bicolor.— The corms of this and other species, when cooked, are

edible. They are sometimes, but improperly, called " Yams " in tropical
countries. (See Dioscorea.)

Colocasia.—C. esculenta and others have large fleshy corms, which are
much used in the West Indies, Madeira, &c., as food, under the names of
Yams (see Caladium bicolor), Cocoes, or Eddoes. C. himalensix has also
edible corms. They are used for food in the Himalayas. C. antiquorum is

applied to a like purpose in Egypt, and the corms of C. macroi'hiza are also
eaten in the South Sea Islands under the name of Tara.

Natural Order 276. Pistiaceje or Lemnace^.—The Duckweed
Order {figs. 1069 and 1070).—Character.—Floating aquatic

plants {fig. 226), with lenticular or lobed leaves or fronds. Flowers

2 or 3, enclosed in a spathe {fig. 1069), monoecious, placed on

Fig. 1069. Fig. 1070.

Fig. 1069. A monojcious head of flowers of a species of Duckweed {Lemna
minor), consisting of two male flowers, each of which is composed of a
solitary stamen with quadrilocular anthers; and one pistillate flower
in the centre. The whole surrounded by a spathe. Fig. 1070. Vertical
section of the pistil of the same.

the margin or surface of the frond {fig. 226), or in the axils of

leaves. Perianth none. Male flower with 1 {fig. 1069)^ or a

few stamens, which are often monadelphous. Female flower

consisting of a 1-celled ovary {fig. 1070), with 1 or more erect

ovules. Friiit 1- or more seeded, membranous or baccate, inde-
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hiscent, or sometimes dehiscent. Embryo straight, cleft, in the

axis of fleshy albumen.
Distribution, <^-c.—They inhabit cool, temperate, and tropical

regions. Examples of the Genera:—Lemna, Pistia. There are

above 20 species. Their properties are imimportant.
Natural Order 277. Naiadace^i^.— The Pondweed Order

{fgs. 1071-1074).—Character.—Aquatic plants with jointed
cellular stems. Leaves with interpetiolar membranous stipules.

Flowers small, unisexual {figs. 1071 and 1072). Perianth either

wanting, or composed of 2 or 4 parts. Stamens few, hypogy-
nous; pollen globose. Ovaries 1 or more, superior {fig. 10/2)

;

ovule solitary {fig. 1073). Fruit 1-celled, 1-seeded {fig. 1074).
Seed exalbuniinous {fig. 1074) ; embryo with a lateral cleft.

Fig. 1071 Fig. 1072. Fig. 1074.

Fig. 1071. Two flowers of the Horned Ponclweed (ZamiiclielUa palustris),

i)i)estamiiiate, the other pistillate. F/g. 1072. The pistil of the same,

composed of four perfect carpels, and one imperfect. Fig. 1073. Ver-

tical section of one of the carpels. Fig. 1074. Vertical section of

the fruit and seed. All magnified. After Liudley.

Distribution, cfr. — Chiefly found in extra-tropical regions.

Examples of the Genera

:

—Naias, Zannichellia. They have no

known uses.

Natural Order 278. Zosterace;e.—The Sea-wrack Order.

—

Diagnosis.—This is a small order of marine plants with the

habit of sea-weeds. They are usually associated with the

Naiadacese, but from which they are principally distinguished

by their filamentous or confervoid pollen, and also, commonly,

by the complete absence of a perianth.

Distribution, cfc.—They are widely distributed in the ocean

in various quarters of the globe. Examples of the Genera:—

:
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Ampliibolis, Zostera. There are about 12 species. Their pro-

perties are of little importance.

Zostera marina, Sea-wrack, is in common use for packing, and for

stuffing chairs, mattresses, &c., under the name of Alva (Ulva or Ah/a)
marina. It has also been recommended for paper-making, but it is a
very unsuitable material for that purpose.

Natural Order 279. Tritjeidace^.— The Triuris Order.

—

Diagnosis.—This is a small order of plants closely allied to

Naiadacese, but usually to be distinguished by its rudimentary

embryo. The flowers are, laowever, sometimes perfect.

Bistrihutio'n, ^-c.— Exclusively found in warm and tropical

regions.

—

Examples of the Genera

:

—Triuris, Sciaphila. There

are 8 species. Their properties and uses are unknown.
Natural Order 280. Hydjrogharidace^.—The Hydrocharis

or Frog-bit Order.—Character.—Aquatic plants. Flowers

spathaceous, regular, dioecious or polygamous. Perianth supe-

rior, in 1 or 2 whorls, each of 3 pieces, the inner petaloid.

Stamens few or numerous. Ovary inferior, 1—9-celled. Fruit

indehiscent. Seals numerous, without albumen.

Distribution, (Sfc.—Inhabitants of fresh water in Europe, North
America, East Indies, and New Holland. Examples of the Ge-

nera:—Anacharis, Vallisneria, Hydrocharis. There are about

25 species. Their properties are unimportant.

Natural Order 281. Eestiaceje.— The Eestio Order.

—

C h a ra c t er.—Herbs or under-shrubs. Leaves simple and narrow,

or entirely absent. Stems stiff, either naked, or more commonly
with slit equitant leaf-sheaths. Fiowcrs with glumaceous bracts,

spiked or aggregated, generally unisexual. No true perianth,

its place being usually supplied by glumes. Stamens 2—3,

adherent to 4—6 glumes, or the latter sometimes absent ; anthers

generally 1 -celled. Ovary 1—3-celled, with 1 pendulous ovule

in each cell. Fruit capsular or nut-like. Seeds albuminous,

without hairs ; embryo lenticular and terminal.

Distribution, cfr.—Natives principally of South Africa, South

America, and Australia. Some are also found in the tro-

pical parts of Asia ; but none occur in Europe. Examples

of the Genera:—Leptocarpus, Eestio. There ai-e about 180

species.

Properties and Uses. — Unimportant. The wiry stems of

some species have been used for basket-making, &c., and for

thatching.

Natural Order 282. Eriocaulaceje.— The Eriocaulon or

Pipewort Order. — Character. — Aquatic or marsh plants.

Leaves clustered, linear, usually grass-like. Flowers minute,

unisexual, in dense heads, each flower arising from the axil of a

membranous bract. Perianth tubular, 2—3-toothed or lobed.

Stamens 2— G; anthers 2-celled, introrse. Otwy superior, 2

—

3-celled Fruit dehiscent, 2—3-celled, 2— 3-seeded. Seeds
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pendulous, albuminous, hairy or winged; embryo lenticular,

terminal.

Distribution, cf-c.—Mostly natives of tropical America, and the

north of Australia. One species is found in Britain

—

Eriocaulon

septangularc. There are about 200 species. Their properties

are unimportant.

Natural Order 283. Destauxiace^.—The Bristlewort Order.

—Character.—Small sedge-like herbs, with setaceous sheath-

ing leaves. Floicers glumaceous, enclosed in a spathe. Glumes

1 or 2. PalecB none, or 1 or 2 scales parallel with the glumes.

Stamens 1, or very rarely 2; anthers 1-eelled. Carpels 1—18,

distinct or more or less united, with 1 stigma and 1 pendulous

ovule to each. Fruit composed of as many utricles as there are

carpels. Seeds albuminous ; embryo lenticular, terminal.

Distribution, ^-c.—Natives of Australia and the South Sea

Islands. Examples of the Genera

:

—Desvauxia, Aphelia. There
are about 15 species. Their properties and uses are unknown.

Sub- class III. Glumacea or Glumiferce.

Natural Order 284. Cyperace2e.—The Sedge Order {figs.

107O-1080).—Character.—Grass-like or rush-like herbs {'fig.

Fig. 1075. Fig. 1076. Fig. 1077.

Fig. 10T5. A portion of tlie angular stem of a species of Carex, with an
entire sheath. J *</. 1076. Staminate flower of a species of Carex. st.

Stamens, with long "filaments and pendulous innate anthers, g. Scale

or glume. Fig. 1077. Pistillate fiower of a species of Carex, con-

sisting of a glume at the base, and a pistil surrounded by an urn-

shaped lube (jpeiigynium), u. st. Style, terminated by three stigmas.
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210). Stems solid, without joints or partitions, frequently angular

{fig. 1075). Leaves without ligules, and with closed tubular

sheaths roiind the stem {fig. 1075). Flowers spiked, imbricated,

perfect {fig. 1078) or unisexual {figs. 1076 and 1077), each aris-

ing from the axil of 1— 3 bracts or glumes. The lowermost glumes
are frequently empty or without flowers in their axils. Ptrkmth
absent, or existing in the female flowers in the form of a tube

(perigynium) {fig. 1077, u), or as hypogynous scales, or bristles

{fig. 1078, b). Stamens hypogynous {fig. 1078), 1— 12, commonly

Fig. 1079. Fig. 1080.

Fig. 1078. Hermaphrodite flower of a species of Club-rush (Scirpus), the
slumehaving been removed, b. Hypogynous setse or bristles forming a
kind of periantii. st. Hypogynous stamens with 2-celIed innate anthers.
o. Ovary, s. Style, stig. Stigmas. Fig. 1079. Vertical section of the
fruit of a species of Carex. s. Pericarp, ie. Spermoderm. alb. Albumen.
pi. Embryo. Fig. 1080. Embryo of a species of Carex removed from
the albumen, a. Lateral swelling, r. Radicle, c. Cotyledon. /. Slit

corresponding to the plumule.

3 {figs. 1076 and 1078) ; anthers 2-celled, innate {figs. 1076 and
1078). Ovary 1-celled, superior {fig. 1078), with 1 erect anatro-

pous ovule. i^r^wY indehiscent, 1-seeded (j^^. 1079). Seed with.

fleshy or mealy albumen {fig. 1079, alh) ; emhryo lenticular {figs.

1079,_2J^,and 1080), enclosed in the base of the albumen {fig, 1079).

JDistrihution, ^'C. — Natives of all parts of the world, and
found especially in marshes, ditches, and about running streams.

Examjiles of the Genera

:

—Carex, Rhyncospora, Schoenus, Cla-

dium, Scirpus, Papyrus. There are about 2,000 species.

Properties and Uses.—Although closely allied in their bota-

nical characters to the Graminacese, the Cyperacese are alto-

gether deficient in the nutritive and other qualities which render

the plants of that order so eminently serviceable to man and
other animals. Indeed the order generally is remarkable for
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the absence of any important properties. Some are slightly

aromatic, stomachic, and diaphoretic; others demulcent and
alterative, and a few have been used for economic purposes. The
underground stems of certain species are edible when roasted or

boiled. Some of the species by spreading through the sand of

the sea-shore, and in this way binding it together, prevent it

from being washed away by the receding waves, and thus also

protect the neighbouring coast from encroachments of the sea.

Carex.—The creeping stems of C. arenaria and some allied species have
been used medicinally as substitutes for sarsaparilla, under the name of
German Sarsaparilla. C. hiiia, C. pnecox, and others are known in dif-

ferent districts under the name of " Carnation Grass." They have errone-
ously been supposed to cause the disease termed " Rot " in sheep.
Cyperus.—The rhizomes, tubers, or corms of C. longus, C. rotundus, C.

pertenuis, and C, escitlentus, have been employed in medicine, and regarded as
aromatic tonics, diaphoretics, dim-etics, and astringents. The corms of C.
escitlentus are also used as food in the South of Europe, and when roasted
have been proposed as substitutes for coffee and cocoa. The boiled corms
of C. hidbosus are al5o edible, and are said to taste like potatoes. C. iextilis

is used for making ropes, &c., in India.
Eriophovum.—The species of this genus are commonly known under the

name of Cotton-grasses, from their fniits being surrounded by cottony or
downy hairs. These haii-s are sometimes used for stuffing cushions, &c.
Their leaves are reputed to possess astringent properties.
Papyrus.—P. anliquorum appears to be the Bulrush of the Xile. It is ce-

lebrated on account of the soft cellular substance in the interior of its stems
having been in common use by the ancients for making a kind of paper. The
sheets of papyrus paper are remarkable for their durability. The Papyrus
was also used for making ropes, boats, mats, &c. A Sicilian species, P. si-

aila, has likewise been employed for making paper. P. corymbosus is exten-
sively used in IncUa for the manufacture of the celebrated Indian matting.

(Scj/7)M5.—Various species of this genus, as .S'. lacustris andi S. Taberncemon-
iani, &,c., are much employed, like the common Rushes, for mats, chair-
bottoms, baskets, &;c., and also by coopers for filling up the intervals in the
seams of casks. They are commonly known as Club-Rushes or Bulrushes.
The root of S. iacustris was formerly used as an astringent and diuretic.

Natural Order 285. Geaminaceje.—The Grass Order {figs.

1081-1087).— Character. — Herbs, shrubs, or arborescent

plants, with round commonly hollow {fig. 179) jointed stems.

Leaves alternate, with split sheaths {figs. 348, g, and 1081),
and a ligule at the base of the lamina {fig. 348, lig). Flowers
perfect or unisexual, arranged in spiked {fig. 392), panicled

{fig. 393), or racemose locustpe ; or solitary. No true perianth,

its place being supplied by imbricated bracts, of which there

are commonly 2, called glumes, or rarely 1, at the base of the

solitary flower, or at the base of each locusta {figs. 379 and
1082, gl, gl, and 1083, ge,gi). Occasionally the glumes are altoge-

ther absent. Each flower is also usually furnished with two other

alternate bracts {palea) {figs. 1083, _p<?, pi, and 1085 and 1086),
or sometimes the inner palea /» i is wanting ; and 2 or 3 scales

{lodieulcB or glumellides) {figs. 1082, p,]), and 1084, p), the latter

also are occasionally absent. Stamens 1—6 or more, frequently

3 {figs. 1084-1086); filainents capillary {figs. 488 and 1085);
anthers versatile {figs. 488 and 587). Ovary superior {fig. 1084),
1 -celled, with a solitary ascending ovule ; stigmas feathery or
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Fig. 1081. Fig. 1082.

Fig. 1081. A portion of the stem of the CaPs-tail Grass {Phleum pratense),
hearing a leaf withparallel veins, and a split sheath.—

—

Fig. 1082. Dia-
gram of a spikelet of an Oat (Aijctwi). (From Maout.) gl,gl. Twoglumes,
enclosing two perfect flowers, and one, a, abortive, b-. The outer palea.
h, b. The inner palea, wliich seems to he formed of two united, p, p.
Two scales {squamulce or glumeUulcs) ; the dotted curved line on the
right marks the position of a third abortive scale, e. Stamens, c.

Ovary. Fig. 1083. A spikelet (locusta) of the Oa.t (^Arena sativa). ge.

Outer gUime. gi. Inner glume, pe. Outer palea of the fertile flower, pi.

Inner palea of the same. e. Stamens, o. Ovary, /a, and a. Abortive
flowers.

hairy {Jigs. 587 and 1084). Fruit a caryopsis (fgs. 688 and
689). Seed witli mealy albumen (Jig. 689, a) ; cmhryo lenticular

{Jig. 1087), lying on one side at the base of the albumen {Jig.

689, c,g, r).

Distribution, cf'c.—Grasses are universally distributed over the

globe. In temperate and cold climates they are herbaceous
and of moderate height, while in tropical countries they become
shrubby and arborescent, and sometimes grow to the height of

60 or 60 feet. Grasses usually grow together in large masses,
and thus form the verdure of great tracts of soil; and hence
have been termed social plants. Examples of the Genera

:

—
Phalaris, Stipa, Arundo, Avena, Festuca, Triticum, Hordeum,
Saccharum. There are about 4,000 species.
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Fig. 1084. Fig. 1085. Fig. 1086. Fig. 1087.

Ftg.xOiA. Fertile flf)wer of the Oat, without tfaa palese. p.Glumeliulesk
e. Stamens, o. OTary. s, .«. Feathery stigmas. Fig. 1085. One of the
florets of a species of Meadow Grass (Foa pratensis^. Fig. 10S6. One
of the florets cf the Hard Fescue Grass (,Festuca duriuscula^. Fig.

1087. The Embryo of the Oat. a. Lateral swelling, c. Cotyledou. r.

Radicle. /. Slit corresponding to the plumule.

Properties and Uses.— Gf all the orders in the Vegetable

Kingdom this is the most important to man, as it atifords the

various fruits, commonly known as the Cereal Grains, -^vhich'

supply the principal material of his daily bread in most countries

of the ^orld : besides being eminently serviceable in other re-

spects, by affording fodder for cattle, and yielding sugar and
other useful products. It is a remarkable fact that the native

countries of our more important Cereals or Corn-producing

plants are altogether unknown. A few of the Grasses yield

fragrant volatile oils. Paper has long been made from the

Bamboo in India, &c., and straw is now largely employed for a

like purpose in this country and elsewhere. Almost all grasses

are wholesome, but one or more species of Bromus have been re-

puted erroneously to be purgative, and one, Lolium tiinuJenturu,

is said to be narcotic and poisonous. The powerful properties

of the latter grass may be due to its becoming ergotised, as

its described effects upon the system closely resemble those

produced by the common ergot. Some of the species serve to

bind together the sand on the sea-shore, and thus prevent the

encroachment of the sea on the neighbouring coast.

.

^gilops ov<ifa.—This grass has lately become celebrated inconsequence of

M. Esprit Fabre having stated that the varieties of cultivated "Wheat were
derived from it. This is not strictly correct, for the plants grown by il.

Fabre, and the grains of -^hich ultimately assumed the form of cultivated

"Wheat, were produced by hybridisation between a species of Triticum and
JJgilops ovafa, the result being the formation of a variety of J^gilops, called

^gilops triticoiihs. The seeds of this, by cidtivation for about twelve years,

are said to produce a grass Like ordinary wheat.
Andropogon.—Several species of this genus are remarkable for their-
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agreeable odoure. This fragrance is due to the presence of volatile oils, of

which several are used medicinally, and in perfnmeiy. There is some uncer-

tainty, however, as to the particular species which yield the different oils.

The precious Spikenard Oil of Scripture is supposed by some authors to have
been derived from A.Iu-avancusa. The oil known in India as Roshe or Ros6
Oil, and in London as Turkish Essence of Geranium, and Oil of Geranium or

Gingergrass, is employed in Turkey to adulterate Otto of Rose. (See Pelar-

gonium and Rosa.) It is also sometimes termed oil of spikenard. Its exact
source is unknown, but it is certainly obtained from one or more species of

Indian Andropogons. It is reputed to be the produce of A. Calamus aroma-
ticus. This oil is also considered by some to be identical with the grass-oil of
Nemaur. This plant was supposed by Royle to be the sweet calamus or sweet

cane of the Bible. Andropogon (Cymbopogon) citratum, Indian Lemon Grass,

is the source of Lanon-Grass Oil. It is largely cultivated in Ceylon and in

gardens in India. Lemon-Grass Oil is much employed in perfumery under
the name of oil of verbena, from its odour resembling the Sweet Verbena or

Lemon Plant of our gardens. (See Aloysia citriodora.) It is spoken highly

of in India as an external application in rheumatism, &c., and for internal

use in cholera. It possesses stimulant, carminative, antispasmodic, and dia-

phoretic properties. The fresh leaves are sometimes used as a substitute for

tea, and the centre of the stems for flavouring curries, &c. Cetronelle or

Citronelle oil is the produce of Andropogon (Ci/mbopogon) A'^ardus. It is em-
ployed in perfumery in England, &c., and in its medical properties it closely

resembles Lemon-Grass Oil. A.pachnodes is the supposed source of the oil

known in India as Rusa-ka-tel. It has similar properties and uses to the two
preceding volatile oUs. A. wiwrn-a///.? has fragrant roots, which are known
under the names of Khus-Khus, Vetivei't, and Vittie-vayr. Vetivert is im-
ported into this country, and elsewhere, and used for scenting baskets, &c.

It is also repvited in India to possess stimulant diaphoretic properties. It

likewise yields a volatile oil of an agreeable odour. (See also Holcus.)

Anthistiria.—A. australis is the "Kangaroo Grass" of Australia. A.
ciliata is an esteemed Indian fodder-grass.

Arundo Phragmites, the Common Reed.—The ciilmsof this and some other

species are much used for thatching and other useful purposes.

Avena saliva is the Common Oat.—A great number of varieties of this

species are cultivated in the north of Europe, &c., on account of the grains

(fruits), which are caUed Oats. These are extensively used as food for man
and other animals. Oats deprived of their husk and coarsely ground form
Oatmeal. "When divested of their husk and integuments, they are called

Groats ; and these when crushed constitute Emhden and Prepared Groats.

Oats are also employed for the production of alcohol.

Bambusa.—B. arundinacea, the Bamboo, and other species of Bambusa, are

applied to many useful purposes in warm climates and elsewhere, (jrood

paper is made from them in India, China, &c. The bamboo has been also

largely exported from the West Indies to America, &c., for the purpose
of being manufactured into paper, and some of very good quality has
been made from it. The very young shoots are boiled and eaten like

Asparagus, and are also used for pickles and sweetmeats. Their hollow
stems are variously employed. In India and China the leaves are re-

puted to possess emmenagogue properties. Dr. Hooker says, that in

some districts •' a very large kind of Bamboo is used for water-buckets,
another for quivers, a third for flutes, a fourth for walking-sticks, a fifth

for plaiting work (baskets), a sixth for arrows ; while a larger sort serves

for bows. The j'oung shoots of one or more are eaten; and the seeds of

another, either raw or cooked, are made into a fermented drink. In China
the Bamboo is used for numerous purposes—for water-pipes, fishing-rods,

for making hats, shields, umbrellas, soles of shoes, baskets, ropes, paper,
scaffolding-poles, trellis-work, sails, covers of boats, and Katamarans." The
above extract will give some idea of the various uses to which the Bamboos
are applied. A siliceous matter is commonly secreted at the joints of the
Bamboo, to which the name of tabasheer has been given.

Coix lachryma is remarkable for its hard stony fruits, called Job's tears,

which are used for beads. They are also reputed to be diuretic.

Dactylis ccespitosa is the celebrated Tussac-grass of the Falkland Islands.
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It is an excellent fodder grass for cattle and horses. It is now grown to

some extent in Shetland and other parts of Britain.

Eleusine.—E. coracana.—The grains of this plant constitute one of the

Millets of India ; in Coromandel it is called yaichnee. It is also cultivated

in Japan as a corn crop. In Sikldm a kind of beer, called muiira or millet

beer, is prepared from the grains, and is in general use by the natives.

(See Panicum.) E. Tocusso is an Abyssinian plant. Its grain is used as

food imder the name of Tocitsso.

Gynerium.—G. argenteum is the elegant Pampas-grass. G. sacc?uxroides,a

BrazUian species, contains much sugar.

Bolcus.—ff. saccharatus, Sorghu}7i sacchai-afurn, ox Andropogon saccharatum,

is the North China Sugar-cane or Sweet Sorgho. It is cultivated in China
and other parts for the purpose of extracting its sugar. It is said to yield

from 10 to 15 per cent, of sugar. Its grain is eaten in Aii-ica, and is termed
Dochna. The plant has been introduceil into this country, and has been
highly recommended for cultivation as a stmimer forage for cattle, but at

present our knowledge resi^ecting it will not allow of our drawing any
positive conclusions upon its merits. It is now, however, extensively culti-

vated in the south and central parts of France as a fodder crop. H. Sorghum

,

Sorghum vulgare, or Andropogon Sorghum, of which there are several varie-

ties, is extensively cultivated in Africa, IncUa, &c.. for the sake of its grain,

which is known as Guinea Com, Durra, Turkish Millet, and Jaar. This
grain is much used as food in warm countries. In this country it has been
employed for feeding poulti-y. The stems are used in the manufacture of

carpet-brooms, whisks, dscc. A kind of beer called Bouza is also prepared
from the grains.

Hordeum, Barley.—Several species or varieties are commonly cultivated

in cold and temperate cUmates for their grain ; as H. distichon, Two-rowed
or Long-eared Barley ; H. vulgare, Bere, Bigg, Four-rowed or Spring Barley

;

H. hexastkhon. Six-rowed Barley; and H. zeocitron, St^xsX or Battledore Barley,

Barley is used dietetically in the manufacture of bread, and in the form of

malt "most extensively in the production of ale, beer, and ardent spirits. It

is the common grain in use for the latter purposes in this coimtry. Barley
deprived of its husk constitutes Scotch, Hulled, or Fot Barley. "When both
husk and integuments are removed, and the seeds rounded and polished,

they form Pearl Barley, which, when ground, is caUed Patent Barley.
Oryza sativa is the Rice plant, the grain of which is more largely used for

food than that of any other cereal. Starch of good quality is largely pre-

pared from rice. From 40 to 50 varieties of the Rice plant are known and
cultivated. Rice appears to be less nutritive than the other cereal grains,

and to be of a more binding nature, hence its use in diarrhoea, ic. Spirit

is sometimes distilled fi'om the fermented infusion of rice. This spirit is

frequently called arrack, but that name is properly used only in reference to
the spirit distilled from Palm wine.
Panicum.—P. miliaceum yields Indian MiUet. The grain is called "Warree

and Kadi-kane in the East Indies. P. spectabile, a Brazilian species, grows
six or more feet in height. It is a favourite fodder grass, and is commonly
known as the Angola grass. P. jumeidorum is another fodder grass., called

Guinea-grass. P. pilosum yields a grain known in India as Bhadlee. The
grain of P. frumentaceum is also nutritious. It is termed Shamoola in tne
Deccan. Some of the Tartar tribes are said to prepare a kind of beer from
a species of MUlet, which is called Bouza, Murwa, or MiQet-beer, but this is

probably obtained from a species of Eleusine. (See Eleusine.)

Paspalum.—P. exde yields the smallest known cereal grain. The grain is

knoA\Ti on the "West Coast of Africa, where it is used as food, under the name
of Fundi or Fiindimgi. It is commonly called, in Sierra Leone, MiQet. P.
scrobiculatum also jields a kind of grain, kno^\-n in India as the Menya or
Kodro. A variety of this gi'ass is reputed to be injurious to cattle.

Penicillaria spicata or Panicum spicatum is called Caflfre Corn. It yields a
serviceable grain, which is commonly distiuguished as African Millet.

Pennisetum dichotomum.—The grains of this grass are known in some
parts of "Western Africa tmder the name of kasheia. They are used there as
food. In Egypt and Arabia this grass is employed as fodder for camels,
&c., and for thatching, Sac.
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Phalaris canariensis, Canary-grass, is cultivated for its grain, which is

employed as a food for birds, under the name of canary seed. Its straw is

also valued as fodder for horses.

Poa abyssinica is an Abyssinian corn plant, known under the name of Tetf.

The grains are sometimes employed in the preparation of Bouza or MiUet-
beer. (See Eleiisine.)

Saccharum offlcinarum is the Common Sugai'-cane, so extensively used

for the extraction of Cane-sugar. Molasses or Golden Syrup is the drainings

from raw sugar, and treacle the thick juice which has drained from refined

sugar in the sugar-moulds. Caramel is burnt sugar. Sugar-candy, pulled

sugar, barley-sugar, hard-bake, tix., are all familiar preparations of sugar.

By the distillation of the fermented liquid of treacle or molasses rum is

obtained.
Secale cereale. Common Rye, is much cultivated in the northern parts of

the world for its grains, which are extensively employed for making bread.

Rye bread retains its freshness for a much longer time than wheaten bread.

Quass or Rye Beer is a favourite drink in Russia. Rye is also used by the

distillers. When roasted it has been employed as a substitute for coffee.

Rye is subject to a disease called Ergot, produced by the attack of a fungus
(see Claviceps), when its grains assume an elongated and curved form. The
diseased grains are conunonly known as Ergot of Rye or Spurred Rye, which
in certain doses is poisonous to man and other animals. Medicinally, ergot

is given to excite uterine contractions in labour, and for other purposes.

Setaria.—S. germanicais the source of German Millet, and S. italica of

Italian Millet. The latter is also much used in India. The millets are

largely used as food.

Stipa.—>Si. tenacissima or Lygeum spartum, a Spanish grass, is known under

the name of esparto ; this has been lately highly recommended as a substi-

tute for rags in paper-making. The imports of Esparto in 1865 were 51 ,522

tons. Esparto is largely used in Spain for making matting, card baskets,

&c., and has been so employed since the time of the Phcsnieians, who are

also said to have used it extensively for like purposes. The grain of S.

pennata, Feather-grass, is stated to be very nutritious.

TrUicum.—T. viilgare is the Common Wheat.—A great many varieties of

Triticum are cultivated, as T. oestivum, spring or Summer Wheat; T.hy-
bernum, Winter Wheat; T. compositum, Egyi)tian Wheat, or Many-eared

Wheat ; T. Spelta, Spelt ; T. polonicum, Polish Wheat, &c. The grains are

enormously used in this and some other countries for making bread, and
for their starch. Various nutritious foods are also prepared from wheat
grains, as Semolina, Soujee, Manna Croup, Vermicelli, Maccaroui, Cagliari

or Italian Paste, &c.
Zea Mays is the Indian Com or Maize Plant. The gi-ain is extensively

used in warm countries. It is the most fattening of all the cereals, but it

frequently produces dian-hoea. T]ie roasted cobs or ears are sold in India,

as chestnuts similarly treated are in this country. The immature ears are

sometimes eatfu as a vegetable. Maize meal is sold under the name of

polenta, and the fine flour as maizena, both of which are much used in this

country and elsewhere. In South America a kind of beer, called Chica or Maize

Beer, is made from the grain, and is extensively used. In Western Africa, a

favourite fermented beverage is also prepared from Maize, called pitto or pete.

Zizania aquatica yields a serviceable grain known as Canada Rice or

Swamp Rice.

Artificial Analysis of the Natural Orders of MoNocoTyLEDONi':s.

Modified from Lindley.

(The Numbers refer to the Orders as previously described.)

Sub-class I. Bictyogcnce.

A. Ovary inferior.

Flowers unisexual Dhscoreacece. 242.
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B. Ovary superior.

&. Placentas basal Hoxburgliiaaas. 245.

b. Placentas axile.

Leaves whorled, not articulated . , . Trilliac^ae. 244.

Leaves not whorled, aiticulated . . . Smilacece. 243.

c. Placentas parietal Philesiacece. 246.

Sub-class II. Tetaloidece,

1. Flowers with ax E^^DE^^T Periaxth.

A. Ovary inferior (Epigynce).

SL. Flowers gynandrous.
Ovary 1-celled. Placentas parietal . , . Orchidacece. 247.

Ovary 3-celled. Placentas axile . . . Apostasiacece. 2iS,

b. Flowers not gynandrous.
1. Veins of leaves diverging from the midrib,

and parallel to each other.

Embryo enclosed in a vitellus.

Anther 2-celled. Filament one, not pe-
taloid ZingiberaceoE. 250.

Embryo not enclosed in a viteUus.

Anther 1-celled. Filament one . . MarantacexE. 251.
Anther 2-ceUed. Filaments more than
one MusacecB. 252.

2. Veins of leaves diverging from the base,

and parallel to the midrib.
Stamens 3.

Anthers extrorse Iridacece. 253.
Anthers introrse BurmanniacecE. 249.

Stamens 6.

Anthers extrorse Burmanniacece. 249.
Anthers introrse.

Leaves equitant Htemodoracece. 256.
Leaves flat.

Fruit 1-ceUed TaccacecE. 257.
Fruit 3-ceUed.
Outer whorl of the perianth petaloid.

Radicle next the hilum. Leaves
not dry AmaryllidacecE. 254.

Radicle remote from the hUum.
Leaves dry .... Eypoxidacece. 255.

Outer whorl of the perianth not pe-
taloid BromeliacecE. 258.

Stamens more than 6 Hydrocharidacece. 280.
B. Ovary superior {Hypogynce).

a. Outer whorl of the perianth herbaceous or glu-

maceous.
Carpels more or less distinct.

Seeds attached over the whole inner walls of
the fruit Butomaceae. 272.

Seeds attached to axile or basal placentas.
Flowers conspicuous. Embryo curved,
wthout a slit AUsmacece. 271.

Flowers inconspicuous. Embryo sti'aight,

with a lateral slit ..'... Juncaginacece. 270.
Carpels combined.
Inner whorl of the perianth different from

the outer.

Placentas axUe. Anthers 2-celled. Capsule
2—3-celled CommelynacecE. 264.

z z
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Placentas parietal.

Anthers 2-celled. Capsule 1-cellecl . . Xyiidacece. 2G5.

Anthers 1-celIed. Capsule 1-celled . . Mayacece. 263.

The outer and inner whorls of the perianth
alike.

Flowers on a spadix. Embi-yo with a lateral

slit Orontiacece. 268.

Flowers not on a spadix. Embryo Avithout

a slit Juncacece. 267.

b. Outer ivhorl of the penanth petaloid, or the

whole petaloid when only one whorl is present.

Carpels more or less distinct.

Seeds solitary. Flowers on a spadix . . Palmaceae. 269.

Seeds numerous. Flowers not on a spadix.

Anthers extrorse Melanthacece. 260.

Anthers introrse.

Perianth of 6 parts. Seeds without al-

bumen BiitomacecE. 272.

Perianth of 2 parts. Seeds with albumen Philydraceoe. 266.

Carpels combined.
Peiiauth rolled inwards after flower-

ing. Aquatics .... Pontederacece. 262.

Perianth not rolled inwards after

flowering. Perianth minute, with
coloured bracts externally . . Gilliesiacece. 261.

Perianth not rolled inwards after

flowering, conspicuous, without
coloured bracts .... Liliaceoe. 259.

2. Flowers either naked, or with a whorled scaly Perianth,
GENERALLY UNISEXUAL {DicUnes).

A. Flowers on a spadix.

a. Flowers bisexual.

Embryo cleft Orontiacece. 268.

Embi-yo solid Pandanacece. 273.

b. Flowers unisexual.

Embryo solid Pandanacece. 273.

Embryo cleft on one side.

Flowers with a true spathe. Fruit succulent.

Anthers sessile, or nearly so . . . Aracece. 275.

Flowers without a true spathe. Fruit dry.

Anthers on long filaments . . . Typhacece, 274.

B. Flowers not arranged on an evident spadix.

a. Flowers bisexual.

Ovary superior Juncaginacece. 270.

Ovary inferior Hydrocharidacece. 280.

b. Floners unisexual.

Ovules erect.

Embryo perfect.

Seed without albumen . . . Naiadaceoe. 277.

Seed with albumen .... Pistiacece. 276.

Embryo rudimentary .... Triuridaceoe. 279.

Ovules pendulous.
Carpel solitary.

Seed without albumen.
Pollen globose Naiadacece. 277.

Pollen filamentous or confervoid . . Zosteracece. 278.

Seed with albumen Restiacece. 281.

Carpels several, distinct.

Anthers 2-celled. Embryo cleft . . Naiadacece. 277.

Anthers 1-celled. Embryo solid . . Descawxiacece, 283.
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Carpels several, combined.
Anthers 1 -celled.

Stamens 2—3 Restmcece. 281.
Stamen 1. Ovary more than 2-celled . Desmuxiacece. 283.

Anthers 2-celled. Placentas central.

Seeds with rows of hairs .... Eriocaulacece. 282.
Seeds without rows of hairs . . . lies/iactce. 281.

Anthers 2-celled. Placentas parietal . . Xyridacece. 265.

Sub-class III. GlumacecB.

Stem solid. Leaf-sheaths not slit. Embryo ba-
silar, within the albumen Cyperacece. 284.

Stem hollow. Leaf- sheaths slit. Embrj'o basilar,

outside the albumen Graminacece. 285.
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Sub-kingdom II.

CRYPTOGAMIA, ACOTYLEDONES, OR ELOW-
ERLESS PLANTS.

Class III. ACOTYLEDONES.

Sub-class I. AcrogencB.

Natural Order 286. Eilices.—Thr Eern Order {fig. 1088).
—Character.—Herbs with rhizomaTous stems{fig. 12), or ar-

borescent plants (fig. 13). Leaves, or fronds as they are com-
monly called, arising irregularly from the rhizome (fig. 12), or

placed in tnfts at the apex of the stem (fig. 13) ; almost always
circinate in vernation (figs. 12, 13, and 271); simple or com-
pound (figs. 12 and 785). Fructification consisting of sporangia
or capsules (figs. 783 and 784), collected in heaps (sori) usually on
the under surface or at the margin of the fronds, or rarely on
the upper surface, or occasionally arranged in a spiked manner
on a simple or branched rachis (fig. 785) ; the sori are either

naked (fig. 783) or covered by a membranous scale (indusium)

(fig. 78i). Sporangia stalked (fig. 786) or sessile, and either

annulate (fig. 786) or exannulate. Spores enclosed in the
sporangia (fig. 786). (For further particulars upon the fructifi-

cation of Eerns, see pp. 359—362.)

Division of the Order, and Examples of the Genera.— This
order is commonl}'^ divided into three sub-orders, which are fre-

quently regarded by botanists as separate orders.

These sub-orders are calJed Polypodiese, Dan?eefe, and Ophio-
glossese. Their distinctive characters are as follows :

—

Sub-order 1. PoJypodiecB or VolypodiacecB.—The Polypody Sub-
order, or Eerns propsr (figs. 783-786). Eronds circinate in

vernation. Sporangia or capsules, more or less annulate,

usually collected in sori on the under surface or at the
margin of the fronds, or occasionally arranged in a spiked
manner on a simple or branched rachis. Examples:—Poly-
podixmi, Asplenium, Hymenophyllum, Osmunda,

Sub-order 2. T)a7i(Bece, Banmaace, or Marattiacecp.—The Dansea
Sub-order,—Eronde circinate in vernation, and all fertile.

Sporangia or capsules arising from, or imbedded in, the under
surface or back of the fronds, more or less united, exannulate.
£!rrtwp^('5.-—Danasa, Marattia.

Sub-order 3. Ophioglossece or OphioglossacccB. — The Adder's
Tongue Sub-order (fig. 1088). Eronds not circinate vx ver-
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nation, barren or fertile. Sporangia or capsules arranged in

a spike-like form {fig, 1088, a) on the margins of a contracted

frond {fig. 1088), distinct, 2-valved {fig. 1088, <5>), exannulate.

EaHxmples

:

—Ophioglossum, Botrychium.

Distribution and Numbers.—The plants

of this order are more or less distributed

over the globe, but they are most abun-

dant in moist mild regions. In the north-

ern hemisphere they are herbaceous plants,

but in the southern hemisphere and in the

tropics they are sometimes arborescent,

having stems occasionally fifty feet or

more in height, and with the general habit

of Palms, There are upwards of 2,000

species.

Properties and Uses.—Several species of

ferns have farinaceous rhizomes or stems,

which, "when roasted or boiled, form articles

of food in some parts of the world, but
generally only in times of scarcity. The
rhizomes of Pteris esculenta, Diiylaziicm es-

ctdentum, Nephrodium escidentum, and Ma-
rattia alata, are those which are tlius princi-

pally used. The leaves of several species

possess slightly bitter, astringent, and
aromatic properties, and those of others

are mucilaginous. The rhizomes of some
ferns are astringent and tonic, and a few
possess well-marked anthelmintic proper-

ties. The silky hairs found on the rhi-

zomes and lower portions of the caudex of

some species have been used for stuffing cushions, &c., and as

mechanical styptics.

Acrostkhum Iluacsaro.—The rhizome of this specie« constitutes the
middling Calaguala or Little Cord, which is used medicinally in Peru. (See

Polvpodium.)
Adiantum.—The fronds and rhi/omes of ^. CapiUus Veneris, True Maiden-

hair, and those of A. pedatiim, Canadian Maiden-hair, possess mucilaginous,
bitter, slightly astringent, and aromatic properties, and have been employed
as pectorals in catarrhs. The latter plant is most esteemed. Syrup of Capil-

laire is properly prepared, by adding to an infusion of Maiden-hair some
sugar and orange-flower water ; but it is fi'eqnently made by simply adding
sugar to orange-flower water. The fi'onds of A. melanocaiilon are reputed
to have tonic properties ; and various qualities have beea attributed to

other species.

Aspidium fraffans.—The fronds possess aromatic and slightly bitter pro-
perties, and have been used as a substitute for tea.

Cibotiuni.—The silky hairs coverim? the lower portion of the caudex of

C. Barometz, the Scythian Lamb of old writers, have been imported r.nder

the name of Penawar or Penghatcar Jnmbie. (See Dicksonia.) This has
been used in Holland and Germany as a styirtic. It has also been employed

Fig. 1088, a. Barren and
fertile fronds of the
ConininnAdder's-tonpue
( Ophiofjlo-tstim vulfta-

tum). b. Portion of the
fertile frond of the
saiDP, with 2-vaived dis-

tinct burst sporangia or
capsules.
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for stuffing cusliious, &c. It is produced in Sumatra. Analogous hairs

imported from the Sandwich Islands, under the name of Pulu, may be em-
ployed for similar purposes as the preceding. Pulu is said to be derived

from three species of CiboUum, viz. G. glaucum, C. Chamissoi, and C. Men-
ziesii. Other species produce somewhat similar hairs.

Mcksonia {Balantium).—From the caudex of D. Culcita, a native of

Madeira, and from D. chnjsotricha, a native of Java, silky hairs are

obtained. The latter are imported under the name of Pakoe Kidang, By
some authors these hairs are said to constitute the substance known as

Penghmvar Djamhi (see Cibotium) ; they are used for similar purposes as that

substance and Pulu.
Lastrea.—The dried rhizome with the bases of the petioles and portions of

the root fibres of Lastrea (Aspidium or Nephrodium) Filix-mas constitute the

officinal male Fern of the British Pharmacopoeia. This has been used from
the earliest times as an anthelmintic ; it possesses most activity in a recent

state, and should be collected in the summer. The rhizome of Lastrea
(Aspidium) Athamanticum, under the names of Panna and Uncomocomo, is

also much esteemed by the Zoolu Caffi-es in Southern Africa as an anthel-

mintic.
Ophioglossum vulgatum, the Common Adder's-tongue, has been employed

as a vulnerary. In some districts it is used in the preparation of a popular
ointment.
Osmunda regalis, the Flowering or Royal Fern.—In Westmoreland and

some parts of Lancashire, this plant is known under the name of " bog
onion." The rhizomes when beaten and macerated all night in cold spring

water are much esteemed as an application for bniises, sprains, &c.

Polypodiiim.—The rhizomes of P. Calaguala, Genuine or Slender Cala-

guala ; of P. crassifoUuin, Thick Calaguala, or Deer's Tongue ; and those of

Acr'ostichum Huacsaro (see Acrostichum), are used medicinally in Peru, and
are said to possess sudorific, diuretic, febrifugal, and anti-venereal pro-

perties.

Pteris aquilina, the Common Brake, is reputed to possess anthehnintic

properties.

Natural Order 287. Equisetaceje.—The Horsetail Order.

Character.—Herbaceous plants with striated hollow-jointed

simple or yerticillately branched aerial siliceous stems, arising

from slender creeping rhizomes or underground stems. The

joints are surrounded by membranous toothed sheaths (Jiff. 11),

which are regarded by some botanists as modified leaves, but in

o-eneral the plants of the order are considered leafless. When
branched, the branches arise in a whorled manner from beneath

the axils of the teeth of the sheaths and correspond in number

with them. Stems barren or fertile. Fructification borne in

cone-like or club-shaped masses at the termination of the stem

(fia. 11). Each mass is composed of peltate scales bearing

numerous sporangia or capsules on their under surface (fig. 790),

each of which dehisces internally by a longitudinal fissure.

Spores surrounded by elastic club-shaped elaters (fiffs. 791 and

792). (See page 362 for a more detailed account of the

fructification.)

JDistribution, cfc.—These plants are found in marshy or watery

places in most parts of the world. There is but 1 genus

(Equisetum), which includes about 10 species, most of which are

indigenous.

Froperties and Uses.—Of little importance cither in a medical
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or economic point of view. They were formerly regarded as

slightly astringent, diuretic, and emmenagogiie, but are never

employed in medicine at the present day. The rhizomes contain

a good deal of starchy matters in the winter months, and might
therefore, in case of need, be used as food, like those of some
ferns. Silica is abundant in their epidermal tissues : this is

especially the case in Equisetum hyemale, Eough Horse-tail,

which is largely imported from Holland under the name of

Dutch Rushes, and employed by cabinet makers, ivory turners,

white smiths, &c., for smoothing the surface of their work.
Natural Order 288. Marsileace^.—The Pepperwort Order

{fig. 1089).—Character.—Aquatic herbs with small floating or

creeping stems {fig. 1089), from which arise sessile {fig. 1089)

Fig. 1089.

Fig. 1089. The Creeping Pill-wort (Pilularia glohulifera). The stems are

creeping, and bear numerous sessile leaves, which are circinate in

vernation. The sporocarps are downy, and placed in the axils of the
leaves.

or Stalked leaves {fig. 340). Leaves yfith. circinate vernation (j?^,

1089). Frtcctification at the bases of the leaves {fig. 1089),

and consisting of stalked valvular sporocarps {figs. 793, 796,

and 797) enclosing antheridia {fig. 794) and sporangia {fig.

795), which are either contained in the same cavity (fig. 793)

or in separate sacs {fig. 797). (See pages 363—365).

Distribution, cfr.—They are widely distributed, but are most

abundant in temperate regions. Examples of the Genera:—
Pilularia, Marsilea. There are about 20 species.

Properties and Uses.—Of little importance. Marsilea Ma-
cropus is known in Australia as the Nardoo plant. The sporo-

carps contain starchy matter ; these are pounded, and used as

flour.

Natural Order 289. Lycopodiace^.—The Club-moss Order
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{figs. 1090 and 1091).—Character.—Herbaceous plants,

usually resembling Mosses, with creeping stems {fig. 1090) and
forked ramification {fig. 10); or aquatic plants with corm-like

Fig. 1090,

Fig. 1090. Lycopodium innvdatum. Marsh CIuh-Moss. The stem is creeping,
and bears numerous small sessile imbricated leaves.

Stems {fig. 1091). Leaves sessile, usually small and imbricated

{fig. 1090), sometimes tufted {fig. 1091) and linear-cylindrical

{fig. 1091). Fructification in the axils of leaves {figs. 798 and
799), or immersed in their substance, often spicate {fig. 10)

:

consisting of either one kind of sporangium only, called the pollen-

sporangium ; or commonly of two, called oosporangia {fig. 801),

and pollen-sporangia {fig. 800). The 'poUen-s'porangia {fig. 800)
contain a number of small pores {microspores) ; and the oospo-

rangia enclose 4 large spores {macrospores) {fig. 801). (See

pages 365 and 366.)

Distribution, ^c.—They are almost universally diffused, oc-

curring in cold, temperate, and warm climates. Examples of
the Genera:—Lycopodium, Isoetes. There are about 200 species.

Properties and Uses.—Many species contain an acrid prin-

ciple. In moderate doses they are frequently emetic and pur-

gative, but in large doses they sometimes produce poisonous

effects. Some are reputed to possess aphrodisiac properties.

The spores of several are inflammable.



Fig. 1091. Isoetes lacrtstris. Lake Quill-wort. The stem is email and conn-
like, aud bears its leaves, whicb are linear-cylindrical, in tufts.

Lycopodium.—L.davatum, the Common Clnb-moss, possesses well-marked
emetic and purgative properties, and is also reputed diuretic aud emmena-
gogue. The spoi-es have been employed externally, for their absorbent
qualities, in erysipelas and various cutaneous affections ; and internally,

they are said to be diuretic, sedative, and demulcent. These spores are of a
yellow colour, and are sometimes kno-^\Ti as vegetable sulphur. Besides their
tise in medicine, as just alluded to, they are sometimes employed in phar-
macy for covering pills, the object sought being, to render them tasteless

and prevent their adhering together. Lycopodium spores, however, from
tbeu- inflammable nature, are principally used in the preparation of fire-

works, and for the i)roduction of anificial lightning at the theatres, &c.
L. Selago has similar medicinal properties, but it sometimes acts as a nar-
cotico-acrid poison. The spores are of a like inflammable nature to those of

L. davatum. L. catharticum is said to be a powerful purgative.

Natural Order 290. Mrsci.—The Moss Order {fig. 1092).—
Character.—Cellular plants {figs. 8, 9, and 805), terrestrial

or aquatic, with erect or creeping stems, and usually spirally

imbricated leaves {fig. 1092). Eijyroductive organs of two kinds,

called antheridia and archegonia (see pages 366—370), which
are either placed on the same or on separate plants {figs. 8 and 9).

The antJieridiurii {fig. 802) is a more or less rounded, elliptic,

or cylindrical sac, containing, when mature, a number of minute
cells {zootheccB), each of which encloses a spirally twisted fila-

ment {anihcrozoid ov jphytozoon). The archeganium is usually a
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flask-sliaped body [jig. 803), which after fertilization developes

an urn-shaped sporangium {figs. 804-806) with a central colu-

mella {fig. 810) ; the space between which and the walls of the

sporangium being occupied by spores, withoiit any elaters among
them. The sjjorangiitm is commonly placed on a stalk {seta)

{figs. 804, t, and 805, p), or occasionally sessile {fig. 1092),

and at first is covered by a hood {calyptra) {figs. 805 and
806, c), beneath which is a kind of lid {operculum) {figs. 807,

0, and 808). The sporangium usually opens when ripe in a

transverse manner from the separation of the operculum {figs.

807, 0, and 808) ; or sometimes by splitting vertically into four

equal valves, which are connected at the summit by the persistent

operculum {fig. 1092, a) ; or rarely it dehisces irregularly. At
the dehiscence of the sporangium, its mouth {stoma) is seen to

be either fringed by one {aploperistomous) or two rows {diplo-

peristomous) of teeth {'peristome) {fig. 807, p), or naked {ggmno-
sto)nous) {fig. 808).

Division of the Order, and Examples of the Genera.—This order

is usually divided into two sub-orders, which are frequently re-

garded as separate orders. The princi-

pal distinctive characters of the two
are as follows:

—

Sub-Order 1. BryacecB or Bryea.—Urn-
Mosses.—Sporangium dehiscing trans-

versely by the separation of the oper-

culum, or irregularly. Examples :—
Bryimi, Polytrichum, Sphagnum. The
genus Sphagnum is by Henfrey made
to constitute a distinct order, under
the name of Sphagnacese ; the species

are principally distinguished from the

Bryaceae in habit, and by the curious

structure of their leaves.

Sub-Order 2. AndrceacecB or AndrmecB.
-— Split-Mosses. — Sporangium split-

ting vertically into 4 valves which are

connected at the summit {fig. 1092).

Examples : — Andrssa, Acroschisma.

These are the only genera in this sub-

order.

Distribution and Numbers.—They are

generally diffused over the globe, but
most abundantly in temperate climates.

Fig. 1092. A portion of An-
drcea ritpcstris, much mag-
nified. Tlie stem is erect,
with numerous small iiu-

liricated leaves, and a ter-
minal sporanKium, which
is de.-<timte of a seta. a.

Sporangium after deh
cence. showing the 4 equal There are about 1.250 species,
valvcsof whicli It IS com- ^/'Vi.^i •

i.

posed connected at the Properties ana Uses.—01 little import-

opercuium^ Tife va^^^^^^^^
either in a medical or economic

seen to have dehisced ver- point of view. Some species possess
ticaiiy. After Hooker. astringent and diuretic properties, but
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they are not used in medicine. The species of Sphagnum fur-

nish food to the reindeer, and even to man in the polar regions.

Natural Order 291. Hepaticace^.—The Liverwort Order

{figs. 1093 and 1094).—(See pages 370—372).—Character.—
Small cellular plants, either with a creeping stem bearing minute

Fig. 1093. 1094.

Fig. 1093. Jimgermannia bidentata.

The stem is "creeping, and liears

numerous small inibrirated leaves.
. Fig. 1094. Sporangium of Jnn-
germannia hyalina, dehiscing ver-

tically by 4 valves, and contaiuiug
spores iu its interior.

imbricated leaves {fig. 1093), or with a lobed leaf-like frond or

thalloid expansion {figs. 811 and 813). Bcprocluctive organs

of two kinds, called antheridia and archegonia, which are

either on the same plant or on diiferent ones. The anth-
ridia are small, oval, globular, or flask-shaped cellular sacs {fig.

812), situated in the axils of leaves, or immersed in the frond,

or imbedded in the upper surface of peltate or discoid-stalked

receptacles {fig. 811). Th.e archegonia {fig. 814) are usually

somewhat flask-shaped bodies, which are imbedded in the fronds,

or contained in receptacles {fig. 813, r) elevated on stalks {fig.

813, s) above the thallus. Each archegonium developes after

fertilization a sporangium, which either bursts by valves {fig.

1094), or by teeth, or by irregular fissures. The sporanginm is

usually without a columella, and contains spores mixed with

elaters {fig. 815) ; or it is furnished with a thread-like colu-

mella, and contains spores and no elaters, or the latter are

imperfect ; or it has neither elaters or columella.

Division of the Order, and Examples of the Genera.—This

order may be divided as follows :

—

Sub-order 1. Jungermanniacem or JungermanniecB. — Scale-

Mosses {figs. 1093 and 1094).—Sporangia oval ; without a

columella ; splitting vertically by 4 valves {fig. 1094). Spores

mixed with elaters. Examples : Blasia, Jimgermannia.
Sub-order 2. Anthocerotea.— Sporangia pod-shaped; 1—2-
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Fiff. 1095.

valved ; with a filiform columella. Spores either mixed with

imperfect elaters, or these are absent. Examples ; Antho-
ceros, Monoclea.

Sub-order 3, Marchantiacece or MarcJuintiecB.—Liverworts {figs.

Sll-815).—Sporangia without valves; bursting irregularly

or by teeth ; without a columella. Spores mixed with elaters

{fig. 815). Examples:—Fimbriaria, Marchantia.

Sub-order 4. BicciacecB or Ricciem.—Crystal worts.—Sporangia

without valves ; bursting irregularly ; without a columella.

Spores not mixed with elaters. Examples

:

—Kiccia, Sphsero-

carpus.

Bistrihution and Numbers,—The plants of this order are gene-

rally difiiised over the globe, but they are most abundant in damp
shady places in tropical climates. There are about 700 species.

Properties and lists

.

—Of no importance. Some have been

used in liver complaints, and other species, as Marchantia
hemispherica, cfr., have been em-
ployed, in the form of poultices, in

dropsy.

Natural Order 292. Charace^.
—The Chara Order {fig. 1095).—
Character.—Water plants, with a

distinct stem branching in a whorled
manner {fig. 1095), and either trans-

parent or coated with carbonate of

lime. Reproductive organs of two
kinds, arising at the base of the

branches (^^. 816, w,^),andeitheron

the same or on different branches of

the same plant, or on separate plants.

These organs are termedglobules{figs.

816, g, and 818) and nucides {figs.

816, n, 819, and 820). (See pages

372—374: for a detailed account of

their structure.)

Bistrihution, cfc.—The plants of

this order occur in stagnant fresh
Fig. 1095. a small portion of a -,, . • n i. <? .i

species of Chara, n.agnifled. or salt Water in all parts of the
The brandies are arranged 111 a globe; but they are most abundant
wiiorledinaiiuer. In tlie interior - , ,^ t- ^ jn 7 /•

of eacii cell Hie contents ex- m temperate climates. Examples oj
hibitaki.Hi of circulation. The fJie Genera:—There are two genera,
directionof tins circulation is in- ^, t t.^., „ i ^ , ,^
dicated hy the arrows. The cir- Chara and JNitelia, and about 40
culating matter does not pass snecies
from ceil to cell, but is confined ^-r, ' j. t tt mi ^ ^

to that in which It originates. Froperties and Uses.— i hese plants

during their decay give otf a very
foetid odour, which is regarded as most injiu-ious to animal life.

They have no known uses.
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Artificial Analysis of the Natural Orders in the Sub-class

AcnoGKSM.

(Tbe Numbers refer to the Orders.)

1. "With a distinct axis or stem.
A. Leafy plants.

a. Sporangia on the back or margin of the fronds
or leaves, or on metamorphosed leaves . Filices. 286.

b. Six)rangia arranged in or near the axils of

leaves or bracts, or immersed in their sub-
stance.

1. Not enclosed in sporocarps.
Sporangia sessUe, without a calyptra . Lycopodiaceae. 289.

Sporangia sessile, with a calyptra . . Musci. 290.

Sporangia stalked, with a calyptra . . Musci. 290.

2. Enclosed in sporocarps.
Vernation circinate.

Spores not mixed with elaters . . Marsileacece. 288.
Vernation not circinate.

Spores mixed with elaters . . . Hepaticacece. 291.
B. Leafless plants.

Stem simple, or with whorled branches.
Fructification terminal, in club-shaped or

cone-like masses Equisetaceoe. 287.
Stem always branched in a whorled manner.

Fructification at the base of the branches Characece. 292.

2. With no distinct stem or axis.

No true leaves, but forming a green thalloid

expansion Eepatkaceos. 291.

Sub-class II. Thallogencs.

Natural Order 293. Lichenes. — The Lichen Order.

—

Character.—Perennial plants, composed of parenchymatous
cells, arranged so as to form a foliaceous {fig. 822), somewhat
woody, scaly, crustaceous, or leprous thallus ; living and fructify-

ing in the air, and growing on the bark of trees, or on old palings,

walls, &c., or on stones, or on the exposed surface of rocks ; usu-
ally epiph}-tic, but sometimes parasitic, and commonly presenting
a dry, shrivelled, more or less lifeless appearance. Eeproductio7i

either vegetative hjgonidia (see page 377) ; or hj trne fructifica-

tion, consisting of, 1. apothccia, which are sessile or stalked,

and generally of a rouncled {fig. 822) or linear form {fig. 821),
and composed of asci or theccs {figs. 823 and 82-t), enclosing

4, 8, 16, or numerous spores; 2. oi spermagonia contaAmng sper-

matia {figs. 825 and 826) ; and 3. of very rarely, ^yc;?i"c?irt enclo-
sing styJospores. (For detailed account of the fructification of
lichens, see pages 374—377.)

Distribution, <^'c.—Lichens are distributed in all parts of the
world. The pulverulent species " are the first plants that
clothe the bare rocks of newly formed islands in the midst of the
ocean, foliaceous lichens follow these, and then Mosses and
Liverworts." They also form a considerable proportion of the
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vegetation of the polar regions and of mountain-tops. Eccamples

of the Genera: — Opegrapha, Verrucaria, Lecidea, Cladonia,

Peltigera, Usnea. There are about 2,500 species.

Properties and Uses.—Several lichens possess nutritive pro-

perties from containing amylaceous stibstances, such are also

emollient and demulcent ; others contain bitter principles, which
render them tonic and astringent ; and several are important

as dyeing agents. A few possess aromatic properties. Some
lichens, as species of Variolaria, contain a large amount of

oxalate of lime. None are known to be poisonous.

Cetraria.— C. isktndica, Iceland moss.—This lichen contains two kinds of
Btarchy matters—one called lichen starch, and the other inuUn : it also con-
tains a bitter principle {cetrarin). It is officinal in the British Pharma-
copoeia, and is emplo3^ed as a nutritious food, and as a mild mucilaginous
tonic in catan-h, consumption, &c. When used for food only, it should be
previously deprived of its bitterness : this may be done either by heating
it twice in water to near the boiling point of Fahrenheit, or by digesting it

in a weak alkaUne solution formed by adding half an ounce of carbonate of

potash to about a gallon of cold water, and afterwards washing it with
water. C. nivalis possesses somewhat simUar properties.

Cladonia or Cenomyce.— C. rangiferina is the Reindeer Moss. It ia so

termed from constituting the food, especially in the winter mouths, of the
Reindeer. Cladonia {Scyphophorus) pyxidata is commonly termed Cup-moss :

this and other species have been employed as remedies in hooping-cough.
Gyrophora (Unibilicaria).—Several species, denominated tripe de roche,

possess nutritive properties, and are used as food in the arctic regions.

Franklin and his companions owed their preservation in 1821, in a great
measure, to the use of these lichens as food. The Gyrophoras also possess

slight tonic properties, owing to the presence of a bitter principle. G. pustitlata

is one of the lichens used in this country by the manufacturers of orchil

and cudbear. (See Roccella and Lecanora.) It may be also made to pro-

duce a brown colour.

Lecanora.—L. tartarea was fonnerly the principal lichen used in the pre-

paration of the dye called Cudbear. Cudbear is, however, now obtained

not only from it, but also from a number of other Lichens, as the species of

Roccella, &c. (See Roccella and Gyrophora.) L. Perella yields a ?imilar dye.

Two species of Lecanora, namely, L. esculenta and affinis, form important
articles of food both to man and animals generally in Fersia, Armenia, Tar-
tary, &c. They appear in some seasons in such enormous quantities, that in

certain districts they cover the ground to the depth of several inches, and
the natives believe they fall from heaven. L. esculenta is also found in

Algeria, Asia Minor, &c., and Dr. O'Rorke has endeavoured to prove that

this substance was the true manna of the Hebrews,—that which fed them
with regularity for forty years in the wilderness.

Parmelia.—P. parietina was formerly regarded as a valuable febrifuge,

astringent, and tonic. It contains a yellow crystalline colouring matter,

called cJirysophanic acid, which is identical with the yellow colouriiig

principle of rhubarb. P. perlata is employed by the manufacturers of

orchil and cudbear. (See Roccella.) It is also reputed to possess diuretic

properties.

Peltigera.—Peltigera (Peltidea) canina and P. rufescens are known in the

herb shops of this country under the name of Ground Liverwort. This

was formerly officinal in the London Pharmacopoeia, and regarded as a
specific in hydrophobia.

Roccella, Orchclla Weeds.— 7?. fuciformis, R. tinctoria, and R. hypomecha,

under the common name of Orchella Weed, are the species usually met with
in this country. They are imported from various parts of the world, as the

Canary and Cape de Verd Islands, the Azores, Angola, Madagascar, Mauri-

tius, Madeira, South America, Cape of Good Hope, &c. In commerce they
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receive the name of the country from whence they have been derived.

Orchella vreed is extensively used in the manufartnre of purple and red
colours, called oirhil or archil and cudbear. In Holland the bine colour,

called lif77iiis, is also prepared from the same lichens. Other lichens, as species

of Lecanora, Gyrophora, Parmelia, Variolaria, dr., are also --ometimes

employed in Bi-itain and elsewhere in the manufacture of orchil. &c. (See

these species.) Orchil and cudbear are used for staining and dyeing purple
and red colours, and also occasionally as tests for acids and alkalies. Litmus
is employed as a test for alkalies, acids, and some salts vsith a basic reaction.

A decoction of orcheUa Tseed possesses mucilaginous, emoUient, and demtd-
cent properties, and has been used in coughs, catarrhs, &c.

Sticta puhnonaria. Tree Lung--wort, Oak-lungs.—This lichen possesses

tonic and nutritious properties, resembling in these respects the Cetraria

islardica. In Siberia, it is used instead of hops for imparting bitterness

to beer. It is also employed in France, &c. for the production of a bro^vn
dye.

Variolaria. V. dealbata and V. oreina are used for the production of
orchil in France.

Natiiral Order 294. FrxGi.—The Mushroom Order.

—

Diap-

nosis.—Parenchymatous celluL\r plants, producing their fructifi-

cation in the air; growing in or upon decapng or living organic

substances, and nourished through their vegetative structure

called the spawn or mycelium (fffs. 4-6, and 827). Fructifica-

tion various. (See pages 377—380, and figs. 827-830.)
Distribution, ^'c.— They abound in all parts of the world

except in the very coldest, where their spawn would be destroyed.

Examples of the Genera :—Agaricus, Tonila, Puccinia, Uredo,
Botrytis, 3Iorchella, Tuber, Mueor. The number of species is

estimated at over 4,000. There are upwards of 700 British

species.

Properties and Uses.— Fungi have very variable properties.

Some are medicinal, others edible, and numerous species are more
or less poisonous. Many deaths have occurred from poisonous
fungi having been mistaken for edible ones, and, apart from their

botanical characters, science as yet affords no certain characters

by which they may be distinguished ; some general characters,

however, will enable us in most cases to do so : these may be
tabulated as follows :

—

Edible Mushrooms.

1

.

Grow solitary in dry airy places.

2. Generally white or "broA^Tiish.

3. Have a compact brittle flesh.

4. Do not change colour when cut by the action of the air.

5. Juice watery.
fi. Odour agreeable.
7. Taste not bitter, acrid, salt, or astringent.

Poisonous Mushrooms.

1. Grow in clusters, in woods, and dark damp places.

2. XTsuaUy with bright colours.

3. Flesh tough, soft, and watery.
4. Acquii-e a brown, green, or blue tint, wi|en cut and exposed to the air.
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5. Juice often milky.
6. Odour commonly powerful and disagreeable.

7. Have an acrid, astringent, acid, salt, or bitter taste.

All fungi should be also avoided wtiieli insects will not touch,

and those which have scales or spots on their surface, and, what-

ever may be the apparent qualities of the fungi, all those which
have arrived at their full development, or when they exhibit

any signs of change, should be used with caution. When there

is any doubt as to the qualities of the mushrooms, it is

advisable to cut them into slices, and macerate them in vinegar

and water for about an hour, then wash them in boiling water

previous to their being cooked. It has been proved that many
injurious fungi lose their poisonous properties when thus treated.

It is quite true that, by following strictly the above rules, edible

species will occasionally be thrown aside, but this is of little con-

sequence comparatively, as by so doing all injurious ones will

certainly be rejected. Thus all highly coloured fungi are not

poisonous ; for instance, according to Berkley, Agaricus casareus

is at once the most splendid and best of esculent fungi. The
species or varieties of fungi most commonly consumed in this

country are, the Common Mushroom {Agaricus {Psalliota) cam-

ipestris) and its varieties—those which are cultivated should be
preferred; Agariciis (Psalliota) arvevsh, Agaricus (Marasmius)
oreades, the Champignon, Morchella esculcnta, the Morel, Tuber

cibariiwi, the Truffle, and several species oi Boletus. Dr. Badham
and others have proved that much valuable food is thrown away in

this country by our rejection of many edible fungi. Dr. Badham
enumerates no less than 30 species of edible fungi which are

natives of Britain, and which are eaten by himself and friends
;

and in the first part of Cooke's " Handbook of British Fungi,"

which has just been published, no less than 16 species belonging

to the genus Agaricus alone are stated to be esculent. In
France, Russia, &c. several fungi are also eaten which are re-

garded by us as poisonous. It is difficult to account for these

conflicting statements, but we believe that the differences ob-

served in the effects of fungi are due to variations of soil and
climate, manner of cooking, and the peculiar idiosyncrasies of

individuals who partake of them. Even the Common Mushroom
is sometimes poisonous, and in Italy, Hungary, &c. is commonly
avoided. We believe, therefore, that with our present know-
ledge, it is far better to abstain altogether from fungi when there

exists the slightest doubt of their qualities.

In a chemical point of view, the fungi are remarkable for the

large proportion of water which enters into their composition,

by containing much nitrogen, and being rich in phosphates.

Medicinally, fungi have been regarded as aphrodisiac, nar-

cotic, tonic, astringent, emetic, purgative, &c. Ergot of rye (see

Secale cereale, p. 704), fthich is used medicinally, to excite
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uterine contractious in labour, and for other purposes, is now
proved to be the sclerotiiun (compact mycelium or spawn) of

Clavkeps purpurea. "WTieat and a number of other grasses are

also frequently ergotised.

Fungi are often very destructive to living plants and animals,

by growing upon them. Thus, in plants, the diseases known
as blight, mildew, rust, smut, vine-mildew, potato-disease, ergot,

&c., are either caused from, or accelerated by, the agency of

fungi. Many valuable communications attempting to prove that

fungi are either the cause of or the means of propagating
various diseases in the human subject have been also made
during the last few years, and there can be no doubt but that

fungi are associated with several cutaneous and other diseases

to which the human body is liable. This subject is still

under investigation by acute and discriminating observers, and
promises to throw much light on our knowledge of the cause
and propagation of diseases ; it is one replete with interest, but
which cannot be entertained further in this volume. The disease in

the silkworm, known under the name of muscca-dine, is produced
by one or more species of Botrytis. Similar diseases also occur
in other animals. Caterpillars are frequently attacked by
species of Spharia or CJavic^ps, in China, Australia, Xew Zea-
land, &c., and ultimately destroyed. The mucous membrane of
birds, &c., is also commonly infested with fungi of various kinds.

The disease called Dry Eot, which occurs in wood, is especially

caused by dampness, and the subsequent development of the
spores of fungi, as those of Merulius lacryrnans and J/, vastator,

and Polyporus destructor, ^-c. The different kinds ofMoulds which
are found on bread, cheese, preserves, fruits, paper, books, &c.,

are fungi of the species 3Iucor, Botrytis, Aspergillus, Penicillium,

Oidium, &c. The following fungi require a more detailed
notice :

—

Agaricus.—Agaricus (PsaUioia) campestris, the Common iTushroom, and
its varieties ; A. at'vensis (Fsalliota), A. {Marasmius) oreades, the Champig-
non, A. deliciosus, A. ccesareus, and A. (Lejnota) procents, dr., are largely used
for food in this and other parts of the world. (See Properties and Uses of
Fungi.) The subterranean mycelium of various species of Agaricus. as that of
A . oreades. A.prunu Ius, A . Orcella , A . ca mpestris, dx. , and that of allied genera,
developes in a radiating manner, and, by the remains acting subsequently as
a manure, causes the grass in our meadows, in such places, to grow in a very
Itixuriant manner in rings, which are commonly called fairy rings.
Amanita (Agaricus) muscaria is a very poisonous species. It possesses

narcotic and intoxicating properties, and is much used in Kamtschatka,
and some other parts of the Russian empire, as a narcotic and intoxicating
asent. It possesses the remarkable property of imparting its intoxicating
effects to the fluid excretions of those who partake of them. This fungus,
when steeped in milk, &c., acts as a poison to flies ; hence its specific name.

Boletus edulis and several other species are edible. B. edulis is much es-
teemed in Italy, &c.

Claviceps iCo?-diceps or Sphceria).—The disease called Ergot, which occurs
in the grains of Rye and other grasses, is produced by C. purpurea. (See
Properties and Uses of Fungi.) C. Robertsii, C. sinensis, C. entomorrhiza,
and other species, frequently attack caterpillars in a living state, which they

3 A
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destroy as their mycelium developes. The remains of the caterpillar with th0
developed fungus of C. sinensis is a highly esteemed drug in China, where it)

is much used as a tonic.

Gyttaria Darwinii and C. Berteroi are employed for food, the former in
Terra del Fuego, and the latter in Chili.

Elaphomyces granulatus and E. muricatus are sold in Covent Garden Market
under the name of Lycoperdon Nuts. They are supposed to possess
aphrodisiac properties, and to promote parturition, and the secretion of
milk.

Exidia Auricula Judce, Jew's Ear, is reputed to possess astringent and dis-

cutient properties, when applied externally in the form of a decoction, poul-
tice, &c. E. hispidula is used in China as a styptic, and as a food mixed in
soups, &c. It is known there under the name of Moghi, signifying ears of
trees.

Lycoperdon, the Puflfballs.—When the Lycoperdon giqanteum is submitted
to combustion, the volatile emanations arising from it possess a narcotic
property. It has been employed in this way to stupify bees when removing
honey from the hive, and has been also recommended as an antesthetic agent
instead of chloroform. A similar property is also possessed by some other
species.

Merulius lacrymans and M. vastator are two of the Fungi which occur in
the disease called Dry Rot. (See Properties and Uses of Fungi.)

Morchella esculenta, the Morel, is a liighly esteemed edible fungus, which
is principally employed for flavouring. It is imported in a dry state from
the Continent.

Mylitla australis is called Native Bread in Australia, where it is much used
as food by the natives. This fungus frequently weighs as much as from one
to three pounds. Other species, nearly allied to Mylitta australis, are also
used in China for food and as medicines.

Oidium.—The Vine Fungus is commonly supposed to be a species of this or
a nearly allied genus. It would appear, however, that the so-called fungus,
Oidium, is a mycelial form composed of conidial cells of some other fungus,
probably a species of Erysiphe.
Pachyma Cocos, Fries, is another fungus, allied to Mylitla, which is

highly esteemed as a food and medicine by the natives of China, &c., and the
Indians of the United States of North America. It is the Tuckahoe or
Indian Bread of the United States.

PenicilUum glaucum, Mucor mucedo, Aspergillus glaucus, Botrytis vul-
garis, (kc. (Jigs. 4-6), form the various kinds of Moulds already noticed.
(See Properties and Uses of Fungi.) Botrytis infestans is the fungus seen in
the Potato disease. The so-called Vinegar plant, which, by its growth in
saccharine liquids at moderate temperatures, converts them into vinegar,
appears to be a mycelial state of PenicilUum glaucum ; and the Yeast plant,
which, by its vegetation at a high temperature, is generally supposed to
cause fermentation in bread, beer, &c., would seem likewise to be a mycelial
state composed of conidial cells of a species of PenicilUum.

Polyporus.—P. destructor is one of the Fungi found in the Dry Rot of wood.
(See Merulius.) Thin slices of P. igniarius and P. fomentarius, when softened
by beating with a mallet, are sometimes employed externally to restrain
haamorrhage. Similarly prepared slices, soaked in a solution of nitre, and
dried, constitute ^madoM or G'enwaw tinder. When impregnated also with
gunpowder, they form black amadou. Amadou has been sometimes used to
give support and pressure in certain surgical affections, and as a moxa. P.
squamosus and P. betulinus, when pressed, sliced, and prepared by rubbing with
pumice, &c., are used to make razor strops. P. officinalis. Larch or White
Agaric, has been employed externally as an astringent ; and internally, to
check perspiration, and as an emetic, cathartic, &c. It was fonnerly em-
ployed as an anthelmintic, but its action is frequently violent. P. anthel-
liunticus, a native of Savoy in the Tenasserim Province of the Birman
Empire, is known as Shan-mo (Womi mushroom), being there highly es-

teemed as an anthelmintic. P. (Boletus) Laricis canadensis, Canadian agaric,

is reputed to be a valuable remedy in acute rheumatism.
Pitccinia graminis is the fungus which produces the Mildew of Wheat.
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Tuber, the Truffle.—The species of Trjffle, several of which occur in
Britain, are subten-anean. They are highly esteemed as seasoning or flavour-
ing agents. The best are imported from France, Algeria, and Italy ; they
are commonly preserved in oil. T. cestivum, T. cibarium, T. melanosporum
are the more frequently used species.

Uredo.—The species of this genus produce the diseases of Com and other
cultivated plants, called blights, rusts, &c.

Natural Order 295. Alg.s;.—The Sea-weed Order.

—

Diagnosis.

—Parenchymatous cellular plants
;

growing in salt or fresh

water, or in moist situations. The thallus is foliaceous and
branched {fig. 7), or filamentous {figs. 831 and 839), or pul-

verulent. Many Algse are microscopic, and others are of large

.size. In colour they are usually greenish, rose-coloured, or

brown. They are reproduced in various ways. (See pp.
380—385.)

Division of the Order, and Examples of the Genera:— The
order is commonly divided into three sub-orders, which are fre-

quently regarded as distinct natin-al orders ; these are known under
the names of tlie Melanosporea, Mekmos2)er/nca',OT Fucoidca ; the

likodosporecs, Bhodos2xr7ne(P, ov FloridecB; and the ChlorosporecB,

CMorospermecB , or ConfervoidccB. To these siib-orders may be
added two others, called respectively Diatomacea and Volvo-

cinecB. The distinctive characters of these different sub-orders

may be briefly described as follows:

—

Sub-order 1. Melanosporca , Melanospermece, Fucoidecs, or Brown-
coloured Alga.—Multicellular Algae, growing in salt water,

forming a foliaceous {fig. 7) or filamentous thallus {fig. 839),
and of an olive-green or olive-brown colour. Eeproduced by,

1. Zoospores {fig. 839); 2. Spores {figs. 7, t, and 8-10); and,
3. Antkeridia {figs. 841 and 842). (See pp. 383—385.)
Eaccoiiples

:

—Sargassum, Fucus, Ectocarpus.

Sub-order 2. Rhodosporea, Rhodosperritecs, Floridcce, or Rose-
coloured AlgcB.—Marine multicellular plants, with a foliaceous

or branched filamentous thalliis, and of a reddish-purple, rose-

coloured, or reddish-brown colour. Reproduced by, 1 . Tetra-

spores{figs. 834-836) ; 2. Spores {figs. 837 and 838); and, 3.

Antheridia. (See pp. 382 and 383.) Exa/nples

:

— Corallina,

Chondrus, Porphyra.

Sub-order 3. Chlorosporece, Chlorospcrnitce, Confer voide(e, or

Green-coloured Alg(B.—Unicellular or multicellular Algse, grow-
ing in fresh or salt water, or in moist situations ; usually of a
bright green colour, or rarely red. Reproduced by, 1. Spores,

formed either by conjugation {fig. 831) or by impregnation
from sjpermatozoids ; and, 2. Zoospores {fig. 832). (See pp.
380—382.) Examples:—Caulerpa, Palmella, Zygnema.

Sub -order 4. DiatomaccG.— Brittleworts.— The following dia-

gnosis is faom Henfrey :

—" Microscopic unicellular plant.s,

occurring isolated or in groups of definite f<jrm, usually sur-
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Fig. 1096.

rounded by a gelatinous investment, the cells exhibiting more or

less regular geometrical outlines and enclosed by a membrane,

striatefl {fig. 1096) or granular, either simply tough and con-

tinuous {fig. 1097), or

impregnated with silex

and separable into valves

{fig. 1096). Reproduc-
tion by spores formed
after conjugation of the

cells ifig. 1097), by zoo-

spores formed from the

cell contents, and by divi-

sion." The Diatomacese

are again divided into two
sections : 1. Diatomeee

{fig. 1096). Natives of

fresh or salt water, of a
brownish colour, valvuLir,

and invested by a siliceous membrane. Examjjlcs

:

—Diatoma,

Navicula. 2. BesmkUecs {fig. 1097). Found only in fresh water,

of a green colour, continuous, containing starch, and not in-

vested by a siliceous membrane. Examples:—Closterium,

Desmidium.
Fig. 1097.

Fi(t. 1096. A species of Diatomaceous Alga
(Biatoma marinum), dividiiii? into parts
by merismatic or flsoiparovs cell-division.

Tlie parts are been to be striated.

Fig. 1097. Two Desmidiaceous Algse {Bocidium Ehrenbergii) after conjuga-
tion, with a renting or inactive spore between them. After Ralfs.

Sub-order 5. VolvocinccB {fig. 1098). Henfrey diagnoses them
as follows:—"Microscopic bodies swimming in fresh water

by the aid of cilia arranged in pairs upon the surface of a com-

mon semi-gelatinous envelope, the pairs of cilia each belonging

to a green corpuscle resembling the zoospore of a confervoid,

imbedded in the periphery of the common envelope. Eepro-

duction by the development of each corpuscle into a new
colony, the whole being set free by the solution of the parent

envelope, or by conversion of the corpuscles into encysted

restiug-spores like those of Confervas." Examples

:

—Volvox,

Gonium. The members of this group are frequently regarded

as Infusorial Animalcules, but in all their essential characters

they closely resemble the Confervoidese.
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Distribution and Xumhers.—Algse ai'e more or less distributed

throughout the globe, gro-wing in salt or fresh water, or in moist

situations. Some species are found in

the boiling springs of Iceland, &:c.

;

Fi^f. 1098.

others occur in mineral springs, and
some in chemical solutions. The
waters of whatever temperature hare

their own peculiar forms. It is impos-

sible to estimate with any degree of

accuracy the number of species of

Algae, but they may be roughly guessed

at 2,500.

Proj^ertiesund Uses.—Several species

are employed for food in diflferent parts

of the world; 2i»,Laminariasacehari?iG, Fia. lo*?. The Revoiv-ng

L. digitata L. j^ataioruni, #^ ; Aluria ^^S^J'^f^.
CL^Gulenta^ DurvuLcEa utilis, bargassum aied.

^pecies, IridcBa ediclis^ Chondnis crisjpus

and C. marailhsus, Gdidiirm comeum, ^r., Gigartina spa-iosa,

Laurencia papulosa,, ^-c, Gracilaria UchcnoidiS and other Grc.cila-

rias, Ehodymcnia palrnata, Porphyra vvJgarls and P. laciniata,

Ulva latissima, U. compressa, S,-c. ; yostoc cdide, Hormosiphon
arcticus ; and many others. The nutritious properties of the

above are due to the presence of starch, sugary matter {inanrdti'),

mucilage, and albumen. M. Payen has discovered a new principle

in GcUdium corneum (A^gt'.e de Jam), and some other Algse, to

which he has given the name of Geloae. To this substance also

tlie nutritious prop-erties of Algae are, to a great extent, due.

According to Payen, 1 part of gelcse dissolved in 500 parts of

boiling water, will afford, upon cooling, a colourless, transparent

jelly,—thus forming ten times more jelly than a like weight of

the best animal gelatine. In order, therefore, to produce a jelly

of equal consistence, it would be only necessary to employ the

tenth part of what is necessary when isinglass is used. Jellies

prepared from species of Gdidium, Lav.reneia, t^'c, are much
employed for food in China, Japan, &c. The edible birds' nests,

so highly valued for food, &c., in China, owe their properties

probably in part to certain species of Algae, but essentially to

the secretions of the swallows by which they are constructed.

In medicine the above-mentioned nutritious Algae may be used

for their emollient and demulcent properties. Several species of

Algae, particularly Ficcus vcsiculosus, have been also employed
as remedies in G-oitre and scrofulous diseases. They owe their

beneficial effects in such cases, principally, to the presence of a

small quantity of iodine. The ashes obtained by burning many
species of Algse in the open air form the substance called ke'p,

which was formerly much used for the preparation of carbonate

of soda; but this is now more cheaplv oltained from sea-salt.
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Iodine is, however, still prepared from kelp. Some Algse have

been reputed to possess vermifugal properties ; none are known
to be poisonous.

Several Algae are remarkable for imparting colours to water,

snow, &c. Thus, Protococcus (Palmella) atkmtmis gives a red

colour to certain parts of the Atlantic ; P. nivalis contributes

to communicate a red colour to snow ; and P. viridis, a green

tint ; Dolichos^pernum Thompsoni imparts a green colour to the

Serpentine and to some Irish and Scotch lakes ; the red colour

of the Ked Sea is also in part attributed to the presence of

Trichodesmium erythroiuin ; &c. &c. Dr. Eobert Brown, of

Edinburgh, has also shown that the discoloration of the Arctic

Sea is due to Diatomucete, but principally to Melosia arctica, and

that these form the brown-staining matter of the "rotten ice"

of northern navigators.

Some Algge are met with in diseased animal tissues. The
Achlya frolifera, which attacks the gills of gold fishes, &c., and

Sarcimda ventriculi, found in the stomach, &c. of animals, may
be enumerated as amongst the most remarkable of such forms.

Alaria esculenta (Bladderlock^;, Hen-Ware, or Honey-Ware) contains man-
nite. It is employed for food in Ireland, Scotland, Iceland, and other

northern regions of the world. Berkley says that " it is the best of all the

escnlent Algse when eaten raw."
Chondi-us.— C. crispus is the source of our officinal Carrageen or Irish Moss.

It possesses nutiitive, emollient, and demulcent properties, and may be em-
ployed in the form of a decoction, jelly, &c., in puhnonary complaints, &c.

Bandoline or fixature, used for stiffening the hair, &c., is generally pre-

pared from Carrageen. C. mamillosus or Oigaitina mamillosa is always
found in the Can-ageen Moss of the shops. Its properties are similar. Car-

rageen Moss is sometimes employed as a siibstitute for size.

Durvilloea utilis is used for food by the poorer inhabitants on the western
coast of South America.

Fucus.—Several species contain mannite, as F. vesiculosus, F. nodosus, and
F. serratiis. These species were formerly largely used in the preparation of

kelp, and are now collected on om- shores for manure. F, veskulosua.

Sea Wrack.—This Alga is much used in winter in certain islands of Scotland

for feeding horses and cattle. The expressed juice of its vesicles or bladders

has been given internally, and frictions of the plant have been employed
externally, in glandular and scrofulous affections. A kind of wine prepared
from this Alga has also been used with success in similar diseases. The sub-

stance called Vegetable Ethiops, which has been likewise employed in &uch

cases as the above, is a kind of charcoal produced by the incineration of this

Alga in close vessels. The beneficial effects in these instances are principally

due to the presence of a small quantity of iodine.

Gelidium corneum, as already noticed, is nutritive. It is the Algue de Java,

from which M. Payen first obtained Gelose. It forms a favourite article of

food in Japan, Sac, and is also used in the manufacture of a kind of

glue, &c.
Gigaiiina speciosa (Eucheuma speciosum) is the jelly plant of Australia.

It is employed for food and for maldng size, cement, Sac. (See Chondrus
and Graeilaria.)

Gracilaria {Plocaria).—G. lichenoides (Plocaria Candida) and G.confervoides

are the sources of Ceylon Moss. This is nutritive, emollient, and demulcent,
and may be employed in the form of a decoction or jelly, as a food for

children and invalids, and medicinally, in pulmonary complaints, diarrhoea,

Sic It is sometimes imported under the name of Agar-agar, but Gigartina
apinosa has been also imported under the same name. Both species are
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largely emploj-ed in the East for making nutritions jellies, for stiffening

purposes, and for vaniishing. G, teyiax may be similarly used. Giacilaiia
(Plocaria) Helminthocorton is Corsican iloss. (See Lauiencia.) It has been
used principally as a vermifuge, but its properties have been much overrated.
G. crassa (Ki-tsai) is cooked A\ith soy or vinegar in Cliina. It is also em-
ployed by the Chinese ladies to give a glossiness to theii- hair.

Halidrys siliquosa contains nearly 6 per cent, of mannite.
Hormosiphon arcticiis {Xostoc a)cticum), which is very common in the

Arctic regions, according to Berkley, " affords a mass of wholesome food,

which is far preferable to the Tripe de Roche (see Gyrophora), as it has none
of its bitterness or purgative quality."

Ii'idcea edulis, as its name implies, is nutritious, and is sometimes used for
food in Scotland, <S:c.

Laminaria.—L. sacchanna is remarkable for the large quantity of mannite
it contains, upwards of 12 per cent. Its young parts, mixed with those of

L. digitata, are eaten in Scotland, &c., under the name of Tangle. The latter

species also contains much mannite. Z. saccharina is called Seatape in
China, where it is used for food and other pm-poses. L. potatorum is also em-
ployed for food in Australia, and other species possess similar properties.

L. bulbosa, L. digitata, and L, saccharina are used to a very large extent for
manure and for the preparation of kelp. The latter is also frequently used
as an hygrometer.
Laurencia.— L. pinnatifida is remarkable for possessing pungent pro-

perties. It is called Pepper-dulse in Scotland, where it is occasionally eaten.
Berkley says that L. obtusa forms the greater part of what is now sold in

the shops as Corsican iloss. (See Gracilaria.) L. papulosa (Tan-shwui)
is extensively employed in China and Japan in the preparation of a gela-

tinous substance called Yang-Tasi.
Xostoc.—N. edule is eaten in China, k,c. Other species possess similar

properties. (See Hormosiphon arcticus.)

Forphyra laciniata and P. vulgaris axe employed in the preparation of a
kind of sauce or pickle, which is termed Sloke, Slokan, or Laver. P.
vulgaris is eaten in China as a relish to rice. It is termed Tsz-Tsai (purple
vegetable).
Ehodomenia palmata is an article of food in Scotland, Ireland, Iceland,

&.C. It is the Dulse of the Scotch, and the Dillesk of the Irish.

Sargassum.—S. bacciferum is the Gtilf-Weed of the Atlantic. This and
other species contain iodine, to the presence of which they owe their bene-
ficial effects in goitre, for which purpose stems of the S. bacciferum are
much employed in South America under the name of Goitre-sticks.

11va latissima is employed in the preparation of Green Laver. It 1=: very
inferior to the laver prepared from the species of Porphyra. Both the/e
lavei-s might be beneficial in scrofulous ailections, &c., as they contain
iodine.

Artificial Analysis of the Natural Orders in the Sub-class

Thallogesje.

(The Numbers refer to the Orders.)

1. Plants "R-ith a myceUum, gi'owing in or on decaying or
living organic matter, and fructifying in the air . Fungi. 294.

2. Plants without a mycehiun.
Living and fructifying in the air .... Lichenes. 293.

Living in water, or in very moist situations . . Alga. 295.
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BOOK III

PHYSIOLOGY.

We have now examined the structure, classification, and uses of

plants, and have still to consider them in a state of life or action,

and to explain, as far as science enables us, the laws which regu-

late their life, growth, and reproduction. The department of

botany which investigates these phenomena is termed Physiology;

and the various processes which go on in the plant, and which
are the necessary accompaniments of its life, are called its

functions. The different vital actions are naturally divided into

two classes, called, respectively, the functions of the organs of

nutrition or vegetation, and the functions of the organs of repro-

duction ; the former being those concerned in preserving the life

of the particular plant, and the latter in continuing the species.

Physiology includes the study of the life of the whole plant,

when it is termed general; and that of the particular organs, in

which case it is called spicial.

The present state of our knowledge of many points connected

with the physiology of plants is so imperfect that there is diffi-

culty in arranging a good plan for its study. In examin-
ing, therefore, the functions of the different organs, the order of

arrangement adopted in treating of their structure and morpho-
logy will be followed as far as possible, and a few observations

on the phenomena in the life of the whole plant will conclude

the subject.
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CH-IPTEE 1.

SPECIAL PHYSIOLOGY.

Section 1.

—

Physiology of the Elementary Steucttees
OF Plan'ts.

1. FUNCTIOXS OF PAEEXCHYMATOrS CeLLS AXD PaEEXCHYJIA.
—As the simplest forms of Vegetable life, such as the Eed Snow
Plant (Protococcus nivalis or Palmella cruenta) {figs. 1 and 2),

consist of a single cell, such a cell is necessarily capable of per-

forming all the actions appertaining to plant life. Parenchy-
matous tissue also constitutes the whole structure of Thallogens,

as well as the soft portions of all plants above them ; hence the

physiology of parenchymatous cells is of the first importance.

The more important vital actions of cells are, 1. The formation of

new cells ; 2. Absorption and transmission of fluids ; 3. Move-
ments in their contents ; and, 4. Elaboration of their fluid con-

tents, and production of the different materials necessary for

development and secretion.

1. The Formation of Xeiu Cells.—All plants, as we have seen

(p. 6), in their earliest conditions, are composed of one or more
cells, hence all the organs which afterwards make their appear-

ance must be produced by the modification of such cells, or by
the formation of new ones.

The subject of cell-formation or cytogcnesis has engaged the

attention of many able physiologists, by whose united labours

we have now arrived at tolerably definite conclusions upon the

main points of the inquiry ; and although many of the subordinate

ones are still involved in obscurity, yet the processes are better

understood than the corresponding ones in animal tissues. Our
limits will not allow of describing in detail all the theories of

cell-formation which have been from time to time brought forward

by different observers ; neither is such necessary, since all are

now agreed upon the essential principles of the process : we shall

therefore confine ourselves to a general outline of the subject.

Cells can only be formed from that thickened fluid called

protoj)lasm which is contained in their interior, or has been ela-

borated by their agency ; hence cells can in no case be formed
without the influence of living organisms. The nature of proto-

plasm has been already fully described. By various observers

the formative matter of cells has been called organisable matter

^
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vegetable mucilage, cytohlastema, &c. The cell-wall or membrane
of cellulose takes no part in the formation of cells.*

Cells originate in one of two ways : either free in the cavities

of older cells, or at least in the protoplasmic fluid elaborated by
their agency ; or by the division of such cells. The first is called

Free Cell-formation or original cell-formation, being the first

phenomenon in the life of every plant ; the second, Cell-division

or Cell-multiplication, which is the usual mode of growth in the

nutritive organs of vegetables.

A, Free Cell-formation.—We may distinguish two modifi-

cations oi free cell-formation. 1. Free cell-formation from a

nucleus or cytoblast ; and, 2. Without the previous formation of

a nucleus.

a. Free Cell-formation from a nucleus.—This mode was disco-

vered by Schleiden, who considered it to be the only process of

'^ Professor Lionel Beale has much simplified the nomenclature

of histology. He discards the term " cell," preferring the expres-

sion elementarypart, as less liable to mislead. According to this

able microscopist, every " elementary part " consists of two kinds

of matter, or of matter in two states : the one he terms germinal

matter, which is vitally active; the o^ih&T, formed material, which

is physiologically dead. The protoplasm, primordial utricle, and
nucleus of vegetable cells are of the first kind, and the cell-wall

—which Dr. Beale has shown to be not a necessary part of the

cell—the starch granules, &c. are examples of formed material.

This latter may have very various appearances, whilst germinal

matter is always the same.

These two conditions of organised matter may be readily

distinguished under the microscope by the use of an alkaline

solution of colouring matter, e. g. carmine ; this is taken up by
germinal matter, which becomes deeply coloured, whilst formed

material is unaffected. In vegetable tissues the formed material

is generally thin, but in some animal tissues, as tendon, it is of

great thickness ; it must in every case have been at one time

germinal matter, from which alone can formed material be pro-

duced. Nutrition is effected by the constant passage of nutrient

matters from without inwards through the formed material to

the germinal matter, whilst the direction of growth is from within

outwards, the new formed material being interior to that of

longer existence.

Dr. Beale regards the nucleus as a new centre of nutrition

and growth formed from the pabulum within one already exist-

ing ; cell-formation, as he describes it, is more nearly what is

usually called gemmation or budding, all germinal matter being

capable of division and increase, and of producing germs similar

to that from which it descended-
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cell-formation oceurriug in plants.

Subsequently he modified his view.'^

materially, not only as regarded

the manner in which it took place,

but also as to its universality, and
he now admits that it is only one

principal mode of cell-formation.

The manner in which he describes

it as taking place is as follows {figs.

1099 and 1100):— a portion of the

protoplasm collects into a more or

less rounded or somewhat oval form,

with a defined outer border, thus

forming the nucleus of the cell

:

upon this a layer of protoplasm is

deposited, which assumes the form
of a membrane, and expands so as

to form a vesicle ; on the outside ol

this a cellulose membrane is se-

creted, and the formation of the

cell is completed. The proto-

plasmic vesicle in this case forms
the subsequent lining of the young
cells, and constitutes the " primor-
dial utricle " of Mohl. The ulti-

mate destination of the primordial

Fig. 1099.

Fig. 1099. Cells from the eiiil)r>"i)-sac

(if Chamcedorea Schiedeana In the
act of formation, a. The youngest
part,, consisting of nuclei and pro-
toplasm, h. Newly formed cells.

c, d. Cells ftill funher developed,
with nuclei adhering to their side.-.

After Schleideu.

1100.

Fio.wm. •>. The pan i^t ji,i. 1099, a, more highly magnified. 3. A nucleus
still more highly magnified. 4. A nucleus with the cell forming upon
it. 5. The same more highly magnified. 6. The same: the nucleus
here shows two nucleoli. 7. The nucleus of 6, after the destruction of
the cell hy pressure. 8. The cells of fig. J099, d, in a higher desree of
development, the cell-walls having already united. After Schleideu.
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utricle and the nucleus has been already spoken of in treating

of those bodies (see pp. 25—27).

b. Free Cell-formation tvithout a previous nucleus.—In the pro-

cess of free cell-formation, as described above, we have alluded

to the production of the nucleus as the first step of the process,

and it is regarded to be so in most instances by the greater

number of observers. Henfrey, however, does not consider the

nucleus of any physiological import in free cell-formation, which
process he thus describes :—" The new cell is formed by a portion

of the parent primordial utricle separating itself from the rest of

the protoplasm, assuming a globular or oval form, and secreting

a cellulose membrane upon its surface, so as to form a new cell,

lying free in the cavity of the parent primordial utricle." In
some cases, it is certain, no nucleus can be detected in a cell

previous to the formation of other cells free in its cavity ; hence

the presence of the nucleus cannot be regarded as essential, but

the portion of protoplasm, which in such cases separates from the

general mass, must be capable of covering itself with a membrane
and forming a cell. This, according to Mohl, frequently occurs

in the formation of the spores of the Algse, &c.

In Flowering Plants free cell-formation only occurs in tho.

embryo-sac, in which part, after impregnation, both the germinal

vesicles and the cells of the albumen (endosperm) originate

according to this method. In Flowerless Plants it is regarded

by some observers as the mode by which the spores of Lichens,

and some of the Algpe and Fungi, originate; by Henfrey and
others, however, their formation is believed to be due to a modi-

fication of the process of cell- division.

In the ordinary course of vegetation, free cell-formation can

only take place in the protoplasmic fluid contained in the in-

terior of cells forming parts of living tissues, but, accord-

ing to Schleiden, Mohl, and others, "it may also occur in-

dependently of the life of the parent plant in the creation of

parasitic Fungi, Yeast cells, &c., both in the decomposing fluid

of cells, and in the excreted or expressed juices."

B. Cell-division.—This mode of cell-formation is also called

by authors jparietal and meristnatic or fissiparous cell-formation.

It may be treated of under two heads ; namely : 1. Cell-division

tdtkout absorption of the walls of the parent cell ; and, 2. Cell-

division with absorption of the walls of the parent cell, and the

setting free of the new cells.

a. Cell-division without absorption of the walls of ths parent

C(V.—This mode of cell-formation was first observed by Mohl,

whose opinions were afterwards ably supported by Henfrey

und Mitscherlich. According to these physiologists (and their

ob.-^ervations have now been confirmed in all essential parti-

culars by various subsequent observers), this process is the one

by which all vegetating or growing parts of plants, whether
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Flowering or Flowerless, are produced and increased;—all
increase in the mass of the different organs is therefore due to
its agency. The manner in which it takes place is as follows :—
the primordial utricle or the protoplasmic lining of the cell—which must be in a perfect condition—becomes gradually
constricted on all sides {Jig. UQl,a,b, c, d), folding inwards, in

Fig. 1101.

^l:^

,&
~-i?i
.:^^
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Fiff. 1102. Yeast plant in process of
development. Fig. 1103. Conferva
glomerata, showing the progressive
stages of gemmation (b, c, d, e).

a. Terminal cell. After Mohl.

In some of the lower kinds of plants, a modification of this

process of cell-division takes place ; it consists in the formation

of secondary cells, as little bud-like prominences on the primary
cells, either at their ex-

Ficf. 1102. Fig. 1103. tremities, as in the Yeast
plant (/^. 1102), &c., by
which the plant is in-

creased in length; or on
the side of the primary
cell when branches are

produced, as in some Con-
fervas (Jig. 1103), in the

fibrilliform cells of Fungi
and Lichens, and in other

cases
;

probably much
more frequently than is

commonly supposed. The
mode in which this bud-
ding occurs may be thus

described. At a certain

point the primordial utri-

cle appears to acquire a

special development, for

it is seen to bulge out,

carrying the cellulose wall

of the cell before it, by which a little prominence is produced
externally {Jig. 1103, b); this continues to elongate until it

forms a tubular projection, c, on the side of the primary cell.

The cavity of this projection is at first continuous with that

of tlie cell from whence it sprung, but after it has acquired a

certain definite length, its primordial utricle becomes constricted

at the point of contact with the primary cell, d, and ultimately

forms a partition between them, as in the ordinary process of

cell-division. This process of cell-division is termed gemmation
or budding. In some cases, as in the formation of the fibrilliform

cells of Fungi and Lichens, no partitions are formed, but all the

branches communicate with each other {Jig. 26).

b.- Cell-division with absorption of the walls of the parent cell,

and the setting free of the new cells.—The pollen cells in the

anthers of all Flowering Plants, and the spores of most Flower-

less Plants, are formed bj' this process, which only occurs in

connection with the organs of reproduction. The manner in

which it commonly takes place in the formation of pollen is as

follows :—the primordial utricle of each parent cell becomes
infolded so as to divide the protoplasm into four portions,

either directly, or indirectly by first dividing it into two, and
then each of these being again divided into two others ; these

four portions are called special parent cells ; the whole of the
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protoplasmic contents in each of these then secretes a layer of

membrane on its outside, and thus four perfect cells are formed
in the cavity of their parent. As these continue to enlarge, the

walls of the parent cells, and subsequently those of the spe-

cial parent cells, become ruptured or dissolved, and the cells

being thus set free, the process is completed. (See page 252,
Rnd Jig. 546.) The manner in which spores are formed in the

higher Flowerless Plants is substantially the same in most cases.

It sometimes happens, however, that in the development of pollen

and spores, the special parent cells are not formed, as has been
shown by Schacht in the pollen of (Enothera, and in the spores

of Anthoceros IcBvis ; and by Henfrey in the spores of Marchantia
polymorpha {fig. 1104).

Fig. 1104.

a b

Fig. 1105.

c d

Fifi. 1104. a. Cylindrical cell from which are formed the parent cells of
the spores of Marchantia polymorpha. p. Primordial utricle of the
parent cells, b. The same cell converted into a string of cells, c. One
of the parent cells Isolated, with four primordial utricles of the spores.
(/. The four spores free. After Henfrey. Pig. 1105. Formation of
zoospores in Achlya proUfm-a. After Carpenter.

In other cases, instead of the development of only four second-

ary cells in the cavity of the parent, we have a large number
formed {fig. 1105, a), which either escape {fig. 1105, b) from it

clothed by a cellulose coat, as is ordinarily the case, or this is

secreted after their separation from the parent cell, as in the
zoospores of the lower Algae. Some of these modifications of the
process of cell-division are closely analogous to the ordinary
process of free cell-formation, to which they are referred by
Henfrey and other histologists.
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By the ordinary method of cell-division, cells are in many
instances produced with almost inconceivable rapidity. Thus,
it has been stated that a fungus of the Tuff-ball tribe has
been known to grow in a single night, in damp warm weather,

from the size of a mere point to that of a large gourd ; and it

has been calculated, from the average size of its component cells,

that such a plant must have contained at least forty-seven

thousand million cells, so that they must have been developed at

the rate of rveaxly four-thousand millions per hour, or more than
sixty-six millions per minute. Another illustration of the rapid

production of cells is afforded us in arctic and alpine regions,

where it frequently happens that the snow over an extensive

area is suddenly reddened by the cells of the Ked Snow-plant
(Protococcus nivalis) {figs. 1 and 2), Again, it may readily be
ascertained that in a favourable growing season, many stems will

increase three or four inches in length in twenty-four hours, and
the Agave or American Aloe {Agave americana), when flowering

in our conservatories, has been known to develope its flower-stalk

at the rate of at least a foot in a day, and in the warm climates

where it is indigenous, as in the Mauritius, it will grow at least

two feet in the same period of time. Leaves also in some cases

develope very rapidly ; thus Mulder states that he has seen the

leaf of Urania speciosa lengthen at the rate of from one and a

half to three and a half lines per hour, and even as much as from
four to five inches per day. In all these cases of rapid growth
in size, it must be remembered that the increase is due not only

to the formation of new cells, but also to the expansion of those

previously formed.

2. Absorption and Transjnission ofFluids.—The cell-wall of all

young and vitally active parenchymatous or prosenchymatous

cells is porous and readily imbibes fluids, and we find, accordingly,

that liquid matters are constantly being absorbed and trans-

mitted through such cells. The power which thus enables cells

to absorb and transmit fluids, is called osmose. This physical

force, as will be afterwards sho'wai, is a most important agent in

plant-life, for by its agency plants are enabled, not only to absorb

crude food by their roots in a fluid state, but also to transfer it

upwards, from cell to cell, to the leaves and other external organs,

for the purpose of being elaborated by the action of light and
air. It is, moreover, by a somewhat analogous process {diffusion

of gases), that the cells on the surface of plants are enabled to

absorb and transmit gaseous matters.

Osmose may be explained as follows :

—
"Wlienever two fluids

are separated' by a permeable membrane which is capable of

transmitting them, the tendency to equalisation between the

two, from the formation of a current in both directions, will be :

modified by the action of the membrane, as well as by their

own rates of diffusion. This osmotic action may be easily ob-
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Fig. 1106.

n

"V

served, by filling a bladder with coloured syrup, attacliing to

its opeu end a glass tube, and then immersing it in a vessel

containing water {fig. 1106). Under
such circumstances, the volume of the

denser fluid in the interior of the blad-

der becomes increased (as may be at

once seen by its rise in the tube), by
the more rapid passage through the

membrane of the thinner fluid than of

the thicker, though at the same time a

less portion of the syrup passes out into

the water or thinner fluid, as may be
proved by the sweet taste and colour

which the latter gradually acquires.

This double current will continue as

long as there is any material difference

of density between the two liquids. The
stronger in-going current is termed endos-

mose, and the weaker out-going current,

exosmose. If the position of the liquids

be reversed, the currents will be reversed

in like manner, the preponderating cur-

rent, in almost all cases, being that

which sets from the thinner to the

denser liquid. pig^ iioe. Apparatus to show
The absorption and transmission of endosmose^ud exosmose it

T . 1 ^i 1 1 11 • consists of a ttladder fllled
liquid matters through cells is now very with syrup, to the open end
easy to explain, for as the fluid contents of which a tube is attached,
^ "1, 1, « ,1 , p 1 ^ and the whole placed ma

01 the cells oi the roots or plants are vessel coutainiug water.

denser than the water contained in the

media in which they grow, they will continually absorb the

latter by endosmose (see Absorption) ; and as the changes which
are going on in the cells by evaporation, assimilation, and other

processes on the surface of plants tend to thicken their contained

liquids, there will also be a constant passage of the absorbed

fluids from cell to cell towards those parts where such processes

are taking place. The laws of ordinary adhesive or capillary

attraction and of the diffusioji of fluids also regulate the flow of

the juices, which in certain cases may be even set in motion by
either force. The action, however, of the intervening mem-
brane (cell-wall), in greatly modifying or even overcomme: os-

motic action, is evidenced by the numerous cases in which
neighbouring cells contain different substances without their

intermixture.

3. Movements in the Contents of Cells.—In many cells, and
probably in all at a particular period of their life, when they
are in a vitally active state, a kind of movement or rotation

of a portion of their contents takes place. This movement
3 B
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is sometimes erroneously considered as a kind of rotation of
the watery cell-sap, but the very complete observations of
Mohl have proved that it is due to a circulation of the pro-
toplasm, which is rendered visible by the opaque granular
particles which it contains {figs. 1107 and 1 108). The protoplasm

Fig. 1107. Fig. 1108.

Fig. 1107. Three cells of one of the hairs

of the coiiiniou Potato plant, showing
the circulation of tlie contents of each
cell in retlculMted currents. In the cen-

tral cell the direction of the currents
is in part indicated by arrows. After
Schleiden.

Fig. 1108. Cells of the leaf of Vallis-

neria spiralis, showing tlie circulating

current with its granular contents,
passing up one side of each cell, across,

and di)wn on the other side. The di-

rectiDii of the currents is indicated by
tlie arrows.

thus circulating, does not pass from one cell to another, but w
strictly confined to the cell in which it originates. This kind

of movement has been termed Botation, Gyration, or Intra-cel-

Jular Circulation : it ceases, in the generality of cases, in cells

when they have attained a certain size, but in those of many
aquatic plants it continues throughout their life.

The appearances presented by these movements vary in dif-

ferent cases. Thus, in the cells of many hairs, as in those of

the Common Spider-wort {Tradescantia virginica), and Potato

{Solanum tuberosum) {fig. 1107), the circulation is in reticulated

currents, radiating apparently from, and returning to, the nu-

cleus. In the cells of the leaves of VaUisncria {fig. 1108) and
Anacharis, and in those of other parts of the same plants, intra-

cellular movements may be readily observed when they are sub-

mitted to a moderate microscopic power; but here, the proto-

plasm with its granular contents will be seen to pass round the

interior of the walls of each cell. Dr. Beale has figured the cir-
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culation in Vallisncria, as seen when magnified 2,800 diameters

{How to Work zvith the Microscope, plate 38, fig. 2i4) ; he

describes the circulating stream as consisting of extremely

minute apparently spherical particles of "germinal matter . . .

endowed with active motive power," and with them the larger

masses of chlorophyll are carried on. In the Characece, and
especially in the XitcUce, which are transparent, the moving pro-

toplasm does not rotate round the walls, or in reticular currents,

but it passes obliquely up one side of the cell (/y. 1095) until

it reaches the extremity, and then flows down in an opposite

direction on the other side.

No satisfactory explanation has as yet been brought forward

to account for this movement ; all that we know is, that it is

connected with the vitality of the cell-contents, and that all

agents that actually injure the cell will stop it at once and per-

manently. The movements of the ciliated zoospores of the

Algffi (see p. 381, and fffi. 30-32 and 832); and those of the

ciliated spermatozoids of Algse (see p. 385 and fig. 841), and
of the higher Cryptogamic plants (see p. 361 and/^. 788), are

regarded by Henfrey and others as " analogous to the rotation

of tJie protoplasm."

4r. Elaboration of the Cell contents.—All cells exposed to light

and air which contain a primordial utricle, have the power of

producing in their contents the various azotised and unazotised

compounds which are concerned in the development of new
tissues, and in the formation of the various secretions of the

plant. (See Respiration and Assiiuilation.) In old cells the

secretions of the plant are also, in part, deposited.

2. FrxcTioxs OF PEOSEXCHTMATors Cfxls a>t) Peosex-
CHYMA.—Prosench}Tnatous cells are especially adapted by their

construction and mode of combination into a tissue, for giving

strength and support to plants ; and there can be no doubt, but
that this is one of the offices which they perform. In a young
state, also, before such cells are filled with secondary deposits,

they appear to be the main agents, by which the fluids absorbed
by the roots are carried upwards to the leaves and other ex-

ternal organs, to be elaborated by the agency of light and air.

The experiments of Hoffman, Unger, and others, seem to prove
this. Thus, Hoffman, by placing plants in such a situation as

to cause them to absorb a solution of ferrocyanide of potassium,

and then adding a persalt of iron to sections of them, found that

the Prussian blue which was formed by the reaction of the
chemical agents thus applied, was principally deposited in the
prosenchymatous cells. Unger also came to the same conclusion,

by causing plants to absorb a coloured vegetable juice, ancl

tracing its passage. It should be noticed, however, that other
experimenters, such as Link, Eominger, and Spencer, have
arrived at opposite conclusions. (See Functions of Vessels.)
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The clown current of elaborated sap is generally believed to pass

through the long liber-cells of the inner bark.

3. Functions of Vessels and Vascular Tissue.—The func-

tions of the spiral, annular, reticulated, pitted, and scalariform

vessels have been a subject of much dispute from an early period,

and have been repeatedly investigated. Hales, BischofF, and others

came to the conclusion that these vessels were carriers of air, and

it is certain that air only is found in old vessels ; while Dutrochet,

Link, Kominger, &c., believed that their essential function was
to carry fluids from the root upwards. According to Link, when
plants are watered for several days with a solution of ferro-

cyanide of potassium, and afterwards with a solution of per-

sulphate of iron, prussian blue is found in the vessels, and not

in the prosenchymatous cells, as the experiments of Hoffman,

alluded to in speaking of the functions of prosenchymatous cells,

seem to indicate (see p. 739) ; and, more recently, the experiments

of Herbert Spencer, conducted with great care, tend to show that

in young plants at all events the vessels are the chief sap-car-

riers, whence the fluid exudes into the surrounding prosenchyma.

Functions of Latieiferous Vessels or Tissues.— The physio-

logical importance of these vessels has given rise to much
discussion, and is at the present time involved in obscurity.

Nothing further is absolutely known, than that they contain a

watery granular fluid which becomes milky on exposure to air,

and to which the name of latex has been given. (See p. 45.)

Lindley, and some other authors, believe that they " convey the

elaborated sap of a plant to the places where it is needed, and

especially down the inner part of the bark of Exogens."

Schultz called the tissue formed by the ramifications of the

latieiferous vessels cim nchymei, because he believed that he had
discovered in it a peculiar vital movement or circulation of the

latex, to which he gave the name of en/closis. Lestiboudois, as

already noticed (see p. 45), has also made out a circulation

of the contents of latieiferous vessels. This movement may
be generally observed by placing a leaf of the common Ce-

landine {CheJielonium me/j'us), previously dipped in oil, under

the microscope, and is described by Balfour " to resemble in

many respects the appearance presented by the circulation in

the web of a frog's foot." AVe have, however, never succeeded

in observing such an evident circulation in any latieiferous tis-

sues examined by us, although we agree with Schultz, Balfour,

Carpenter, and others, that a kind of vital movement of the

latex does occur in the uninjured plant. Amici, Treviranus,

Mohl, Henfrey, and others, altogether deny the existence of any

such a movement in uninjxu'ed tissues, and describe the circula-

tion as depending "upon a disturbance of the equilibrium by

external causes, such as pressure and heat, and may be pro-

duced at will in any direction by making an incision, towards
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which the juice flows." Further investigation is therefore neces-

sary before we can come to any positive conclusion upon this

subject.

Recently, Trecul has propounded a new theory as to the func-

tions of the laticiferous vessels. As already stated (p. 45), Tre-

cul believes that he has seen the laticiferous vessels in many
milky plants, communicating freel}' with tiie other vessels, and
he concludes that they act as venous reservoirs to the circulating

fluid,

4. Functions of Epidermal Tissue. — The special func-

tions of these parts are :
•— to protect the tissues beneath

from injury, and from being too rapidly affected by atmospheric

changes ; to regulate the transpiration or exhalation of watery

fluids; to absorb and exhale gaseous matters; and probably,

to some extent, to absorb water. The epidermis itself is

specially designed to prevent a too read}' evaporation of fluid

matters from the tissues beneath, and hence we find that

it is variously modified to suit the different conditions to

which plants are submitted. Thus, in submersed plants, which

are always exposed to similar influences as regards moisture,

there is no true epidermis ; whilst in aerial plants submitted to

ordinary influences in cold and temperate climates, we generally

find an epiderm's with only one layer of thin-sided cells, and
covered by a cuticle of only moderate thickness. In other aerial

plants, however, growing in the same latitudes, such as the Box;""

&c., and generally in those of a succulent nature where there is

but a moderate exhalation, we find the upper walls of the epider-

mal cells especially thickened, or protected by a dense layer of

cuticle ; whilst in aerial plants growing in very dry or hot re-

gions, as the Oleander {fig. Ill), we have fr'^quently an epider-

mis of two, three, or more layers of thick-sided cells, and other

special contrivances to prevent a too ready exhalation of fluid.

The same plants are best fitted for growth in houses, where the air

is usually xery dry. While the epidermis may thus be shown to

have for its object the restraining of a too abundant exhalation,

the stomata are especially designed to facilitate and regulate the

passage of fluid matters, and in proportion to their number,
therefore, upon the different organs and parts of plants, catcris

jparilms, so will be the exhalation from them. The exact manner
in which the stomata act is not readily explained, but it may be
always noticed, that when plants are freely supplied with mois-

ture, the stomata have their hoxdiev'mg guard-cells distended with

fluid, elongated, and curved, so that the orifices between them are

open ; whilst in those cases, where there is a deficiency of fluid,

the bordering cells contract, sti'aighten on their inner surfaces,

and thus close the orifices. Under the former condition of sto-

mata. there is a ready communication with the external air

and the internal tissues, and hence a free exhalation takes place;
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while in the latter state, the exhalation is more or less prevented/

In all the above cases of adaptation of the epidermis and sto-

mata to the conditions under which plants are placed, it is

impossible not to be struck with the wonderful evidences of

Design exhibited.

It is also through the cells of the epidermis, and more espe-

cially through the stomata, that certain gaseous matters are

absorbed from, and exhaled into, the atmosphere, in the processes

of Respiration and Assimilation. (See p. 752.)

It is still a disputed question whether the epidermal tissue

and its appendages have the power of absorbing liquids, such

as water. Some authors, as Unger and Dachartre, not only deny

the possession of such a power, but also that of taking up watery

vapour ; and Prill ieux has lately repeated their experiments with

the same resiilts and conclusions. It is, however, very difficult

to account for the immediate recovery of drooping plants in a

greenhouse, when water is sprinkled upon the floors, or the

revival in nature of vegetation, when a mist follows a long

succession of dry weather—except on the supposition that

watery vapour is taken up by the epidermal tissue and its ap-

pendages. Epiphytical species seem also to obtain nourishment

from the atmosphere by absorption through the epidermis.

Whether water itself is absorbed by the epidermal tissue and

its appendages is very doubtful. Various experimenters have

endeavoured to show that they have this power. The researches

of Garreau led him to the following conclusions:— 1. That the

cuticle possessed an evident endosmotie property, the intensity

of which was in proportion to the age of the tissues which it

invested ; thus it was greatest when they were young, and gra-

dually diminished as they approached maturity, and was alto-

gether lost when they became old. 2. The absorbing power of the

cuticle was greater in proportion to the absence of waxy or fatty

matters. 3. The cuticle covering the upper surface of the ribs,

and especially of that of the petiole where it joins the stem, is

that part of the leaf surface which presents the most marked

power of absorption. 4. In certain instances in which the

cuticle is absorbent, the epidermis presents impediments to ab-

sorption. 5. Simple washing with distilled water, and more

especially with soap and water, augments the absorptive power.

6. When the epidermal tissues of leaves have lost their power

of absorbing water, they can still absorb carbonic acid.

Origin and JDevelo'pmcnt of Stomaia.—The exact origin and

mode of development of stomata is not clearly ascertained.

By Mohl and other authors, the stomatal cells are described as

originating from one of the cells situated below the epidermis

rising into a space formed by the separation of the epidermal

cells at the points where stomata occur. Nageli and others,

again, describe the stomatal cells as being formed originally out
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of tnie epidermal cells, which are subseqiiently placed on a level

with these, or become pushed downwards or upwards, according

to the ultimate position of the stomata. The frequent occur-

rence of chlorophyll in the stomatal cells seems to support

Mohl's view. While observers diifer as to the origin of the sto-

matal cells, they are all agreed as to their general mode of

formation from the particular cells, each constituent cell which
forms the stoma becoming divided into two or four stomatal cells,

according to the usual mode of cell-division, as already de-

scribed (see p. 732) ; these iiltimately separate from each other in

the line of partition so as to leave an orifice or interspace be-

tween, bordered by two or four stomatal cells respectively.

5. FrxcTioxs of the Appe>.-dages of the Epioeemis.—
Hairs and their modifications appear to be designed to protect

the epidermis and parts beneath from injury from cold and other

external influences, hence we find young buds, &e., frequently

coated with hairs. Hairs also appear in certain instances, at

least to some extent, to absorb tiuid matters from the atmo-

sphere and soil ; whilst in other cases, they serve to assist the

epidermis in restraining exhalation, and we find, accordingly, that

plants which are densely coated with them are well adapted to

grow in dry arid situations, and to sustain without injury a

season of di-ought.

Glands are those organs which contain some of the peculiar

secretions of the plant. These secretions are either permanently
stored up in them, or excreted.

6. Functions of the Inteecellulae System.—The intercel-

lular canals, except in those cases in which the tissues of the plant

are gorged with sap, as in the spring of the year, are filled with

air, ancl the especial function which they perform is, to allow a

communication between the external air and the contents of the

internal tissues by virtue of the laws regulating the diffusion of

gases. They also facilitate exhalation of liquid, matters by their

connection wdth the stomata. The intercellular spaces are also,

in most cases, filled with air ; while the air-eel's and cavities, as

their names imply, are in like manner filled with aeriform

matters, and in water plants are especially designed to diminish

the specific gravity of the parts in which they are found, and thus

to enable them to float readily. The receptacles of secretion, as

their name implies, contain the peculiar secretions of certain

plants, and are closely allied in their nature to glands. (See p. 62.)

Section 2.— Physiology of the Organs of Nuteition or
Vegetation.

1. Of the Eoot oe Descending Axis.—The offices performed
by the root are:—1. To fix the plant firmly in the earth or to

the substance upon which it grows, or in some aquatic plants, to
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float it in the water; 2. To absorb liquid food ; 3, According to

some atithors, to excrete into the soil certain matters which are

injurious, or at least not necessary for the healthy development
of the plant ; 4. To act as a reserA^oir of nutriment.

The office which the root performs, of fixing plants in those

situations where food can be obtained, is evident, and needs no
further remarks. It is also essential to the proper performance

of its absorptive powers.

Absorption by the Root.—The function which the root performs

of absorbing nutriment for the uses of the plant, from the ma-
terials in or upon which it grows, is not possessed by its whole
surface, but is almost exclusively confined to the cells and fibrils

{fig. 224) of the newly developed portions and young parts

adjacent to them. As already mentioned, the dense cells at the

apex of the rootlets are not adapted for absorption. Hence, in

the process of transplanting, it is necessary to preserve such
parts as far as possible, otherwise the plants thus operated upon
will languish or die, according to the amount of injury they have
sustained. The injury done to plants in transplanting is also to a
great extent influenced by atmospheric circumstances and condi-

tions of the soil at the time in which such an operation is per-

formed ; thus, under the favourable circumstances of a warm soil

and moist atmosphere the destruction of a large portion of the

young extremities of the root will do but little injury, as the plant

will then speedily form new absorbent extremities ; but if the

conditions of the earth and soil be the reverse, then a large

destruction of the young extremities of the roots will cause the

plant to die before new absorl:)ent extremities can be formed.

•Special attention should be paid to the above facts when trans-

planting is performed in the growing season ; but it is far better,

when possible, to transplant late in the summer or in the autumn
when the growing season is drawing to a close, or in the spring

before it has recommenced, as at such periods little or no ab-

sorption takes place, and the plants have accordingly time to

recover themselves, before they are required to perform any
active functions. (See p. 796.)

This absorption of food by the youngest rootlets is due to os-

mose taking place between the contents of their cells and the

fluids of the surrounding soil.

Roots, as we have already seen (page 112), only grow in

length by additions near to their extremities, and as it is at

these parts that absorption of food almost entirely takes place,

they are always placed in the most favourable circumstances for

obtaining it, because in their growth they are constantly entering

new soil, and hence, as one portion of that soil has its nutritious

matters extracted, another is entered which is in an unexhausted
state. It has also been shown, by direct experiment, that when
the roots meet with a store of nourishment in the soil, a gi'eatly
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increased development of rootlets and fibrils takes place for its

absorption.

Roots can only absorb substances in a liquid state, therefore

the different inorganic substances which are derived from the

soil, and which form an essential part of the food of plants

(page 793), must previously be dissolved in water. If the roots

of a freely growing plant be placed in water in which charcoal

in the most minute state of division has been put, as that sub-

stance is insoluble in the fluid, it will remain on the surface of

the roots, and the water alone will pass into them.

Various experiments have been devised to ascertain whether
the plant possesses any power of selecting food by its roots.

Saussure proved, that when the roots of plants were put into

mixed solutions of various salts, some were taken up more freely

than others. He also found, that dead or diseased roots absorbed
differently to those in a living and healthy condition. The
experiments of Daubeny, Trinchinetti, and others lead essentially

to the same conclusions. Again, though the seeds of the common
beau and wheat be sown in the same soil, and exposed, as far as

possible, to the same influences in their after-growth and deve-

lopment, yet chemical analysis shows that the wheat stalk con-

tains a much larger proportion of silica (which it must have
obtained from the soil) than that of the bean.

The experiments of Bouchardat, Vogel, and others appear, on
the contrary, to indicate that roots absorb all substances pre-

sented to them indifferently, and in equal proportions. The
simple fact, however, which is easily proved by chemical
analysis—that the ashes of different plants contain different

substances or in different proportions—seems to prove incon-

testably that roots have a power of selecting their food. In
using the term selecting, however, we do not intend to imply that

roots have any inherent vital power of selection resembling
animal volition, but only to express the result produced by virtue

of the mutual actions of the root and the substances which sur-

round it in the soil. This power or property of selection is

without doubt due to some at piresent but little understood
molecular relation which exists between the membranes of the
cells of different plants and the substances which are taken up or

rejected by them, different roots possessing different osmotic
action for the same substances. It follows also, from the recog-

nition of this action as the cause of the absorption of fluid

matters by the plant, that poisonous substances may be also

taken iip when in solution by the roots, provided their tissues

are not injured by them in their passage; and we find, accord-

ingly, that when such substances are found in the soil, a cor-

responding effect is produced upon plants by their absorption.

Excretion hy Boots.—The roots of plants have been considered
by Brugmans, Pleuk, De Candolle, Macaire-Prinsep, and others,
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to possess the power of excreting into the soil certain of their

peculiar secretions. Thus Prinsep found that Lettuces and
Poppies excreted a matter analogous to opium ; the LeguminoscB
gummy matters ; the Euphorhiacea acrid matters, &c. ; and it

was therefore concluded by De Candolle and others, that such
substances were thrown off by plants because they were injurious

to them. It was also believed that, while such substances were
injurious to the plants producing them, they were beneficial to

others ; and as plants could not therefore be grown for any
length of time in soil imp-egnated with their own injurious

excretions, rotation of crops was necessary. (See p. 794.)

These experiments, when repeated by Bi'aconnot, Walser,
Meyen, Boussingault, &c., with every precaution, did not lead to

the same results, but, on the contrary, to the conclusion—that

the eifects observed by Macaire-Prinsep were due to his experi-

ments having been made without sufficient care, and that no excre-

tions of the peculiar substances of the plant took place unless

the roots of such plants were injured. While it may be proved,

therefore, that excretions from the roots can have no influence

on the rotation of crops, still it is by no means proved that roots

do not impart some of their contents to the soil. The evidence

would seem to lead to the conclusion, that roots have no power
of getting rid of excrementitious matters like that possessed by
animals, but nevertheless that they do throw off into the soil a
portion of their contents by a process of exosmose, which appears
to be an almost necessary result and accompaniment of the

endosmose by which absorption takes place. Carbonic acid is

probably parted with by roots in this way.
Roots are frequently enlarged for the purpose of acting as

reservoirs of nutriment in the form of starchy, gummy, and
similar matters for the future support of the plant. The tubercules

of the dahlia {fig. 237) and orchis {figs. 235 and 236) ; and the

roots of the turnip {fig. 243), carrot {fig. 241), and other

biennials, are familiar illustrations.

2. Of the Stem or Ascending Axis.—The offices performed
by the stem and its ramifications are :—1. To form a support for

the leaves and other appendages of the axis which have but a

temporary existence, and thus enable them to be freely exposed
to the influences of light and atmospheric air, which are essential

fur the proper performance of their functions and development

;

2. To convey air and fluid matters upwards, downwards, and
inwards, to the organs of respiration, assimilation, development,

and secretion ; and 3. To act as a reservoir for the secretions of

the plant.

Special Functions of the different Parts of the Stem.— 1. The
Pith.—Various functions have at different times been ascribed

to the pith. In the young plant, and when newly formed, the

cells of the pith are filled with a greenish fluid, containing gum
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and other nutritious substances in a state of solution. As the

parts increase in age the pith loses its colour, becomes dry, and
is generally more or less destroyed. It may possibly serve the

temporary purpose of nourishing the parts which surround it

when they are in a young state. The pith also, in some cases,

acts as a reservoir for the secretions of the plant.

2. The Wood.—The wood, when in a young and pervious con-

dition, is the main agent by which the crude sap is conveyed

upwards to the external organs to be aerated and elaborated,

but whether the passage is primarily by the vessels or the wood-
cells is disputed. (See pp. 739 and 740.) The vessels of the

medullary sheath and of other parts are carriers of sap in the

young plant, but when old contain air. (See p. 740.) As the wood
increases in age, the tissues of which it is composed become
filled with deposits and secretions by which they are hardened
and solidified, and in this manner the stem acquires strength and
firmness, but the tissues are no longer physiologically active, and
are in fact useless as carriers of sap. On the outside of the

young wood, but organically connected with it and with the liber

of Dicotyledons, is the vitally active layer of cells called the

cambium layer, from which are annually formed new layers of

wood and inner bark. The cells of the cambium la3-er are filled

in the spring, and at other seasons when growth takes place,

with elaborated sap, or that sap which contains all the materials

necessary for the development of new structiu'es. Great differ-

ences of opinion exist amongst botanists as to the exact manner
in which wood is deposited, but they are nearly all agreed that

the materials from which it is formed are elaborated in the

leaves, that -without leaves there can be no additions to it, and
that in proportion to their amount so will be the thickness of

the wood.* It is necessary, therefore, that the process of

pruning timber trees should be carefully conducted, and that

they should be placed at proper intervals, in order that they

* Herbert Spencer believes that intermittent mechanical
strains, such as those produced by the wind, are the sole cause

of the formation of wood, which is developed to resist the strains.

His experiments were anticipated by Knight so far back as

1803; and his results must be taken with modification. It is

probably true that such a conservative formation of wood does

occur to meet unusual strains ; but the want of cori^espondence

in nature between great exposure to such strains and large

deposit of wood, and the numerous examples of great wood-
formation in ligneous twiners and nailed-up trees, must prevent
us from considering it an all-sufficient explanation. In the cases

where no strains can have occurred, "the natural selection of

variations can alone have operated" to form wood, according to

Mr. Spencer.
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may be freely exposed to those influences which are favourable
for the development of their foliage.

3. The Medullary Bays.—The function which these rays per-

form is probably to assist the diffusion of a portion of the elabo-

rated sap from the bark and cambium layer through the wood,
in which certain of the secretions it contains are ultimately

deposited.

4. The Bark.—The bark acts as a protection to the young and
tender parts within it. The inner part is generally believed to

convey the elaborated sap from the leaves downwards, in order
that new tissues may be developed, and the different secre-

tions deposited in the wood and in its own substance. The bark
frequently contains very active medicinal substances, and others

which are useful in the arts, &c.

3. Of the Leaatis. — The essential functions of the leaves

are :— 1. The exhalation of the superfluous fluid of the crude sap
in the form of watery vapour ; 2. The absorption of fluid matters

;

3. The absorption and exhalation of gases ; and, 4. The forma-
tion of the various organic products and secretions of plants.

These functions they are enabled to perform through the influ-

ence of the air and light, to which agents, by their position on
the ascending axis of the plant, and by their own structure, they
are necessarily, under ordinary circumstances, freely exposed.

1. Exhalation of Watery Vapour by Leaves.— This process,

which is commonly termed transjnration, is considered to be
somewhat analogous to the perspiration of animals, but is little

more than evaporation. Its immediate object and effect is, the

thickening of the crude sap, and the consequent increase of solid

contents in any particular portion of it. This transpiration of

watery vapour, as already noticed (see p. 741), takes place

almost entirely through the stomata, and hence as a general rule

the quantity transpired will be in proportion to their number.
The presence or absence of a true epidermis and the various

modifications to which it is liable, have also an important influ-

ence upon the transj^iration of fluid matters. (See p. 741.)

From some interesting experiments of M. Garreau on transpi-

ration by leaves, he was led to draw the following conclusions :

—

1. The quantity of water exhaled by the upper and under sur-

faces of the leaves is usually as 1 to 2, 1 to 3, or even 1 to 5, or

more. The quantity has no relation to the position of the

surfaces, for the leaves, when reversed, gave the same results as

when in their natural position. 2. There is a correspondence
between the quantity of water exhaled and the number of the

stomata. 3. The transpiration of fluid takes place in greater

quantity on the parts of the epidermis where there is least waxy
or fatty matter, as along the line of the ribs.

This transpiration of fluids is influenced to a great extent by
the varying conditions of the atmosphere as to moisture and
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dryness ; thus, if two plants of the same nature are submitted

to similar conditions, except that one is placed in a dry atmo-
sphere, and the other in a moist, the former will give off more
fluid than the latter. The great agent, however, which influ-

ences transpiration is light. According to De Candolle, light

is the only agent which is capable of promoting and modifying
transpiration. He says, " If we take three plants in leaf, of the

same species, of the same size, and of the same degree of vigour,

and place them, after weighing them carefully, in close vessels,

—

one in total darkness, the other in the diSused light of day, and
the third in the sunshine, and prevent absorption by the roots,

we shall find that the plant exposed to the sun has lost a great

quantity of water, that in common daylight a less amount, and
that which was in total darkness almost nothing." The experi-

ments of Henslow, Daubeny, and others, also demonstrate, in a
most conclusive manner, the great influence of light upon tran-

spiration. Daubeny, moreover, found that the different rays of
the solar spectrum had a varying influence, the illuminating rays
having more effect than the heating rays.

Light being thus shown to be the main agent concerned in

influencing and modifying transpiration, this process will neces-

sarily vary in amount, not only in the same latitudes with dif-

ferent degrees of light, but also in different latitudes according
to the intensity of the light which is found in them respectively.

Hence, under similar circumstances, the amount of transpiration

from a given surface will be greater in tropical and warm regions

where solar light is most intense, than in temperate and cold

ones ; and thus we see one reason why plants of those climates

are frequently protected from an excessive and injurious exliaia-

tion by certain special adaptations of their epidermal tissues and
appendages. (See p. 741.)

The quantity of fluid thus exhaled has been the subject of
various experiments. The most complete observations upon this

point were made by Hales as long ago as 1724. He found that
a common Sun-flower 3^ feet high, weighing 3 pounds, and with
a surface estimated at 5,616 sqiiare inches, exhaled, on an
average, about twenty ounces of fluid in the course of the day ; a
Cabbage-plant, with a surface of 2,736 square inches, about
nineteen ounces per day; a Vine, with a surface of 1,820 square
inches, from five to six ounces ; and a Lemon-tree, exposing
a surface of 2,557 square inches, six ounces on an average
in a day. If such a large amount of fluid be thus given off by
single plants, what an almost incalculable quantity must be ex-
haled by the whole vegetation of the globe. It can readily also

be understood that the air of a thickly wooded district will be
always in a damp condition, while that of one with scanty vege-
tation will be comparatively free from humidity : and hence it

will be seen that a country, to be perfectly healthy, should have
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the proportion of plants to a particular area carefully considered,

for while, on the one hand, too many plants are generally prejudi-

cial to health by the dampness they produce ; on the other, a

deficiency or want of them will produce an equally injurious dry-

ness. The same circumstances have an important bearing upon
the fertility or otherwise of the soil, and thus have an indirect

influence upon the health of the inhabitants. Thus, it is a well-

known fact, that as vapour is constantly given off by plants, rain

is more abundant in those regions which are well covered with
forests, than in those which are comparatively free from them.
It is found, accordingly, that a great change may be produced in

tlie climate of a country by clearing it, and that while an exces-

sive amount of vegetation is injurious to the healthy growth of

plants, if the country be altogether deprived of it, it will become
entirely barren from extreme dryness. By inattention to these

simple but most important facts, -which clearly indicate, that

open land and that furnished with plants should be properly

proportioned the one to the other, many regions of the globe

which were formerly remarkable for their fertility are now barren

wastes ; and, in like manner, many districts, formerly noted for

their salubrity, have become almost, or quite, uninhabitable.

The fluid which thus passes off by the leaves of plants is

almost pure water. This transpiration cf watery vapour must
not be confounded with the excretion of water containing

various saline and organic matters dissolved in it, which takes

place in certain plants, either from the general surface of the

leaves or from special glands. In the peculiar formed leaves

of Dischidia, Nepenthes {fig. 364), Sarracenia {fig. 365), and
Heliamphora {fig. 366), watery excretions of this nature always

exist. From the extremities or margins of the leaves of various

Marantacese, Musacese, Aracese, Graminaceae, &c., water is con-

stantly excreted in drops at certain periods of vegetation ; but

this may be due to the great force of absorption in certain cases.

The most remarkable plant of this kind, however, is the Cala-

dium distillatorium, from which half a pint of fluid has been

noticed to drop away during a single night, from orifices placed

at the extremities of the leaves, and communicating freely with

internal passages.

2. Absorption of Fluids by Leaves.—This matter has already

been considered when treating of the Functions of the Epidermal
Tissue and its appendages (see page 742), and need not be

further alluded to.

3. Absorption and Exhalation of Gases by Leaves.—We have

already noticed (p. 744) the property possessed by the roots of

absorbing liquid food from the medium in which they grow, and
also their supposed power of excretion (p. 745). Whilst plants

are thus intimately connected by tlieir roots with the soil or

medium in which they are placed, they have also important rela-
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tions to the atmosphere by their leaves and other external

organs, "which are constantly absorbing from, or exhaling into, it

certain ga-ses. The atmosphere, it should be remembered, is

brought into communication with the interior of the leaves by
the stomata ; it indeed fills the whole intercellular structiu'e of

those organs much in the same way as the air fills the lungs of

an animal, to,which both in structure and function they bear some
sort of analogy. The gases which are thus absorbed and exhaled
by the leaves have been proved, by a vast number and variety of

experiments, to be essentially carbonic acid and oxygen. The
experiments of Boussingaidt would also indicate that in some
cases, at least, carbonic oxide is evolved with the free oxygen.
Draper, Mulder, Cloez and Gratiolet, and others, also believe

that leaves and other parts exhale nitrogen when exposed to

sunlight. The experiments also of M. Ville would lead to the

conclusion, that plants, under certain circumstances, may absorb
nitrogen from the air ; but the investigations of Lawes, Grilbert,

Daubeny, and Pugh, so far as they extend, do not confirm his

results, but tend, on the contrary, to negative them. The ex-

periments of Boussingault appear also to show that the gas
thus supposed to be nitrogen is in reality carbonic oxide, which
is likewise accompanied by a certain proportion of carburetted

hydrogen. The whole matter connected with the subject of the

absorption and exhalation of gases other than carbonic acid
and oxygen is in an undetermined state, and our future remarks
will almost entirely apply to the latter.

The absorption and exhalation of carbonic acid and oxygen
gases by the leaves vary according to the circumstances in

which they are placed. Thus, when the green leaves of a
healthy plant are exposed to sunlight, all experiments show, that
carbonic acid gas is absorbed from the atmosphere and decom-
posed, leaving its carbon, which is the residt of the decomposi-
tion, behind, and evolving its ox}-gen. It is in this way that by
far the largest proportion of carbon, which, as will be presently

shown, forms so large a part of plants, is taken up by them.
This evolution of oxygen by the green leaves and other green

organs may be readily observed taking place in the form of
bubbles, when a submersed aquatic plant or some freshly gathered
leaves placed in water are exposed to the direct rays of the sun.

No such evolution of oxygen takes place unless the water con-

tains carbonic acid gas, and not, therefore, in pure distilled

water, or in that which has been recently boiled. It has been
found, also, that there is a constant relation between the amount
of carbonic acid gas absorbed and the oxygen exhaled. These
experiments prove therefore, not only the exhalation of oxvgen
by the leaves, but also that it must be derived from the de-

composition of the absorbed carbonic acid. 'J!hese changes do
not take place in the deep-seated tissues of the plant, nor in
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the epidermal cells, but in those only immediately beneath the

latter.

This absorption of carbonic acid with fixation of carbon and
evolution of oxygen is in direct proportion to the intensity of

the light to which the plants are exposed ; but the experiments

of Draper, Hunt, and others, sliuw that the different rays of the

spectrum have a varying influence in promoting such a decom-
position. The results obtained by Draper by exposing the

green parts of plants to the different rays of the spectrum were,

that no oxygen was set free by them when they were in the

violet and indigo rays ;
'00 to 'SS only when in the extreme red ;

1 in the blue ;
4-10 in the green and blue ; 43-75 in the yellow

and green ; and 24-75 in the red and orange. Hence he con-

cluded, that the illuminating rays have the greatest effect in

promoting decomposition of carbonic acid, those nearest them
much less so, and the heating and chemical rays none at all.

The experiments of Cloez and Gratiolet lead substantially to

the same conclusions.

Whilst the absorption of carbonic acid and evolution of

oxygen is thus taking place by day, it is supposed by most
observers, that, in the absence of light, a contrary action occurs

—oxygen being then absorbed, and carbonic acid exhaled. At
the same time, all who hold this opinion admit, that the amount
of oxygen gas thus absorbed by night is very much less than
that given off by day. Thus, the experiments of Saussure and
Daubeny proA'e, that if plants be enclosed in jars containing

ordinary atmospheric air, and be supplied under such circum-

stances with carbonic acid, the quantity of oxygen gas in the

contained air becomes increased.

Some authors, such as Burnett, Carpenter, and Garreau,

maintain that carbonic acid is given off by the leaves in varying

quantities, both by day and night ; whilst others again, such as

Pepys, and Cloez and Grratiolet, deny that leaves, at any time

when in a healthy state, give off carbonic acid.

Those who hold the more generally received opinion—that

leaves when exposed to solar light give off oxygen gas, in con-

sequence of the absorption and decomposition of carbonic acid,

and that a contrary change takes place by night— maintain

different views upon the nature of these changes. Most of them
regard the evolution of oxygen by day as a true vegetable respira-

tion, and hence they look upon vegetable respiration as producing

results upon the atmosphere we breathe diametrically opposite

to those of animal respiration Others, such as Mohl and
Henfrey, say that here we have two distinct functions going on,

—

one, taking place by day, and consisting in the consumption of

carbonic acid, with fixation of carbon and evolution of oxygen

;

and another, only occurring by night, in the leaves and other

green parts, but also by night and day, in those not green, and
which consists in the absorption of oxygen and evolution of
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carbonic acid. The former function they regard as a process

of assimilation, and the latter as a kind of real (i.e. animal)

rcsjpiration. Mr. J. Broughtou has more recently demonstrated

a constant evolution of carbonic acid from nearly all parts of

growing plants, and considers that this gas, though partly due
to previous oxidation, is mainly separated from the proximate

principles during chemical changes.

Those who maintain Burnett's views regard the constant

exhalation of carbonic acid by day and night, as constituting

vegetable respiration ; and the exhalation of oxygen by day, as

connected with assimilation ; while the supporters of Pepys' views

regard the exhalation of oxygen gas as vegetable respiration.

Pepys says that oxygen is given off by the leaves both by night

and day, but in a greatly accelerated degree during the day ; but

by most observers no evolution of oxygen has been traced at night.

It will be seen from the above abstract of the opinions of dif-

ferent physiologists, that various ideas are entertained by them
as to the action of the leaves and other green organs under
different degrees of light ; and also upon the character of such

changes. Generally, it may be stated,—that all agree as to the

evolution of oxygen by the green parts of plants under the

influence of solar light, and that most authors call this vegetable

respiration ; that the evolution of carbonic acid by night is ex-

tremely small as compared with the opposite change by day, and
is altogether denied by some authors; and that the constant

exhalation of carbonic acid by day and night, in healthy green

leaves, is very doubtful ; though it certainly occurs in other parts

of the plant which are not green. (See page 763.)

Whatever \\ew& we may entertain, all admit that this evolu-

tion of oxygen gas by day has a most important influence in

Nature. This will be at once evident when it is remembered
that it is the only known process by which oxygen gas,—so

essential to our existence, and which is constantly being re-

moved from the atmosphere we breathe, by the respiration

of man and other animals, by the process of combustion, by
oxidation of mineral matter, and by other processes that are

constantly going on upon the globe,—is restored to it in a free

condition. Thus we see that, " the two great organised king-

doms of nature are made to co-operate in the execution of the

same design ; each ministering to the other, and preserving that

due balance in the constitution of the atmosphere which adapts
it to the welfare and activity of every order of beings, and which
would Soon be destroyed were the operations of either of them
to be suspended. It is impossible to contemplate so special an
adjustment of opposite effects without admiring this beautiful

dispensation of Providence, extending over so vast a scale of

being, and demonstrating the unity of plan upon which the whole
system of organised creation has been densed."

3c
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In a like manner, plants purify the water in which they grow,

and render it habitable by animals. We all know by early

experience, that if fish or other aquatic animals be placed in

water in which no plants arc grown, they will soon perish. This is

the case, because as there is then nothing present in the water to

destroy the noxious matters which are given off by them in their

respiration and other processes,—they are destroyed by their own
action upon the medium in which they are placed. In Nature,

we always find plants existing with animal life in the water, so

that the injurious influence communicated by the latter to that

medium, is counteracted by the respiration of the former : this

compensating influence of plants and animals is beautifully

illustrated in our aquaria. We are taught by these facts that it

is absolutely necessary, if we desire to maintain a large town in

a healthy state, to set apart large areas and plant them freely.

How far our views regarding the purifying influence of plants

in Nature may require modification by the discovery of Boussin-

gault of the evolution of a certain proportion of such a poisonous

gas as carbonic oxide is known to be, at the same time with

oxygen, it is at present impossible to say ; but the subject is

one of the very greatest importance, and cannot but repay a

careful investigation. Boussingault has thrown out a sugges-

tion, that in some cases, so far from plants purifying the air,

on the contrary, the atmosphere of marshy districts, where
they are in excess, owes to them its insalubrity. Probably, also,

one cause of the unhealthiness of densely wooded districts may
be due to the evolution of carbonic oxide gas. With reference

to the above conclusions of Boussingault, it maybe remarked, that

his experiments were solely made by putting plants or the green

parts of plants in water prei-iously impregnated with carbonic

acid. The conditions under which carbonic oxide was formed

by plants were therefore not altogether natural ones ; and hence

it is desirable that future experimenters should test plants grow-

ing in the air as well as in water, in as nearly as possible their

natural states of existence.

There exists a widely-spread notion, that plants, when grown
in rooms where there is but little ventilation, and, therefore,

especially in our sleeping apartments, have an injurious influence

upon the air contained in them. This idea has arisen from a

knowledge of the fact that plants, when not exposed to solar

light, have a contrary effect upon the atmosphere to that which
they have when submitted to its influence ; that is to say, that

they then absorb oxygen and give off carbonic acid gas, instead

of absorbing carbonic acid gas and giving off oxygen. The
amount of carbonic acid gas, however, which is then given off

by plants is so extremely small, that it can have no sensible

effect upon the atmosphere in which they are placed. It might

he readily shown that it would require some thoiisands of plants,
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in this way, to Titiate the air of a room to anything like the

extent of that of a single animal, and that, therefore, the idea

of a few plants rendering the air of close rooms unwholesome
by their action is altogether erroneous. It is certain, however,

that the odoiu's of plants may affect injuriously, to some extent

at least, certain individuals of delicate organization or peculiar

idiosyncrasies.

The decomposition of carbonic acid is probably effected by
the influence of chlorophyll: when leaves are not green, as is

the case in many parasitic plants and in those which are more
or less blanched, they, like the other parts of a plant in a similar

condition, exhale carbonic acid.

4. Formation of Organic Products and Secretions hy Leahies.

—By the changes produced in the watery contents of the green

leaves by exposure to air and light, the materials which it con-

tains are in a xerj active chemical condition or in a state prone

to change, and therefore freely combine together. By this

means various substances are formed, such as starch, sugar,

gum, proteine matters, &c., which are directly concerned in

the growth and nutrition of the plant ; as well as others, such

as resinous matters, various acids, numerous alkaloids, colouring

matters, &c., which, as far as we know at present, perform no
further active part in the plant, and are accordingly removed
from the young and vitally active parts, and either stored

up in the older tissues as secretions, or removed altogether from
the plant as excretions. The production of these organic sub-

stances is commonly termed Assimilation. We see, therefore,

that without leaves or other analogous green organs no growth
to any extent could take place, or any peculiar secretions be
formed ; but it must be also recollected that without the exposure

of even the leaves to light, no proper assimilation of the various

matters taken up by the plant can be effected ; for instance, if a
plant be put into the dark, it becomes blanched {etiolated), in

consequence of the non-development of chlorophyll, and, more-
over, no woody matter is then formed, and but few of the peculiar

secretions. The effect of the absence of light upon plants is

well shown when a potato tuber sprouts in the dark, in which
case the whole of its tissues are seen to become etiolated, and
ultimately to die ; or when potatoes are reared with a diminished
supply of light, as when they are grown in an orchard, or under
trees, under which circumstances the ti\bers are fotmd to be
watery, in consequence of the small quantity of starch then pro-
duced. Another illustration of the effect produced by the
absence of light is afforded in growing certain vegetables for the
table, such as Sea-Kale, Celery, &c. In these latter instances,

when the plants are grown freely exposed to light, they form
abundance of woody matter, which renders them tough or stringy

;

30 2
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and also peculiar secretions, which are either unpleasant to the
taste or absolutely injurious. The formation of these secretions

and of woody matter is prevented when the access of light is more
or less prevented, and the plants then become useful vegetables.

How such a vast variety of compound substances can be
formed in such simply organized bodies as plants is at present
almost unknown. It is to the combined labours of the chemist
and physiologist that we must look for the elucidation of this

important matter, but as it is not our purpose to allude here to

the various theories that have been entertained upon their forma-
tion and nature, we must refer the student to chemical works
for full details upon this subject. It is, however, certain that

one result of these chemical processes is the elimination of

oxygen, already described. The food of plants is highly oxy-
genated as compared with most of the important proximate prin-

ciples formed within their leaf-cells, and hence a disengagement
of oxygen must occur during their formation.

5. Effects of Gases generally upon Leaves.—In the last section

we have seen, that the ordinary normal constituents of atmo-
spheric air, namely, carbonic acid, oxygen, nitrogen, and ammo-
nia, in certain proportions, are those which are especially

necessary for the due elaboration of the various products and
secretions of plants, and these we have now shown are absorbed
by the leaves or roots. It is by leaves especially, that carbon,

which is so essential to plants, and which enters so largely into

the composition of its A-arious products and secretions, is absorbed.

It must be understood, however, that plants will not live in an
atmosphere composed simplj^ of either carbonic acid, oxygen, or

nitrogen ; but that for their proper development, these gases

must be mixed in suitable proportions ; for if either of them be
in great excess, the plants will either languish or perish, accord-

ing to circumstances. Plants will, however, flourish in an
atmosphere containing a moderate addition of carbonic acid,

even more vigorously than in ordinary atmospheric air ; but if

the amount be considerably increased, they will perish. This
injurious eifect of carbonic acid, when in excessive quantities,

would seem to be owing to a directly poisonous influence.

Wlien plants are placed in pure nitrogen or oxygen, or under
any other circumstances where they cannot obtain a suitable

supply of carbonic acid, they soon decay.

Whilst the above gases in suitable proportions are necessary

to the due performance of the proper functions of plants, other

gases wlien mixed in the air in which they are placed, act more
or less injuriously upon them. This is more particularly the

case with sulphurous acid and hydrochloric acid gases, even in

small quantities ; but an atmosphere containing much ammonia,
common coal gas, cyanogen, &c., also acts prejudicially. The
action of sulphurous and hydrochloric acid gases upon plants
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appears to resemble that of irritants upon animals, they first

exert a local action upon the extremities of the leaves, and this

influence is communicated into the deeper tissues, and if the

plants be not removed into a purer air, they perish ; but when
such gases are not in great quantities, if the plants are speedily

removed from their influence, they usually revive, the parts

attacked being alone permanently injured.

While such gases act as irritant poisons upon plants, sul-

phuretted hydrogen, carbonic oxide, common coal gas, cyanogen,

&c., seem to exert an influence upon plants like that produced by
narcotic poisons upon animals, for by their action a general

injurious influence is produced on their vitality, and a drooping

of the leaves, &c., takes place ; moreover, when such is the case,

no after removal into a purer air will cause them to revive.

As the above gases are constantly present in the air of large

towns, and more especially in those where chemical processes on
a large scale are going on, we have at once an explanation of the

reason why plants submitted to such influences will not thrive.

The air of an ordinary sitting room, and especially one where
gas is burned, is also rendered more or less unsuitable to the

healthy growth of plants, in consequence of the production of

injurious gases as well as from the dryness of the atmosphere.

Wardian Cases.—In order to protect plants from the injurious

influences thus exerted upon them by the soot and air of large

towns, the late Mr. N. B. Ward, some years since, introduced the

plan of growing them under closed glass cases, which has been
found to succeed admirably. These cases consist simply of a

box or trough in which a suitable soil is placed ; in this the plants

are put, and the whole is covered by a closely fitting glass case.

It is necessary, at first, to water the plants freely. When plants

are grown under such circumstances, upon exposure to light and
air, transpiration takes place from their leaves, as under ordinary

conditions of growth ; the fluid thus transpired is, however, here

condensed upon the surface of the glass case which encloses the

plants, and ultimately returns to the soil. It is thus brought
into contact again with the roots of the plants, to be again

absorbed and exhaled by them ; and these changes are con-

tinually repeated, so that the plants are always freely exposed
to moisture, and do not require a further supply of water for

a considerable period. Those plants, especially, which succeed

best in a damp atmosphere, as is commonly the case with Ferns,

do exceedingly well in such cases. A very important influence,

however, which is exerted by the invention is, the protection of

the plants from the immediate contact with the air impregnated
with soot and other injurious substances ; for in consequence of

the glass cover fitting closely to the trough in which the plants

are placed, the external air in its passage has to pass through
the very narrow crevices beneath the cover, and in so doing,
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becomes filtered, as it were, in a great measure, from its impu-
rities, before it is brought into contact with them.

i3esides the use of these cases in growing plants luxuriantly,

in those places where, under ordinary circumstances, they would
perish, or at all events grow but languidly, they have a still

more important application, for they have now been most success-

fully employed in transporting plants from one country to another,

which under ordinary circumstances would have died in their

transit, and whose seeds could not be transported without losing

their vitality. The action of the Wardian cases in this mode of

transporting plants is twofold : in the first place, the plants are

protected from the influence of salt breezes, which are in most
instances very injurious to plants; and, secondly, the atmosphere
of such cases remains in a quiet state, and by this means the

plants are protected from all rapid changes of temperature.

6. Colour of Leaves.—The green colour of leaves is due to

chlorophyll contained in the cells situated beneath the epidermis.

Chlorophyll, as already noticed (see page 27), is only formed
under the influence of light, and hence the leaves and other parts

of plants grown in darkness are blanched or etiolated (page 755).

If plants with green leaves be withdrawn from the action of light,

and be placed in the dark, these leaves soon fall, and if others

are produced, they have a whitish or yellowish colour. Again,

if plants, which have been grown in the dark, be removed to the

light, the leaves upon them soon lose their whitish hue and
become green. The rapidity with which leaves become gre^-n,

and the intensity of the colour, will be in proportion to the

amount of light to which they have been exposed.

The diiferent rays of the spectrum have a varying influence

in promoting the formation of chlorophyll. Some difference of

opinion exists as to those rays which are most active in this

respect, but the majority of experimenters agree, that the illumi-

nating or yellow rays, namely, those which, as we have already

seen (page 752), have the greatest effect in promoting the decom-
position of carbonic acid, are those also which are the most
active in the prodiiction of chlorophyll.

M. Yremy, as already noticed (see p. 28), has investigated

chlorophyll, and ascertained that it is composed of two colouring

principles,—one a yellow, which he has termed phylloxanthin

;

and the other a blue, which he has called 'phyllocyanin. Both
these principles have been isolated by M. Fremy, who has also

endeaA'oured to show, that the yellow colour of etiolated and
very young leaves is due to the presence of a body which he has

\exraQA. j)hylIox(mtkei7i, and which is coloured blue by the vapour
of acids. The same principle results from the decoloration of

phyllocyanin ; hence, it would seem, that phj'llocyanin is not an

immediate principle, but that it is formed by the alteration of

phylloxanthein. The expei'iments of M. Filhol do not, however.
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altogether correspond with those of M. Fremy, whilst the more
recent spectroscopic investigations of Prof. Stokes and Mr. H.
L. Smith tend to show that chlorophyll is more complex than M.
Fremy imagined.

The autumnal tints of leaves, which are generally some shades

of yellow, brown, or red, are commonly regarded as due to varying
degrees of oxidation of the chlorophyll which their cells contain.

The experiments of M. Fremy show that the yellow leaves of

autumn contain no phyllocyanin, and hence that their colour is

entirely due to the phylloxanthin, either in its original condition

or in an altered state.

When leaves are of some other colour than green, the different

colours are produced either by an alteration of chlorophyll or

of one of the constituents of which it is formed, or in consequence
of the presence of some other colouring principle.

Variegation in leaves must be regarded as a diseased condition

of the cells of which they are composed ; it is commonly produced
by hybridization, grafting, differences of climate, soil, &c. The
variegated tints are due either to the presence of air in some of

the cells, or, more commonly, to an alteration of the chlorophyll

of certain cells, or of one of the substances of which chloro-

phyll is composed. The colours of flowers depend on bodies

the nature of which is very imperfectly known, though spectro-

scopic analysis has done something towards grouping them into

series. (See page 28.) The changes in colour which many
corollas undergo are supposed to depend on the oxidation of these

bodies. Most of the BoraginacecB pass from pink to blue, from
their first expansion, till they are fully open ; the garden con-

volvulus changes from pink to a fine purple in the same period.

Cultivation will effect great changes in this respect, but there is a
limit to its influence. The Dahlia and Tulip are naturally yellow,

and under cultivation may be made to assume all shades of red,

orange, and white, but no tint of blue ; Geranituns and the
Hydrangea will take on various shades of blue, purple, red and
white, but never a yellow. These facts led De Candolle to divide
flowers in this aspect into two series—a xantkic, which has yellow
for its base, and a cyanic, which has blue—either of which can be
made red or white, but will not assume the basic colour of the
other. There seem to be a few exceptions to this rule ; e. g.

Myosotis versicolor changes from yellow in the bud to blue in

the open corolla, and the Hyacinth is not seldom a pale yellow.

7. Defoliation, or the Fall of the Leaf.—Leaves are essentially

temporary organs; after a certain period, which varies in differ-

ent plants, the leaves either wither upon the stem upon which
they are placed, as is the case commonly in Monocotyledonous
and Acotyledonous plants (see page 178), and also in some
Dicotyledonous ones (pa^e 168) ; or they separate from the stem
by means of an articulation or joint when they have performed
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their active functions, or even sometimes when quite green. In

the former case the leaves are non-articulated ; in the latter

articulated. In the trees of this and other temperate climates

the leaves commonly fall off the same year in which they are

developed, that is, before the winter months ; and in those of

warm and tropical regions the fall of the leaf often takes place

at the dry season. The leaves of some other plants, such as Firs

and Pines, however, generally remain for two or more years. In

the former case they are annual or deciduous, and in the latter

persistent or evergreen. The fall of the leaf is commonly termed
defoliation.

The cause or causes which lead to the death of the leaf are by
no means well understood. The opinion commonly entertained

is this : the membrane constituting the walls of their cells gra-

dually becomes so incrusted by the deposit of earthy matters

which are left behind, that ultimately the tissues of the leaf

become choked up, and are no longer able to perform their proper

functions, and the leaf then begins to dry up. After its death

the leaf may either fall, or remain attached to the stem, as

already observed.

The/rt?^ of the leaf does not, then, depend upon the death of

the organ ; it may occur before death, or may not take place at

all. Wlien it happens, it is dependent on an organic separation

or articulation which Asa Gray thus describes :
—" The formation

of the articulation is a vital process, a kind of disintegration of

a transverse layer of cells, which cuts off the petiole by a regular

line, in a perfectly uniform manner in each species, leaving a

clean scar
( figs. 1 85, h and 346, /) at the insertion. The solution

of continuity begins at the epidermis, where a faint line marks
the position of tlie future joint while the leaf is still young and
vigorous ; later, the line of demarcation becomes well marked,
internally as well as externally; the disintegrating process ad-

vances from without inwards until it reaches the woody bundles
;

and the side next the stem, which is to form the surface of the

scar, has a layer of cells condensed into what appears like a pro-

longation of the epidermis, so that when the leaf separates," as

Inman says, " the tree does not suffer from the effect of an open
wound." G-ray, then quoting Inman, adds :—" The provision for

the separation being once complete, it requires little to effect it

;

a desiccation of one side of the leaf-stalk, by causing an effort

of torsion, will readily break through the small remains of the

fibro-vascular bundles ; or the increased size of the coming leaf-

bud will snap them ; or, if these causes are not in operation,

a gust of wind, a heavy shower, or even the simple weight of the

lamina, will be enough to disrupt the small connections and
send the suicidal member to the grave. Such is the history of

the fall of the leaf"

8. Bevelo]pment of Leaves.—Nearly all that we know upon the
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Development of Leaves is due to the admirable investigations of

De Mercldin and Trecul, and we shall content ourselves, there-

fore, in giving a general abstract of their views upon this subject.

The following is a simimary of De Mercklin's conclusions :

—

'•' All leaves are produced on an axis, and their first form is

that of a tumour. The lobes, segments, or leaflets on the lower

half of a completely formed leaf are produced from the axis,

after the lobes, segments, or leaflets on the upper half.

" The original tumour corresponds with the apex of the leaf,

or with the summit of the common petiole.

"In all leaves, the blade and top of the petiole are formed be-

fore the stipules and the lower part of the petiole.

" The formation of compound leaves consists of two stages

:

first that of a simple leaf; then that of a pinnate leaf. It is

not very probable that the second owes its origin to the axis of

the leaf bud as the first does. The petiole (either of a simple
or of a compound leaf) ought, whether we regard its position

relative to the axis or its anatomical structure, to be considered

as an immediate elongation of the axis ; it certainly has a great
influence on the formation of the leaf.

" The stipel is formed after the point of the leaflet which it

accompanies; its development is generally much slower than that
of a stipule.

" All the parts of a leaf are symmetrical from their birth, and
the rudiment of each leaf is a body symmetrical in its relation to

the axis.

" The young leaflets of all compound leaves are always
opposite.

" All the parts of a rudimentary leaf are capable of develop-
ment. This development generally proceeds from the apex to

the base of the leaf, and is greater and stronger towards the
latter. The development takes place in all directions, and
predominates in determinate directions.

" The blade of a leaf is first developed. Leafy lamellse are ex-

tensions of it, whether they are eqiiilateral or inequilateral.

"Teeth and crenels appear to be owing to the development of
certain series of cells from the edge of a leaf. No trace of
them is to be found in very young leaves, the blades of which
are beginning to be formed.

" Stipules of Dicotyledons, in consequence of the great longi-

tudinal development of the petiole, appear as organs distinct

from the blade. The rapidity of their development is probably
due to their proximity to the axis. Their blade is developed,
covering the axis or other organs.

" The petiole is principally developed in one direction ; of all

the parts of a leaf, it is that which grows the most in proportion
to its original size.

" Although most of these views are founded on facts, yet they
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want an absolutely certain basis, which cannot be obtained

without observing the internal life of the parenchyma of the leaf

and of its products. This ought to remain the object of a true

history of the development of leaves ; for at present their suc-

cessive transformations only have been observed."

The following is an abstract of Trecul's conclusions, as given

by Balfour in his " Class Book of Botany :"

—

" All leaves originate in a primary cellular mammilla, with or

without a basal swelling, according as they are to have sheaths

or not; they are developed after 4 principal types: 1, the

centrifugal formation, from below upwards ; 2, the centripetal

formation, from above downwards; 3, the mircfZ formation ; and,

4, the farallcl formation. The centrifugal development may be

illustrated by the leaf of the Lime-tree, which begins as a simple

tumour at the apex of the stem. This tumour lengthens and
enlarges, leaving at its base a contraction which represents the

petiole. The blade, at first entire, is soon divided from side to

side by a sinus. The lower lobe is the first secondary vein.

The upper lobe is divided in the same manner 5 or 6 times,

forming as many secondary veins. Sinuosities then appear in

the lower lobe, indicating the ramifications of the lower vein

;

and, finally, fresh toothings appear corresponding with more
minute ramifications. Thus the various veins in the leaf of the

Lime-tree are developed like the shoots of the tree that bears

them, and the toothing does not arise from cells specially

adapted for that purpose on the edge of the leaf, as Mercklin has

supposed. The hairs on the under siu'face of the leaf are also

formed from below upwards.
" Leaves developed centripetally are equally numerous with the

preceding ; of this sort are the leaves of Sanguisorba officinalis,

Rosa arvensis, Ccphalaria procera, &c. In them the terminal

leaflet is first produced, and the others appear in successive

pairs downwards from apex to base. The stipules are produced
before the lower leaflets. All digitate leaves, and those with

radiating venation belong to the centripetal mode of formation

as regards their digitate venation.
" In some plants, as Acer, the two preceding modes of develop-

ment are combined. This is called mixed formation. In Acer

platanoidcs the lobes and the midribs of the radiating lobes form
from above downwards, the lower lobes being produced last, but

the secondary venations and toothings are developed like those

of the Lime-tree. In Monocotyledons we meet with the parallel

leafformation of Trecul. All the veins are formed in a parallel

manner, the sheath appearing first. The leaf lengthens espe-

cially by the base of the blade, or that of the petiole when
present.

" Leaves furnished with sheaths, or having their lower portions

protected by other organs, grow most by their base ; while those
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which have the whole petiole early exposed to the air grow
much more towards the upper part of the petiole."

It will be seen that the above results of M. Trecul differ in

several important particulars from those of De Mercklin, and
that the development of leaves is by no means such a simple

and uniform process as was supposed by him. Further investi-

gations are, however, still required before we can be said to have
arrived at altogether certain conclusions upon the subject.

Section 3.

—

Physiology of the Organs of Repeoductiox.

Having now briefly alluded to the special functions of the

elementary structures, and of the organs of nutrition, we pro-

ceed, in the next place, to treat of the special functions of tlie

organs of reproduction ; but those who may desire to complete the

account of the nutritive fimctions may pass at once to Chapter

2 (p. 790), which treats of the General Physiology of the Plant.

1. Functions of Bracts and Floeax Envelopes.—One of

the principal offices performed by these organs is, to protect the

young and tender parts placed within them from injury. When
green, as is usually the case with the bracts and sepals, their colour

is due to the presence of chlorophyll in their component cells, and
they then perform the same functions as ordinary leaves. When
coloured, however, as is generally the case with the petals, and
occasionally with the bracts and sepals, they appear to have, in

conjunction with the thalamus, a special function to perform

;

which consists in the formation of a saccharine substance from
the amylaceous matter stored up in them. This saccharine

matter is designed more especially for the nourishment of the

essential organs of reproduction. That such is the function of

these parts seems to be proved by the varj-ing composition of

the thalamus at different periods of the flowering stage. Thus,
at the period of the opening of the flower, the thalamus is dry
and its cells are filled with amylaceous matters; as flowering

proceeds, these matters become converted into saccharine sub-

stances, upon which the surrounding parts are nourished ; and,
finally, after' flowering, it dries up. In fact, a similar change
takes place in the process of flowering to that which occurs in

germination, where the amylaceous matters are in like manner
converted into saccharine.

When the saccharine matter is in excess, during the process of
flowering, it is found upon the parts in a liquid state, and may
be removed vrithout the flower suffering.

In this conversion of amylaceous into saccharine matter,
oxygen is absorbed from the atmosphere, and carbonic acid gas
given off in a corresponding degree. Hence, the action of the
coloured parts of the flower upon the surrounding air is directly

the reverse of that of the leaves and other green organs whilst
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under the influence of solar light. The absorption of oxygen

takes place in a still greater degree in the essential organs of

reproduction; hence, such an effect is more evident in perfect

flowers, than in those in which the stamens and carpels have

been more or less changed into petals—that is, when the flowers

have become partially or wholly double. It has been proved,

also, that staminate flowers absorb more oxygen than pistillate

ones.

The combination which under the above circumstances takes

place between the carbon of the flower and the oxygen of the air,

is attended by an evolution of heat, which indeed is always the

case where active chemical combination is going on. This

evolution of heat in the majority of flowers is not observable,

because it is immediately carried off by the surrounding air

;

but in those cases, where many flowers are crowded together, and

more especially when they are surrounded by a leaiy structure,

such as a spathe, which confines the evolved heat, it may be

readily noticed. The flowers of the male cone of Cycas circi-

nalis, those of the Victoria regia, of several Cacti, and of many
Aracecs, present ns with the most marked illustrations.

That this evolution of heat is dependent upon the combination

of the oxygen of the air with the carbon of the flower was con-

clusively proved by the experiments of Vrolik and De Vriese ;

for they showed that the evolution of heat by the spadix of an

Arum was much greater when it was placed in oxygen gas than in

ordinary atmospheric air, and that when introduced into car-

bonic acid or nitrogen gases it ceased altogether.

Development of the Floral Envelopes.—The manner in which

the floral envelopes are developed may be shortly summed up as

follows :

—

They are subject to the same laws of development as the

usual foliage leaves, and make their first appearance as little

cellular processes, which grow by additions to their bases or

points of attachment to the axis.

The calyx is always developed before the corolla.

When a calyx is polysepalous, or a corolla polypetalous, the

component sepals or petals make their first appearance in the

form of little distinct papillae or tumours, the number of which

correspond to the parts of the future calyx or corolla.

When a calyx is monosepalous, or a corolla monopetalous,

the first appearance of these organs is in the form of a little

ring, which ultimately becomes the tube of the calyx or corolla,

as the case may be. When these present lobes or teeth, as they

more commonly do, they arise as little projections on the top of

the ring, the number of which correspond to the future divisions

of the calyx or corolla.

All irregular calyces or corollas are regular at their first

formation, the cellular papillse from which they arise being all
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equal in size ; hence all irregularity is produced by unequal sub-

sequent growth.

2. Of the Essential Organs of Eeproduction.—SextiaUty

of Plants.—Though vaguely suspected by the ancients, the true

sexuality of plants was not definitely ascertained till 1676, in

which year Sir T. Millington, of Oxford, determined the real

nature of the stamens. The stamens of flowering plants, as has
been already repeatedly stated, constitute the male apparatus,

and the carpels the female. That the influence of the pollen is

necessary to the formation of perfect seed is positively established

in the immense majority of flowering plants ; and although cer-

tain apparent exceptions occur, which we flnd it impossible to

explain in the present state of our knowledge, where perfect

seeds have been produced without the agency of pollen, still such
isolated cases must not be allowed to overthrow the great mass
of evidence which may be adduced to show, that the pollinic

influence is essential to the production of a seed with a perfect

embryo. It would appear from various observations, as from the
kind of Parthenogenesis which takes place in some plants, that

a single impregnation may be sufficient to produce several gene-
rations.

"While the presence of distinct sexes may thus be shown in

flowering plants, both of which are necessary for the formation
of perfect seed, flowerless plants, in like manner, possess certain

organs the functions of which are undoubtedly sexual. It is

quite true that the existence of sexuality has not been absolutely
demonstrated in all the Cryptogamia ; but as it is known to
exist in the greater number, we may fairly conclude from analogy
that it is present in all.

We have just stated that a seed is only to be considered per-

fect when it contains an embryo which is capable of germina-
ting and producing a new plant; flowerless plants, however,
have no true seeds containing an embryo, but are propagated
by spores (page 358), which either reproduce the plant directly,

or give rise to an intermediate body, called the 2^^othaUmm, jpro-

thalhis {fig. 1^1 , p), pro-ernbryo, or frotoncma, from which the
fructiferous or fruit-bearing plant ultimately springs (see page
361). We can only give a general summary of the more im-
portant conclusions which have resulted from researches in this

subject.

1. Reproduction of Ceyptogamoi^s or Acotyxedonoits
Plants.—We have already described the structure of the repro-
ductive organs of these plants (see pp. 358—385), and, in doing
so, we treated of them in two divisions, called, respectively, Acro-
gens and Thallogens, each of which was again sub-divided into

several natural orders. We shall follow the same arrangement
in describing their modes of reproduction, except that we shall
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here commence with the Thallogens, and proceed upwards to

those plants of a more complicated nature, instead of alluding

to them, as we then did, in the inverse order.

A. Reproduction of Thallogens.—The sexuality of all Thallo-

gens has not been absolutely proved, but only concluded from
analogy. It is in the Algae that the sexes have been most clearly

shown to exist. The reproductive organs of Fungi and Lichens

have been already described, and but little is positively known
as to the mode in which they are reproduced. Oersted, indeed,

has recently described the impregnation of oogonia on the

mycelium of Agariciis, and De Bary has seen what he thinks

may be Antheridia in some of the Ascomycetes ; but, in the want
of definite details, it will be only necessary for us to give a sum-
mary of the modes of reproduction in the Algae or Sea-weeds.

Reproduction of Algoe. — The propagation of Algae takes place

in two very distinct ways ; namely, by conjugation, and by the

direct impregnation of naked spores or germ corjyuscles hy ciliated

sipermatozoi'ds. Each mode is also subject to modifications.

We can only briefly allude to the subject here. The existence

of sexes has been proved in members of all the sub-orders

of Algae, and the actual impregnation of the female corpuscle

has been directly observed.

1. Conjugation.—This process has been noticed in the Diato-

maceae generally, and in certain Chlorosporeae, It consists in

the union of the contents {endochrome) of the cells of two fila-

ments (fronds) {fig. 831), and the formation of a germinating

spore by their mutual action. No diiference can be detected in

the structure of the conjugating cells.

Two methods of conjugation may be noticed—one, which occurs

generally in the Diatomaceae and Desmidiaceae ; and the other in

certain of the Chlorosporeae. In the first mode {figs. 1097 and

1109), two individuals, each of which is composed of a single

cell, approach one another, the external cellulose membranes
bounding their respective cells burst, and the contents of the

two, invested by a primordial utricle, issue from the orifices thus

produced {fig. 1109), intermingle in the intervening space, and
form ultimately, by their mutual action, a rounded body {fig.

1097), called a resting or inactive spore, which ultimately ger-

minates. The contents of the spore are green and granular at

first, but ultimately become brown, yellow, or reddish. These
resting spores, which are furnished with two coats {fig. 1097),

are sometimes called sporangia, because they ultimately produce

two or more germs in their interior, and are not therefore simple

spores.

In the other mode of conjugation, which occurs in certain

Chlorosporeae, as in Zygnema {fig. 831), the cells of two fila-

ments develope on their adjoining sides a smalltubular process;

these ultimately meet and adhere, and the intervening septum
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existing at the point of contact becoming absorbed, the two
cells freely communicate. The contents of the cells then con-

Fig. 1109.

^m^s^mn^^M^^^^^ - —^'^m^^mm
Fig. 1109.—Two Desmidiaceous AlgEe {Bocidium Ehrenhergii), in process of
conjugating:. The contents of the two are seen to be intermingling in
the intervening space, and are at present only invested by a primordial
utricle. After Ratfs.

tract into a mass, and iiltimately combine together, either by
the passage of the contents of one cell into the other, or by the

mixture of the contents of the two cells in the tubular process

between them. Under either circumstance, the mixture of the

contents of the two cells results in the formation of a resting

spore {oospore), which ultimately germinates and becomes an
individual resembling its parents.

2. Impregnation of naked spores or germ-corpuscles hy ciliated,

spcrmatozoids.—This mode of fecundation has been observed
generally in the Melanosporege and Ehodosporese, and rarely in

some of the Chlorosporese. There appear to be two forms of

this fecundation : thus, in certain Chlorosporege, the fecun-

dation takes place before the spore has separated from its

parent; and in the Melanosporesej after both the spore and
ciliated spermatozoids have been discharged.

As an illustration of the first mode offecimdationviQ may take
Vaucheria. It is thus described by Henfrey:—"This plant is

commonly propagated by a peculiar kind of zoospore {fig. 833, g),
discharged from the thickened end of the filament or its branches.
Eut at certain epochs lateral structures are developed at the
sides of the filaments, as branch-cells, which become shut off

from the main tube by septa ; some of these processes expand
into ovate and beaked, or bird's-head-shaped bodies, others into

short curled filaments or ' horns.' The former are sporangia,
the latter antheridia. Wlien ripe, the antheridia or 'horns'
discharge their cell-contents in the form of numerous spindle-

shaped corpuscles, moving actively by the help of a pair of cilia.

Meanwhile an orifice is formed in the beak of the sporangium,
and some of the spermatozoids make their way in, so as to come
into direct contact with the cell-contents. This phenomenon
is followed by the closing up of the sporangium by a mem-
brane, and the conversion of its contents into a fertile resting
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s'pore" This process is subject to various modifications in the

other genera in which it occurs.

The second mode of fecundation of naked spores by ciliated

spermatozoids, occurs in the Melanosporese, and has been espe-

cially investigated by Thuret. His observations have been thus

condensed by Henfrey :
—" In this order the conceptacles {fig.

840) produce in their interior, bodies of two kinds, antheridia

{figs. 840 and 842, a, a, a) and spore-sacs {fig. 840, sp), either

together or in separate conceptacles (monoecious), or in separate

plants. The antheridia discharge 2-eiliated spermctozoids {fig.

841), which are poured out through the pores of the receptacles

into the surrounding water. At the same time the spore-sac {fig.

840, 5p) bursts, and emits an inner sac, in which may be observed

2, 4, or 8 spherical corpuscles, destitute of a cellulose membrane
;

this inner sac, breaking loose, bursts and discharges its corpus-

cles, which, like the spermatozoids, pass through the pores of

the receptacle into the water. Here they become surrounded by
a cloud of spermatozoids, which attach themselves to the surface,

and by their ciliary movement cause the spores to revolve. In

the course of a few minutes, usualty, a cellulose membrane is

formed upon the surface of the globular corpuscle (by secretion

from its primordial utricle ?), and it becomes a cell, which subse-

quently germinates, growing by cell-division into a new frond."

B. Reproduction of Acroge7ts.—Of the sexual nature of the

plants in all orders of this sub-division of the Cryptogamia

there can be no doubt. The sexual organs in all are also of an

analogous character, and are of two kinds, one of which is termed

an aoitheridium, which contains spirally wound ciliated sperma-

tozoids, and which is regarded as the male organ ; and the

other, called an archcgonium or pistillidium, in which an

embryonal cell or germ-cell is contained, which is the female

organ. Fecundation is supposed to be effected by the contact of

a sperm atozoid with an embryonal cell or germ-cell. In the

Characese no distinct archegonium occurs, but the nucule is con-

sidered as the representative of that structure. We have already

described the structure of the reproductive organs of Acrogens

(pp. 359—374), both before and after fertilization ; it will be only

necessary therefore, in the present place, to say a few words

upon the mode in which fertilization is supposed to take place

in the different natural orders included in this division of the

Cryptogamia.

1. Characecb or Charas.—In this order we have two kinds of

reproductive organs, called, respectively, the ^/oiz(/g {fig. 816, g),

and the nucide {fig. 816, n) : the former is regarded as the r/ude
;

and the latter as the female. Fecundation is believed to take

place by the passage of the spiral spermatozoids of the globule

{fig. 817) down the canal which extends from the apex of the

nucule {figs. 819 and 820) to the central cell of the same struc-
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ture, which then becomes fertilized. No free spore is, however,
produced, but the nucule drops off, and after a certain period

germinates in a manner closely resembling the seed of a mono-
cotyledonous plant, by which a new plant is at once formed
without any intermediate pro-thallus being produced.

2. HepaticacecB or Liverworts.— The reproductive organs of

this order closely resemble those of Mosses. They are termed
Antheridia {figs. 811 and 812) and Archegonia or Fistillidia

{figs. 813 and 814), the former representing the male sex, and the

latter the female. "When the antheridium bursts {fig. 812), it

discharges a number of small cells, which also burst, and each
emits a very small 2-ciliated spiral spermatozoid. These sper-

matozoids are supposed to pass down the canal of the archego-

nium {fig. 814) to the germ or embryonal cell which is situated

at its bottom, which thus becomes fertilized. This cell after

fertilization undergoes various important changes, as already
noticed (see p. 371), and
ultimately becomes a spo- Fig. 1110.

rangixim enclosing spores.

When these spores germin-

ate, they generally produce

a sort of confervoid struc-

ture or mycelium {prothal-

lium), which in its after

development resembles the

like structure of Mosses

{fig. 1110).

3. Musci or Mosses.—The
reproductive organs of this

order consist of antheridia

{fig. 802) and archegonia

{fig. 803), which closely re-

semble the same structures

in the Hepaticacese. Ferti-

lization takes place in a

similar manner (see above),

and the changes which take Fig. mo. ProthalUum or protonema of a

piace atter lertliization m ^^^^ protonema ; «, Bud ; b. Young leafy

the embryonal cell which stem ; r. Rootlets.

ultimately forms a sporan-

gium containing spores {fig. 810) have been already described.

(See p. 367.)

In germination, the spores at first form a green cellular

branched mass or iDrothallitim, resembling a Conferva, which is

sometimes termed Xhe protonema (see p. 369). Upon the threads

of this structure {fig. 1110), buds (a) are ultimately produced,

which grow up into leafy stems {b), upon which the archegonia

and pistillidia are afterwards developed.

3d
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4. Lycopodiacea or Club-Mosses.—The two reproductive organs

of this order are termed oosporangia or oophoridia {figs. 798

and 801), which represent the female; find 2)ollen sporangia or

antheridia {figs. 799 and 800), which are regarded as male organs.

The contents of the pollen sporangia are called S7nall sj^orea

{microspores), in which sperm-cells that produce spermatozoids are

contained {fig. 1111, c) ; and those of the oosporangia are termed

large spores, macrospores, or megasporcs {fig. 801). In Lycopo-

dium only microspores have yet been detected.

It is not till some months after being sown that the spores

commence to germinate, nor are the spermatozoids produced till

a nearly equal period has elapsed. In germination, the spoi'e

{macros2)ore) produces a very small prothallium {fig. 1112, _p),

on which archegonia {fig. 1113, a) are subsequently developed.

Each archegonium {fig. 1113, a) consists of an intercellular

canal leading into a sac below, which contains a single germ or

embryonal cell. Fertilization is considered to take place by the

ciliated spermatozoids contained in the microspores {fig. 1111, c),

passing down the canal of the archegonium and coming into con-

Fig. 1111. Fig. 1112. Fig. 1113.

ooo ®,

© @

Fio. 1111. Small spore, pollen-spore, or microspore, of a species of Selagi-

nella, bursting and discharging small sperm-ceils, c, iu which spermato-
zoids are contained. Fig. 1112. Large spore, macrospore, or megaspore,
of a species of Selaginella. The outer coat of the spore has been removed
to show the entire inner coat, with the young prothallium, p, at the
upper end. Fig. 1113. Vertical section of a portion of the prothallium
of the above in a more advanced state, showing the archegonia. a.

Archegonium, in which the pseudo-embryo, e, has been developed
from the germ-cell it contained, by contact with the spermatozoids.
This embryo, by the growth of the suspensor, is forced downwards
and imbedded in the upper part of the cellular mass of the spore-sac.

tact with the germ-cell. This cell then grows by cell-division

and forms a pseudo-embryo {fig. 1113, e), and ultimately pro-

duces a new leafy sporangiferous stem. The LycopodiacecB pre-

sent, on the whole, the highest type of Cryptogamic vegeta-

tion.

5. MarsileacecB or Pepperworts.—The two reproductive organs

of this order are generally distinguished as antheridia {figs. 794
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and 797, «) and pistillidia sporangia or ovules {figs. 795 and

797, b). These two structures are either contained in separate

sacs, as in Sahnnia (fig. 797), or in the same, as in MarsUea

{fig. 793). The antheridia contain a number of small cells

called generally pollen-spores or small spores {fig. 794), which

ultimately produce spermatozoids remarkable for their length

and delicacy {fig. 1114), The pistillidia sporangia {fig. 797, h)

Fig. IIU. Fig. 1115.

Fig. 1114. Pollen-spore, small spore, or microspore, of Pil'.-wort (PHidaria
globidifera^, bursting and discharging small cells enclosing sperma-
tozoids. Some of the latter may be ol)served to hare escaped by the
rupture of the small cells in which they were contained. Fig. ills.

Vertical section of the prothallium of the above, whicb is formed, as in
the LycopodiaceoB, in the interior of the large spore or megaspore. Oiilr
onearchegonium.rt, is here produced in the centre. The archegoniura
consists of an intercellular canal, leading into a sac below, in which
may be seen a solitary germ or embryonal cell.

contain commonly but one spore {fig. 795), called an ovidary

spore, large spore, or megaspore. In their organs of fructification

the plants of this order closely resemble the Lycopodiacese (see

p. 365). Like the Lycopodiacese also, the large spores produce

a small prothallium confluent with them {fig. 1115), in which
subsequently only a single archegonium generally, as in Pilularia

and Marsilea, appears {fig. 1115, a), although in Salvinia there

are several archegonia formed. Impregnation takes place by the

contact of the spermatozoids with the germ-cell of the arche-

gonium, which immediately developes, and forms a pseudo-embryo
bearing a great apparent similarity to the embryo of a mono-
cotyledonous plant, from which a leafy stem bearing fructifica-

tion is ultimately produced.

6. Equisetacea or Horse-tails, and

7. Filices or Ferns.—The mode of reproduction of the plants

of these two orders is essentially the same, and we shall ac-

cordingly allude to them together. As already fully noticed

(see pp. 359—363), their leafy structures bear sporangia or

capsules in which the spores are enclosed {figs. 786 and 790-
792). There is, however, but one kind of spore.

The germination of these spores has already been noticed

(p. 360), but it will be better to refer to it again in this place. The
spores ultimately form a thin, flat, green parenchymatous expan-
sion {figs. 787 and 1116, h), which somewhat resembles the pernia-

3d 2
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nent thallus of the Hepaticacese {figs. 811 and 813). Upon the

under surface of this structure we have ultimately formed, in the

Filices, both antheridia and archegonia ; but in the Eqidsetacece,

the antheridia and archegonia have only been found on separate

prothalli, and hence these plants would appear to be dioecious.

The antheridia {fig. 788) contain a number of minute cells called

sperm-cells {se), each of which contains a spirally wound ciliated

spermatozoid {sp). The archegonium {fig. 789) is a little cellu-

lar papilla, having a central canal, which when mature is open.

At the bottom of the canal is a cell called the embryo-sac, in

which a germ-cell or embryo-cell is developed. According to

other observers, this so-called embryonal cell is simply a germinal

corpuscle till after fertilization ; that is, a free primordial utricle,

without an external wall of cellulose.

When mature, the upper part of the antheridium separates

from the lower, something like the lid of a box ; the sperm-cells

then escape, become ruptured, and emit their

1116. contained spermatozoids. These spermatozoids

make their way down the canal of the arche-

gonium to the embryo-sac, by which the con-

tained germ-cell, embryonal cell, or germinal
corpuscle, is fertilized. This germ-cell then

developes a pseudo-embryo, which soon pos-

sesses rudimentary leaves and roots {fig. 1116),
)h and ultimately produces a plant with fronds

bearing sporangia or capsules, which resembles

the parent from which the spore was originally

obtained. The Ferns and Horse-tails, as al-

^?ora.Sf7rous^?ran! ready noticed (pp. 359 and 363), are thus seen
of a species of Pern to exhibit two stages of existence : in the first,

an^embrTo^produced the spores produce a thalloid expansion ; and in

by impregnation in the second, by means of antheridia and arche-

the protbliliium!^. gonia upon the sxirface of this prothallium,

there is ultimately produced a new plant,

resembling in every respect the one from which the spore was
originally derived. Hence Ferns and Horse-tails exhibit what
has been termed alternation of generations.

2. Keproduction of Phanerogamous or C©tyledonotjs

Plants.— In all the plants belonging to this division of the

vegetable kingdom the male apparatus is represented by one

or more stamens, each of which essentially consists of an an-

ther enclosing pollen-grains {fig. 421,^); and the female, by
one or more carpels {figs. 425-427), in {fig. 427) or upon

{fig. 712) which one or more ovules are .formed. When the

ovules are contained in an ovary, the plants to which they belong

are called Angiospermozts ; but when they are only placed upon
metamorphosed leaves or open carpels, the plants are said to be

Gymnospcrmous. In the plants of both these divisions of the
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vegetable kingdom the ovules by the action of the pollen are de-

veloped into perfect seeds whilst connected with their parent, the
distinguishing character of a seed being the presence of a rudi-

mentary plant called the embryo. The modes in which repro-

duction takes place, and the after development of the embryo,
differ in several important particulars in Grymnospermous and
Angiospermous plants ; hence it is necessary to describe them

1. Eeproduction of Gymnospermia.—We have already given a
general description of the pollen and ovules, but as these struc-

tures present certain diiFerences in theG-ymnospermia from those

found in the Angiospermia, it will be necessary for us to allude

to such peculiarities before describing the actual process of re-

production.

The pollen of the Angiospermous division of the Phanerogamia
generally consists, as we have seen (pp. 254:—257), of a cell

containing a matter called the fovilla, and having a wall which
is usually composed of two coats, the outer being termed
the extine, which possesses one or more pores {fig. 556) or

slits {figs. 554 and 555), or both ; and the inner, called the in-

tine, which is destitute of any pores or slits, and consequently
forms a completely closed membrane. Each pollen-grain of the
Angiospermia is thus seen to be a simple cell. In the Gymno-
spermia, on the contrary, the pollen-grains are not simple cells,

but they contain other small cells, which adhere to the inside of

Fig. 1117. Fig. 1118.

Fig. 1117. Vertical section of the young unirnpregnated ovule of a species
of Pinus. a. Nucleus containing a small primary embryo-sac, b. m,
Micropyle, which is here very large. Fig. 1118. Vertical section of an
older ovule of a species of Pimis. a. Enlarged primary embryo-sac. b.

Endospermal cells within the embryo-sac. c. Pollen-tubes penetrating
the apex of the nucleus.

the internal membrane close to the point where the external
membrane presents a slit.

The ovules of the G-ymnospermia, excluding those of the G-ne-

taceae which require further investigation, consist of a nucleus
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{fig. 1117, a), enclosed by a single coat, and with a large mi-

cropyle, m. Before the contact of the pollen with the micro-

pyle, the primary embryo-sac (h) is developed in the nucleus.

This embryo-sac is at first very small {fig. 1117, h), but gra-

dually enlarges {fig. 1118, a), and after a long period, becomes
filled with delicate cells, called endosperm cells {fig, 1118, b).

The following account of the subsequent development of the

ovule, and the mode by which it is fertilized, is taken from
Henfrey, and is founded upon Hofmeister's investigations.

"In the upper part of the mass of endosperm {fig. 1118, h),

from five to eight cells are found to expand more than the rest,

forming secondary embryo-sacs. These are not formed in the

superficial cells of b, biit from cells of the second layer, so that

each is separated from the membrane of the primary embryo-sac

by one cell {fig. 1119, a). Those cells lying between the secon-

dary embryo-sacs and the surface of the endosperm, next under-

go division crosswise, so as to form a rosette of fovir cells,

which separate at the converging angles, and leave a central

intercellular passage down to the secondary embryo-sac {fig.

1119, b). In this state, these corpuscida, as they were called by

i^^V^. 1119.

Fig. 1119. Developnient of the einljryo in a species of Pimis (Pinacese).
After Henfrey. A. Upper part of the embryo-sac, with two secondary
embryo-sacs, corpuscula, or arrhegonia. b. The same, more advanced.
J)^ Pollen-tube in the canal leading down to the corpuscula. a. Germinal
corpuscles at the base of the secondary embryo-sac. c. Four cellular fila-

ments or suspensors, which are developed from the germinal corimscles
after impregnation, d. One of these suspensors, with the embryo (em)
at its apex.

E. Brown, their discoverer, are very much like the arcJiegonia

in the internal prothallium-structure of Selagin ella " {Ljco-po-

diacepe, p. 769, and/_^. 1113).

The process of fertilization takes place as follows :
— " The

pollen-grains fall at once upon the ovules and pass into the
micropyle, and send down their pollen-tubes (here developed
from the internal cellular body, which passes out through the
proper coat of the pollen-cell), through the substance of the
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upper part of the nucleus {fig. 1118, c), to reach the mouth
of the canals of the corpuscula, one entering each {fig. 1119, b,

pt). At the same time, germinal corpuscles are produced at the

base of the secondary embryo-sacs {fig. 1119, b, a). These, after

fertilization, by the contact of the pollen-tube with the upper
end of the sac {pt), become cells, multiply, and form a celMar
mass, the lower cells of which break out through the bottom
of the endosperm, and grow as four cellular filaments (c), into

the substance of the lower part of the nucleus of the ovule ; at

the ends of these filaments, cell-division again occurs (d), and
from the apex of one of these filaments {suspejisors), is de-

veloped the embryo (d, em). As there are several corpuscles,

and each produces four suspensors, a large number of rudimen-
tary embryos are developed ; but usually only one of all these

rudiments is perfected. The embryo which is fidly developed
gradually increases in size, and most of the structures above
described disappear, so that the ripe seed exhibits a simple em-
bryo, imbedded in a mass of endosperm or albumen, the latter

originating apparently from the nucleus of the ovule."

2. Bcprocluction of Angiospermia.—The structure of the pol-

len-cells of the Angiospermia has been already described (see

Pollen, and p. 772), and need not be fiu-ther alluded to in this

place.

The ovule has also been particularly noticed, and we shall

now only recapitulate its component parts at the time when the

Fig. 1120. Fig. 1121. Fig. IV.

Fig. 1120. Vertical section of the orthotropous ovule of a species of Poly-
gonum, ch. Chalaza. n. Nucleus invested by two coats, m. Micropj le.

s. Embryo-sac. c. Gerniiiial vesicle, or corpuscle. Fig. 1121. The
ovule, some time before fertilization, a. The outer coat. b. The inner
coat. s. The embryo-sac, with three nuclei at the upper end. Fig.
1122. The internal parts of the ovule a short time before fertilization.
o.-Inner coat of the ovule, s. Embryo-sac. b. Germinal vesicle. After
Hofmeister.

pollen is discharged from the anthers—that is, just before im-
pregnation takes place. It then consists of a cellular nucleus

{fig. 1120, n), enclosed generally in two coats, as in the present
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figure. Sometimes there is but one coat {fig. 720), and in rare

cases the nucleus is naked, or devoid of any coat {fig. 718).

These coats completely invest the nucleus except at the

apex, where a small opening or canal is left, termed the micro-

pyle {fig. 1120, w). In the interior of the nucleus, but of

various sizes in proportion to it, the embryo-sac {fig. 1120, s)

is commonly seen. This sac is, however, liable to many modi-
fications; thus, in some cases {figs. 1121 and 1122), as in the

Orchidacea, the embryo-sac completely obliterates the cells of

the nucleus by its development, so that the ovule consists simply

of it and its two proper coats {fig. 1121, «, b). In the Legu-
minoscB, the embryo-sac increases still further, and causes the

absorption of the secundine or inner coat of the ovule also, so

that it is then simply invested by one coat (primine) ; while in

other plants, as in the Santalacea, the sac elongates so much
at the apex as to project out of the micropyle. The embryo-
sac contains at first a more or less abundant quantity of proto-

plasm ; in this nuclei afterwards appear {fig. 1121,5), which, by
the process of free-cell development, form a corresponding

number of cells (usually three), which are commonly termed
germinal vesicles {figs. 1120, c, and 1122, h). The vesicles are

situated at or near the summit of the embryo-sac. Henfrey
says, that these are not perfect vesicles with a cellulose coat

before impregnation, but merely corpuscles of protoplasm, or

rather free primordial utricles like the unfertilized spores of

Fucus (p. 767.) Hence he terms them germinal corpuscles, and
applies the term germinal vesicle only to the impregnated
corpuscle or rudimentary embryo. Whether these are simply
corpuscles of protoplasm or true vesicles is therefore doubtful;

but we shall in future, in accordance with the majority of

writers, consider them as true vesicles before impregnation.

Such is the general structure of the unimpregnated ovule.

Much difference of opinion, until lately, existed amongst phy-
siologists, as to the contents of the embryo-sac previous to

impregnation. Schleiden, Schacht, and others, contended, that

no germinal vesicle existed in the sac until after the contact of

the pollen-tube with it in the ordinary process of impregnation;

in fact, they believed that the germinal vesicle was itself formed
from the end of the pollen-tube, which, according to their obser-

vations, penetrated the wall of the sac, and by subsequent de-

velopment produced the embryo. This view was, however, at

once combated by many accurate observers, who all agreed in

describing the presence of one or more germinal vesicles or cor-

puscles in the sac before impregnation. Indeed, Schleiden him-
self, who originated this view of the origin of the embryo, has
been convinced of his error, by Eaddlkofer, one of his own
pupils.

"When the pollen falls upon the stigma (the tissue of which at
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this period, as well as that forming the conducting tissue of the

style and neighbouring parts, secretes a peculiar viscid fluid

[p. 266]), its intine protrudes through one or more of the pores

or slits of the extine {fig. 561) in the form of a delicate tube,

which penetrates through the cells of the stigma, by the viscid

secretion of which it is nourished. In most plants, but one

pollen-tube is emitted by each pollen-cell, but the number varies,

and, according to some observers, is sometimes twenty or more.

The pollen-tube continues to elongate by growth at its apex,

and passes down through the conducting tissue of the canal of

the style {fig. 562, tp) when this exists, or directly into the

ovary when it is absent. This growth of the tube was formerly

supposed to be due to endosmotic action occurring between the

contents of the pollen and the secretion of the stigma and style,

but it is now known to be a true growth, which is occasioned by
the nourishing viscid secretion which it meets with in its passage

through the stigma and style.

These tubes are extremely thin. They vary in length according

Fig. 1123. Fia. 1124.

Pigr. 1123. Section of the ovule of a species of (Enoi/iera. ^ Enlarged end
of pollen-tube containing fovil la, which has entered the micropyle, and
is seen pressing inwards the apex of the embryo-sac. sr. Impregnated
germinal vesicle, which already begins to exhibit two parts ; one, the
upper, forming a suspensor, s, and another, below, r, a globular body,
which ultimately becomes the embryo, e. Endosperm cells or albumen.

Fig. 1124. Section of the ovule of a species of Orchis, t. Enlarged
end of the pollen-tube which has passed through the micropyle, and is

closely applied to the embryo-sac, the upper side of which it has pushed
inwards, e. Germinal vesicle in the interior of the embryo-sac in an
impregnated state, and dividing into two portions, the lower of which
is the rudimentary embryo, and the upper forms a suspensor.

to circumstances, but are frequently many inches ; and, as has
been shown by Dr. Martin Duncan, they are not in all cases

continuous tubes, as had been supposed, but in Tigridia and
some other monocotyledonous plants (see p. 257), they are
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composed of several elongated cells, which are doubtless pro-

duced by the ordinary process of cell-division. The time required

for the development of these tubes also varies in different pollens

;

thus, sometimes they are developed almost immediately the pol-

len comes into contact with the stigma, whilst in other cases,

many hours are required for the purpose. The pollen-tubes also

occupy a varying time in traversing the canal of the style—that

is, from a few hours to some weeks. When the pollen-tubes

have penetrated the stigmatie tissue, the secretion of the latter

ceases and the stigma withers. The upper part of the pollen-

tubes also wither above, as growth takes place below.

The pollen-tubes having reached the ovary are distributed

to the placenta or placentas, and then come into contact with

the ovule or ovules. One (or sometimes two) of these pollen-

tubes enters into the micropyle of each of the ovules {figs.

1123 and 1124), and thus reaches the nucleus and embryo-sac.

When it arrives at the latter it is generally somewhat en-

larged {figs. 1123, t, and 1124, t), and adheres firmly to it at

or near its apex. The embryo-sac is freqiiently introverted to a

slight extent at the point of contact with the pollen-tube {figs.

1123 and 1124), and it is stated by Hofmeister, to perforate it in

Caniia, but if such a perforation occurs in this case, it is alto-

gether an exception to what is generally observed. As soon as

contact of the pollen-tube and embryo- sac is effected, a kind of

osmotic action between the contents of the two takes place, the

result of which is the development of one, or rarely two, as in

Orchis and Citrus, or more, of the germinal vesicles, into em-
bryos. According to Henfrey, as previously noticed (see p. 776),

the first change is the development of the germinal corpuscle

into a germinal vesicle or cell.

The germinal vesicle, in its development into an embryo, gene-

rally divides in a transverse manner into two cells {fig. 1124, e);

the upper of which by elongating, and frequently by further

division, forms a suspensor {fig. 1123, s), by which the lower cell

is suspended from the apex of the embryo-sac. This lower cell

assumes commonly a globular form {fig. 1123, r), and ulti-

mately by cell-division forms the embryo, whether mono- or

di-cotyledonous. The suspensor is not present in all cases,

while in others where it is found it varies in length. It is

evidently not essential in all instances, as it always shrivels up
during the development of the cell which it supports into the

embryo. The latter, therefore, is the true rudimentary embryo.

Other variations occur in the mode in which the germinal vesicle

is developed into an embryo, but the above is a general sketch

of the subject, and all that our space will allow us to give.

The changes which take place in the ovule during the deve-

lopment of the embryo, and the subsequent growth of the latter,

have been already alluded to when treating of the seed. (See
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Kucleus or Kernel, p. 333 ; and Development of the Embryo, p.

336.)

Mr. Darwin has shown that, in numerous plants, crossing is

necessary for a completely fertile union of the sexes ; that is,

that the ovules of one flower must be fertilized by pollen from

another. This may be effected in many ways ; e.g. by the wind
in dioecious plants, or frequently by the unconscious agency of

insects, as in the Orchidacecs, where the various modifications

of structure to ensure cross-fertilization by this latter means
are strikingly beautiful. It seems not unlikely that further

investigations will prove that self-fertilization is exceptional in

plants ; certainly occasional crossing seems to be necessary.

jDimorphic species are those which possess two forms of both

sorts of sexual organs, as species of Priinula, Oxalis, and Pul-

monaria, which have both long and short stamens, and long and
short styles. The long stamens are associated with the short

styles and vice versa, in the flowers ; and Mr. Darwin has-

proved, by experiment, that, for the complete fertilization of

either kind of pistil, it is necessary that pollen from the stamens

of corresponding length, and therefore from a different flower,

be employed. Lythrum Salicaria is trimorphic, and similar laws
have been observed to prevail in its fertilization.

Hybridization, Hybridation, or the Production of Hybrids in

Plants.—If the pollen of one species is applied to the stigma of

another species of the same genus, should impregnation take

place, the seeds thus produced will give rise to offspring inter-

mediate in their characters between the two parents. Such
plants are called hybrids or mules. The true hybrids, which are

thus produced between species of the same genus, must not be
confounded with simple cross-breeds, which result from the

crossing of two varieties of the same species ; these may be
termed sub-hybrids.

As a general rule, true hybrids can only be produced between
nearly allied species, although a few exceptions occur, where
hybrids have been formed between alhed genera ; these are called

higeners. The latter, however, are not so permanent as the

former, for in almost all cases they are short-lived.

Hybrids always possess some of the characters of both parents,

but they generally bear more resemblance to one than the other.

Sometimes the influence of the male parent is most evident, and
at other times that of the female, but no law can at present be
laid down with regard to the kinds of influence exerted by the

two parents respectively in determining the characters of the

hybrid. In very rare cases, it has been noticed, that different

shoots of the same hybrid plant have exhibited different charac-

ters, some bearing flowers and leaves like their male parent,

others like the female, and some having the characters of both.

In such cases, therefore, the hybrid characters are more or less
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separated in the different shoots, which present respectively the
characters of one or the other of their parents.

Hybrids rarely produce fertile seeds for many generations, and
hence cannot be generally perpetuated with any certainty by
them ; if they should be of a woody nature, however, they may
be readily propagated by budding, grafting, &c. Hybrids are
fertile with the pollen of one of their parents ; the offspring in

such a case resembles closely the parent from which the pollen

was obtained. By the successive impregnation of hybrids

through three, four, or more generations with the pollen of either

of their parents, they revert to their original male or female
type ; thus, when the hybrid is successively impregnated by the

pollen of its male parent, it reverts to the male type ; and when
with that of the female, to the female type. The influence of

the latter is, however, more gradual.

Hybrids somewhat rarely occur in wild plants. This arises

chiefly from the following causes ; thus, in the first place, the

stigma is more likely to be impregnated with the pollen from
stamens immediately surrounding it, or from those in other flowers

on the same plant, than by that of other and more distant plants
;

and, secondly, the stigma has a sort of elective affinity or natural

preference for the pollen of its own species. Indeed, Gaertner
found, that if the natural pollen and that of another species be

applied to the same stigma at the same time, the latter remained
inert, and the former alone fecundated the ovules, or was prepo-

tent over the other ; and, moreover, that when the natural was
applied a short period subsequently to the foreign pollen, the

seeds thus produced were never hybrids. Hybrids appear to be
produced more frequently in wild plants when the sexes are in

separate flowers, and more especially when such flowers are on
different plants.

Hybrids are, however, frequently produced artificially by
gardeners applying the pollen of one species to the stigma of

another, and in this way, iriiportant and favourable changes are

effected in the characters of our flowers, fruits, and vegetables.

Such are not, however, commonly true hybrids, but simple cross-

breeds.

Recent investigations would appear to show, that a similar

law as regards hybridization occurs in the Cryptogamia as in

the Phanerogamia. Thus, Thuret has succeeded in fertilizing

the spores of Fucus vesiculosus with the spermatozoids of Fucus
serratus, an allied species; but he failed in his attempts to

fertilize the spores of one genus of the Melanosporeous Algse by
the spermatozoids of another. No other direct evidence has at

present been adduced as to the hybridization of Cryptogamous
plants, but there can be but little doubt that hybrid Ferns are

sometimes produced when a number of species are cultivated

together, for it has been noticed that, under such circumstances,
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plants make their appearance, which present characters of an

intermediate nature between two known species.

3. Of the Feuit.— "When fertilization has been effected

(see p. 288), important changes take place in the pistil and
other organs of the flower, the result of which is the forma-

tion of the fruit. The calyx and corolla generally fall off, or if

persistent, they form no portion of the fruit, except when the

calyx is adherent, as in the Apple {fg. 705), when it necessarily

constitutes a part of the pericarp ; the style and stigma also

become dry, and either fall off, as in the majority of cases, or are

persistent, as in the Poppy and Anemone {fig. 686). The prin-

cipal alterations, however, take place in the wall of the ovary,

which usually becomes more or less swollen, and soon undergoes

important chemical changes, and forms the pericarp, either by
itself, or combined with the adherent calyx. Some pericarps, as

already noticed (p. 292), are fully developed without the fertili-

zation of the ovule, as those of many Oranges, Grapes, Bananas,

&e. The fruits thus formed, although frequently more valuable

than others for food, are useless for reproduction.

The fruit in its growth attracts the food necessary for that

purpose from surrounding parts, hence, the fruiting of plants

requires for its successful accomplishment an accumulation of

nutrient matter, and is necessarily an exhaustive process. That
the reproductive processes, and especially the maturation of

the fruit, tend to exhaust the individual, is proved in various

ways. Thus, plants which fruit the same year in which they are

developed afterwards perish, from the exhaustion of nutrient

matter thus occasioned; and that such is the reason is proved
by the fact, that we can make annuals biennial or even perennial,

by plucking off the flower-buds as they are developed. Some
plants which only flower once require many years to accumulate
sufficient nourishment to support the processes of reproduction.

Such are the American Aloe and the Talipot Palm, both of which
live very many years before flowering, after which they die.

A bad fruit year is generally succeeded by a good one, and
vice versa, because in the former case an additional supply of

nutrient matter is stored up for the fruiting season, and in the

latter there is a diminished amount. Again, if a branch of an
unproductive tree have a ring of bark removed so as to prevent

the downward flow of the elaborated sap, its accumulation
above will cause the branch to bear much fruit. Pruning
depends for its success upon similar principles. In order to

obtain good fruit it is also necessary, not to allow too many to

come to perfection on the same plant. Other matters connected
with this exhaustion by fruiting have been already alluded to,

in speaking of Annual, Biennial, and Perennial Roots, at page
120.
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The changes prodaced upon the atmosphere in the maturation
or ripening of the fruit, depend upon the nature of the pericarp.

Thus, when the pericarp preserves its green state, as also always
when first formed, it has an action similar to that of the leaves

;

but when of other colours than green, and more especially when
succulent, it evolves carbonic acid gas at all times, instead of

oxygen, under the influence of solar light.

Chemical Constitution of Fruits.—The chemical constitution

of fruits varies according to their nature and age. When
the pericarp is of a dry nature, it commonly assumes a whitish

or brownish colour, and its cells become incrusted with har-

dened matters {lignin). Under such circumstances, no further

•changes take place in its chemical constitution, and its vital

activity ceases. When the pericarp, however, becomes suc-

culent whilst ripening, it assumes various tints ; transpiration

goes on from its outer cells, the contents of which thus become
dense, and absorb the watery matters from those within

them ; these in like manner react upon the contents of those

within them, and so there is a constant passage of fluid matters

from the surrounding parts by osmotic action into the peri-

carp ; in this way, therefore, it continues to enlarge, until it has

arrived at maturity, when transpiration nearly ceases from the

deposition of waxy matter in or upon the epidermal cells, and
the stalk by which it is attached to the plant becomes dried up.

When first formed such pericarps have a like composition with

leaves, and but little or no taste. After a time they acquire an
acid flavour from the formation of vegetable acids, and salts

with an acid reaction. The nature of these acids and salts

varies in different fruits; thus the Grape contains tartaric

a,cid chiefly and bitartrate of potash, the Apple, malic acid, and
the Lemon, citric acid. As the pericarp ripens, saccharine matter

is formed, and the quantity of free acids diminishes, partly from
their conversion into other matters, and partly from their combi-

nation with alkalies. In order that these changes may be pro-

perly effected, it is necessary that the fruit be exposed to the

sun and air, for if grown in the dark, it will continue acid : and it

will be much less sweet even when developed in difRised daylight,

than when freely exposed to the sun. As fruits ripen they

evolve carbonic acid gas, as already noticed, give off watery

fluids, and a sensible elevation of temperature may be noted.

The origin of the sugar of fruits, and even its nature, is not

satisfactorily determined. According to most observers, ripe

fruits contain grape sugar, but M. Buignet states that the sugar

which is primarily formed in acid fruits is saccharose or cane

sugar (Ci2H22 0ji), and that during the process of ripening,

this sugar is gradually changed into fructose (Cg H^^ Og), but

very often there remains in the ripe fruit a mixture of these

two sugars. The origin of the sugar is variously attributed to

the transformation of the acids, cellulose, lignin, starch, dextrin,
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gum, and matters of a like nature. According to M. Buignet's

investigations, the cause of the change of the primarily formed

cane sugar into fructose is not the acids of the fruits, but ap-

pears to depend on the influence of a nitrogenous body playing

the part of a glucosic ferment, analogous to that which M. Eer-

thelot has extracted from yeast. M. Buignet adds, that " the

abundance in which starch is found distributed through the

vegetable kingdom, leads to the supposition that it is the true

source of the saccharine matter in fruits. Its presence cannot,

however, be detected in green fruits, either by the microscope or

by iodine, excepting in green bananas, which contain a notable

quantity of starch." M. Buignet also notices that green fruits

contain a particular astringent principle resembling tannin,

which is capable of being converted into a sugar identical with the

sugar from starch, under the influence of dilute acids and a

proper temperature. The proportion of this tannin diminishes

in fruits in the same ratio that the proportion of sugar increases.

The changes which take place in the composition of fruits

during ripening are well exhibited in the following table founded

upon Berard's observations :

—
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part in the changes which are taking place during the ripening

of the fruit. M. Fremy has discovered a new acid in fruits, to

which he has given the name of cellulic acid ; but at present

nothing is known of its action or use in the plant.

Bijpening of Fruits.—The time when a fruit is considered

ripe varies in different cases. When the pericarp is of a dry

nature, the fruit is looked upon as ripe just before it opens ; but

when the pericarp is of a pulpy nature and edible, we com-
monly regard it as mature when most agreeable as food. Hence
the Apple is considered to be ripe in a state in which the Medlar
would be regarded as unripe.

When succulent fruits are ripe, they undergo another change,

a species of oxidation, which produces a decay, or bletting of

their tissues, as it has been called by Lindley. This bletting,

according to Berard, is especially evident in the fruits of the

Pomacese and Ebenacese, and it would appear that the more
austere the fruit is, the more it is capable of bletting regu-

larly. Bletting appears to be peculiar to such fruits, and may
be regarded as a state intermediate between maturity and decay.

A Jargonelle Pear, in passing from ripeness to bletting, accord-

ing to Berard, loses a great deal of water (83-88, which it

contains when ripe, being reduced to 62-73) ; much sugar (11-52,

being reduced to 8-77); and a little lignin (2-19, reduced to

1-85) ; but it acquires, at the same time, rather more malic acid,

gum, and animal matter.

The time required by different plants for ripening their fruits

varies much, but almost all fruits come to maturity in a few

months. Some, as those of Grasses generally, require but a few

days ; while others, as some of the Coniferse, &c., more than

twelve months.

4. Of the Seed,—The structure and general characters of

the seed, as well as the origin and progressive development of

its parts, have been already fully alluded to in a former section

of this work (pp. 326—343).
Our limited space prevents us from alluding to the multitude

of ways and contrivances by which the natural dissemination of

seeds is eflfected ; and to the number of seeds produced by plants.

Sufl&ce it to say that, in all cases, a great many more seeds are

matured than are required for the propagation of the species

;

and thus the extinction of the species in consequence of their

decay, their use for food by animals, &c., is provided against.

Vitality of Seeds.—Seeds vary very much as to the time during

which they will preserve their power of germinating. This vita-

lity is frequently lost long before they lose their value for food.

Some seeds of an oily or mucilaginous nature, or which contain

much tannic acid, speedily lose their vitality, and decay ; this is

the case, for instance, with Nuts and Acorns, and hence, when
seeds of this nature are required for propagation, they must be
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so'wn immediately or within a short time of their arriving at

maturity, or special means must be adopted for their preserva-
tion. Other seeds, such as those of a farinaceous nature, as
"Wheat and Cereal grains generally, or those with hard and bony
integuments, as many of theLeguminosse, frequently retain their

vitality for years.

From the experiments of De Candolle, those of a Committee of
the British Association, and others, it would appear generally,

that the seeds of the Leguminosse and Malvaceae preserve their

vitality longest, while those of Composite, Cruciferee, Graminacea
soon lose their germinating power. Some exceptions, however,
to the above statement occur in these orders.

Under particular circumstances, it seems certain, that seeds

may, and have preserved their vitality for a long period. Some
of the cases brought forward as illustrations of this capability of

seeds are, however, not supported by careful observations, as for

instance, that of the vitality of Wheat taken from Egyptian
mummies. There are no v/ell-authenticated instances of wheat
taken from mummies wliich have been untampered with, ge;:mi-

nating; indeed, all experiments (Dietrich, Lardet, Haberlandt)
tend to show that wheat loses its power of germination in from
three to seven years. We can, however, vouch forthe foliowing case

:

some seeds of l^ehivtbium in the herbarium (now in the British
Museum) of Sir Hans Sloane, who died in 1753, germinated in

1866: these must have been considerably over a centiu-y old.

Blr. Kemp, in the " Annals and Magazine of Natural History," has
narrated a still more remarkable case. This gentleman received
some seeds which were found upwards of twenty-five feet below
the surface of the earth, in the lowest layers of a sand-pit in

process of excavation. Upon being sown, about one-tenth germi-
nated and produced plants of Folygonum Convolvulus, Eumcx
Acetosella, and a variety of Atriplcx patula. All these seeds are
of a mealy or farinaceous nature. Mr. Kemp concluded from
various circumstances, that they were deposited at a period when
the valley of the Tweed was occupied by a lake ; if this be the
case, they must have retained their vitality during many centu-
ries, as it is certain that in the time of the Eomans, about 2,000
years ago, no lake existed there. It has long been noticed that
when a new soil is turned up, plants previously unknown in the
locality appear ; this seems to show that the seeds of such must
have lain dormant for frequently a very lengthened period.

Freservation and Transxjortatlon of Seeds.—As many persons
frequently wish to send seeds to a distance, a few words on the
best means of preserving them for that purpose will doubtless
be acceptable to our readers. When seeds are enclosed in hard
or dry pericarps, they should be preserved and transported in
them. This is the case with those of many Leguminous and
Coniferous plants. When the pericarps are soft or liable to

3 E
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decay, the seeds should be removed from them. In all cases,

seeds when required for preservation should be gathered when
quite ripe, as at that period their proximate principles are in a
more stable condition than when unripe, when they are very
liable to change. Seeds should be also preserved quite dry.

Seeds of a farinaceous nature, if ripe and dry, will retain their

vitality for a long period, and such may be readily transported

to a distance. For the latter purpose they should be placed

in perfectly dry papers in a dry coarse bag, which should be
afterwards suspended from a nail in a cabin, in which position

they are maintained at a moderate temperature and exposed
to free ventilation. Such seeds require no further care. But
seeds of an oily or mucilaginous nature, or which contain much
astringent matter, require, as a further protection, to be excluded

from the air. For this purpose they are best packed in stout

boxes lined with tin, and filled with dry sand or charcoal

powder. The sand or charcoal powder and the seeds should be
placed alternately in layers, and the whole firmly pressed to-

gether. Such seeds, however, even when thus protected, fre-

quently lose their vitality. A coating of wax has in some cases

been found to preserve effectually the vitality of seeds. Pro-
bably seeds which are difficult of preservation, might be trans-

ported in bottles containing carbonic acid, and hermetically

sealed. Wardian cases are also an important means for trans-

porting seeds (see p. 757), and should be resorted to, when
possible, in all doubtful cases.

Germination.—By germination we mean the power or act by
which the latent vitality of the embryo is brought into activity,

and it becomes an independent plant capable of supporting itself.

The germination of Acotyledonous plants has already been
6uffi.ciently alluded to, when treating of the Root, at page 121,

and in the sections devoted to the Reproductive Organs of,

and Reproduction of Acotyledonous Plants. Our further re-

marks will apply therefore solely to Cotyledonous plants.

Length of Time required for Germination.—The time required

for germination varies much according to the nature of the seeds

and the conditions under which they are placed. Generally

speaking, seeds germinate most rapidly directly after being

gathered. If preserved till they are quite dry, in some cases

the process of germination is months in being effected. The
seeds of the garden cresses will frequently germinate in twenty-

four hours, but the majority of seeds do not germinate for from
six to twenty days, and some require months or even years.

Germination is generally prolonged when the embryo is invested

by hardened integuments or albumen ; and it is usually rapid in

exalbuminous seeds, more especially if such seeds have thin soft

integuments. Heat is the agent which most accelerates germi-

nation.
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Conditions requisite for Germination.—A certain amount of

heat and moisture, and a free communication with atmospheric

air, are in all cases necessary to the process of germination.

Electricity is also considered by some observers to promote it,

but its influence in the process is by no means proved, and if

exerted it is apparently of but little importance. Light has no
influence on germination in most cases, according to Hofl&nann's

experiments.

Moisture is required to soften the parts of the seed and to

take up all soluble matters ; the cells of which seeds are com-

posed are iu this way enabled to expand, and the embryo to

burst through the integuments, but excess of water is often

injurious.

Heat is necessary to excite the dormant vitality of the embryo,

but the amount required varies very much in different seeds,

and probably each species has its own proper range in this

respect. As a general rule from 50° to 80° of Fahr. may be

regaKled as most favourable to germination in temperate climates,

but some seeds will germinate at a temperature of 35° Fahr.
;

and those of many tropical plants require a temperature cf

from 90° to 120° Fahr., or sometimes much higher, for germi-

nation.

Air, or at least oxygen gas, is required to combine with the

superfluous carbon of the seed, which is thus evolved as carbonic

acid, with a sensible increase of temperature, as is well seen in

the malting of Barley. The necessity of a proper supply of

oxygen is proved by the fact, that seeds will not germinate

when buried too deeply in the soil, or when the soil is impervious

to air. This explains how seeds may lie dormant at great depths
in the soil, and only germinate when that soil is brought to the

surface ; and hence we see the necessity of admitting air to seeds,

as in the ordinary operations of agriculture.

Process of Germination.—'^^len the above requisites are sup-

plied in proper proportions to suit the requirements of different

seeds, germination takes place ; but should either be wanting or

in too great amount, the process is more or less impeded, or

altogether arrested. The most favourable seasons for germina-
tion are spring and summer; and seeds sprout most readily in

loose pulverised and properly drained soil, at a moderate depth,

for, under such circumstances, air, moisture, and warmth have free

access. Seeds thus placed absorb moisture, soften and swell,

and certain chemical changes go on at the same time in the sub-

stance of the albumen, or, when that is absent, in the cells of

the cotyledonary portion, by which a proper supply of nourish-

ment is provided for the embryo. These chemical changes chiefly

consist in the conversion of starch and other analogous sub-

stances which are insoluble and therefore not in a suitable state

for absorption, into soluble matters such as dextrin and grape
3e 2
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sugar. The immediate cause of this transformation of starch is

due to a nitrogenoiis substance called by Payen diastase, which
is developed, during germination, from an alteration of a portion

of the azotised contents of the seed. During these chemical
actions, heat is evolved, as in the malting of Barley, and car-

bonic acid gas given off from the combination of the super-

fluous carbon in the starch and albuminoids with the oxygen of

the air. The nutriment being made available for use, it is ab-

sorbed dissolved in water by the embryo, which is thus nourished,

increases in size, and ultimately bursts through the integuments

of the seed. Its lower extremity or radicle {Jig. 14, r), or one or

more branches from it {fig, 745, r), is commonly protruded first

from its proximity to the micropyle, which is the weakest point

in the integuments, and by taking a direction downwards be-

comes fixed in the soil, whilst soon after the opposite extremity

elongates upwards {fig. 14, t^, and is terminated above by the

plumule or gemmule, which is the first terminal bud or growing
apex of the stem. At the same time the eotyledonary portion is

either left under ground or is carried upwards to the surface.

The embryo during this development continues to be nourished

from the matters contained either in the albumen or eotyle-

donary portion, and ultimately by continuing to absorb nutri-

ment it is enabled to develope its first leaves {primordial) {fig.

15, d, d), and root {fig. 15, r). The young plant is now placed

in a position to acquire the necessary nourishment for its further

support and growtli from the media by which it is surrounded,

and is rendered independent of the seed; the eotyledonary

portion accordingly perishes, and the act of germination is

complete.

Direction of Plumrde and Radicle.—The cause which leads to

the development of the axis of the embryo in two opposite

directions has not yet been satisfactorily demonstrated, although

much has been written on the subject. Ey some it lias been

referred to the action of darkness and moisture on the root, and
that of light and dryness on the stem. By others it has been

attributed to gravitation and the state of the tissues ; others, again,

regard osmotic action as the cause. All these explanations are

unsatisfactory, and need not be further alluded to. Darkness

has been shown to have no influence on the direction of the root,

which is perhaps determined by the greater amount of moisture

usually met with in the soil. In Trwpa natans the radicle is

directed upwards towards the surface of the water in which the

plant grows.

Differences between the Germmation of Dicotyledonous and
Monocotyledonous Seeds.—There are certain differences between

the germination of Monocotyledonous and Dicotyledonous em-
bryos, which have already been alluded to briefly (see pp. 120

and 121), but which require some further notice.
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1. Monocotyledoious Germination.—The seeds of Monoeotyle-

donous plants, in by far the majority of instances, contain

albumen. This, as the embryo developes, is usually entirely

absorbed ; but in the seed of Vhytelephas, the contents of the con-

stituent cells are removed, and the walls left as a kind of skeleton.

The single cotyledon of Monocotyledonous seeds, when they

contain albumen, always remains entirely {fig. 745, c), or par-

tially within the integuments, during germination. The intra-

seminal portion of the cotyledon corresponds to the limb of

the cotyledonary leaf, and the portion which elongates beyond
the integuments (extra-seminal) represents the petiolar portion.

The latter part varies much in length, and is commonly ter-

minated by a sheath, which encloses the young axis with the

plumule. In the Palms this petiolar portion is often several

inches in length. At other times, there is no evident petiolar

part, but the sheathing portion enveloping the axis remains
sessile on the outside of the seed, and elongates in a tangential

direction to it, as in the Oat {fig. 745), where the cotyledon, c,

remains within the seed, and the plimaule, g, rises upwards from
its axil, into the air.

In some few Monocotyledonous Orders, such as Naiadaceae,

Alismaeeae, &c., where the seeds are exalbuminous, the cotjde-

don is commonly freed from the integuments, and raised up-
wards with the plumule.

As already noticed (p. 121), in the germination of many Mono-
cotyledonous embryos, e. g. the grasses, the radicle is not itself

continued downwards so as to form the root, but it gives off one
or more branches of nearly equal size, which separately pierce its

extremity, and become the rootlets {fig. I^b^ r). Each of these

rootlets, at the point where it pierces the radicular extremity,

is surrounded by a cellular sheath termed the coleorhiza {fi^g.

74:5, co). This mode of germination is commonly termed
endorMzal : but it is by no means universal in the class.

2. Dicotyledono^is G-crmination.—The seeds of Dicotyledo-

nous plants are either albuminous or exalbuminous, and their

germination in such respects, as a general rule, presents no
peculiarity worth notice. The two cotyledons either remain
within the integuments of the seed as tleshy lobes, as in the
Horse-chestnut and Oak, in which case they are said to be
hypogeal (from two Greek words signifying under the earth)

;

or, as is more commonly the case, they burst through the coats,

and rise out of the ground in the form of green leaves {fig. 15,

c, c), in which case they are epigml (from two Greek words
signifying upon or above the earth). In the course of develop-

ment, the cotyledons commonly separate, and the plumule comes
out from between them {figs. 14, n, and 15). In those cases

where they remain within the integuments, they sometimes be-

come more or less united, so that the embryo resembles tliat of
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a Monocotyledon ; but a Dicotyledonous embryo may be always

distinguished from a Monocotyledonous one, by its plumule

coming out from between the bases of the cotyledons, and not

passing through a sheath {fig. 15).

The radicle of a Dicotyledonous embryo (see p. 120) is itself

prolonged downwards by cell-multiplication just within its apex

{fig. 222, a), to form the root. An embryo which germinates in

this way is termed exurhizal.

As a general rule, seeds do not germinate until they are

separated from their parents, but in some cases, and more
especially when invested by pulp, as in the Gourds, Melon,

Cucumber, Papaw, &c., they do so before they are detached. In

the above plants such a mode of germination is altogether

exceptional, but in the plants of the natural order Ehizopho-

racese, as the Mangrove {fig. 229), the seeds commonly germi-

nate in the pericarp before being separated from the tree, in

which case the radicle is protruded through the integuments of

the seed and pericarp, and becomes suspended in the air, where
it elongates.

CHAPTER 2.

GENEEAL PHYSIOLOGY, OR LIFE OF THE 'WHOLE PLANT.

Having now examined the special or individual functions of

the different organs of the plant, we proceed to give a general

sketch of the whole plant in a state of life or action. In doing

so, we shall first notice the substances recjuired as food by plants
;

then proceed to consider the function of absorption by which food

is taken up ; then the process of circulation, or more properly

the distribution of the fluid food thus absorbed ; next in order

will be described the functions of Tes])iration and assimilation,

the objects of which are to aerate and elaborate the crude food

or sap, and adapt it to the requirements of the plant : and, lastly,

our attention will be briefly directed to the functions of dcvclop-

ment and secretion.

Section 1.

—

Food of Plants and its Sources.

The various substances required as food can only be ascertained

by determining the elementary composition of the parts and

products of plants ; for as plants have no power of forming these

elements for themselves, they must have derived them from

external sources.

As plants are commonly destitute of locomotion, being fixed to

the soil or to the substance upon which they grow, or floating in

water, they must obtain their food from the media by which
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they are surrounded, that is, from the soil, or from the air, or

from both. In by far the majority of cases, plants take up
their food, both from the air by their leaves in a gaseous or

vaporous state, and from the earth dissolved in water. No
plants have the power of taking up nutriment except in the

state of gas or vapour, or in a fluid state. Those plants which
are termed Epiphytes or Air Plants, as Orchids {fig. 230),

derive their food almost entirely from the air by which they are

surrounded (see p. 118) ; while Parasites {figs. 231 and 232)
essentially differ from both Epiphytic and ordinary plants, in

the fact that their food, instead of being derived entirely from
inorganic materials, which are afterwards assimilated in the

tissues, is obtained entirely or partially from the plants upon
which the}' grow,—that is, in an already assimilated condition

(seep. 119).
_

The materials of which plants are composed, and which, as

stated above, are either derived from the air or the earth, or

more commonly from both, and which consequently constitute

their food, are of two kinds, called respectively the organic

and the inorganic. The process of burning enables us con-

veniently to distinguish, to a great extent at least, the compara-
tive proportion of these, and acquaints us with one of their dis-

tinctive peculiarities. Thus, if we take a piece of wood, or a leaf,

or any other part of a plant, and burn it as perfectly as we are

able, we find that the greater portion disappears in the form of

gas and vapour, but a small portion of the original substance

remains in the form of ash or incombustible material. The
former are termed the organic, and the latter the inorganic or

earthy constittoents. The term organic is applied because such
materials especially constitute the real fabric of the plant, and
are more essentially concerned in the formation of its proper

products and secretions. The relative proportion of the organic

and inorganic constituents varies in different plants, but, as a

general rule, the former constitute from 89 to 99 parts, while
the latter form from 1 to about 11 parts in every 100.

1. The Organic or Volatile Constituetits and their Sources.—
The organic constituents of plants are. Carbon, Oxygen, Hydro-
gen, and Nitrogen. The first three alone form the cellulose of

which the cell-walls are composed (see p. 18), and are therefore

to be considered as constituting by themselves the proper fabric

of the plant; while the protoplasmic contents of the cell are

formed of compounds of these three elements, with the fourth

organic constituent—nitrogen. It would appear also, that two
other elements, namely. Sulphur and Phosphon\s, are also

necessary constituents of these nitrogenous cell-contents.

These organic constituents are required alike by every spe-

cies of plant, hence the great bulk of all plants is composed of

the same elements, although the proportion of these varies to

some extent in the different species, and even in different parts
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of the same plant. The following table, by Johnston, indicates

approximately the relative proportion of the organic and inor-

ganic constituents of some of our vegetable food substances in

1,000 parts, and of the different elements of which the former are

composed. These substances were first dried at a temperature

of 230° Fahr :—



FOOD OF pla>;ts and its sources. 793

Hydrogen, the third organic constituent of plants, as jnst

noticed, forms one-ninth by weight of water, and it is in this

form that phmts obtain nearly the whole of this ingredient of

their food. It does not exist in a free state in the atmosphere

nor in the soil, and hence cannot be obtained by plants in a

simple state. In combination, however, with nitrogen, it forms

ammonia, which always exists to some extent in the atmosphere

and in the excretions of animals ; and is also always produced

during the decomposition of animal matter. Ammonia exists

in a gaseous state in the atmosphere, and being freely soluble

in water, the rain as it passes through the air dissolves it, and

carries it down to the roots, by which organs it is taken up.

Tlie roots in like manner absorb the ammonia which is con-

tained in the soil. While the larger proportion of hydrogen,

therefore, is taken up combined with oxygen as water, a small

portion is acquired with nitrogen in the form of ammonia.
Isitrogen, the fourth and last organic constituent of plants,

constitutes about 79 per cent, of the volume of the atmosphere,

and is an important ingredient in animal tissues. It also exists

in combination with oxygen as nitric acid in rain water, and in

the soil as a constituent of the various nitrates and animal pro-

ducts there found. Whether nitrogen can be taken up by plants

in a free state is at present doubtful (see p. 751), but it is quite

clear that the principal form in which it is absorbed is as

ammonia. Some believe that a small part is obtained from

nitric acid and nitrates.

Both sulphur and j^hosphonis, which as we have noticed (p.

791) are always combined with nitrogen in the protoplasmic

cell-contents, are obtained in a state of combination from the

soil. They are dissolved in the water, and are thus absorbed by
the roots.

In reviewing the sources of, and modes in which, the different

organic or volatile constituents of plants are derived and taken up,

W8 see that the sources are the earth and the air, more particu-

larly the latter ; and that they are principally absorbed in the

forms of carbonic acid and water, the latter of which is not only

food in itself, as it is composed of oxygen and hydrogen, two of

the essential organic constituents of plants, but it is also the

vehicle by which other food is conveyed to them.

2. The Inorganic Constituents or Ash, and their Sotirces.—The
amount of inorganic matter found in plants, as already observed

(p. 791), is very much less than that of the organic. The
inorganic matters are all derived from the earth in a state of

solution in water which contains carbonic acid, and hence we
see again, how important a proper supply of water is to plants.

While the organic constituents are the same for all plants, the

inorganic constituents vary very much in different plants. The
inorganic constituents differ from the organic also, in the follow-
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ing particulars :— 1st, they are incombustible, and hence remain
as ash, when the organic constituents are dissipated by burning;
and, 2nd, they are not liable to putrefaction, as is the case with
them, under the influence of warmth and moisture.

The inorganic constituents of plants are the following:

—

Chlorine, Bromine, Iodine, Fluorine, Silicon, Potassium, Sodium,
Calcium, Strontium, Magnesium, Aluminium, Manganesium,
Iron, Zinc, Titanium, Lithium, Caesium, Kubidiura, Arsenic, and
Copper. Some of these appear to be almost universally dis-

tributed in varying proportions, but others are only occasionally

met with. These various inorganic constituents are not taken
up in their simple states, but as soluble oxides, chlorides,

bromides, fluorides, sulphates, phosphates, silicates, &c.
Although the amount of inorganic matter in plants is very

much smaller than that of organic, still this portion, however
small, is necessary to the life and vigorous development of most
plants, and probably of all ; although, in certain Moulds, no
inorganic constituents have been detected.

The inorganic constituents of plants are of great importance in

an agricultural point of view, as it is to their presence or absence,

their relative quantities, and the solubility or insolubility of

their compounds, in a particular soil, that it owes its fertility or

otherwise, and its adaptability of growing with success one or

another kind of plant.

Rotation of Crops.—The principle of the rotation of crops in

agriculture is founded iipon the fact of different plants reqiiiring

different inorganic compounds for their growth; and hence, a
particular soil which is rich in materials necessary for some
plants, may be wanting or deficient in those required by others.

(See also Excretion by the Root, p. 745.) Thus, Wheat or any
cereal crop requires more especially for its proper growth a full

supply of silica and phosphates ; hence it will onl}^ floui'ish in

a soil containing the necessary amount of such substances. As
growth proceeds, these constituents are absorbed in a state of

solution by the roots, and are applied to the requirements of the

plants. When the grain is ripe, it is removed as well as the

straw, and the silica and phosphates obtained from the soil will

be also removed with them : the result of this is necessarily,

except in fertile virgin soil, that these ingredients will not be
then contained in the soil in sufficient quantities to support
immediately the grow^th of the same class of plants; but by
growing in a soil thus exhausted by Wheat another crop of a

different kind, such as Clover, Peas, Beans, &c. &c., which
requires either altogether different substances, or a different

amount, or distinct combinations of the same substances, we may
obtain a profitable crop, while at the same time certain chemical
changes will go on in the soil, and other ingredients will be
taken up from the atmosphere, &c., by which the land will be
again adapted for the growth of Wheat.
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The consideration of the above facts shows how important it

is for the agriculturist to have some acquaintance with vegetable

physiology and chemistry. He should know the composition of

the various soils, and the plants which he cultivates, as well as

the nature of the compounds required by them, and the modes
in which they are taken up, and so be able to adapt the parti-

cular plants to the soils proper for them. If such soils do not

contain the substances necessary for their life and vigour, he
must supply them in the form of manures. The applications of

chemistry and vegetable physiology to agriculture are thus seen

to be most important, and the great practical improvements
which have of late years taken place are mainly due to the in-

creased interest taken in such matters, and the many admirable
researches to which it has led. However interesting in an agri-

cultural point of view this connection may be, our necessary

limits will not allow us to dwell upon it further.'*

Section 2.

—

Life of the whole Plant, or the Plant in
Action.

The various substances required by plants as food having now
been considered, we have, in the next place, briefly to show, how
that food is taken up by them, distributed through their tissues,

and altered and adapted for their requirements. The consider-

ation of these matters involves a notice of the functions of
vegetation ; namely, of Absorption, Circulation, Eespiration,

Assimilation, Development, and Secretion.

The more important facts connected with these have, how-
ever, already been referred to in treating of the Special Physi-
ology of the Elementary Tissues, and of the Eoot, Stem, and
Leaf; so that it now remains only for us in this place to give

a general recapitulation of the functions of the plant, and to

consider them as working together for the common benefit of

the whole organism.

1. Absorption.—The root, as already noticed, is the main
organ by which food is taken up in a state of solution, for

the uses of the plant. No matter can be absorbed in an
undissolved condition ; and this absorptive power is owing to

the superior density of the contents of the cells of the young
extremities of the roots over the fluid matters surrounding them
in the soil leading to the production of endosmotic action through
the cell-walls (see p. 736, and/^. 1106).

That the roots do thus absorb fluid matters may be proved

'" Eeference may be made to Professors Church and Dyer's
edition of Johnson's Hoiv Crops Grow (1869) for the results of
recent analyses of agricultural plants, and the chemistry of
vegetation generally.
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by a very simple experiment. Thus, if we take two glasses of

tlie same capacity, and pour water into them until it is at the

same level in each, and then pnt the roots of a vigorous growing
plant in the one, and expose both in other respects to the same
influences of light, heat, and air, it will be noticed, that the

water will gradually disappear from the glasses, but from that

in which the roots are placed far more rapidly than from
the other without them, and the more rapid removal in the

former case must be owing to absorption by the roots. In this

way we can also estimate, in some degree at least, the amount
absorbed, v/hich will be found to be very considerable ; com-
monly in a few days, far exceeding in weight that of the plants

which are experimented upon. This imbibition of liquid by the

roots is independent of leaf-action. If the rootlets be healthy

and the tissues above them filled with fluid, it will always
occur. The great force of the action in stumps cut off a little

above the ground is well seen in such experiments as those of

Hales (see p. 799) and Hofmeister. Notwithstanding this, the

amount of fluid absorbed by the roots is directly dependent upon
the activity with which the other processes of vegetation are

carried on, and more especially by the quantity of fluid matters

transpired by the leaves ; indeed, absorption is directly propor-

tioned to transpiration in a healthy plant; for as fluid is given

off by the leaves, it is absorbed by the roots to make up for the

deficiency thus produced, therefore all stimulants to transpira-

tion are at the same time exciters of absorption. When absorp-

tion and transpiration differ greatl}- in amount, the plants in

which such a want of correspondence takes place become
unhealthy ; thus when transpiration is checked from deficiency

of light, as when plants are grown in dark places, the fluids in

them are excessive in amount ; whilst if the atmosphere be too

dry, as is the case in plants grown in the sitting-rooms of our

dwelling-hoiises, transpiration is greater than absorption, and
hence they require to be frequently supplied with water.

The mutual dependence ofabsorption upon transpiration should

also be borne in mind in the process of transplanting trees.

Transpiration is greatest at those seasons of the year when
plants are most abundantly covered with leaves, and when solar

light is most intense : we ought not therefore to transplant at

such periods, because, as it is almost impossible to do so without

some injury to the extremities of the roots (see p. 744), the

amount of fluid absorbed may be unable to compensate for the

loss by transpiration, and hence the plants will languish, or die,

according to circumstances. By transplanting in autumn or

spring, we do not expose the plants to such unfavourable con-

ditions, as the light is then less intense, and there are no leaves

upon them. (For further particulars on Absorption, see Absorp-

tion by the Boot, p. 744.)
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2. Distribution of Fluid Matters throiigh the Plant, and thiir

Alteration in the Leaves.—The fluid matter thus absorbed by
the roots is carried upwards by their tissues {jig. 1125) to the
stem, and through its young portions to the leaves, &c. (as

indicated by the arrows in the figure), to be aerated and elabo-

rated. After this it is returned to the stem, and descends probably
by the inner bark and cambium layer of Dicotyledons towards
the roots from which it started ; and by means of the medullary
rays and the general permeability of the tissues of which plant's

are composed, it is distributed to their different parts where new
tissues are being formed, and where secretions are to be deposited.

This general distribution of the fluid matters through the plant
is commonly termed the circulation of the sap. The fluid as it

ascends is called the Ascending or Crude Saj), and as it de-

scends, the Descending or Elaborated Sap. Although the term
Circulation is thus commonly applied to this movement of the

sap, it must be borne in mind, tha,t the process bears no
analogy to the circulation of the blood in animals ; for plants

have no heart or any organ of an analogous nature to propel
their fluid matters, nor any system
of vessels in which a flow thus

produced takes place. As Professor

Johnson has well put it, " nutrient

substances in the plant are not

absolutely confined to any path,

and may move in any direction.

The fact that they chiefly follow

certain channels, and move in this

or that direction, is plainly de-

pendent upon the structure and
arrangement of the tissues, on the

sources of nutriment, and on the

seat of growth or other action."

Ascent of the Sap.—The sap in

its ascent to the leaves, &c., passes

principally through the yoimg un-
incrusted wood-cells aud vessels

(pp. 739 and 740), and therefore in

Dicotyledons, when they are of any
age, through the outer portion of

the wood or the alburnum. In such
plants, also, we have but one
main stream of ascending sap. In
Monocotyledons and Acotjledonous
stems, the ascent also takes place through the unincrusted cells

of the fibro-vascular bundles; and hence in such plants, and
more especially in Monocotyledons, we have a nimiber of more
or less distinct ascending streams. In the lower Acotyledons,

Fig. 1125. Diagrammatic section of
the stem of a Dicotyledon, show-
ing the distribution or circulation
of the sap. The direction is indi-

cated by the arrows, a, a. Roots,
by which the fluid matters are ab-
sorbed, b, b. The tissues by which
they ascend to the leaves, c, c.

d, d. Outer portions of stem and
bark where the descent takes
place, e. Vertical section of a
branch. After Balfour.
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as Tliallogens, which have no steins, there is no regular course

of the sap, but the fluids may be noticed flowing in all direc-

tions through their cells, and to be more especially evident in

those parts which are of a lax nature.

The cause of the ascent of the sap is, as Herbert Spencer has

well expressed it, a disturbance of equilibrium creating a demand
for liquid. This is produced mainly by the evaporation or tran-

spiration going on in the leaves, but also by abstraction of the

sap by the growing tissues and by extravasation from the vessels

by pressure. The circulation is helped by osmotic and capillary

action, and also, when it occurs, by any swaying motion of the

branches causing intermittent pressure on the vessels. In the

winter no transpiration takes place, and the wood of the stem
and root is filled with watery matters holding starch and other

insoluble substances in suspension. The fluids of the plant are

therefore in a nearly quiescent state, as there are no changes

then taking place to produce their distribution. "When the

increased heat and light of spring commence, the insoluble

starch, &c., become converted into soluble dextrin and sugar,

development and transpiration immediately follow, and a conse-

quent ascent of the sap. This flow continues throughout the

summer months, when the causes favourable to it are in full

activity ; but towards the autumn, as heat and light diminish

again, the force of the ascent also diminishes, and the flow of

sap is again suspended in the winter months from the reasons

above alluded to.

The force with which the sap ascends is probably greatest in

the summer months, when heat and light are most intense, and
wlien vegetation is consequently most active ; and least in the

winter. At first sight it would appear, that the most rapid flow

of the sap was in the spring months, at which period alone

plants will give off much fluid, or bleed as it is commonly termed,

when their stems are wounded. But this bleeding arises from
the vessels as well as the prosenchymatous cells being filled with

sap, so that the whole plant is, as it were, gorged with it : much
of the sap which flows is indeed little more than water rapidly

pumped up from the soil to supply the drain of fluid. But as

soon as the leaves are in full activity, or the flowers, if they be

developed before the leaves, the sap becomes rapidly absorbed,

and the current is soon confined to its proper channels—probably

the younger prosenchymatous cells—and the stems no longer

bleed. It by no means follows, therefore, that when the plant

is most gorged with fluid matters, and bleeds, that the force of

the circulation is most active, rather the force is greatest when
the stem is least gorged with sap, as in the summer months,

when vegetation is most active, and the sap consumed as fast as

it can be transferred upwards through the stem.

In a healthy plant in a perfectly normal state, the amount of
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h

fliiid absorbed by the roots, the force with which it ascends to

the stem, and the amount transpired by the leaves, are directly

proportionate to one another.

The force of the circulation was measured by Hales in the

stem of the Vine by the apparatus represented in Jiff, 1126,

where a represents a vine stock, to the transverse section of

which is attached a bent glass tube, d e f g, by means of a
copper cap, h, a piece of bladder, and a lute, c. The bent tube

being filled with mercury to the level, ef, at the commencement
of the experiment, the force of the sap was readily calculated

by the fall of the mercury in one leg of the tube d e g, and its

corresponding rise above/in the other leg of the tube. In this

way he found, that in one experiment, the force of the ascent

was sufficient to support a column of

merciuy 32|- inches in height. He also

calculated from his experiments on the

Vine, that the force with which it rises

in this plant is nearly five times greater

than that of the blood in the crural

artery of a horse, and seven times greater

than that of the blood in the same artery

of a dog. In some experiments of Brucke
on the force of the ascent of the sap in the

spring in the Vine, he found that it was
equal to the support of a column of mer-

cury 17^ inches high. Hales' experiment

is, however, a measure of the force of

absorption by the root rather than of

ascent of the sap (see p. 796).

As the fluid rises in the stem it is of a

watery nature, and contains dissolved in pig. ii26. Apparatus em-
ployed hy Hales to show
tlie force of the ascent of
the sap. a. Cut vine stock

;

b, a copper cap, which is

secured to the stock by
means of a piece of l 'ladder

and lute, c ; d, e,f, g, bent
glass tube attached to the
copper cap, and contain-
ing mercury, the level of
which, at the commence-
ment of the experiment,
is marked by e, f, and at
the conclusion in one leg
of the tube by g ; and
hence the mercury in the
other leg must have risen
to a corresponding degree
to its depression in the
former.

<^^\J^
it the various inorganic matters in the

same state nearly in which they were ab-

sorbed by the roots. It also contains

sugar, dextrin, and other matters which

it has dissolved in its course upwards to

the leaves, &c. In its passage upwards,

although it becomes more and more al-

tered from the state in which it was
absorbed by the roots; when it reaches

the leaves it is still unfitted for the

requirements of the plant, and is hence

called Crude Sap. It undergoes certain

changes in the leaves and other green

parts, by which it becomes altered in

several particular?, and is then adapted for the uses of the plant.

In this state it is termed Elaborated Sap.

Changes of the Crude Sap in the Leaves^ ^'C.— The changes
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which the crude sap undergoes in the leaves by the action of

light and air, and by which it becomes transformed into the

elaborated sap, have been already alluded to in treating of

the Functions of Leaves ; it will be here, therefore, only neces-

sary to state in what these changes consist. They are:

—

1st. The transpiration of the superfluous fluid of the crude sap

in the form of watery vapour, by which it becomes thickened.

2nd. The absorption and decomposition of carbonic acid, by
which carbon—that most important constituent of plants— is

added to the crude sap whilst oxygen is evolved (Bssinration).

3rd. The formation out of the various inorganic elements present

in the crude sap, of the numerous organic products and secre-

tions, which process is properly termed Assimilatmi. The crude

sap being thus altered, contains in itself all the various azotised

and unazotised substances which are required for the develop-

ment of new tissues {Development), and the different secretions

{Secretion), It is then termed Elaborated Sap.

The important influences which these changes have in Nature,

in promoting the purity of the atmosphere we breathe (p. 753),

the healthiness or otherwise of a particular country (p. 7-1:9),

and the fertility or barrenness of a soil (p. 750), &c., have been

already noticed. We have also seen, that in order that these

changes may be properly performed, the leaves mnst be freely

exposed to light ; and from this dependence of assimila-

tion on light it follows, as we haA'^e seen (p. 755), that when the

secretions of particular plants which are otherwise agreeable,

are injurious, or of unpleasant flavour, they can by growing

them in darkness or in diminished light, be made fit for

the table, as is the case with Cel^ery, Sea Kale, Lettuce,

Endive, and others. For the same reason the plants of warm
and tropical regions, where the light is much more intense than

it is in this country or in other cold and temperate regions,

are commonly remarkable for the powerful characters of their

secretions, as is well illustrated by the strong odours of their

flowers, and the rich flavours of their fruits, as contrasted with

those of cold and temperate climates.

Again, as the production of secretions depends upon the

intensity of light, it frequently happens that a plant of a warm
or tropical region which naturally produces a secretion which

may be of great value as a medicinal agent, or useful in the

arts, when transported to this or any other climate in which
the intensity of the light is much less than it is in its native

country, that secretion is not formed at all, or in diminished

quantity. Even if such plants be placed in our hot-houses,

where they may be submitted to the same degree of heat as they

obtain naturally in their native countries, their secretions are

not formed at all, or in diminished amount, because light is the

main agent concerned in their formation, and we cannot increase
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the amount of light as we can heat by artificial means. Another
cause which commonly interferes with the formation of the

secretions of plants of warmer regions when grown in our hot-

houses, is the want of a proper and incessant supply of fresh

air to facilitate transpiration, &c.

The above facts are of great interest, as they have an important
bearing upon the growth of plants and fruits for the table, as

well as in a medicinal and economical point of view. At present,

however, much remains to be discovered, before we can be said

to have anything like a satisfactory explanation of the causes

which influence the formation of the secretions of plants ; for it

is found that the same plants when grown in different parts of

Great Britain, where the climatal differences are not strikingly

at variance, or even at the distance of a few miles, or in some
cases a few yards, frequently vary much as regards the nature

of their peculiar secretions. A striking illustration of this fact

is mentioned by Dr. Christison, who found that some Umbelli-
ferous plants, as Cicuta virosa (Water Hemlock), and (Enanthe
crocata (Hemlock Water Dropwort), which are poisonous in

most districts of England, are innocuous when grown near
Edinburgh. The causes of such differences are at present

obscure, but the varying conditions of soil and moisture under
which plants are grown have doubtless an important influence

upon their secretions. In a pharmaceutical point of -view, as

far as the active properties of the various medicinal preparations

obtained from plants are concerned, this modification in the

secretions of plants by such causes is of much interest, and
would amply repay investigation ; for it cannot be doubted, but
that each plant will only form its proper secretions when grown
under those circumstances which are natural to it, and that

consequently any change from those conditions will modify to

some extent the properties of the plant. Probably here we have
an explanation, to some extent at least, of the cause of the

varying strength of medicinal preparations obtained from plants

grown in different parts of this country, or in different soils, &c.

Descent of the Sap.—After the crude sap has been transformed
into the elaborated sap in the manner already described, it

passes from the leaves to the stem, probably to the inner-bark

and cambium-layer of Dicotyledons ; and apparently to the

parenchymatous tissues generally of the stems of Monocotyledons
and Acrogens. It then descends in the stems of the several

kinds of plants as far as the root, and in its course affords mate-
rials for the development of new tissues and the production of

flowers and fruit, and at the same time deposits its various

secretions. Hoffman in his experiments upon Eerns, however,
could not find any path by which the elaborated juices descended
in the stem.

In Dicotyledons, the elaborated sap is commonly believed to

3f
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descend through the inner bark and cambium-layer, and seve-

ral facts seem to support the view. The formation of wood is

obviously from above downwards. When a ligature is tied

tightly round the bark of an Exogenous stem, or more especially

if a ring of bark be removed, no new wood is produced below

the ligature or ring, while there will be an increased development

above it, or roots will be produced there. Again, it is well

known, that by removing a ring of bark from a fruit tree, a

larger quantity of fruit may be temporarily obtained from that

tree, owing to the larger amount of nutritive matter which then

becomes available for the use of the reproductive organs (see p.

781). Another circumstance which appears to show the line of

descent of the nutritive matter, is the fact, that if the cortical parts

of the stems of a potato plant be peeled off, the formation of

under-ground tubers is prevented. Mr. Herbert Spencer, how-
ever, argues that the retrograde motion of the sap is through the

same channels—chiefly, as he believes, the vessels of the newest

wood—by which it passed up. He considers that this descent

takes place in response to a demand for liquid by the stem and

roots when evaporation from the leaves is at a standstill, as at

night. As far as the leaf-petioles are concerned, the back cur-

rent must be along much the same tissues as the upward flow

;

but probably the liber-cells of the petiole are the main channel,

and these are directly continuous with the inner bark of the

stem.*

CHAPTER 3.

SPECIAL PHENOMENA IN THE LIFE OF THE PLANT.

1. Development of Heat by Plants.—As the various parts

of living plants are the seat of active chemical and other changes

during their development and in the performance of their dif-

ferent functions, we might conclude, that their temperature

would rarely or ever, under natural circumstances, correspond

with that of the atmosphere around them.

We have already noticed, that during the germination of seeds,

a considerable development of heat takes place (p. 788). This

* Mr. Spencer has described and figured (Linn. Soc.

Transactions, xxv.) cellular masses which he finds at the termi-

nation of the vascular system in the lower layer of parenchyma
in many leaves, and which he considers to be undoubtedly

absorbent organs by which the elaborated sap is abstracted

from the leaves ; his conclusions, however, require confirmation.
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is more especially evident, -wlien a number of seeds germinate
together, as in the process of malting. The development of heat

also, in flowering, has been alluded to (p. 764), The rise of

temperature which thus occurs in the processes of germination

and flowering, is due, without doubt, essentially, to the produc-

tion of carbonic acid. We have still to inquire, whether the

ordinary vital actions which are going on in plants are calculated

to raise or diminish their temperatui-e.

The experiments of Hunter, Schoepf, Bierkander, Maurice,
Pictet, and more especially of Schubler, lead to the conclusion,

that the trees of our climate with thick trunks exhibit a variable

internal temperature, being higher in the winter and at sunrise,

than the surrounding atmosphere—that is, at periods of great

cold, or of moderate temperature ; and lower in the summer or

at mid-day—that is, at periods of great heat. In no observed

cases were such trees noticed to possess exactly the temperature

of the atmosphere around them. The experiments of Eeaumur
on trees with slender trunks exposed directly to the sun's rays,

showed a considerable increase of temperature in them over the

external air. These experiments of Reaumur are, however, by
no means satisfactory.

The temperature of trees under the above conditions depends
upon various causes, such as the sun's rays, the amount of eva-

poration, chemical changes which take place during assimilation,

&c., the conducting powers of the wood, and particularly upon
the temperature of the soil in which the plants are grown. In
the active periods of the growth of plants, when evaporation is

constantly going on, and the fixation of carbon taking place,

both of which processes are accompanied by a diminution of

heat, it is evident, that such changes must have some effect in

modifying the temperature, and hence if, at such periods, their

temperature be above that of the sun-ounding air, that it is due
to external influences, such as the sun's rays, and the tempera-
ture of the soil, &c. This probably explains, to some extent at

least, why the temperature of thick trees exposed to great heat,

is lower than that of tlie surrounding air, for at such a period
vegetation is in a very active condition, evaporation and assimi-

lation being then in full play. Again, when the temperature of

the air is low, as in winter or during the night, but little or no
evaporation or assimilation takes place, and hence we find that
the temperature is higher than the external air.

The conclusions in the last paragraph do not, however, alto-

gether agree with the published result of experiments made by
Dutrochet; for he found, by operating with Becquerel's thermo-
electric needle, that when plants were placed in a moist atmo-
sphere so as to restrain evaporation, a slight increase of tempera-
ture took place, thus seeming to prove that the chemical changes
taking place in plants produced a rise rather than a diminution

3f 2
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of temperature. Probably this slight increase of heat under
such circumstances is due to the oxidation or combustion of a
portion of the carbon of the plant. Dutrochet found, however,

that when evaporation was allowed, the proper vital or specific

heat of plants was slightly below that of the atmosphere. He
also noticed that the heat of plants varied during the course of

twenty-four hours, the hour of maximum temperature varying

from ten in the morning to three in the afternoon, the minimum
occurring at midnight. The variation, however, in such cases

was extremely small in degree, being only from about one-tenth

to a little over one-half a degree of Fahrenheit. This specific

heat of plants could only be observed in green and soft struc-

tures, those which were hard or woody not possessing any specific

heat.

The above is but a brief summary of the conclusions which
have been at present arrived at with regard to the development
of heat by plants, and these are by no means of a satisfactory

nature. Much further investigation is required upon the deve-

lopment of heat by plants.

2. Luminosity of Plants. — But very little is positively

known respecting the development of light by plants. It seems,

however, tolerably well ascertained, on the authoi'ity of Hum-
boldt, Nees von Esenbeck, Unger, Drummond, and others, that

the thalli of some living Fungi are luminous in the dark.

This luminosity has been noticed in several species of Agaricus

and the so-called Rhizomorpha. According to Prescott, the my-
celium of the common Truffle is also luminous in the dark.

The statement that certain Mosses, as ScJdstostega osmundacea
and Milium punctatmn, were phosphorescent, appears to have
been founded on imperfect observation.

With regard to the development of light by the higher

classes of plants, we have at present no very satisfactory

observations to depend upon. It has, however, been repeatedly

stated, that many orange and red-coloured flowers, such as those

of the Nasturtium, Sunflower, Marigolds, Orange Lilies, Eed
Poppies, &c., give out, on the evening of a hot day in summer,
peculiar flashes of light. This peculiar luminosity of orange and
red flowers is now commonly regarded as an optical illusion,

and the fact of such luminosity having been only noticed in

flowers with such bright and gaudy tints, appears strongly to

favour such a conclusion.

Tlie rhizomes of certain Indian grasses have been reported to

be luminous in the dark during the rainy season; and Mornay
and Martins have observed, that the milky juices of some plants

were luminous when exuding from wounds made in them.

Martins also states, that the milky juice of Kuphorbia phcsphorea

is luminous after removal from the plant, when it is heated.

3. Electkicity of Plants.—All the statements which have
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been made upon tlie electrical condition of plants are vague
and unsatisfactory. It is said by some that electricity is deve-

loped during the ordinary growth of plants, as in germination

and exhalation. Plants are also stated to be commonly in a

negative condition as regards their electricity, but that different

parts of plants may exhibit opposite electrical phenomena.
4. Movements of Plants.—Three kinds of movements have

been described in plants:— 1. Motions of entire plants, such as

those which occur in the Oscillatorit-ge, Diatomacese, and some
other forms of the lower Algae ; and of parts, e. g. the sperma-

tozoids, connected with the reproductive processes in some of the

lower kinds of plants. The locomotive power thus possessed by
some of the lower Algse is a marked deviation from what ordi-

narily occurs in vegetables. 2. Movements produced in parts of

plants which are dead, or which, at least, have lost their active

vitality. Such movements may be noticed in almost all the

great divisions of plants, and are more or less connected with

some reproductive function. "We include here, the bursting of

anthers in the higher classes of plants, and that of spore-cases

in the lower; the dehiscence of fruits, the separation of the

component carpels from each other in the Euphorbiacese and
Geraniaceae, and many other phenomena of a like nature. 3.

Movements which occur in the living parts of plants when in an
active state of growth, &c.

The first two classes of movements have been already alluded

to in various parts of this work. The movements of the first

class appear to depend upon a rotation of the protoplasmic

cell-contents, the cause of which is at present unexplained

;

or to the presence of cilise upon their surfaces. Movements of

the second kind are entirely mechanical, and produced by the

varying conditions of the different tissues as to elasticity and
power of imbibing moisture.

The third kind of moA-ements must be more particularly

notice.!. They only occur during active vegetation. The
directions taken by organs properly come iinder this head.

This matter, so far as the Plumule and Radicle are concerned,

has been already noticed (p. 788). "With regard to the stem the

recent extensive researches of Mr. Darwin on Twining plants

and Tendrils are full of interest. The ends of such organs have
the power of spontaneously revolving; and this tliey constantly

do, usually from right to left, once in about two hours. As soon

as the organ meets with a support its motion is arrested and it

becomes spirally twined round by the arrest of the movement
of successive portions. Tendrils contract spirally soon after

they have laid hold of a support, and so draw up the stem to

which they are attached. The remaining movements belonging

to this class have been divided by Schleiden in the following
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1. Movements which evidently depend on external influences.

These are divided into two :

—

a. Periodical.

h. Not periodical.

2, Movements independent, at least to some extent, of ex-

ternal influences, which are also divided into two :

—

a. Periodical.

h. Not periodical.

1. Movements depending on external Influences.—a.

Periodical.— Under this head we include such movements as

those of certain leaves and the petals of flowers, which occur

at particular hours, the organs remaining in the new position

thus taken up until the return of a particular period, when they

resume as nearly as possible their original position. In leaves,

these periodical movements consist in the closing up of such

organs towards the evening and their expansion in the morning.

In the petals of flowers great differences occur in opening

or closing at particular hours of the day ; and, by observing

these changes in a variety of flowers, Linnseus and others have
drawn up what has been termed a floral clock. This periodical

closing up of leaves and flowers has been called the sleep of

plants. The compound leaves of certain Leguminosse and
Oxalidacese are marked illustrations of these periodical move-
ments, which are probably all indirectly dependent upon the

varying conditions of light to which the parts of the plant in

which they occur are exposed.

h. Not 'periodical.—Such movements are exhibited in a num-
ber of plants both in the leaves and in their reproductive organs.

In the leaves they are well seen in certain species of Oxalis,

Mimosa {fig. 347), in LioncBa muscipida {fig. 349), &c. In the

Eeproductive Organs they may be noticed in the curving inwards

or outwards of the stamens of certain plants, such as those of

Berberis vulgaris and other species, Parietaria judaica, Helian-

themuni vidgare and other Cistacese ; also in the stigmas of the

Lobeliacese, and in the style of Goldfitssia aiiisophylla, ^-c. All

the above movements are produced by external agency, such as

the action of insects, the agitation caused by the wind, &c.

2. Movements independent, at least to some extent, of
external Influences.—a. Periodical.—These movements are

seen in the leaflets of certain tropical species of Desmodium
(Hedi/sarum), and more especially in those of Desmodium
gyrans {fig. 1127). The leaf in this plant is compound, and
bears three leaflets. There are also two other rudimentary
leaflets, also marked b, near the terminal one ; the terminal

one, a, being much larger than the two lateral ones, b. The
large terminal leaflet, a, when exposed to the influence

of a bright light, becomes more or less horizontal, but it
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falls downwards on the approach of evening. This move-

ment is clearly analogous to the sleep of plants previously

described. The lateral leaflets, 6, exhibit a constant movement
during the heat of the day, advancing by their edges towards the

large terminal leaflet and then „.

retreating towards the base of ^3- '•

the common petiole. This

movement takes place first on

one side and then on the other,

so that the point of each leaflet

describes a circle. The move-
ments resemble those of the

arms of the old semaphore tele-

graphs, and hence this plant

has been termed the Telegraph

plant. They go on to a less

extent even in the dark, and
are most evident when the

plants are in a vigorous state

of growth, and when exposed

to a high temperature. No
satisfactory explanation has as

yet been given of the direct

cause of this movement.
h. Not periodical.— These ^^O- 1127. a portion of a branch, with a

,
' • , 1 leal of Besmodiain gurajis. The leafmovements occur m the re- consists of a large terminal leatlet, a,

productive organs of a large andtwosmalleroues,?;. There are two
1 J? ii- -nu • other rudimentary leaflets, marked

number of the Phanerogamia. also b, near the terminal leaflet.

The stamens sometimes curve

inwards separately towards the stigma, as in Bicta graveolens

{fig. 597), and Parnassia pahistris; or in pairs, as in Saxifraga
tridactylites. They afterwards commonly return as nearly as

possible to their former position. In Farnassia the arrange-

ment appears to be one adapted, as the anthers are extrorse, to

prevent self-fertilization (see p. 779). In Passiflora, Nigella

sativa, certain Onagracese and Cactacese, &c., the styles move to

the stamens ; while in other Onagracese and certain Malvaceae,

&c., both stjdes and stamens move towards each other. No ex-

planation of a satisfactory nature has been given of the cause

of these movements, but their object is doubtless to assist in the

process of fertilization.

5. Odours of Plants.—These are very various in kind, man^
being highly agreeable, others excessively offensive, whilst others,

though pleasant in small qxiantity, become nauseous in larger

amount. The source of the odour is often a volatile oil or other

product contained in the glands of the plant; but in some cases

no such origin is found, and the source of the odour is unknown,
whilst its nature defies analysis. It is generally considered
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that smell is due to the giving off of minute particles into the

air ; Morren, however, from observations on the flowers of

Orchids, was led to the inference that in some cases it 'depends on
a physiological cause. He observed that the aromatic odour of

Maxillaria, which continued to be exhaled as long as the flowers

were unfertilized, was lost a little while after pollen was applied

to the stigma.

Though chiefly developed under the influence of solar light,

there are not a few plant-odours which are given oflf in the

evening or at night. Several Orchids, (Enothera, Lychnis vesper-

Una, and Ceretis graoidiflorus are examples. In the last-named
plant, the odour is given out in intermittent puflfs.

There seems to be a connection between the colour of the

flowers and their odour ; thus it has been observed that white

flowers are very frequently fragrant, whilst brown and orange

ones have often a foetid smell, the so-called Carrion-flowers

(Stapelifs), certain Aroids, some Bcdanophorea, &nd the Rafflesia,

being examples. The flowers of Monocotyledons are more often

odorous than those of Dicotyledons.
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Abaxile embryo, 342
Abortion, 3.55

Abortive, 233

Abrupt root, 126

Absorption, 736, 790, 7

— by the root, 744
Acaulescent. 64

Accessory buds, 99

Accrescent, 222

Accumbent, 341

Acerose, 159
Achasnium, 307
Achlamydeous, 208
Acicnlar, 161

Acinaciform, 161

Acotyledonous, 336
— leaves, 178
— roots, 121
— stems, 91

Acrogenous, 66
— stems, 91

Acrosporons, 379
Acuminate, 157
Acute-pointed, 157
Adelphous, 249
Adherent calyx, 219
Adnate iilament, 241
— stipules, 171
Adnation, 351
Adventitious buds, 97— root, 115
Aerial bulbs. 111
— leaves, structure of,

— roots, 115, 117
— stems, 104
iEstivation, 143, 210

j
Age of endogenous stems,

j

89

I

exogenous trees, 75

I

Aggregate fruits, 308, 315
95 Air plants, 118

I Alag, 225
' Albumen, 334
! Albuminous, 334

I

Alburnum, 75

I Alternate leaves, 134

j

Alternation of genera-
I tions, 362, 363, 772

I Amentum, 191

!
Amphisarca, 309
Amphitropous, 326," 342
Amplexicaul, 133
Anatropous, 324
Androus, 246
Andrcecium, 209, 233
Androphore, 250
Angiosperms, 327

Angiospermous, 319

Angular divergence, 137

j

Anisomerous, 348
i Anisostemonous, 246

!
Annual layers of wood, 72

I — leaves, 127
— roots, 120

I
Annular cells, 24

I — vessels, 42
1 Annulate, 360

1
Annulated root, 123

129 !
Annulus, 360, 369
Antheridia, 361, 364, 366,

367, 370, 383, 384
Anther, 208, 233

Antherczoid, 362
Anthesis, 213
Anthocarpous, 315
Anthodium, 195

Anthotaxis, 179
Antitropous, 342
Apetaloid, 222
Apex of leaves, 156
Apical, 28
Apicilar, 281
Aploperistomous, 369
Apocarpous, 266
— fruits, 306
Apophysis, 368
Apothecia, 375
Appendiculate anthers,

242
Archegonia, 362, 367, 370
AriUode, 331
Arillus, 331

Articulated, 93, 127
Ascending ovule, 320
— radicle, 342
— stem, 100
— sap, 797

Ascent of the sap, 797
Asci, 375
Ascidia, 176
Ascosporous, 379
Ascus, 379
Assimilation, 753,755, 790,

800
Atropous, 324
Augmentation, 351
Auriculate, 161

Axial embryo, 342
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Axil, 127
Axile placenta, 275
Axillary, 127, 171
— infloi-escence, 189
— stipules, 171

Eacca, 313
Balausta, 315
Banyan-tree, 117
Bark, 79
— growth, 81

Basidia, 379
Basidiospores, 379
Basilar style, 281
Bast tissue, 39
Beaded root, 124
Bell-shaped, 225
Berry, 313
Biennial roots, 120
Bifoliate, 164
Biforines, 34
Bigeners, 762, 779
Bilabiate, 218, 227
Bin ate, 164
Biovulate. 321
Bipinnate, 164
Biserrate, 152
Bisexual, 232
Biternate, 166
Blade, 127, 143
Bletting, 784
Blunt, 156
Botany, departments of, 1

— , object of, 1

Bothrenchyma, 40
Eracteoles, 179
Bractlets, 179
Bracts, 179
Bristles, 56
Buds, 93
Bulb, 109
Bulbils, 111
Bulblets, 111

Bush, 102

Caducous, 127, 221, 232
Calcarate, 221,230
Calceolate, 228
Calyptra, 367, 371
Calvptrate, 222
Calyx, 208, 214
Cambium, 77
— layer, 77
Campanulate, 225
Campylotropous, 324
Capillary, 234
Capitate, 54, 286
Capitulum, 195
Capsule, 309, 371
Carcerule, 309
Carina, 225

Carpel, 209, 260
Carpophore, 281
Caruncles, 340
CaryophyUaceous, 224
Caryopsis, 308
Catkin, 191
Caudex, 101

Caudicle, 253
Caulescent, 64
Caulicule, 335
Caulis, 101
Caulinary stipules, 171
Cauline leaves, 133
Cell-contents, 25
Cell-division, 730
Cell-formation, 729
Cell-membrane, 18
Cell-nucleus, 26
Cells, 13
— with bordered pits, 22
Cellular envelope, 80— plants, 9

Cellulin, 18

Cellulose, 18
Cell-wall, 18

Central placenta, 276— free, 276
Centrifugal, 199, 343
— formation of leaves,

762
Centripetal. 199, 343
— formation of leaves,

762
Ceramidium, 382
Chalaza, 323
Chemical constitution of

fruits, 782
Chlorophyll, 27, 744
Chlorosporeas, 380
Chorisis, 352
Chromule, 28
Cicatrix, 127, 1 67
Cinenchyma, 45, 740
Circinate, 141
— cotyledons, 340
— cyme, 203
Circular festivation, 210
Circulation, 790, 797
Circumscissile, 301
Cirrhus, 103
Cistome, 49, 63
Clavate, 54, 234
Claw, 223
Clawed, 223
Cleft. 153
Climbing, 100
Club-shaped, 54, 234
Coalescence, 351

Coated bulb. Ill
Cocci, 298
Coccidium, 382
Coclilear, 212
Coherent, 249

Coleorhiza, 121

Collateral, 321
— chorisis, 353
Collecting hairs, 57
Collective fruits, 315
CoUenchyma, 37
Colour of leaves, 758
ColumeUa, 295, 367
Coma, 102, 329
Commissure, 312
Common petiole, 167
Comose, 329
Complete flower, 350
Complete parenchyma, 36
Composition of leaves, 149
Compound leaves, 128,

149, 161
— ovary, 273— pistil, 260, 266— spadix, 192
Conceptacles, 382
Conceptaculum, 307
Conducting tissue, 265
Conduplicate, 141
Cone. 193, 316
Confervoidefe, 380
Conical root, 124
Conidia, 378
Conjugation, 381, 766
Connate, 134, 249
Connective, 238, 241
Connivent, 215, 224
Contoi-ted, 211
— root, 126
Contracted cyme, 203
Convolute, 142, 211
Coralline root, 122
Cordate, 160, 223
Cork, 81
Corky layer, 80
Corolla, 208, 222
Conn, 111

Cormogens, 8

Cormophytes, 8
Corneous albumen, 334
Corona, 231
Corpuscula, 774
Corrugated, 210
Cortical, 371
— system, 79
Corymb, 195
Costa, 145
Costate, 146
Cotton, structure of, 56
Cotyledonous, 336
Cotyledons, 11, 132, 335
Creeping stem, 107
Cremocarp, 312
Crenate, 152
Crenulate,152
Crescent-shaped, 161
Crisped, 153
Cross-breeds, 779
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Cross-fertilization, 779
Cruciate, 'J24

Cruciform, 224
Crude sap, 7!)7

Crumpled, 210
Crj-ptogamous, 10, 358
Culm, 101
Cuneate, 159
Cuneiform, 1-59

Cupula, 183
Curled, 153
Curved ovules, 324
Curviserial, 140
Cuspidate, 157

Cuticle, 49
Cuticular layez-s of the

epidermis, 48
Cyanic, 759
Cyanin, 28

Cycle, 137

Cyclosis, 740
Cyme, 200
Cyuarrhodum, 308
Cypsela, 313
Cystidia, 377
Cystolithes, 34
Cytoblast, 26
Cytoblastema, 730
Cytogenesis, 729

Death of the leaf, 760
Deciduous, 127, 181, 222,

232
Declinate, 236
Decomposed, 153
Decompound, 164, 166
Decumbent, 100
Decurrent, 133
Decussate, 134
Decussation, 134
Deduplication, 352
Definite inflorescence, 198
Defoliation, 759
Degeneration, 357
Deliquescent, 102
Dentate, 152
Departments of botany, 1

Dennis, 46
Descendiag sap, 797
Descent of the sap, 801
Determinate inflores-

cence, 1 98

Development, 790
— of floral envelopes, 764
Development of leaves,760
— — stomata, 742
Diachaenium, 313
Diadelphous, 249
Dialycarpous, 266
Dialypetalous, 224
Dialysepalous, 216
Dichlamydeous, 208

Diclinous, 232, 385
Dicoccous, 298
Dicotyledonous, 336
— leaves, 177
— roots, 120
— stem, 68

Dicotyledons, 11, 336
Didynamous, 251

Diffusion of gases, 736

Digitaliform, 229
Digitate, 155, 165
Digitipartite, 156
Dimorphic, 779
Dioecious, 233, 385
Diploperistomous, 369
Diplostemoncus, 246
Diplotegia, 311, 313
Disc-bearing wood-cells,

22
Disk, 258
Dissected, 153
Dissepiment, 270
Distichous, 137
Distractile, 241
Divergent, 215
Divisions of leaves, 153
Dolabrifoi-m, 161

Doi-sal suture, 261, 294
Dotted ceUs, 20
— vessels, 40

'

Doum Palm, 88
Dragon-ti-ee, 88

Drupaceous, 305
Drupe, 305
Duct, 40
Duplicato-dentate, 152
Dm-amen, 74

Earthv constituents, 791
Ebracteated, 181

Eccentric embryo, 342
Elaborated sap, 797
Elaters, 362, 372
Elective affinity, 780
Electricity of plants, 804
Elementary part, 730
— structure, 13

Elliptical, 159
— parenchyma, 36
Elongated parenchyma,36
Emarginate, 157
Embracing, 133
Embi-yo, 335
— buds, 98
— nodules, 98
— sac, 321, 362
Embiyonal cell, 367, 371
Embryotegia. 330
Empty bracts, 181

Endocarp, 292
Endochrome, 25, 381, 766
Endogenous, 65

Endogenous stems, 83
Endophloeum, 80
Endopleura, 328, 330
Endorhizal, 121
Endosmose, 737
Endosperm, 334
Endostome, 323
Endothecium, 240
Ensiform, 161
Epiblema, 48, 115
Epicalyx, 180, 221
Epicarp, 292
Epidermal appendages, 53— tissue. 46
Epidermis, 46
— , functions of, 741
Epigeal, 789
Epigone, 367, 371
Epigyn 0113,248

Epipetalous, 247
Epiphlceum, 80
Epiphragma, 369
Epiphytes, 118
Episperm, 328
Epithelium, 49, 263
Equally piimate, 162
Equitant, 142

Erect, 215, 224, 236— ovule. 320
Etserio, 307
Etiolated, 755
Evergreen, 127
Exalbumtnous, 334
Exannulate, 360
Excipulum, 375
Excrescence, 99
Excrescent, 1S8
Excretion bj- roots, 745
Excretions, 755
Excun-ent, 102
Exhalation, 748
Exocarp, 292
Exogenous, 65, 71— stems, 68
Exorhizal, 120
Exosmose, 737
Exospores, 378
Exostome, 323
Exothecium, 239
Exserted, 250
Exstipulate, 128
Extine, 254
Extra-axillary, 99, 127
Extrorse, 239

Fall of the leaf, 759
False bark, 65

Farinaceous albumen, 334
Fasciated branches, 100
Fascicle, 135, 205
Fascicled leaves, 135

i

Fasciculated root, 123
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Faux, 218, 225
Favellse, 382
Feather-veined, 145
Feathery, 219
Fibrilte, 114
FibriUiform cells, 15
— tissue, 37

Fibrils, 114
Fibro-cellular tissue, 37

Fibro-vascular system, 46,

64
Fibrous cells, 23
~ root, 122
Filament, 208, 233
Filiform, 234
Fimbriated, 223
Fissiparous, 732
Fissures of leaves, 153
Fixed embryo, 96

Fleshy albumen, 334
Floral envelopes, 214
Floridese, 382
Flowering plants, 10, 179
Flovverless plants, 1 0, 179
Foliaceous, 219, 226, 293
Folioles, 150
Follicle, 306
Food of plants, 790
Foramen, 822, 323
Forked venation. 148
Formation of cells, 729
Formed material, 730
Forms of cell, 13

haii-s, 53
leaves, 161

Fossil botany, 2
Fovilla, 255
Free calyx, 219
— stamens, 249
Fringed, 223
Fronds, 178

Fruit, 288
Fuccidese, 383
Fugacious, 127, 221

Functions, 728
Functions of bracts, 763
— — epidermal append-

ages, 743
epidermal tissue, 741

fruit, 781

glands, 743
— — hairs, 743

intercellular system,
743

laticiferous vessels,

740
— — leaves, 748

parenchyma, 729
— — prosenchyma, 739

seeds, 784
stomata, 741

vascular tissue, 740
Funiculus, 318, 326

Funnel-shapad, 227
Farcate, 148
Fusiform root, 125

Galbulus, 31C
Galeate, 220
Gamopetalous, 225
Gamophyllous, 216
Gamosepalous, 216
Gaping, 227
Gasteromycetous, 379
Gemmae, 362, 382, 383
Gemmation, 734
Gemmule, 335
General morphology, 6,

343
General physiology, 728,

790
Geniculate, 236
Geographical botany, 2

Germ-cell, 362, 371
— corpuscles, 766, 767, 775
Germinal matter, 25, 730
— vesicles, 322
Germination, 786
— monocotyledonous, 788
— dicotyledonous, 789
Gibbous, 221,230
Gills, 378
Glands, 57
— compound, 58
— external, 58
— internal, 58
— sessile, 58
— simple, 58
— stalked, 58
Glandular hairs, 56
Glans, 313
Globose, 218
Globule, 373
Glochidiate, 54

Glomerule, 205
Glumes, 185

Glummellules, 185
Gonidia, 377, 378, 382
Guard-cells, 50
Gymnospermous, 319, 327,

336
Gymnostomous, 369
Gynandrous, 248
Gynia, 266
Gynobase, 281

Gynobasic, 281
Gynoecium, 209, 259
Gynophore, 288
Gynostemium, 248
Gyrate cyme, 203
Gyration, 738

Haii-s, 53
Haibert-shaped, 161

Half-equitant, 143
Hastate, 161

Head of flowers, 195
Heart-shaped, 160
Heart-wood, 75

Heat of plants, 802

Helicoid cyme, 203
Helmet-shaped, 220
Hemicarp, 312
Herbs, 101
Hermaphrodite, 232
Hesperidium, 311

Heterodromous, 140
Heterorhizal, 121

Heterotropous, 326
Hidden-veined. 144
Hilum, 318, 326
Histology, 13

Homodromous, 140
Homologous, 206, 343
Homotropous, 342
Hooded, 220
Hood-shaped, 161
Hooked, 54
Horizontal ovule, 320
— system, 64
Horny albumen, 334
Hybridization, 779
Hybrids, 779
Hymenium, 378
Hymenomycetous, 379
Hypanthodium, 196

Hypocrateriform, 227
Hypogeal, 789
Hypogynous, 248
Hypothecium, 375

Imbricate, 142, 211
Impari-pinnate, 162
Inactive spore. 381
Incision of leaves, 153
Included, 250
Incomplete flower, 350
— parenchyma, 36
Incumbent, 341

Indenced, 152
Induplicate, 142, 210
Indusium, 283, 360
Induvias, 127
Induviate, 127

Inferior calyx, 219, 273
— ovary, 219, 273
— radicle, 343
Inflexed, 141

Inflorescence, 179, 188
— definite, 188, 198
— determinate, 188, 198
— indefinite. 188, 189
— indeterminate, 188, 189
Infra-axillai-y, 127
Infundibuliform, 227
Innate, 241
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Inorganic constituents,

791

Insertion of leaves, 13'i

Integumentum primnm
internum, 323

— secundum externum,
323

— simplex, 322
Intercellular passages, 61
— spaces, 61
— substance, 62
— system, 61

Interlacing tissue, 37
Intemodes, 90
Interpetiolar, 172
Interruptedly pinnate, 163
Intine, 2.54

Intra-cellular circulation,

738
Intrafoliaceous, 171
Introrse. 239
Inverse ovule. 320
Inversely heart-shaped,

160
Inverted seed, 342
Involucre, 182, 360
Involucel, 182
Involute, 142
IrregiUar, 216, 224— flower, 350
Irregularity. 357
Isomerons, 348
Isostemonous. 24G

Jointed, 93
Jugate, uni-, 162, 164— bi-, 162
— tri-, 162
— multi-, 162

Keel, 225
Kernel, 327, 333
Kidney-shaped, 161
Kinds of cells, 35
Knob, 98
Knots, 93

Labiate, 227
Laciniated. 153
LamellEe, 378
Lamina, 127, 143, 150
Lanceolate, 159
Laticiferous tissue, 44— vessels, 44
Layering, 105
Leaf-arrangement, 134— buds, 93
— defined, 126
— development, 760
— stalk, 128

Leaflets, 150
Legume, 304
Lenticels, 61
Lenticular glands, 61
Lepidote, 56
Lianas, 101
Life of the plant, 794
Lignin, 20
Ligulate, 228
Ligule, 169

Limb, 127, 218, 225
Linear, 158
Linguiform, 161
Lipped, 227
Liquor amnios, 322
Lirellaj. 375
Lobes of leaves. 153
Loculi, 238, 270
Loculicidal, 297
Locusta, 192
LodiculEB, 185
Lomentum, 305
Luminosity of plants, 804
Lunate, 161

Lymphatic hairs, 56
Lyrate, 154
Lyrately-pinnate, 163
Lyre-shaped, 154

Mace, 331

Macrogonidia, 382
Macropodous, 338
Macrospores, 366
Mangrove-tree, 117
Marcescent, 222. 232
Marginal placenta, 275
Margins of leaves, 127,

151

Median prolification, 347
Medulla, 69
Medullary rays, 78
Meiostemonous, 246
Melanosporeje, 383
Membriinous, 219
Merenchyma, 36
Mericarp, 313
Merismatic, 732
Meros, 348
Mesocarp, 292
Mesophloeam. 80
Metamorphosis, 347
— ascending. 347
— descending, 347
— direct, 347
— retrogade, 347
Microgonidia, 382
Micropyle, 322, 323
Microspores, 366
Midrib, 145
Mixed inflorescence, 206
— formation of leaves,

762

Monadelphous, 249
MonilifoiTQ hairs, 54
— root. 124
Monochlamydeous, 208
Monocotyledonous, 336
— leaves, 178
— roots, 121
— stem, 68, 83
Monocotyledons, 11, 336
Monoecious, 233
Monopetalous, 224, 225
Mouophyllous, 216
Monosepalous, 216
Monstrosities, 345
Morphological botany, 1,

4
Morphology, general, 6,

343
Movements of plants, 804
Mucronate, 157
Mules, 779
Multicostate. 146
Multifoliate, 165
Multiple fruits, 315
Muriform parenchyma, 37
Mycelium, 377

Naked bud. 94
— bulb, 111
— flower, 208
Napiform, 125
Natural preference, 780
Neck, 112
Necklace-shaped, 54, 124
Nectaries, 61, 231
Nervation. 143
Nerves, 127, 129, 143
Netted-veined, 145
Neuter, 232
Nodes, 93
Nodulose root, 124
Non-adherent. 219
Non-articulated, 127
Normal buds, 96
Nucleoli, 26
Nucleus, 26, 321. 333
Nuculanium, 312
Nucule, 374
Nursing, 132
Nut, 313

Obcordate, 160
Oblique leaf, 158
Oblong, 159
Obovate, 159
Obsolete, 219
Obtuse, 154
Obvolute, 143
Ochrea, 171

Octastichous, 138
Odours of plants, 807
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Offset, 105
Omphalodium, 326
Oophoridia, 366
Oospore, 381

Oosporangia, 366
Operculate, 222, 255
Operculum, 368

Opposite leaves, 134

Orbicular, 161

Organic constituents, 791
— products, 755
Organisable matter, 729
Organography, 1,

5

Organs of nutrition, 12,

63
reproduction, 12,

179
vegetation, 12, 63

Origin of stomata, 742

Orthotropus, 324
Osmose, 737
Ostiole, 376
Oval, 159
Ovary, 209, 260
Ovate, 159
Ovulary-spore, 364

Ovule, 209, 318, 364

Palfeontological botany, 2

Palate, 227
Palene. 184, 185
Palmate, 165, 165

Palmated root, 123

Palmately-cleft, 155
— -veined, 145
Palmatifid, 155
Palmatipartite, 155

Palmatisected, 155
Panduriform, 155
Panicle, 195
Panicled cyme, 202
Papillae, 58

Papilionaceous, 225
Pappose, 219
Pappus, 219
Papulfe, 58
Parallel formation of

leave?, 762
Parallel-veined. 145
Paraphyses, 367, 379
Parasites, 119
Parenchyma, 35

— , complete, 36

— , incomplete, 36

— , functions of, 739
Parenchymatous cells, 16,

35
— system, 46, 64, 70

Parietal cell-formation,

732
— placenta, 276
Pari-pinnate, 163

Parthenogenesis, 765
Partial involucre, 182
— petiole, 150, 167
Partite, 153
Partitions, 153
Patent, 102
Patulous, 215, 224
Pectinate, 154
Pedate, 156
Pedicel, 185
Peduncle, 185
— , duration of, 187
Peloria, 230
Peltate hairs, 55
— leaves, 133
Pendulous, 102
Pentastichous, 137
Pepo, 314
Perennial leaves, 127
— roots, 120
Perfoliate, 133
Perianth, 208, 215
Pericarp, 292
Pericha3tial, 366
Pericladium, 173

Periderm, 80
Peridium, 379
Perigone, 208, 371

Perigynous, 248
Peripherical, 342
Perisperm, 334
Perispore, 382
Peristomium, 368
Persistent, 127
Personate, 227
Petaloid, 219
Petals, 208, 222
Petiolar stipiiles, 171

Petiolate, 133
Petiole, 128, 166
Petiolule, 150, 167
Phanerogamous, 10

Phsenogamous, 10

Phragmata, 271
Phyllaries, 182
Phyllocj-anin, 28, 758
Phyllode, 175
Phylloid peduncle, 187
Phylloxantheine, 758
Phylloxanthine, 28, 758
Physiological botany, 1

Physiology, 728
— of the root, 743
Phytons, 96

Phytozoon, 367, 370
Pileorhiza, 113, 116
Pileus, 378
Pilose, 219'

Pinnaj, 162
Pinnate, 162
Pinnatelv-veined, 145
Pinnatifid, 153
Pinnatipartite, 153

Pinnatisected, 153
Pinnules. 164
Pistil, 209, 259
Pistillidia, 366, 370
— sporangia, 364
Pitchei-s, 176
Pitcher-shaped, 227
Pith, 69
Pitted cellular tissue, 37
— cells, 20
— vessels, 40

Placenta, 260, 275
Placentation, 275 'I

Placentiform root, 125 ''

Plaited, 141

Plicate, 141
Plumose, 219
Plumule, 11, 335
Pod, 304
Podetium, 375
Podosperm, 318
Pollen-sporangia, 366
— spores, 364
— tube, 257
Pollinia, 253
PolUnaria, 379
Polyadelphous, 249

Polycotyledonous, 339
Polyembryonic, 337
Polygamous, 233
Polypetalous, 224
Polyphyllous, 215
Polysepalous, 215
Polystemonous, 246
Pome, 315
Pore, 376
Porous cells, 20

Prtefloration, 143, 210

PrajfoUation. 95, 141

Prsmorse, 157
— root, 126
Prepotent, 780
Preserving seeds, 785
Prickles, 56

Primary root, 112
Primine, 323
Primordial leaves, 733
— utricle, 25

Procumbent, 100

Pro -embryo, 359
Proliferous, 97

Prolification, 347
Prosenchyma, 38
— , functions of, 739
Proseuchymatous cells, 16

Prostrate, 100
Prothallium, 359, 361, 369
Prothallus, 359
Protonema, 369, 765
Protoplasm, 25
Pseudo-bulb, 100
Pseudo-embryo, 770
Punctated cells, 22
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Pulvinus, 168
Putamen, 293

Pycnidia, 376, 380

Quadrifoliate, 164
Quadrifurcate, 2i3
Quaclrinate, 164
Quinary, 212
Quinate, 164
Quincuncial, 137, 212
Qninqiiecostate, 146

Quinquefoliate, 164

Quintuple-ribbed, 146
Quintupli-costate, 146

Raceme, 193
Racemose cjnne, 202
Rachis, 167, 185
Radiated-reined, 146
Radical hairs, 57, 114
— leaves, 133
— peduncle, 186
Radicle, 11, 335
Ramal leaves, 133
Ramenta, 56
Ramentaceous, 56

Ramification, 96
Ramified cells, 24
Raphe, 325
Raphides, 32
Raphidiferous, 33
Receptacle, 186, 286
Receptacles of secretion,

62
RecUnate, 141
— ovule, 320
Rectiserial, 139
RedupUcate, 210
RedupUcative, 210
Reflexed, 215, 224
Regma, 311

Regular, 96, 216, 224
— flower, 350
— parenchvma, 36
Reliquiae, 127
Reuiform, 161

Replum, 311

Reproduction of :

—

— Acrogens, 768
— Alg£B, 766
— Angiosjjermia, 775
— Characeae, 768
— Equisetacete, 771
— Filices, 771
— Gymnospermia. 773
— Hepaticaceae, 768
— Lycopodiace£e, 770
— Marsileaceae, 771
— Musci, 768
— Thallogens, 766

Reproductive Organs
of:—
Acrogens, 359
Algae, 380
Characeae, 372
Equisetaceae, 362
FiUces, 359
Fungi, 377
Hepaticacese, 370
Lichenes, 374
Lycopodiaceae, 365
ilarsileacese, 363
i[u;?ci, 366
Thallogens, 374

Respiration, 752, 790, 800
Resting spores, 380
Reticulated cells, 24
— veined, 145
— vessels, 43
Reticulum, 1 73

Retinacula, 253
Recuse, 156
Revolute, 142

Rhizome, 106

RhodosporesB, 382
Ribbed venation, 146
Rind, 83
Ringed ceUs, 24
Ringent, 227

RoUed, 142

Root defined, 112
Root-sheath, 119
Rootstock, 106
Rosaceous, 224
RosteUum, 253
Rotate, 227
Rotation, 738
— of crops, 794
Round parenchyma, 36
Ruminated, 335
Runcinate, 155
Runner, 105

Saccate, 221 , 230
Sac of the amnios, 321
Sagittate, 161, 243
Salver-shaped, 227
Samara, 308
Sap, 27

Sapwood, 75
Sarcoderm, 328
Sarcocarp, 292
Sarmentiim, 101

Scalariform vessels, 43
Scales, 55, 94, 182
Scaly bracts, 182
— buds, 94
— bulb, 110
Scandent, 100
Scape, 186
Scaphidia, 384
Scar, 127

Sclerogen, 20
Scorpioid cyme, 203
Scurf, 55
Secondary embryo-sacs,

774
— medullary ravs, 78— root, 112
Secretion, 790
Secretions, 755
Sected, 153
Secimdine, 323
Seed, 326
Seed-bud, 319
Seed-nucleus, 327, 333
Segments, 153
Selecting power, 745
Semi-anatropous, 326
Seminude ovule, 319
Sepals, 208, 214
SeptemfoUate, 165
Septenate, 165
Septicidal, 297
Septifragal, 298
Series, 137
Serrate. 152
Serrulate, 152
Sessile leaves, 128, 133
Setaceous, 56
Setae, 56

Setose. 56

SexuaUty of plants, 765
Sharp-pointed, 157
Sheath, 128, 168
Sheathing, 133, 168
Shield-Uke, 55, 133
Shrubs, 101
Silicula, 311
Sihqua, 311
SiliquEeform capsule, 31

1

Silver-grain, 78
Simple corolla, 230
— fruits, 303
— leaves, 128, 149
— pistil, 266
Simtataneous vascular

bundles, 67
Sinuate, 152
Sinuose, 243
Size of cells, 17

trees, 77

Skeleton leaves, 130
Slashed, 153
Soboles, 107
Soredia, 377
Sori, 360
Sorosis, 317
Spadix, 192
Spjeraphides, 33
Spathaceous bracts, 184
Spathe, 183
Spathellse, 184
Spathulate, 159

I

Spa^\•n, 377
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Special functions of tlie

stem, 746
— phenomena, 802
— physiology, 728
Spermagonia, 374
Bpermatia, 376, 377
Spermatogonia, 374
Spermatophores, 376
Spermatozoids, 362, 370,

373
Sperm-cells, 367, 772
Spermoderm, 328
Spermophore, 275
Sphalerocarpium, 316
Spike, 190
Spiked cyme, 202
Spikelet, 192

Spines, 103
— of leaves, 173
Spiral cells, 24
— vernation, 142
— vessels, 41

Spongelet, 113

Spongiform parenchyma,
36

Spongiole, 113
Sporangium, 367, 371

Spores, 3-'58

Sporidia, 375
Sporocarp. 363
Sporophores, 379
Sporules, 375
Spreading, 102
Spur, 230
Spurious tracheae, 43
Spurred, 221, 230
Squamfe, 182
Squamous, 182
Sqiiamulse, 185

Stalked leaves, 133

Stamens, 208, 233
Standard, 225
Starch, 28
— amorphous, 30
— nucleus of, 31

Starchy albumen, 334
Stellate, 54
Stem defined, 63
Sterenchyma, 37

Sterigmata, 380
Sterile, 233
Stichidia, 382
Stigma, 209, 265, 283
Sting, 59
Stipe, 101

Stipellate, 170
Stipels, 170
Stipitate, 273
Stipulate, 170
Stipules, 128, 170
Stolon, 105
Stoloniferous, 105
Stoma, 368

Stomata, 50
Stone, 292
Stone-fruit, 305
Straight-veined, 147
Strap-shaped, 228
Strobile, 193, 317
Strobilus, 193, 317
Structural botany, 1 , 4
Strophioles, 332
Struma, 168, 368
Style, 209, 263, 280
Stylopodium, 259
Stvlospores, a76, 377
Sub-hybrids, 779
Submerged leaves, 132
— , structure of, 129
Sub-rotund, 161
Subterranean stems, 107
Subulate, 159
Sucker, 105
Superior calyx, 219
— ovary, 219, 273
Superposed, 321
Supervolute, 143

Suppression, 355
Supra-axillary, 127
Surculose, 106

Suspended ovule, 320
Suspensor, 336
Sutural. 297
Sutures, 260, 294
Sycouus, 318
Symmetry of flower,

Synantherous, 249
Syncarpous fruits, 308
— pistil, 266, 268
Syngenesious, 249
Synochreate, 171

Tabular parenchyma, 37

Taper-pointed, 157

Taphrenchyma, 40
Tap-root, 117
Tegmen, 328, 330
Tegmenta,94, 170
Tela-contexta, 37

Tendril, 103
Tendrils of leaves, 174
Tercine, 322
Ternate, 164
Testa, 328
TetradynamoiTS, 251
Tetraspores, 382
Tetrathecal, 238
Tbalamium, 375
Thalamus, 258, 286
ThaUogens, 7, 10
Thallophytes, 7

Thallus, 7

Thecae, 238, 375
Thecaspores, 379
Thecasporous, 379

Thorn, 103
Throat, 218, 225
Thyrse, 195
Thyrsus, 195
Tigelle. 338
Toothed, 152
Torus, 258, 286
Trachefe, 42
— spurious, 43
Trachenchyma, 42
Transformation, 357
Transpiration, 748
Transplanting, 744
Transporting seeds, 785
Transverse ovule, 326
Tree, 101
Triadelphous, 249
Ti ichosporangium, 384
Tricostate, 146
Trifoliate, 164
Tripinnate, 164
Tripli-costate, 146
Tripli-ternate, 166
Tristichous, 138
Triternate, 166
True root, 112
Truncate, 157
Trunk, 101
Tryma, 312
Tube, 218, 225
Tuber, 108
Tuberculated root, 123
Tubercule, 123
Tubular, 225
Tufted root, 123
Tunic, 111

Tunicated bulb, 110
Turpentine vessels, 62
Twining, 100

Tympanum, 369

Umbel, 196
Umbilical cord, 318
Umbilicus, 318, 327
Uncinate, 54
Undershrub, 102
Undulated, 152
Unequally pinnate, 162
Unguiculate, 223
Unguis, 223
Unisexual, 232
Urceolate, 226
Urn-shaped, 161
Utricle, 305
Utricles, 13

Vagina, 128, 168
Vaginule, 367, 371
Vaivate, 142, 210
Valvular, 210
Valves, 295
Vascular bundles, 66
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VascuJar bundles, definite,

67
, indefinite, fi6

, simultaneous, 67
— plants, 10
— tissue, 40
Vasiform tissue, 40
Veins, 127, 145
Veinless, 144
Veinlets, 145
Venation, 14o
— varieties of, 145, 147
Ventral suture, 261, 294
Vernation, 95, 141
Versatile, 241
Verticil, 134
Verticillaster, 205

Verticillate, 134
Vesicles, germinal, 322

40Vessels, functions of,

— of plants. 40
Vexillary, 213
Vexillnm, 225
Vitality of seeds, 784
Vitellus, 331
Vittae, 62
Volatile constituents, 791
Volva, 378

57Wardian cases^

Weeping, 102
Wheel-shaped, 227
Whorl, 134

I Whorled. 136
Winged, 169, 330
Wings, 225
Wood-cells, 38
Wood, structure of. 71

Woody parenchyma, 84— fibre, 3S
— kinds of, 38
— tissue, 38

Xantheine, 28
Xanthic, 759
Xanthin, 28

Zoospores, 381 , 382
Zoothecae, 367

3g
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INCLUDIXa THK

CLASSIFICATION, PROPERTIES, AND USES
OF PLANTS.

Abbreviations, 392
Abelmoschus, 456
Abies, 661

Abietese, 661
Abroma, 461
Abrus, 520
Abutilon, 457
Acacia, 526
— bark, 526
Acasna, 532
Acalypha, 644
Acanthaceae, 614
Acanthus, 614
Acer, 480
Aceraceas, 479
Achilla, 577
Achlya, 726
Achi-as, 586
Achyrauthes, 622
Aconitum, 425
AcoracetB, 685
Acorn, 652
Acorus, 686
Acotyledones, 708
Acrodiclidinm, 631
Acrogentp, 70S
— , analysis of, 717
Acrostichnm, 70!)

ActEea, 426
Acta?e£e, 425
Adam's needle, 681
Arlansonia, 459
AiMer's tongue, 710
A denanthera, 526
j\diautum, 709
^giceracese, 603
yE2:ilops, 701

.iSgle, 486
^schynomene, 520
^Esculns, 474
^thusa, 559
African hemp, 681— millet, 703
— teak, 645
— tragacanth, 460
— turmeric, 672
Agallochum, 629

Agar-agar, 726
Agaricus, 721
Agathophyllum, 631
Agathotes, 592
Agave, 676
Aglaia, 484
Agi-imonia, 531
Aguardient de Maguey,

676
Ailanthiis, 497
Ajwain, 559
Akee-fruit, 474
Aki, 549
Alaugiaceae, 554
Alangium, 555
Alai-ia, 726
Alchemilla, 532
Alcornoque bark, 481 , 521

,

652
Alder, 654
Aleoxylon, 629
Aletris, 677
Aleurites, 644
Alexanders, 559
Algas, 723
— , edible, 725
Algaroba, 526
Algarobilla, 526
Algue de Java, 725
Alhagi, 520
Alismaceas, 690
Alkanet, 607
Alkanna, 607
Allium, 680
Allspice, 549
Almond, 53(J

Alnus. 654
Aloe, 680
Aloes, 680
Aloysia, 611
Alpinia, 671
Alsinese, 453
Alsodete, 448
Alstonia. 5^9
Alstroenieria, 676
Althfea, 457
Altingiaceje, 654

Alnm-root, 504, 535
Alva marina, 696
Alyxia, 589
Amadou, 722
Amanita, 721
AmaranthaceEe, 622
Amaranthus, 622
Amai-yllidaceEB, 675
Ama-tsja, 536
Amelanchier, 532
American aloe, 676
— calumba, 592
— centaury, 592
— colocynth, 544
— ipecacuanha, 531
— plants, 583
— sarsaparilla, 561
Ammannia, 534
Ammoniacum, 560
Amomum, 671
Amoi-phophallus, 694
AmpelidaceaB, 488
Amygdalete, 529, 530
Amygdalus, 530
Amyridaceas, 516
Amyris, 517
Anacardiace^, 514
Anacardium, 514
Anacyclus, 577
Anagyris, 520
Anamirta, 431
Ananassa, 678
Anastatica, 442
Anchusa, 607
Anda, 644
Andaman red-wood, 523
Andira, 520
Andr£eacea3, 714
Andrographis, 614
Andromeda, 583
Andi-opogon, 701 , 703
Androsasmum, 471
Aneraonete, 425
Anesorhiza, 556
Anethum, 559
Angelica, 559
— tree, 561
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Angiospennia, 423
Angola grass, 703

Augi-fficnm, 6G9
Angustura bark, 494
Anise, 559
Anisomelos, 610
Annulated ipecacuanha,

568
Anona, 529
Anonacete, 428
Anthemis, 577
Anthistiria, 702
Antliocerotese, 715
Antnriscus, 558
Antiaris, 640
Aphloia, 447
Apiacese, 556
Apium, 556
Aplotaxis, 577
ApocjTiacefe, 588
Apocynnm, 589
Apostasiacese, 670
Appalacliian tea, 567, 587
Apple, 5o2
Apricot, 530
Aqiiifoliacea3, 585
Aquilaria, 629
Aqiiilariacese, 628
Aracea?, 692
Arachis, 520
Aralia, 561

Araliacea?, 560
Araucaria, 662
Archangelica, 559
Arctostaphylos, 583
Areca, 687
Argel leaves, 594
Argemone, 437

Ai-isasma', 694
Aristolochia, 647
Aristolochiacese, 647
Aristotelia, 464
AiTQeria, G05
Arraoracia, 443
Arnatto, 447
Arnica, 577
Arracacha, 502, 558
Arrow-root, 694
— , East Indian, 671
— , West Indian, 672
Artauthe, 626
Artemisia, 577
Artichoke, 577, 578
Artocai-pacejB, 640
Artocarpus, 640
Arum, 694
Arundo, 702
Asagraja, 682
Asarabacca, 648
Asamm, 648
Asclepiadace£e, 592
Asclepias, 593
Asb, 494, 601

Ash manna, 602
Asparagus, 680
Aspergillus 722
Aspidium, 709
Aspidospemia, 589
Assafoetida, 560
Asteracejs, 573
Asteroidese, 575
Astragalus, 521
Astroloma, 584
Atap, 692
Atherosperma, 633
Atherospermaceae, 632
Atriplex, 623
Atropa, 600
Atropaceae, 599
Attalea, 688
Ancklandia, 577
Aurantiacefe, 485
Australian copal, 662
— manna, 549
Ava, 626
Avena, 702
AveiThoa, 502

Avicennia, 612
Avignon berries, 513
Avocado pear, 632
Ayer-ayer, 485
Azadiraclita, 484
Azalea, 583

Babool, 526
Bahlah, 526
Balanites, 517
Balanophora, 656
Balanophorace^, 656
Balantium, 710
Balatas, 586
Balaustina flowers, 550
Balaustine, 550
Bald-money, 559
Balm, 6i0
— of Gilead,517, 518

Mecca, 517
Balsaminacete, 503
Balsamito, 522
Balsamodendron, 517
Balsam of Acouchi, 518

Peru, 522
Tolu, 522

Bamboo, 702
Bambusa, 702
Banana, 673
Bandohne, 726
Baneben-y, 426
Baobab-tree, 459
Baphia, 524
Baptisia, 521
Barbadoes aloes, 680
— chen-ies, 481

BarbeiTv, 433
Barley, 703
Barosma, 494

3 g2

Barricarri seeds, 526
Barringtoniaceee, 551
Barwood, 524
Basella, 624
Basellaceas, 624
Bassia, 586
Bast, 464
Bastard ipecacuanha, 593
Batatas, 595
Batidacea?, 647
Batis. 647
Bauhinia, 524
Bdellium, 517
Beam-tree, 532
Bean-caper, 498
Beans, 520
Bearben-y, 583
Beatsonia, 451
Beaver-tree, 428
Bedda nuts, 554
Beeberu, 632
Beech, 652
Beef-wood, 525
Beet, 623
Begoniacefe, 634
Bejetlan, 485
Bell pepper, 598
Belvisiacete, 551
Ben<;ao de Decs, 457
Bengal hemp. 521

Benjamin-tree, 587
Ben-nuts, 526
Benzoin, 587
Berberidacefe, 432
Berberine-tree, 429
Berberis, 433
Bergamot, 487
Bergera, 488
Berthelotia, 577
Bertholletia, 550
Beta, 623
Betel nut, 687
Beth-rooc, 667
Becula, 654
Betulaceaj, 654
Bigg, 703
Bignonia, 614
Bignoniaccce, 613
Bilberry, 582
Billardiera, 489
Billbergia, 678
Bindweed. 595
Birches, 654
Bird pepper. 598
Birthwort, 648
Bish, 425
Bistort, 621
Bitter cucumber, 544
— oil, 469
— sweet, 599
— wood, 429
Bixacc-B, 447
Bizai'res, 454
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Black alder, 513
bark, 586

— bryony, 666
— bully, 586
— dammar, 517
— nightshade, 599
— varnish, 514
— wood, 521

Blackberry, 532
Bladderlocks, 726
Bladder senna, 521
Blighia, 474
Blimbing, 502
Blood-root, 438
Boehmeria, 637
Boerhavia, 6'22

Bog-bean, 592
— onion, 710
Bois-tan, 481
Boletus, 721

Bombacese, 4G9
Bombax, 460
Bonnet pepper, 598
Bookum wood, 524
Borage, 607
Boraginaceae, 607
Borago, 607

Borassus, 688
Boswellia, 517

Botany Bay kino, 549
resin, 681

Botrytis, 722

Bottle gourd, 544
Bourbon tea, 669

Bouza, 703
Bowdichia, 521

Box, 585
Box-tree, 644
Bragantia, 648
Brake, 710
Brassica, 443
Brassicacese, 440
Braj^era, 531

Braziletto wood, 524
Brazilian cocoa, 475
Brazil nuts, 550
— wood, 524

Bread fruit, 640
— nuts, 641

Breakstone. 532
Brexiacete, 490
Brittle-worts, 723
Brocoh, 443
Bromelia, 678
Bromeliacese, 678
Bromus, 701
Broom, 523
Brosimum, 641

Broussonetia, 639
Brown-coloured algae, 728
— tamarinds, 525
Brucea, 497

flruniaceas, 556

BrunoniaceEB, 582
Bryacese, 714
Bryonia, 544
Bryony, 666
Buchu, 494
Buck-bean, 592

eye, 474
Buckthorn, 512
Buckwheat, 621
Bullace, 530
Bully-tree, 525, 587

wood, 586
Bulrush, 699
— of the Nile, 699
Bunchosia, 481
Bunium, 558
Burgundy pitch, 661
Burmanniacese, 670
Bursera, 517
Butcher's broom, 681
Butea, 521
— gum, 521
ButomaccEe, 691

Butomus, 691
Butterfly-weed, 593
Butter of cocoa, 462
— tree, 470
Butterwort, 616
Buxus, 644
Byrsonima, 481
Byttneriacese, 460

Cabbage, 443
— bark, 520
—

- palm, 688, 689
Cabombaceae, 433
Cachibou resin, 517
Cactacete, 545
Cadaba, 445
Cajsalpinia, 524
Caesalpinieaj, 519, 523
CafEre-bread, 665— corn, 703
Cahoun nuts, 688
Cajanus, 620
Cajuput, 549
Calabar bean, 523
Calabash nutmeg, 429
Caladium, 694
Calaguala, 709, 710
Calamander wood, 585
Calamus, 688
Calendula, 577
Calla, 686
Callitrichaceae, 642
Callitris, 662
Calophyllum, 469
Calotropis, 593
Calumba, 431
Calycanthacese, 532
Calycanthus, 533
Calyceraceee, 572
Calyciflor£e, 510

Calyciflorai, analysis of,

562
Calysaccion, 469
Camara nutmeg, 631
Camassia, 680
Camata, 652
Camelina, 443
Camellia, 466
Camelli'iceas, 466
Camomile, 577
Campanula, 580
Campanulaceae, 579
Camphor, 631

Camphora, 631
Campylospermeas, 558
Camwood, 524
Canada balsam, 662
Canada-rice, 704
Canadian agaric, 722
Canagong, 639
Canarium, 517
Canary-grass, 704
Cancer-root, 616
Candle-tree, 613
Canella, 489
Canellaceae, 489
Canes, 688
Canna, 672
Cannabinaceae, 637
Cannabis, 638
Capers, 445
Capparene, 444
Capparidaceag, 444
Capparis, 445
Capraria, 615
Caprifoliaceaj, 565
Capsicums, 598
Carambole, 502
Carana resm, 517
Carapa, 484
Caraway, 559
Cardamine, 443
Cardamoms, 671
Cardiospermum, 474
Cardoon, 577
Carduus, 577
Carex, 699
Careya, 551
Carica, 541
Carissa, 589
Carludovica, 692
Carminative umbelli-

feraj, 559
Carnation, 454
Carnation grass. 692
Carnauba wax, 689
Carob bean, 525
Carolina allspice, 533
— pink, 590
Carpinus, 652
Carrageen, 726
Carrot. 558, 559
Carthamus, 577
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Carnm, 559
Carya, 651

Carvocar, 472
Caryophyllaceae, 452
Caiyophyllus, 548

Carvota, 6SS
Casca, G32
Casearia, 635
Cashew nut, 514
Casimora, 486
Cassava. 645
Cassia, 524, 630
Cassnmnnar, 671

Gassythace.-e. 632
Castanea, 652
Cascanospermum, 521

Castilloa. 641

Castor oil, 646
Casuarina, 654

Casuarinaceaj, 653
Catechu, 526, 569, 687
Catha, 511
Canhflowsv, 443
Caiilophyllam, 433
Cava, 626
Ceanothus, 513
Cecropia, 641
Cedar, 662
Cedar-wood of Griuana,518
Cedi-ela, 483
Cedrelaceie, 482
Cedrus, 662
Celandine, 438
Celastracea?, 510
Celastrus, 511
Celery, 558
Celosia, 623
Celtefe, 636
Celtis, 636
Centaury, 592
Cephaelis, 568
Cerasus, 531
Ceratonia, 524
Ceratophyllaceae, 642
Ceropegia, 593
Ceroxylon, 688
Cetraria. 718

Cevadilla. 682
Ceylon mo.-^s, 726
Chaeha, 545
Chailletia, 636
Chailletiaceje, 635
Chamzelauciaceae, 550
Chamserops, 688
Champignon, 721
Characeje. 716
Chai-acters, 392
Chataigne d'Eau. 553
Chaulmoogi*a, 541
Chavica, 626
Chay-root, 569
Cheirostenion, 460
Chelidonium, 438

Chenopodiacefe, 623
Chenopodium, 624
Cherimover, 429
Cherry, 531
— laurel, 531— pepper, 598
Chervil, 558
Chestnut, 474
Chian tui-pentine, 515
Chica, 526, 704
Chick pea, 521
Chicory, 578
Chillies, 598
ChiU-nettle, 545
Chimaphila, 584
Chinese gi-ass-cloth, 637
— greea indigo, 513
— tallow. 646
— wax, 602
Chiquito, 554
Chiretta, 592
Chive, 680
Chla}naceae, 466
Chloranthacefe, 627
Chloranthus, 627
Chloro>permea?, 723
Chlorosporefe. 723
Chloroxylon, 483
Choco, 545
Chocolate, 461
Chondrus, 726
Chorisia, 460
Chrysobalaneffi, 529, 530
Chrysobalanus, 53i»

Chrysophyllum, 586
Cibotium, 709
Cicer, 521

Cichorace«, 575
Cichoreae, 576
Cichorium, 578
Cicuta, 560
Cimicifuga, 426
Cinchona, 568
CinchonaceaB, 567
Cinchonete, 567
Cinnamodendron. 490
Cinnamomura, 631
Cinnamon, 631

Cissampelos, 431
Cissus, 488
Cistaceae, 446
Cistus, 447
Citron, 487
Citronelle, 702
Citrullus, 544
Citrus, 486
Cladonia, 718
Classes, 389
Claviceps, 721

Claytonia, 538
Clearing nut, 591
Cleavers, 570
Clematidcae, 425

Clematis, 426
Cleome, 445
Cleomese, 444
Clerodendron, 611
Clitoria, 521
Cloudberry, 532
Clove-bark, 631
— pink, 454
— tree, 548
Clover, 520
Cloves. 549
Club-moss. 713
— rushes, 699
Clusia, 469
Clusiacete, 468
Coca, 482
Coccoloba, 621
Cocculus, 431
— indicus, 431
Cochlearia, 443
Cochlospermum, 447
Cocoa, 461
— nut, 688
— plum. 530
— tree, 461
Cocoes, 694
Cocop, 688
Cocus, 646
Codarium, 525
Ccelocliue, 429
Ccelospermeae, 558
Coflfea, 568
Coffea?, 567
Coffee, 568
Cohosh, 433
Coix, 702
Cola, 460
Colcbicacea?, 681
Colchicum, 682
Cole, 443
CoUomia, 597
Colocasia, 694
Colocynth, 544
Coltsfoot, 578
Columelliace^-e, 570, 684
Colutea, 521
Combretacefe, 553
Combretum. 553
Comfi-ey, 607
Commelynaoere, 684
Compass plant, 578
Composite, 573
Comptonia, 653
Gonessi bark, 589
Gonfei"voide», 723
Conifera3, 660
Conium, 560
Connaraceje, 516
Gonvolvulacete, 594
Convolvulus, 595
Cookia, 487
Copaiba, 525
Copaifera, 525
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Copal, 525, 526
Copalche, 644
— bark, 591

Copernicla, 688
Coprosma, 568
Copiis, 426
Coquilla nuts, 688
Corchorus, 464
Cordia. 594
Cordiacea;, 594

Cordyceps, 721

Corema, 647
Coriander, 559

Coriandrum, 559
Coriaria, 496
Coriariacefe, 496
Cork-wood, 429
— oak, 652
Comacege, 555
Cornelian cherry, 555

Corn-poppy, 438
Cornus, 555

CoroUitiorffi, 565

— , analysis of, 617

Coromandel wood, 585
Coronilla, 520, 521

Con'ea, 494
Corsican moss, 727
Corydalis, 439
CorylacefE, 651

Corylus, 652
Corymbiferte, 575

Corypha, 689
Coscinium, 431
Costus, 527
Cotton, 457
— grass, 699
Cotyledon. 537
Cotyledones, 423
Country almonds, 554

Cowbane, 560
Cowberry, 582

Cowhage, 522

Cow-itch, 522
— plaut, 593
— tree, 589

Crab oil, 484
Crambe, 443
Cranberry, 582
Crassulacete, 536
Crassulete, 537
Crat^va, 445
Cratoxylon, 471

Cream-fruit, 589

Oreasote plant, 499
Ci'escentia, 613
Crescentiaceaa, 613

Crinum, 676
Crithmum, 558

Crocus, 675
Cross breeds, 388
Crotalaria, 521

Croton, 644

Croton oil, 644
Crowberry, 647
Crozophora, 645
Cruciferse, 440
Cryptocarya, 631
Crvptogainia, 708
Cuba ba8t. 458
Cubeba, 626
Cubebs, ti-/n

Cuchunchully de Cuencja,

449
Cuckoo-flower, 443
Cuckow-pint, 694
Cucumber, 544
Cucnmis, 544
Cucurbita, 544
Cucurbitaceee, 542
CiicutbiterB. 543
Cudbear. 718
Cudrania, 641

Cuminum, 559
Cummin, 559
Cunoniacete. 536
Cupania, 474
Cup-moss, 718
Cupresseae, 661
Tupressus, 662
Cupuliferpe, 651
Curcas, 645
Curcuma, 671

Currant, 489, 547
CurvembrvefB, 597
Cuscus, 699

Cuscutacere, 596
Cusparia bark, 494
Cusrard ai)ple, 429
Cycadai'ea;, 664
Cycas, 664
Cyclamen, 604
Cydonia, 532
Cynanchum, 593, 594
Cynara, 577
Cynarete, 576
Cynarocephalfe, 575
Cynomoriuni, 657

Cyperacete, 697
Cyperus, 699
Cyphia, 580
Cypress, 662
CyrillaceEe, 492
Cyrtandrese, 613
Cytinacete, 657
Cytinus, 657
Cytisus, 520
Cyttaria, 722

Dacrydium, 663
Dactylis, 702
Dalber^ia, 521
Dannnar, 465, 466
— pitch, 465
Dainmara, 662
Damsons, 530

DauEeaceae, 708
Danfeese, 708
Dandelion, 579
Daohne, 628
Date plum, 585
Dates, 689
Datisca, 635
DatiscacPEe, 634
Datura, 600
Daucus, 558, 559

Deadly nightshade, 600
Deals, 662
Delphinium, 426
Demerara pink root, 590
Destnidiete, 724
DesvauxiacPte, 697
Deutzia, 547

Devil's apple, 60O
— bit scabious, 572
Dewberry, 532
Dialium, 525
DiamorphejB, 537
Dianthus, 454
DiapensiacetH, 591

Diatomaceas, 723
Diatomefe, 724
Dicentra, 439
Dicksonia, 710
Diclines, 691
— , analysis of, 706

Dicotyledoncs, 423, 660
Dictamnus, 494
Dictyogense, 665

— , analysis of, 704
DicypelUum, 631
Dieiytra, 440
Digitaliue, 615
Digitalis, 615

Dika bread, 514
Dill, 559
Dillenia, 427
Dilleniaceje, 427
Dillesk, 727
Dion, 665
Dionfea, 450
Dioscorea, 665
Dioscoreacege, 665
Diosmefe, 494
Diospyros, 585
Diplazium, 709
Diplecolobeas, 442
Dipsacaceas, 571
Dipsacus, 572
Dipteracete, 464
Dipterocarpus, 465
Dipteryx, 522
Dirca, 628
Discaria, 513
Dittany, 494
Divi-divi, 524
Docks, 622
Dodonsea, 474
Dodonese, 474
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Dog-wood, 513, 555
— bark, 555
Dolichospermum, 726
Dombeya, 461
Dorema, 560
Doi-stPiiia, 639
Dractena, 681

Di-acontium, 686
Dragon root, 694
— tree, 681

Dragon's blood, 523
Di-imys, 42S
Drop-wort, 559
Drosera, 450
Droseracea^, 449
Drupaceie. 529, 530
Dry rot, 721

Dryobalanops, 465
Duchai hemp, 520
Duguetia, 429
Duise, 727
Durian, 460
Durio, 460
Durra, 703
Durvimea, 726
Dutcli mshes, 711
Dyers' broom, 522

Earth nuts, 558
East Indian arrow-root,

671

ebony, 528
teak, 611

Eau de Mantes, 644
Ebenacete, 584
Eboe-nuts, 522
Ebony, 585
Ecbalium. 544
Echium, 607
Eddoes, 694
Egg apples, 599

Eguse oil, 544
Egyptian bean, 435
— soap-root, 454
Ehretia, 607
Ehretiacese, 607
Elffiaguacese, 629
Eljeagnus, 629
Eljfiocarpefe, 463
Elreocarpus, 464
Elfeococca, 645
Elseodendron, 511
Eiais, 689
Elaphomyces, 722
Elaphrium, 517
Elaterium, 544
Elatinaceae, 452
Elder, 566
Elecampane, 578
Elemi, 517
Elephant apple, 666
Elephant's foot, 488
Elettaria, 671

Eleusine, 703
Elloopa-tree, 586
Elm, 636
Emblica, 646
EmpetracoEe, 646
Empetrum, 647
Encephalai-tos, 6G5
Endive, 579
EpacridaceiB, 584
Epigyn^, 542, 565, 668
— , analysis of, 617
Epipetaiae, 584
— , analysis of, 617
Epiphegiis, 616
Eqixisetace*, 710
Equisetum, 711
Ergot, 704, 721
Ericaceae, 582
Ericese, 582
Eriobotrya, 532
Eriocaulacefe, 696
Eriodendrou, 460
Eriophorum, 699
Erodium, 504
Ervum, 520
Erjugium, 559
Eryngo, 5o9
Erythi-sea, 592
Erythi-ophloenm, 526
Erythroxylacefe, 481
Erythroxylon, 481
Escalloniacefe, 547
Esculent umbelliferEe, 558
Ejenbeckia, 494
Esparto, 704
Eucalyi>tus, 549
Eucheuma, 726
Eugenia, 549
Eulophia, 670
Euonymus, 511
Eupatories, 575
Eupatorium, 577
Euphorbia, 645
Euphorbiacefe, 642
Euphoria, 475
Euscaphis, 512
Euterpe, 689
Exacum, 592
Exidia, 722
Exogonium, 595

Faba, 520
Fabaceje, 518
Fagopyrum, 621
Fagus, 652
False angustnra bark, 590— niTiTh, 517
Families, 389
Fat pork, 469
Fennel, 558, 559
Fern-root, 710
Feronia, 487
Ferula, 558, 560

Feuillfea, 544
Ficoideae, 538
Ficus, 639
Fig, 639
Filbert, 652
FiUces, 708
Flacourtia, 447
Flacourtiacea?, 447
Flakes, 454
Flax, 500
Florida;, 668
FlorideiB, 723 ^

Flowering plants, 423
Flowerless plants, 708
Foenicuhim, 558, 559
Foenugreek, 523
Fool's parsley, 559
Forbidden fruit, 487
Foxglove, 615
Fox-gi-apes, 489
Fragaria, 531
Francoa, 537
Francoaceffi, 537
Frangipanni, 58'*

Frankr-niace;!;, 450
Frankincense, 517
Frasera, 592
Fraxinus, 601
French ben-ies, 513
— scammony, 593
Freziera, 467
Fuchsia, 553
Pucoideje, 723
Fucus, 726
Fuller's teazel, 572
Fulwa-butter, 586
Fumariaceae, 438
Fundi, 703
Fungi, 719
— , edible, 719
— , poisonous, 719, 720
Fungiis meUtensis, b57
Fusanus, 649
Fustic, 639
—

,
young, 515

Galactotendron, 641
Galbanum, 560
Galiaceae, 569
Galipea, 494
Galiimi, 570
Galls, 653
Gambler, 569
Gamboge, 469
— thistle, 437
Garcinia, 469
Garden cress, 443— orache, 623
Gardenia, 5(i8

Garlic, 630
Garryaceae, 650
Gelid'ium, 726
Gelose, 725
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Genera, 389
Genipa, 568
Genipap, 569
Genista, 522
Gentian, 592
Gentiana, 592
Gentianacese, 591
Gentianefe, 591

Geoffroya, 522
Geraniaceae, 503
Geranium, 504
— oil, 702
German millet, 704
— sarsaparilla, 699
Gesneracete, 613
Gesnereae, 613
Geum, 531

Gie^ekia, 625
Gigartina, 726
Gillenia, 531

Gillifcsiacese, 683
Gingelly oil, 613
Ginger, 671
Gingerbread-tree, 689
Ginseng, 561

Glaphvria, 549
Globnlaria, 612
Glumacea;, 697
—, analysis of, 707
Glycyn-hiza, 522
Gmeiina, 611

Gnetacea3, 664
Gobbe, 523
Goitre-sticks, 727
Gold of pleasnre, 443
— thi-ead, 426
Golden seal, 426
Gommuti fibre, 690
Gomphia, 496
Gomphocarpus, 593
Gompholobinm, 520
Gomphrena, 622
Gongonha, 586
Goodeniaceae, 581
Gooseben-y, 547

Gopher wood, 660
Gordonia, 467
Gossypium, 457
Gonania, 513
Gourds, 544
Gouzabdm, 607
Gracilaria, 726
Grains of Paradise, 671

Graines d'Avignon, 513
Gram, 521

Graminacese, 699
Gi-anadillas, 540
Granatese. 549
Grapes, 489
Grape-vine, 488
Grass oils. 702— trees, 681

Gratiola, 616

Gray plum, 530
Greengage, 530
Greenlieart-tree, 632
Green hellebore, 683
Greens, 443
Grewia, 464
Grislea, 534
Groats, 702
Grossulariacefe, 546
Ground liverwort, 718
— nut, 520
Guaco, 578
Guaiacum, 498
Gualtheria, 583
Guarana, 475
Guarea, 484
Guavas, 649
Guazuma, 461

Guelder-rose, 567
Guettarda, 569
Guibourtia, 525
Guilandina, 525
Guimauve, 457
Guinea corn, 703
Gnizotia, 578
Gulancha, 431
Gulf weed, 727
Gftl-i-pista, 515
Gum anime, 525
— Arabic, 526
— Benjamin, 587
— dragon, 521, 523
— euphorbium, 645
— junippr, 662
— kuteera, 447, 460
— trees, 549
„Gunnera, 561
Gurjun balsam, 465
Gustavia, 551

Gutta percha, 587
Guttifcraj, 468
Gyninenia, 593
Gymnospermia, 660, 665
— , analysis of, 665
Gynaudropsis, 445
Gynerium, 703
Gynocardia, 541
Gypsophila, 454
Gyrophora, 718
Gyrostemonese, 625

Ilabzelia, 429
Hremanthus, 676
Hfematoxylon, 525
Haemodoracefe, 677
Ha3modorum, 677
Halidrys, 727
HalOragaccse, 553
Haloscias, 558
Hamftmelidaceae, 555
Hamameli.-', 556
Hancomia, 589
Hand-plant, 460

Haricots, 520
Hawthorn, 537
Hazel, 652
Heart's-ease, 449
Hedeoma, 610
Hedera, 561
Hedge hyssop, 616
Heisteria, 492
Helianthus, 578
Helictereae, 459
Heliotropium, 607
Helleborete, 425
Helleborus, 426
Helosciadum, 558
Helwingia, G50
Helwingiaceae, 650
Heinidesmus, 51)4

Hemlock, 560
Hemp, 638
Henbane, 600
Henna, 534
Hensloviaceee, ^'SG

Hen-ware, 726
Hepaticaceje, 715
Hf^rmodactyls, 683
Heuchera, 535
Hevea, 646
Hibisceje, 456
Hibiscus, 458
Hickory, 651

Hippocastane*, 473
Hippocratea, 486
Hippocrateaceas, 480
Hippomane, 645

Hippophae, 629
Hog-gum, 515
— nut, 651
— plums, 515
Holcus, 703
Holigarna, 514
Holly, 585
Hollyhock, 457
Homaliaceas, 545
Homalium, 545
Honduras cedar, 483
Hop, 638
Hopea, 465
Hordeum, 703
Horehound, 610
Hormosiphon, 727
Hornbeam, 652
Horse-chestnut, 474
— mint, 610
— radish, 443
Hottentot's fig, 539
Hovenia, 513
Humiriacetc, 492
Humirium, 492
Humulus, 638
Huon pine, 663
Hya-hya, 589
Hybridization, 388
Hybrids, 388
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Hydnocarpus, 541
Hydnora. G57
Hydrangea, .">36

Hydrangeaoete, 535
Hyilrastis, 4'2(>

HytlrocbaridacejB, 696
Hydrocotyle, 559
Hydropeltis, Voi
Kydrophyllapeje, 606
Hyineiuva, 0-25

Hyosoyamas, 600
Hypericacea% 470
Hyphivne, 689
Hyi^Kigyua\ 679
Hypostaminea?, 582
— , niialj-sis of, 617
HyposidaccfP, 677

Icacinace;?. 492
Ice plant, 538
Iceland moss, 718
Icica, 517
Ignatia, 590
Ilex. 5S5
lUecebracere, 537
lUicinm, 4'JS

India rubber. 589, 640
Indian bad. 486
— bread, 7i'2

— cress, 505
— dammar, 662
— hemp, 638
— millet, 703
— physic, 531
— sars-apariUa, 594
— satin wood, 483
— teak, 611
— tobacco. 580
Indigo, 522
Indigofera, 522
Inocarpus, 628
Inula, 578
lonuliiim, 449
Ipecacuanha, 568
— , annulated, 568
— , bastard, 593
— . striated, 569
— , undulated, 569
— , woody, 449
Ipomjea, 595
Iriartea, 688
Iridacea?, 673
Irid^a, 727
Iris, 675
Irish moss, 726
Iron bark-tree, 549
— wood, oSo, 652
Irvingia, 514
Isatis, 443
Isonandra, 587
Italian millet, 704
Itch-wood, 683
Ivy, 561

Jaar, 703
Jabuticaba, 549
Jacaranda, 614
Jack-fruit, 641
Jaggery, 688
Jalap, 595
— , Tampico, 596
Jamaica cellar, 483— kino, 621
— pepper, 549
James's tea, 583
Janipha, 645
Japan lacquer, 516
— sago, 6i!5

Japanese pepper, 495
— -wax, 515
Jasminaceae, 602
Jasminum, 602
Jateorhiza, 431
Jatropha, 645
Java almonds, 517
— Galangal root, 671
Jeea wood, 483
Jeftersonia, 433
Jerusalem artichoke, 57f

Jesuit's bark, 568
— nuts, 553
Jetee fibres, 593
Jew's ear, 722
— maUow, 464
Job's teai-s, 702
JoUiffia, 544
Jubbulpore hemp, 521
JuglaudacesB, GoO
Juglans, 651

Jujube, 513
Juncacefe. 6S4
Juncaginacea\ 690
Juugermanniaceie, 715
Juniper, 662
Juniperus, 662
Jussia?a, 553
Jute, 464

Kaladana seeds, 596
Kalmia, 583
Kamala, 646
Kangaroo apples, 599— grass, 702

Kasheia, 703
Katchung oil, 521
Kawrie pine, 662
Keg-fig, 585
Kelon-Ke-Tel, 662
Kessaree flowers, 521
Khat, 511

Khus-khus, 702
Kidney-beans, 520
Kielmeyera, 467
Kino, 523
Kodro, 703
Kohl-rabi, 443
Kokra, 646

Kokrim-buttor, 470
Kola-nuts, 460
Koochla-tree, 590
Koosum oil, 577
Kousso, 531
Krameria, 478
Krameriacete, 478
Kukui oil, 644
Kumquat, 487
Kundah, 484
Kuteera, 447, 400

Labiatre, 608
Labiatiflone, 575, 576
Labrador tea, 583
Lace-bark, 628
Lachnanthes, 677
Lacis, 627
Lacistomaceae, 635
Lactuca, 579
Lactucarium, 579
Ladanum, 447
Ladies' mantle, 532
Lagenaria, 544
Lagerstrlimia, 534
Lagetta, 628
Lamb's lettuce, 571
Latniacete, 608
Laminaria, 727
Lana dye, 569
Lance-wood, 429
Landolphia, 589
Langsat, 485
Langsdorffia, 657
Lansium, 485
Lantana, 611
Larch, 661

Lardizabalace^, 429
Larrea, 499
Lastrea, 710
Lathyrus, 520
Lattice-leaf plant, 690
Laurare?e, 630
Laurel. 631
— camphor, 6'Jl— fat, 632
Laurelia, 633
Laureiicia, 727
Launis, 631
Lavandula, 610
Lavender, 610
Laver, 727
Lawsonia, 534
Lecanoi-a, 718
Lecythidacea', 550
Lecytliis, 550
Letlum, 583
Leek, 680
Leguminosnp, 518
Lemnaceas, «l>4

Lemon, 486
— -grass oil, 702— plant, 611
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Lentibulariacefe, 616
Lentils, 520
Leontodoii, 579
Leopoldinia, 689
Lepidium, 443
Lepidostachys, 646
Leptandra, 616
Leptosperme£B, 548
Leptosperrnum, 549
Lepurandra, 640
Lettuce, 579
Leucopogon, 584
Leven bark, 536
Levisticum, 559
Lewisia, 539
Lichens, 717
Lign-aloe wood, 629
— Mexican, 517
Lignum colubrinum, 590
— nephriticum, 527
— rhodium, 571
— vitas, 499
Liguliflorte, 576
Lilac, 602
Liliaceae, 679
Lilium, 681
Lime, 486
— tree, 462
Limnanthacese, 505
Linace;i3, 499
Ling, 553
Linntean system, 399
Linseed, 5(h
Linum, 500
Lippia, 611
Liquidambar, 654
Liquid camphor, 465
— storax, 587
Liquorice, 522
Liriodendron, 428
Lissanthe, 584
Litchi, 475
Litmus, 719
Liverworts, 715
Loasaceas, 545
Lobelia, 580
Lobeliace3e, 580
Locust-wood, 525— tree, 523
LogaaiaccEe, 589
Logwood, 525
Lo-kao, 513
Lolium, 701
Lomentaf^eae, 442
Longan, 475
Loosestrife, 534
Lophiracefe, 465
Lophophytum, 656
Loquat, 532
Loranthaoeae, 648
Loranthus. 649
LotLis, 435, 513
— tree, 481, 613

Lovage, 558, 559
Love-apples, 598
Lucerne, 520
Lucuma, 587
Luffa, 544
Luhea, 464
Lung-wort, 719
Lycoperdon, 722
Lycopersicou, 598
Lycopodiacete, 710
Lycopodium, 710
Lythraceffi, 533
Lythrum, 534

Mace, 634
Machajrium, 522
Madura, 639
Macropiper, 626
Madder, 570
Madia, 578
Magnolia, 428
Magnoliacefe, 427
Magnolie«, 428
Mahogany, 483
Maiden-hair, 709
Maize, 704
]\rajorana, 610
Malachi-a, 458
Malambo bark, 644
Malasherbiace«, 540
Male fern, 710
Mallotus, 646
Mallow, 458
Malpighia, 480
Malpighiacea3, 480
Malva, 458
MalvaccEe, 455
Malvefe, 456
Mammea, 470
Mammee apple, 470
Manchineel, 645
Mandragora, 600
Mandrake, 544, 600
Mangalea, 589
Mangifera, 514
Mango, 514
— , wild, 469
Mangold wurzel, 623
Mangosteen, 469
Mangrove, 554
Maniiiot, 645
Manilla elemi, 517
— hemp, 673
Manna de Brianpon, 662
— of the Israelites, 520,

718
Maple, 480
— sugar, 480
Maranta, 672
Marantacefe, 672
Marattia, 709
Marattiace^, 708
Marcgravia, 472

Marcgraviaceee, 471
Marchantia, 715
Marchantiaceas, 715
Margosa-tree, 484
Marigold, 577
Marjoram, 610
Marking nut, 515
Marmalade fruit, 586
Marrubium, 610
Marsdenia, 594
Marsh-mallow, 457
— rosemary, 605
Marsileacefe, 710
Mastich, 515
Mat6, 585
Matico, 578, 626
Matricaria, 578
Mauritia, 689
Mayacefe, 683
May apple, 426
Meadow saffron, 682
— sweet, 532
Medicago, 520
Medick, 520
Medlar, 532
Melaleuca, 549
Melambo bark, 494
Melampyrum, 615

Melauorrhoea, 514
Melahospermefe, 723

Melanosporeaj, 723
Melanthacete, 681

Melastoma, 551
Melastomaceae, 551

Melia, 483
MeliacefB, 483
Melianthns, 499
Melilot, 520
Melilotus, 522
Meliosmefe, 474
Melissa, 610
Melloca, 624
Melocactus, 546
Melon, 544
— cactus, 548
Melosia, 726
Memecylon, 552
Meni?permacea3, 430
Mentha, 610
Mentzelia, 545
Menya, 703
Menyanthese, 592
Menyanthes, 592
Mertensia, 607
Merulius, 722
Mesembryacere, 538
Mesembryanthemum, 539
Mesembryeaa, 539
Mespilodaphne, 632
Mespilus, 532
Mesua, 470
Metrosideros, 549
Meum, 559
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Alew, 559
Mexican elemi, 517
— tea, G24
— thistle, 487
Jlezoreon, 6-28

Micromeria, filO

Mignonette. 445
Mikania, 578
Mildew, 717
Millet, 703
— beer, 703
Jlilnea, 485
MimosecE, 519, 526
Mimusops, 587
Mints, 610
Mirabilis, 622
Mishmee bitter, 426
Mistletoe, 649
Mitchamitcho, 502
Mock orange, 547
Moghi, 722
Molucca berries, 464
Molluginsie, 454
Momoi-dica, 544
Monarda, 610
Monpsia bark, 587
Monimiaoefe, 633
Monkey apple, 469
— pot, 550
Monkshood, 426
Monk's rhubarb, 622
Monnina, 477
MouochlamydTe, 620
— , analysis of, 60S
Monocotyledones, 66
~, analysis of, 704
Monodora, 429
Monotropaceas, 583
Mora, 525
— wood, 525
Moracete, 638
Morchera, 722
Morel, 720
Moreton Bay canes, 690

chestnuts, 521
Morinda, 569
Moringa, 527
Moringare;^, 526
Morus, 639
M ount Sinai manna, 451
Mountain aniica, 577
— ash, 532
— damson, 498
— tea, 583
Mucor, 722
Mucuna, 522
Mndar bark, 593— fibres, 593
Mulben-y, 639
— paper, 639
Mulleins, 616
Munjeet, 570
Murraya, 488

Murwa. 703
Musa, 673
Musaceae, 673
Musci, 710
Mushroom, 719
Mustard, 443
Musk root, 559
Mutisieae, 576
Mylitta, 722
Myoporacefe, 611
Myrica, 653
Myricaceje, 653
MjTistica, 633
Myristicaceas, 633
Myrobalans, 553
Myrospermum, 522
Myi-oxylon, 522
Myi-rh, 517
Myrsinaceae, 603
Myrsiiie, 603
Myrtaceas, 548
Myrtese, 548
MjTtle, 549
— wax, 653
MjTtus, 549

Nag-kassar, 469
Naiadaceje, 695
Nardoo plant, 711
Nardost-achys, 571
Narthex, 560
Nassaviefe, 576
Nasturtium, 443
Kative bread, 722
— currants, 568, 584
Natural systems, 410
Xauclea, 569
Neb-neb, 526
Nectandra, 632
Nectarine, 530
Neem-tree, 484
Nelumbiacea?, 435
Nelumbium, 435
Nepenthaceaj, 647
Nephehum, 475
Xephrodimn, 709
Nettle, 637
— tea, 637
— tree, 636
New Jersey tea, 513
New Zealand flax, 681

spinage, 539
Nhandirobeje, 543
Nicaragua wood, 524
Nicker-tree, 525
Nicotiana, 600
Nigella, 426
Niger seeds, 578
Nipa, 692
Nitraria, 481
Nolanacete, 618

Nomenclature, 392
Nopal plant, 546

Nostoc, 727
Notonia. 578
Notorhizefe, 442
Nucumentacea3, 440
Nut-gall.*, 653
Nutmegs, 634
— , Brazilian, 631
— , Calabash, 429
— , Camara, 631
— , clove, 631
— , long, 634
Niix-vomica, 590
Njxtaginacefe. (;22

Nyctanthes, 602
NjTnphfeaceae, 431
Nyssa, 555

Oiks. 652
Oat, 702

CEnanthe, 559
CEnothera, 553
Ochnaceoe, 495
Ochro, 456
Ochroma, 460
Ocotea, 632
Ocymum, 610
Odina, 515
Ogechee lime, 555
Oidium, 722
Oil of geranium, 505
— nutmegs, 634
— spike, 610
Olacaccce, 491
Olax, 492
Oldenlandia, 569
Oldfleldia, 645
Olea, 602
Oleaceae, 601
Oleum nigrum, oil
Olihanum, 517
Olive, 602
— gum, 602
— oil, 602
Ombrophji;nm, 656
Omphalea, 646
Omphalobium, 516
Onagraceae, 552
Oncoba, 447
Onions, 680
Onobrychis, 520
Onopordum, 578
Ophelia, 592
Ophiocaryou, 475
Ophiogl" )sse«, 708
Ophioglossum, 710
Opium poppy, 438
Opoponax, 560
Opuntia, 546
Orange, 486
Orchella weeds, 718
Orchidacete, 668
Orchis, 670
Ordeal bark, 52G
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Ordeal bean, 523
Orders, 389
Oreodaphne, 632
Origanum, 610
Orobanchaceee, 616
Orobus, 523
Orontiacese, 685
Orris, 675
Orthoplocefe, 442
Orthospermefe, 55S
Oryza, 703
Osage orange, 639
Osmunda, 710
Ostrya, 652
Oswego tea, 610
Otto of rose, 531
Ouvirandra, 690
Oxalidacefe, 501
Oxalis, 502
Oxleya, 483
Oxycocciis, 582

Oyster plant, 579, 607

Pachyma, 722
Pakoe Kidang. 710
Pale catechn, 569
PalmacejB. G86
Palmella, 726
Palm oil. 689
Palms, 686
Palo de Vaca, 641
Pampas-grass, 703
Panacea lapsorum, 577
Panax, 561
Pandanacece, 691
Pangiacefe, 541
Panginm, 541
Panicum, 703
Panna, 710
Pansy, 449
Papaver, 438
Papaveraceae, 336
Papaw, 540
Papayacefe, 540
PapiiionacefB, 519, 520
— , nutritious, 520
— , poisonous, 520
Papyrus, 699
Paraguay tea, 585
Pareira brara, 431
Parietaria, 637
Parinarium, 530
Paritium, 458
Parkinsonia, 525
Parmelia, 718
Parinentiera, 613
Paronychiaceaj, 537
Paropsis, 540
Parsley, 559
Parsley piert, 532
Parsnip. 559
Partridge ben-y, 583
— wood, 492, 528

um, 703
Passiflora, 540
Passifloracese, 539
Pastinaca, 558
Patchouly, 610
Paullinia, 475
Pavonia, 458
Peach, 532
— wood, 524
Pear, 532
Peas, 520
Peccan-nut, 651
Pedaliacejs, 612
Pedalium, 612
Peepla Mool, 626
Peganum, 499
Pekea, 472
Pelargonium, 504
Pellitoiy, 577, 637
Peltidea, 718

Peltigera, 718
Penseaceae, 630
Penawar Jambie, 709
Penicillaria, 703
Penicillium, 722
Pennisetum, 703
Penny-royal, 610
Pentadesma, 470
Pepper-dulse, 727
Peppermint, 610
Peppers, 626
PerigyuEe, 510
Persea, 632
Persian berries. 513
Persimmon, 585
Peruvian bark, 568
— winter-cherry, 598
PetaloideiB, 668
— , analysis of, 705
Petiveriacefe. 625
Petiveria, 625
Petroselinum, 559
Petty rice, 623
Phalaris, 704
Phanerogamia, 423
Pharbitis, 596
Phaseolns, 520
Philadelphacese, 547
Philadelphus. 547
PhilesiacefB, 667
Philydraceae, 684
Phoenix, 689
Phormium, 681
Phyllanthrs. 646
Physalis, 598
Physic nuts, 645
Phy-ostigma, 523
Phytelephas, 689
Phytocrenacefe, 641
Phytocrene, 641

Phytolacca, 625
Phvtolaccacefe, 624
Piassaba, 689

Pichurim beans, G32
Picotees, 454
Picrsna, 498
Picrasma, 498
Pigeon-peas, 520
Pigfaces, 539— nuts, 558
Pimenta, 549
Pimpinella, 559
Pinacefe, 660
Pine-apple, 678— fibre, 678
— woods, 662
— wool, 663
Piney resin, 466
— tallow, 466
— tree, 469
Pinguicula. 616
Pink-root, 590
Pinks, 454
Pinus, 662
Piperacese, 625
Piper aBthiopicum, 429
— nigrum, 626
Pipi-pipi, 524
Pipsissewa, 584
Piratinera, 641
Piscidia, 520
Pistacia, 515
Pistacia-nut. 515
Pistiacece, 694
Pisum, 520
Pita hemp, 676
Pittosporacefe, 489
Plantaginaceai, 605
Plantago, 606
Plantain, 673
Platanaceas, 641
Pleurisy-root, 593
Pleurorhizeae, 442
Plocaria, 726
Plum. 530
Plumbaginacere, 604
Plumbago, 605
Plumieria, 589
Poa, 704
Podocarpus, 664
Podophylhim, 426
Podostemacese, 627
Pogostemon, 610
Poinciana, 525
Poir6e a Garde, 624
Poisonous leguminosaa,

520
— umbelliferpe, 559
Poison ash, 515
— elder, 515
— nut, 589
— oak, 515
Poke. 625
Polanisia, 445
Polar plant, 578
Polemoniaceai, 596
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Polenta, 704
Polygala, 477
Poh'galaceae, 475
Polygonaoeje, 620
Polygonatum, 681

Polygonum, 621

PolypodieEe, 708
Polypodiiim, 710
Polyporus, 722

Pomete, 529, 532
Pomegranate, 549
Pompelmoose, 487
Pongamia, 523
Pontederaceaj, 683
Poplar, 655
Poppy, 438
Populus, 655
PorphjTa, 727
Portland sago, 694
Portugal laiu-el, 531
Portulaca, 538
Portulacaceoe, 538
Potato, 598
Potentilla, 531
Prangos, 559
Prayer-beads, 520
Prickly ash, 495
— pear, 546
Primula, 604
PrimulaceEB, 603
Prinos, 586
Printzia, 578
Prosopis, 526
Protea, 630
Proteacese, 629
Protococcus, 726
Prunes, 530
Prunus, 530
Psidium, 549
Psoralea, 523
Psychotria, 569
Ptelea, 495
Pteris, 709, 710
Pterocarpus, 523
Pterospermum, 461
Pcychotis, 559
Puccinia, 722
Puccoon, 438
PufEballs, 722
Pulas cordage, 521
Pulque, 676
Pulse. 520
Pulu, 710
Pulza-oil, 645
Pumpkin, 544
Punica, 549
Punneeria, 598
Pupli, 513
Purging flax, 501
Purple wood, 525
Purslane, 538
Pyrolacete, 584
Pyrus, 532

Quamash, 680
Quandang nut, 649
Quassia, 498
— wood, 498
Quercitron, 652
Quercus, 652
QuUlaia, 531

Quill-wort, 713
Quince, 532
Quinoa, 624
Quisqualis, 554
Quito oranges, 599

Rabbit root, 563
Races, 387
Racine amere, 539
Radish, 443
Rafflesiacefe, 657
Raisins, 489
Rambutan, 475
Rampions, 580
Ranunculace;T3, 423
Ranunculeje, 425
Ranunculus, 426
Rape, 443
Raphanus, 443
Raspberry, 532
Ratsbane, 636
Ravenala, 673
Ravensara nut, 631
Reaumuria, 471
Reaumuriaceae, 471
Rectembryete, 597
Red cedar, 483
— poppy, 438
— sandal wood, 523, 526
— thorn apple, 600
Reed, 702
Reindeer moss, 718
Reseda, 445
ResedaceiB, 445
Restiaceje, 696
Rhamnaceae, 512
Rhamnus, 513
Rhatanv, 478
Rhea fibre, 637
Rheum, 621

Rheumatism-root, 433
Rhinanthus, 615
Rhizautheaj, 656
Rhizobolacete, 472
Khizogens, 656
— , analysis of, 660
Rhizophora, 554
Rhizophoraceae, 554
Rhodiola, 537
Rhodium, oil of. 596
Rhododendreae, 583
Rhododendron. 583
Rhodomenia, 727
Rhodorrhiza, 596
Rhodospermeae. 723
Rhodosporeae, 723

Rhubarbs, 621
Rhus, 515
Ribes, 547
Ricciacete, 715
Rice, 703
— paper, 562
Richardsouia, 569
Ricinus, 646
Ripogonum, 666
Robinia, 523
Rocambole, 680
Roccella, 718
Rohuna-tree. 483
Rohun bark, 483, 590
Rosa, 531
Rosacete, 527
Rose, 531
— apples, 549
— of Jericho, 442
Rosete, 529, 531
Rosemary, 610
Rosewood, 523
Rosin weeds, 578
Rosmarinus, 610
Rottlera, 646
Rough-skinned plum, 530
Roupellia, 589
Rowan-tree, 532
RoxburghiaccEe, 667
Royal fern, 710
Rubia, 5f59

Rubus, 532
Rue. 494
Ruellia, 614
Rumex, 621
Ruscus, 681
Rushes, 684
Rusot, 433
Ruta, 494
Rutaceffi, 493
Rutejfi, 493
Rye, 704

Sabbatia, 592
Sabiacefe, 516
Sabicu, 526
Sacchanmi, 704
Sack-tree, 639
Safflower, 577
Saffron, 675
Sagapenum, 560
Sage, 610, 611
Sageretia, 513
Sago, 690
Saguerus, 689
Sagus, 689
Saintfoin, 520
Sal, 465
Salep, 670
Salicacefe, 655
SaUcomia, 623
SaUx, 655

Sahnalia, 460
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Salsafv, 579
Salsola, 623
Salvador tea, 583
Salvadora, 6U3
Salvadoraceee, 602
Salvia, (ill

Sambucus, 566
Samphire, 558
Samydaceffi, 635
Sandal wood, 649
Sanguinaria, 438
Sanguisorbeee, 529, 532
Sanseviera, 681

Santa Fe tea, 588
Santalacefe, 648
Santaliim, 648
Sautonica, 577
Sap-green, 513
Sapindaceae, 472
Sapindea', 473
Sapindus, 475
Sapodilla plum, 584
Saponaria, 454
Sapotacea?, 586
Sappan wood, 524
Sapucaya ni.ts 550
Sarciniila, 726
Sarcocephalos, 569
Sarcoccilla, 630
Sargassuni, 727
Sarothanmus, 523
Sarracenia, 436
Esarraceniacece, 436
Sarsaparilla, 666
Sassafras, 632
— nuts, 632
Sassy-tree, 526
Satureja, 610
Saururaceae, 627
Saunirus, 627
Sauvagesia, 449
Sauvagesiacefe, 449
Savory, 610
Saxifragacese, 534
Scabios-a, 572
Scffivola, 581
Scammony, 593, 595
Scarlet i-unners, 520
Scepa, 646
Scepacese, 646
Schizandracete, 430
Schmidelia, 475
Scirpus, 699
Scleranthaceas, 624
Sclerantlius, 624
Scorzonera, 579
Scrophulai-ia, 615
ScrophulariaceEe, 614
Scurvy-grass, 443
Scyphopfiorus, 718
Scythian lamb, 709
Sea-buckthorn, 629
Seaforthia, 690

Sea-kale, 443
-- tai^e, 727
— wrack, 696, 726
Seaside grape, 621
Sec ale, 704
Sochium, 545
Seduni, 537
Selaginaceae, 612
Semecarpns, 515
Semen contra, 577
Seniina cataputiae, 645
Scnecioidefe, 595
Senega snake-root, 477
Senna, 524
Septulatfe, 442
Serpentary root, 648
Sei-vice-bex'ry, 532— tree, 532
Se.^amum, 612
Sesuvcaj, 539
Setaria, 704
Shad-berry, 532
Shaddock, 487
Shallot, 680
Shamrock, 502
Shanghae oil, 443
Shan-mo, 722
Shea-butter, 586
Shittah-tree, 526
Shola, 520
Shorea, 465
Sicca?, 543
Sida, 458
Sidefe, 456
Siejos, 657
Sierra Leone peach, 569
Sileneie, 453
Siliculoste, 440
Siliquosie, 440
Silk-cotton, 460
Silphium, 578
Simaba, 498
Simanxba, 498
Siinarubacese, 497
Sinapi.*, 443
Singhara nut, 553
Siphonia, 646
Sissoo, 521
Slum, 559
Sizygium, 550
Skirret, 559
Skunk cabbage, 686
Sioe, 530
Sloke, 721

Smilaceae, 666
Sniilax, 666
Smyrnium, 559
Snake gourd, 545
— nut, 475
— wood, 590, 641
Sobralia, 670
Soja, 523
Soianacese, 597

Solanum, 698
Solenostemma, 591:

Sollja, 489
Solomon's seal, 681
Sophora, 523
Sorghum, 703
Sorrel, 621

Souari nut, 472
Soulamea, 478
Sour-sop, 429
Soy, 523
Soymida, 483
Spanish chestnut, 652
— moss, 678
Spearmint, 610
Species, 386
Specularia, 580
Spelt, 704
Sphajria, 721

Sphferostema, 430
Sphagnum, 715
Spi<-e pepper, 598
Spigelia, 590
Spikenard, 571
— oil, 702

Spinacia, 623
Spinage, 623
Spindle-tree, 511
Spirtea, 632
Spiro)obea% 442
Spondias, 515
Sponge gourd, 544
Sport, 388
Sprat, 703
Spruce firs, 661
Squash, 544
Squill, 681
Squirting cucumber, 544
St. Ignatius' beans, 590
St. John's bread, 525
Stachys, 610
Stachytarpha, 611

Stackhousiacea?, 511
Stagmaria, 515
Staphylea, 512
Staphyleacees, 511
Star-anise, 428
— apples, 587
Statice, 6i'5

Staves-acre, 426
Stellata?, 6(;9

Sterculia, 460
Sterculiacece, 458
Sterculie*, 459
Sticta, 719
Stilaginacege, 642
Stilbaceaj, 591
Stillingia, 646
Stipa, 703

Stouecrop, 537
Storax, 587
— bark, 655
Stramonium, 600
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Stravaclinm, 551

fetrawberiy, 531

Stringy-bark tree, 549
Strychnos, 59()

Stylidiacece, 581

Stj'racacese, 587

J Stvrax, 58 7

] Sub-class, 391

: — genus, 389— orders, 390— tribes, 390
Snccus hypooistidis, 057
Sugar cane, 704
— maple, 480
Sumach, 515
Sumatra benzoin, 587
— camphor, 465
Sumbul, 559
Sun-dew, 449
— flower, 578
Sunn, 521
Snunee hemp, 457
Surianaceae, 625
Surinam bark, 520
— medlar, 587
Swamp rice, 704
— sassafras, 428
— silk-weed, 593
?wartzia, 5'25

\ 5weet bay, 631
I — birch, 654
— fern, 653
— flag, 686
— potato, 595
— sop, 429
— sorgho, 708
— verbena, 611
— William, 454
Swietenia, 483
Sycamore, 480
Sycamorus, 639
Symbols, 392
Symphytum, 607
Symplocarpus, 686
Symplocos, 588
Syringa, 547
System of De Candolle,

412
Endlicher, 414
Jussieu, 411
Lindley, 416, 417

— — Linnfeiis, 399
this Manual, 419

Systems, artificial, 398— natural, 408, 410
— of classification, 395

T^bemasmontana, 589
Tacamahac, 469, 517
Tacca, 678
— starch, (!78

Taccaoea?, H77
Tacsonia, 540

Tahiti arrow-root, 678
Tail-pepper, 626
Talliooonah, 484
Tallow-tree, 470, 646
Tamaricacene. 451
Tamarind, 525
— plum, 525
Tamarindus, 525
Tamarix, 451
Tamus, 666
Tanacetum, 578
Tans,'hinia, 589
Tangle, 727
Tansy, 578
Tapioca, 645
Tara, 694
Taraxacum, 579
Tares, 520
Tarragon, 577
Tasmannia, 428
Tasmannian cranberry,

584
Taxacese, 663
Taxus, 664
Tea, 467
— of Heaven, 536
Teak-tree, 611
Teazel, 572
Tecoma, 614
Tectona, 611
Teel oil, 613
Teff, 704
Telfaria, 544
Tephrosia, 520, 523
Terminalia, 554
Temstroemiaceae, 466
Terra Japonica, 569
Testudiuaria, 666
Tetilla, 537
Tetragonete, 539
Tetragonia, 539
Tetragoniacefe, 539
Tetrapanax, 562
Thalamiflorse, 423, 658
— , analysis of, 506
ThaUogena?, 717

— , analysis of, 727
The de lEurope, 616
Thea, 467
Theobroma, 461
Theophrasta, 603
TTievetia, 589
Thistles, 577
Thorn-apple, 600
Thrift, 605
Thyme, 611

— , oil of, 611
Thymelacea?, 628
Thymus, 611
Ticorea, 494
Tilia. 464
Tiliaceaj, 462
Tilieaj, 463

I

Tillandsia, 678
Tinospora, 431
Tisso flowers, 521
Tobacco, 60u
— root, 539
Tocusso, 703
Toddalia, 495
Toddy, 688
Tomatoes, 598
Tonquin beans, 522
Tontelea, 4S0
Toolsie tea. 610
Toon wood, 483
Tooth-ache tree, 561
Toothwort, 605
Tormentilla, 531
Tortoise wood, 569
Tous les mois, 672
Trachylobium, 525
Tragacanth, 521
Tragopogon, 579
Trapa, 553
Tree-beard, 678
— lung-wort, 719
— of long life, 549
Tremandracete, 478
Tribes, 389
Tribulus, 499
Trichilia, 484
Ti-ichodesmium, 726
Trichosanthes, 545
Trifolium, 520
Trigonella, 523
TriUiacea?, 667
Triosteum, 567
Tripe de roche, 718
Triptolomcea, 523
Triticum, 703
Triumfetta, 464
TrinridaceEe, 6!i5'

Tropseolacete, 505
Tropfeoluni, 505
Trufiles, 722
Ts7,-Tzai, 727
Tuber, 722

Tubuliflorte, 575, 577
Tuckahoe, 722
Tulip-tree, 4':8

Tupa, 580
Turkey root, 570
Turkish millet, 7(»3

— oil of geranium, 702
Turmeric, 671
— , African, 672
Turnerace;p, 5i0
Turnip, 443
Turnsole, G45
Turpentine, 662
Ttissac-grass, 702
Tussilago, 578
Tvlophora. 594
Typha, 692
Typhacea?, 692



832 INDEX TO SYSTEMATIC BOTANY.

Ulmaceje, 636
TJllucus, «24
Ulmese, 636
Ulmus, 636
XJlva, 727
Umbelliferos, 556
Umiri balsam, 493
Uncaria, 569
TJiicomocomo, 710
TJnona, 429
Upas, 640
Upas tieut6, 590
Urceola, 589
Uredo, 723
Urginea, 681
Urtica, 637
Urticacece, 635
Uvaria, 429
Uvularia, 683

Vaccaria, 454
VacciniaceaB, 581
Vaccinium, 582
Vahea, 589
Valerian, 571
Valeriana, 571
Valerianaceas, 571
Valerianella, 571
Vallea, 464
Valonia, 652
Vanilla, 670
Varieties, 387
—

, permanent, 387
Variolaria, 718
Varronia, 594
Vateria, 466
Vatica, 466
Vegetable Ethiops, 72G— ivory, 689
— maiTow, 544
— silk, 460
— sulphur, 713
Velvet tamarinds, 524
Ventilago, 513
Veratrum, 683
Verbascum, 616
Verbena, 611

Verbenacefe, 611
Vernonia, 578
Vemoniea', 575
Veronica, 616
Vetches, 520
Vetivert, 702
Viburnum, 567
Vicia, 520
Victoria, 435
— water-lily, 435

Victor's lam el, 631
Vine, 489
— fungus, 722
Vinegar-plant, 722
Viola, 449
Violaceai, 447
Violere, 448
Violet, 449
ViscaceiB, 649
Viscum, 649
Vismia, 471
Vitaceas, 488
Vitex, 611
Vitis, 488
Vittie-vajT, 702
Vivianiaceaj, 454
Voandzea, 523
Vochysiacefe, 512
Volvocine^, 724

Wagenboom, 630
Wai-fa, 523
Walnut, 651

Waltheria, 461
Wampee-fi-uit, 487
Wanzey, 594
Warree, 703
Water-cress, 443
— hemlock, 560
— maize, 435— melon, 544
— vines, 641

Wax myrtle, 653
Wayfaring-tree, 567
Weandee, 469
Weld, 446
West Indian
pahn, 688

corkwood, 429
Wheat, 703
White balsam, 622
— bryony. 544
— hellebore, 683
— mangrove, 612— wax, 602
Whortleberry, 582
Wild apricot, 470
— cinnamon, 490— ginger, 648
— hydrangea, 536— indigo, 521— liquorice, 520— pepper, 611
— senna, 521, 612
Willow, 655
Winter berry, 586— cherry, 598

Winter green, 583, 584
Wintereae, 4?8
Winter's barK, 428, 491— spurious, 490
Withania, 598
Woad, 443
Wood-apple, 488— oil, 465
— sorrel, 502
Woody ipecacuanha, 448— jalap, 595
— nightshade, 598
WooraU poison, 590
Worm bark, 520
— mushroom, 722
Wormseed, 577, 590, 624
Wormwood, 577
Wrightia, 589

Xanthorrhiza, 426
Xauthon-hcea, 681
XanthoxylaceiE, 494
Xanthoxylon, 495
Ximenia, 492
Xylocarpus, 485
Xylopia, 429
Xyi-idaceee, 684
XjTis, 684

Yams, 694
Yang-tasi, 727
Yeast-plant, 722
Yellow-flag, 675
— dye-tree, 429
— root, 426
— wood, 483
Yercum fibres, 593
Yew, 663. 664
Young fustic, 515
Yucca, 681

Zachun, 517
Zamia, 665
Zante fustic, 515
Zea, 703
Zebra-wood, 569
Zedoary, 671

Zerumbet, 671
Zingiber, 671
Zingiberaceas, 070
Zizania, 703
Zizyphus, 513
Zostera, 696
Zosteracese, 695
Zj'gophyllaceaB, 498
ZygophyUum, 499
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