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PEEFACE. NEW YORK
BOTANfCAt

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 respect the present

manual may serve as an introduction to works devoted particu-

larly to Materia Medica and Economic Botany, and thus form a

text-book of especial value to medical and pharmaceutical

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

engaged in commercial pursuits who have daily to make use of

substances derived from the vegetable kingdom.

Another prominent motive of the author was, to furnish the

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

subjects treated of should be arranged, as far as 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 to be followed

by the student. Great pains have been taken in all departments

to bring the difi'erent subjects treated of down to the present

state of science; and much care has been exercised in condens-

ing the very numerous details bearing upon each department,

and in an-anging them for systematic study.

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

a co^pktejtra^ti^tpjfon the different departments of Botany; it is



only intended as a guide to larger and more comprehensive

^vorks, but he trusts, at the same time, that it will be found to

contain everything which the student of botany really requires,

whether he is pursuing it as a branch of professional or general

education, or for pleasure and recreation.

The vast number of facts, observations, and terms necessarily

treated of, in the departments of Structural, Morphological, and

Systematic Botany, have compelled the author to give but a brief

account of the Physiology of Plants ; he hopes, however, that

even here, all the more important subjects bearing upon the

education of the medical practitioner and pharmaceutist will be

found sufficiently comprehensive. To those who require a more

complete knowledge of this department he would refer them to

tlie Second Part of Balfour's Class-Book of Botany, in which

Aaluable Avork full details upon Physiological Botany will be

found.

The author had a great desire also, to include in the present

volume, an Appendix upon Descriptive Botany, and a Glossary

of Botanical Terms, but the manual having already exceeded

the limits desired, he is unable to do so. The index itself,

will, however, serve as a glossary by referring to the pages

in whicli 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

pubUshed 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 Molil, Jussieu, Schleiden, Mulder, Hofmeister, Asa
Gray, and Schacht, amongst foreign botanists; and to those of

Lindley, Balfour, Hcnfrey, Hooker, Berkley, Pereira, and Royle,

amongst British botanists, he begs to express his obligations.

To my friend, Mr. Daniel Ilanbury, I am also indebted for some

valuable information communicated during the progress of the



work. To Lindley's Vegetable Kingdom, Pereira's Materia Me-
dica, and to the many valuable articles upon the Anatomy of

Plants in Griffith's and Henfrey's Micrographic Dictionary, by

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 pubhsher, 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, Hofmeis-

ter, 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 beheved that the value of the work as a class-

book of botanical science has been materially increased.

London, May 1, 1861.
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CORRECTIONS AND ADDITIONS.

Page 9, line 27 from the top, after adopted, insert

:

—The recent important in-

vestigations of M. Fremy lead to the conclusion, that cellulose

exists in several isomeric conditions, which differ inaterially in

their chemical properties ; thus, he has noticed four different

kinds of cellulose, which he has termed respectively, cellulose,

para-cellulose, vasculose, and fibrose. Thefirst exists, according

to him, in the cell-walls of the albumen of certain seeds, in those

of cotton, and in liber-cells ; the second in the pith and medullary

rays ; the third in the vessels generally ; and the fourth in the

ordinary wood-cells. The first is soluble in cuprate of ammonia
;

but the other kinds are insoluble.

Page 20, line 26 from the bottom, qfter O^, refer to page 744 for more recent

investigations upon Chlorophyll.

Page 21, line 6 from the top, after plants, omit except the Fungi.

Page 22, line 22 from the top, offer Carex arenaria, omit the next sentence,

and insert instead, also by C'lrrey and Tulasne in certain Fungi,

and by Schenck in Ornithogalum nutans and 0. lanceolatum.

Page 26, line 4 from the top, /or oxalate read carbonate.

Page 31, lines from the top, /or Fig. 56 read Fig. 57; also, same page, /or Figs.

56 and 57 read Figs. r>7 and 56.

Page 37, line 21 from the bottom, after Fig. 75, insert:—M. Fremy has recently

made some experiments upon the latex, and he states, that he has

found in certain plants, 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. Should his experiments be con-

firmed, they will have a most important bearing on vegetable phy-

siology, as they will prove that the latex, contrary to what has

been generally believed, is a truly organizing liquid resembling in

composition the organs in process of formation.

Page 38, line 10 from the top, after spiral, insert and the other vessels. (See

also page 728 for a further notice of Trecul's observations.)

Page 49, Fig. 116, put b over the two right hand figures.

Page 57, line 9 from the top,/or p. 7 read p. 17.

Page 163, line I at the top, after some kinds of Senna erase (Cassia obovata)
;

and in description of Fig. 313, a, for leaflet of Cassia obovata read

leaflet of a species of Cassia.

Page 248, line 5 from the bottom, erase and Tulip (^Fig. 510).

Page 249, in description of Fig. 510, for innate, read introrse.

Page 255, line 7 from the top,/or Fig. 520, read Fig. 530.

Page 266, line 6 from the top,/or that volume, read this volume.

Page 316, Fig. 684 is inverted.

Page 333,/or Fig. 719, put Fig. 720.

Page 333,/or Fig. 720, put Fig. 719.



XXXll CORRECTIONS AND ADDITIONS.

Page 437, before Xanthorrhiza insert;—^rf^a, or Cimicifuga racemosa. The
rhizome and radicles of this plant have been latelj' employed with

great success both in the United States of North America and in

this country in acute rheumatism, chorea, &c. (See paper by the

Author in the Vharmaceidical Journal, vol. ii. ser. 2, p. 461.)

Page 478, line 14 from the bottom, after perfumery, insert The Nag-kassar,

which was imported into England some years since, is the pro-

duce of Calysaccion longifolium. It is chiefly employed in India

for dyeing silk. In India the term Nag-kassar is applied, not only

to the dried flower-buds of this plant, but also to those of two or

more species of Mesua, and other Clusiacese.

Page 502, line 25 from the bottom, after by, insert no.

Page'512, line 24 from the bottom, insert after Cape of Good Hope. From
the leaves of a variety of Pelargonium Radula, and also from

some other species or varieties of Pelargonium, a true essential

oil of geranium is obtained by distillation. It is used in per-

fumery, &c.

Page 591, line 6 from the bottom, /or but the, read both the.

Page 619, heading of page, for MonochlamydeiE read CoroUiflorae.



MANUAL OF BOTANY.

INTRODUCTORY REMARKS.

Natural History, as a science, has for its object the investiga-

tion of every thing that relates to the bodies placed on the surface

of the globe; or combined so as to form its substance. These
in common language, and by the scientific observer, are divided

into 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 creation. It is our pro^ance in

this work to treat of the lower ranks of the organic creation,

called Plants or Vegetables. The science which investigates

these is termed Botany, from the Greek word Potolvt], signifying

an herb or grass.

Departments of Botany.— This science in its extended sense

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

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

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

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

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

departments:— 1. Organography ; this includes everything which
relates to the internal structure and external configuration of

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

subject treating of their structure is commonly termed Struc-

tural Botany; and that which has reference to their forms,

Morphological Botany— 2. Organology or Physiological Botany

;

this treats of plants, and their organs, in a state of life or action.

3. Systematic Botany; this considers plants in their relations to

one another, and comprehends their arrangement and classifica-
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tion. 4. Geographical Botany is that which explains the laws

which regulate the distrilnition of plants over the surface of the

globe at the present time ; and 5. Palccontological or Fossil

Botany is that department which investigates the nature of the

plants Avhich 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 what we mean by a plant.

No absolute definition can, however, be given in the pi-esent li-

mited state of our knowledge. We have, it is true, no difficulty

in distinguishing a plant from a mineral; for the possession of

individual life and power of reproduction in the former, form
at once, without further investigation, a broad and well-

marked line of demarcation from the latter: and even Avhen we
compare a plant with an animal, so long as we confine our

researches to the higher members of the two kingdoms, the dis-

tinctions are evident enough; difficiilties only occur when we
look deeply into the subject, and compare together those bodies

which are placed lowest in the scale of creation, and stand as it

were on the confines of the two kingdoms. It is then that we
find the impossibility of laying down any certain characteristics

by which the two may be absolutely 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 iuA^estigation of the subject to the pages of this volume.

In the first place, Ave 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 arc surrounded,

and that they alone have the power of converting inorganic or

mineral matter into organic. Animals, on tb.e contrary, consume
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

substance upon which they grow, and derive their food im-

mediately 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 ])lants, which they receive into an internal

cavity or stomach. Plants are, tlicrcfore, to be regarded as

destitute of sensation and power of voluntary motion, and as

being nourislicd from witliout; wliilc animals arc possessed of

those attributes, and arc nourished from within.

* The first three departments are those only that come within

the scope of tlie ])rcscnt work; the latter being of too extensive

a nature to allow of bcin^ treated of satisfactorily within the

necessary limits of a student's manual.
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Thirdlj, 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 charac-

ters there may be found some exceptions, when we compare
particular individuals. For their elucidation, however, we must
refer to the general contents of this volume.

It was formerly beheved that an absolute distinctive character

existed between plants and animals, in the cells of the former
consisting essentially of cellulose, while those of the latter were
formed of gelatine. The recent researches of Schmidt, Lowig,
Kolliker, Schacht, Virchow, Huxley, and others, have, however,
shown that cellulose also exists as a constituent of several ani-

mals. The presence of starch was also formerly considered as a
certain characteristic of a plant, but recent investigations have
also shown that that substance, or at least one isomeric -ndth it, is

also to be found in some animals. Neither the presence of

cellulose or starch can be now considered, therefore, as present-

ing any absolute marks of distinction between plants and animals.

We arrive accordingly at the conclusion, that in the present state

of our knowledge, it is impossible to give a complete and perfect

definition of a plant, in contradistinction to what is to be regarded
as an animal

B 2



BOOK I.

ORGANOGRAPHY;" OR STRUCTURAL AND MORPHOLOGICAL

BOTANY

The most superficial examination of any common plant en-

ables us to distinguish various parts, such as the root, stem,

leaves, &c.; if more minutely examined, it will be found that

these parts are not themselves elementary, but that they are

also made up of others, in the form of little membranous sacs,

and tubes, of different sizes and shapes, combined together

in various ways. Before we examine therefore the more evi-

dent, or as they are called, compound organs of the plant, it

will be necessary for us to explain fully the elementary structures

of which they are composed. This division of our subject is

termed Vegetable Histology.

CHAPTER 1.

ELEMENTARY STRUCTURE OF PLANTS, OR VEGETABLE
HISTOLOGY.

Section 1. Of the Cell as an Individual.

All plants in their earliest condition are composed of one or more
delicate membranous closed sacs, called cells or utricles. All the

organs which afterwards make their appearance in the plant arc

also made up of these little bodies, variously modified according to

circumstances. The simple cell presents itself, therefore, as the

first and most important organ of the plant ; that from which
all the others are developed ; and, consequently, the only real

elementary organ possessed by it. It demands therefore

our particular investigation. In treating of it, we shall first

describe its form and size; then proceed to investigate the

nature of the membrane of which it is composed ; and lastly, its

content <i.

1. Form of the Cell—The cell in its earliest condition con-

sists of an exceedingly thin structureless membrane, enclosing

various substances. When developed in a space where it is per-

fectly free from the pressure of surrounding bodies, and when
equally nourished at all parts of its sm-face, it assumes a more
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or less rounded form (^fig. 1) ; the sphere is therefore to be consi-

dered as the typical form of a cell. This tendency, however, of cells

to assume a spherical form must be received with some limita-

tion, 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 foi'med by the division

of older cells (as will be hereafter seen), it must necessarily

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

Fig. 1. Fig 2. Fig. 3. Fig. 4.

Fig. 1. Rounded cells.

Fig. 2. Elliptic or oblong cell.'

Figs. 3, 4, and 5. Polygonal cells.

form. But, in consequence of cells being usually developed in

a confined space, a number of other forms are produced, all

of which depend upon two circumstances. In the first place,

the form is determined by the unequal nutrition to which the

difierent parts of the cell-wall are subjected, thus causing a cor-

responding irregular growth ; and secondly, from the varying

pressure of the surrounding organs. We shall now allude to a

few of the more common forms which cells assume.

First, when the nutrition is uniform, or nearly so, on all points

and sides of the cell-wall, we have a spherical or slightly ellip-

tic cell (Jig. 1): Avhen it is greater at the two extremities than

at the sides, the form is truly elliptic (Jig. 2). In the above

cases, also, the cells are almost free from pressure. Under
other circumstances, in consequence of the mutual pressure

of surrounding cells, they assume a polygonal form (figs. 3, 4,

and 5), the number of the angles depending upon the num-
ber and arrangement of the contiguous cells. Thus, in a per-

b3
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fectly regular arrangement, when the contiguous cells are of
equal size, we have dodecahedral cells, presenting, when cut

transversely, a hexagonal appearance {fg. 5). It is rarely how-
ever that we find cells of this regular mathematical form, since,

in consequence of the unequal size of the contiguous cells, the

polygons which result from their mutual pressure must be more
or less irregular, and exhibit a variable number of sides

(generally from three to eight) (Jig. 4).

Secondly, when the nutrition is nearly uniform on all sides of

the cell-wall, but not equally so at all points of its surface, we
have cells which maintain a somewhat rounded form in the

centre, but having rays projecting from them in

various directions, by which they acquire a some-
what star-like appearance {fig. 6) ; and hence
such cells are called stellate. These rays maybe
situated in one plane, or project from all sides of

the cell. It is rarely the case that such cells

have the rays at regular intervals, or all of one
length, but various degrees of irregularity occur,

which lead to corresponding irregular forms in

such stellate cells.

Thirdly, when the nutrition occurs chiefly in one direction

we have cells which are elongated, either horizontally or ver-

Fiq. 7.
Fig. 9.

Fig. 8.

Fig. 10.

Fig. 7. Tabular cells Fig. 8. Cylindrical cells. The small or rounded

body in the interior of three of them is called a nucleus or cytoblast.

'.Fiy. a. Elongated fubiform cells Fig. 10. Fibrilliform cells.

tically. Among the forms resulting from an extension of the

cell in breadth or in a horizontal direction, we need only men-
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tion tabular cells {fig. 7), 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 hiivc

various forms, as cylindrical {fig. 8), fusiform {fig. 9), fihrilli-

form {fig. 10), &c. ; the two former, by the mutual pressure of
contiguous cells, often become prismatic.

From the above description of the forms of cells it will be
seen that they may be divided into the short and elongated,

although, as various intermediate forms occur, this division can-

not be strictly adhered to.

The cells, when in combination with other cells, are generally

bounded by plane or rounded surfaces {figs. 1 and 5) : but when in

combination also with the vessels of the plant, so as to form
what are called the vascular bundles, they are elongated, and
have pointed extremities {fig. 9). These differences in the con-

dition 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. 8); while in the latter their tapering extremi-

ties overlap one another, and become interposed between the

sides of the cells which are placed above and below them

{fig. 9). From this circumstance cells have been divided into

pareiichymatous and prosenchymatous; parenchymatous being

the term applied to those cells which are placed end to end
;

and prosenchymatous to those which are attenuated, and over-

lap one another when combined together to form a tissue.

Another distinction commonly observed between parenchyma-
tous and prosenchymatous cells arises from the condition of

their cell-walls ; thus, those of parenchymatous cells are usually

thin and but little incrusted; while those of prosenchymatous
cells are more or less thickened by the deposition upon their

inner surfaces of various incrusting matters. The above dis-

tinctions between parenchymatous and prosenchymatous cells

are evident enough in the extreme forms of the two di\asions,

but various transitional states occur which render it impossible

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

The above-mentioned forms of cells are the principal ones

which occur when they are in combination so as to form a
tissue ; but it may be readily understood that many others are

found, which arise from various irregularities in the pressure

and nutrition of the cells.

We must now briefly allude to a few of the forms which cells

assume when not in combination, or but partially so, under which
circumstances they are more or less unrestrained in their

development. In these cases, as in the former, the typical form of

the cells is to be spherical, but this form is rarely maintained as

they grow older, although instances of such occur frequently in

*b4
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pollen (/^rs. 11 and 12);

Figs. 11 and 12.

i>'>>^

in the spores of many of the lower Alga;,
as Protucoccus (fig. 148), &c. More
frequently, however, the cells assume
a more or less elongated form (fig.
13) and become oblong or cyUndrical.
In other cases again, we find that
certain points of the cell-wall acquire
a spherical development, and become
elevated from its general surface as

little papillre (y?/;. 13), or cilia; (figs. 14, 15, and 16), or are
])rolonged into tubular processes, or branched in various ways.
The hairs produced on the surface of plants will afford us good
illustrations of such cells (figs. 96—99); other instances occur in

Fig. 15. Fig. 14.

Figs. 11 and 12. Spherical
pollen cells.

Fig. 13. Fig. 16.

Fig. 13. Elongated cell covered with warty projections Figs. 14, 15, and
IG. Ciliated cells Fig. 17. Branched cell iBotrydium granulatum).

the germination of most spores, and strikingly so in those ofmany
Algre, as Botrydium (fig. 17); also when the pollen cells fall

upon the surface of the stigma ; and numerous other illustra-

tions will be observed as we proceed with our subject.

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

ferent pLants, and in different parts of tlic same plant. The par-

enchymatous cells, on an average, vary from about ^^^ to ^^
of an incli in diameter ; others again are not more tlian ^^^ ;

while in some cases they arc so large as to be visible to the

naked eye, being as much as -^^ or even
jf^

of an inch in

diameter. The hirgcst occur in the pith of plants, in succulent

parts, and in water ]>lants.

The dimensions of proscncliymatous cells generally afford a

great contrast to those of tlie })arcnchymatous, for wliile we find

that their transverse diameter is commonly much less, they become
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much more extended longitudinally, some having been measured
as much as i of an inch long, and there is no doubt but that

those of the inner bark of the flax and hemp plants are even
much longer. The prosenchymatous cells of the wood and
inner bark of trees generally vary however, from about the ^^ to

the pj 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 are sometimes as much as one or two
inches long, while in the lower Alga, as Chara, cells occur

several inches in length.

3. The Cell-membraxe or Cell-wall.— a. Its Chemical

Properties.—The membrane of which the cell is composed consists

of the substance called cellulose, and as all plants and all parts of

a plant are formed essentially of cells variously modified and com-
bined, this substance must be considered as the fundamental mate-
rial of the plant. When pure it is a ternary compound of carbon^

hydrogen, and oxygen ; of which the latter two exist in the same
proportions as in water. Hence it may be considered as con-

sisting of carbon and the elements of water. The formula of

cellulose, according toPayen, is C12 Hio Oio; it is thus closely

alhed in composition to starch, if not actually isomeric with it.

According to Mulder, however, the formula of cellulose, as shown
by the experiments of Fromberg, is not C12 ^\o Oio, but C24
H21 ©21 ; agreeing, not with starch, but with soluble inuline,

which has a similar composition. The formula of Payen is that

however which is generally adopted.

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

alcohol, ether, and dilute acids, and almost insoluble in weak
alkahne solutions. By the action of concentrated sulphiiric

acid and caustic potash, it is changed into dextrine. When
iodine and sulphuric acid are applied to it, it assumes an indigo

blue color, which is rendered more evident if the sulphuric

acid be previously diluted with water (the best proportions being

one part of the latter to three of the former). A similar blue

colour is also produced, as first shown by Schultz, when cellulose

is moistened with a solution of chloride of zinc, iodine, and
iodide of potassium.* Mohl has also shown that cellulose will as-

sume 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 the young cell-membrane may be composed of a substance

* This solution may be thus prepared.—Dissolve zinc in hydro-
chloric acid ; then evaporate the solution in contact with metallic

zinc to the thickness of a syrup ; the syrup is then to be

saturated with iodide of potassium ; after which iodine is

added, and the solution, when necessary, is diluted with water.
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differing from cellulose, and which afterwards becomes changed
into it.

It rarely happens that cellulose can be found pure in any
cell-membranes ; it is usually combined with various organic
and inorganic 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.

Cellulose, as we have already seen, was formerly thought to

be a substance pecuUar to plants, but it has now been found 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 those dif-

ferent colouring matters, "When the cell-walls become thus

coloured, tliey commonly lose in a great degree their transpa-

rency. The various colours which the different parts of the

plant assume, as the vivid tints of the corolla, 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
those parts are respectively composed, but to the different

colouring matters which those cells contain.

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

from visible pores, is readily permeable by fluids, as is the case

with all organic membranes. Some observers, as Mulder,
Hartwig, and others, have described it as perforated hke a
sieve, but such a view, as shown by Mohl, has arisen from
imperfect observation. The causes which give rise to the ap-
pearance of pores will be described presently. It is, however,
quite true that in the membrane of old cells perforations do
occasionally occur, as in the leaves of Sphagnum, and in some
other cases. In the Sphagnum the holes in the cell-walls are

sufficiently large to allow of the passage through them of ani-

malcules and minute granular matters.

As the cell-membrane increases in age it becomes thickened,

and the cells of which it is composed increase in size. This
takes place at first by the incor])oration of new matter in its

substance, or interstitiaUy ; but after the cells have arrived at a
definite size, in all cases where tlicy form parts of the pcrma-
ment structure of plants, tlicir membranes increase in thickness,

not however as in the former case by interstitial deposition, but
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by the successive deposit of new matter upon their inner surface.

This new matter is generally deposited in layers proceeding

from without inwards, which thus gradually diminish the

ca\'ity of the cell, and even in many cases cause it to be com-
pletely or nearly filled up (^zgr. 18). This increase in thick-

ness may be especially observed in the cells of the wood
and inner bark ; also in the hard cells of the stone of the

peach, cherry, and other similar fruits, as well as in the

shells of many other fruits. This thickening however of

the young 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 ob-

served more or less in all cells where active chemical changes

are going on. Thus it may be especially seen in those of the

pith of Hoya carnosa (Jig. 18). It is
jPj„ j^g^

these deposits which give hardness
^^^ ^ ^*

and firmness to the wood of plants
^~~

and to the stones of fruits, and hence

the name of Sclerogen (from a Greek
word signifying hardness) has been
given to them. The term Lignine is V^ i^

also frequently appUed to them from \^' ^'

their common occuri'ence in wood.
Whether Sclerogen or Lignine be es-

sentially diflferent in its chemical com- ^iS-}S- Transverse section of a
..•', ni 1 ^i_ ^n thick-walled cell of the pith

position to cellulose has not been tuUy ofBoya camosa. FromMohl.
ascertained; but, according to Mulder,

there are three or more definite compounds forming the incrust-

ing layers of the cells of the wood and other parts, all of which
are richer than cellulose in carbon and hydrogen. Further

experiments are wanted before we can arrive at any definite

conclusions on the above points.

These thickening layers, which are commonly called second-

ary layers or deposits, never consist however of pure Lignine
or Sclerogen, but they contain, combined with it, various mine-
ral substances, which have been absorbed dissolved in water by
the roots of the plant, and deposited in those layers in the pas-

sage of the fluid through the cells ; also various organic pro-

ducts, as colouring matters, &c., which have been formed in the

cells themselves, or have been conveyed to them from other

parts.

Porosis, Pitted^ or Dotted Cells.—Li almost all cases where
the cell-membrane has thus become thickened by incrusting

matters, it presents (instead of the smooth and uniform appear-
ance, 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. 19 and 20, e), which were formerly con-

sidered as actual openings in the waUs of the cells, and hence
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these were called porous cells ; but, when carefully examined, it

may be readily discovered that this dotted appearance is caused

Fig. 19.

Fig. 20.

Fig. 19. Pitted^ cells Fig. 20. Thick-walled cells from the fruit of a
palm. a. Original cell-walls, b. Secondary layers, c. Pit canals,
d. Cavity of the cell. e. External pitted appearance. (From Unger.)

by canals which run from the outer cell-membrane (Jig.

20, a) formed of cellulose, through the layers of thickening

(6), and open into the cavity of the cell (d), and thus
give a more transparent appearance, when viewed by trans-

mitted hght, to the cell-membrane in which they ai-e found, to

that of the surrounding thickened membrane. We arrive

therefore at the conclusion, 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 deposited 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 those canals on the outside. Such cells

are therefore improperly called porous, and hence are now
commonly and correctly termed pitted or dotted cells. The pits

or canals of contiguous cells generally accurately correspond, so
that however the cell-walls may become thickened, their cavities are
only separated from eacli oilier at such spots by their primary
thin walls (Jig. 20, a), a contrivance especially designed to admit
of a free communication between the cells, notwithstanding the
thickening which their walls have undergone. It frequently
happens that two or more canals unite together at varying
distances from the walls of the cell, and thus form a common
opening into its cavity (fig. 18).

Although we have thus shown that the dotted appearance
is not caused by external holes or perforations in the primary
walls of the cells, yet as the latter advance in age, and lose

their active vitality, they frequently become perforated, in con-
Bcqucnce of their thin primary membrane becoming absorbed or

breaking away.
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Cells with Bordered Pores.—In the wood-cells ofsome trees we
find their walls present, in addition to the ordinary pits, large cir-

cular dots or discs which encircle them, so that each pit looks as

if it had a ring surrounding it (Jig. 21) ; hence such cells have
heen termed cells with bordered pores or pits, or disc-bearing

wood-cells, or punctated wood-cells. Such an appearance is pro-

duced by the walls of the cells having a number of circular

depressions on their outside, each of which is shaped hke a
watch-glass (fig. 22). When two cells lie side by side, the

Fig. 21. Fig. 22. Fig. 23.

Fig. 21. Disc-bearing wood-cells of the pine, with a single row of discs on
each cell Fig. 22. Diagram showing the watch-glass depression on the
outside of a wood-cell of the pine Fig. 23. Diagram showing disc-

bearing wood-cells in combination.

depressions on the one accurately correspond to those upon the

other (fig. 23), 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 appearance to the same cause which leads

to the ordinary pit of cells. The existence of these lenticular

cavities between the sides of certain cells was first accurately

proved by the late Edwin Quekett, who succeeded in separating

from the discs of a piece of fossil wood, double convex masses
of solid matter.

Cells presenting such an appearance appear to be of universal

occurrence in the wood of the Coniferae or cone-bearing plants,

where they are also most distinctly observed. It was formerly
supposed that they were confined to such plants, but it has now
been proved that similar discs also exist in the wood-cells of

some other trees. Thus in the Winter's Bark Tree ( Wintera
aromatica ) and in the Star Anise (lllicium floridanurn) such
discs may be observed (fig. 24), but the central pit is absent in

these cases.
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These discs occur either in sinijlerows (Jig. 21), or in double

(fig. 25), or in triple rows (fig. 28) ; in the latter cases the discs

in each row may be either on the same level, as is more com-

Flg. 24, Fig. 25. Fig, 26.

Fig. 28. Fig. 27.

Fig. 24. Wood-cells from nudum floridannm. From Gray.

Fig. 25. Disc-bearing wood-cells of the pine, with a double row of discs.

After Nicol. Fig. 2<). Disc-bearing wood-cells of Ahingia excelsn, with
double rows of discs, which are alternate with each otlier Fio. 27. Disc-

bearing wood-cells of the Weymouth pine il'inus Stmhiis), with double

rows of discs, which are on the same level, or opposite to eacli other.

After Nicol. /•'/'/. 2S. Disc-bearing wood-cells of Araucaria, with
double and triple rows of alternate discs. After Nicol.

monly the case (figs. 2.5 and 27>, or at different levels, and hence

alternate to.cach other, as in the Araiicarias and alhed trees (fiffs.

26 and 28). These discs are commonly found in the sides of the

wood-cells which arc tunicd towards the silver-grain of trees

(see p. 83); while the ordinary pits of wood-cells are generally

more abundant on the sides looking towards the centre and
circumference of the tree.

The cause which leads to the formation of these lenticular

cavities has not yet been clearly proved. According to Schlei-

den, they arise from the occurrence of bulibles of air between the

walls of the cells in which they are fouiul ; but Mohl states

that such an assertion is incorrect, for such cavities are filled

with sap in the young condition of the cells, which indeed may
be seen by any one with ordinary care.

Fibrous Cells.— It frcf|uently bapi)cns that the secondary

layers (instead of being deposited in the form of perforated
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membranes, which give rise to the pitted cells already 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 primary cell-membrane {figs. 29-31), and thus give
rise to what are c^WqH fibrous cells. In most cases the fibres are
wound to the right, although instances occasionally occur where
they turn in a contraiy direction. Such fibrous cells occur in

various plants and parts of plants ; thus in the leaf of the Sphag-
num, the hairs of many Cacti, in some of the membranes of
many seeds, as those of Salvia, Collomia, &c.; in the spore-cases

of some of the Flowerless Plants, in the inner lining of all an-
thers, in the outer rind of the aerial roots of many Orchids,
and in many other instances.

These fibrous cells also present some differences of appearance
as regards the distribution of their fibres. Thus, in some cells

the fibre forms an uninterrupted spiral from one end to the

other {fig. 29) : such are termed spiral cells. In other cases the

fibre is interrupted at

various points, and as- ^'9- 29. Fig. 30. Fig. 31.

sumes the form of rings

upon the inner surface

of the cell-wall {fig. 30),

and hence such cells are

called annular or ringed.

Instances also occur

even more frequent-

ly, in which the fibres

are so distributed as to

produce a branched or f^g'. 29. Spiral cen. J'/sr. so. Annular or ringed

^^ J / r' cell. Fig. 31. Ramified or reticulated cells.
netted appearance \jig.

31); such cells are termed ramified or reticulated. These annu-
lar and reticulated cells are merely modifications of the spiral,

as is sho^vn by the circumstance of our frequently finding in

the same cell intermediate conditions of all these forms. (For
further particulars on this head see Annular and Reticulated

Vessels.)

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-mem-

brane, 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. 32); and hence it has been supposed by many
that the secondary layers which give rise to the latter structures
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are also deposited originally in a spiral direction, and in fact

that all secondary deposits have a tendency to assume a
spiral arrangement. The great advocate of such a theory

Fig. 32.

Fig. 32. Pitted
and reticulated
cell.

is Schleiden. He believes that after the cell-

membrane has ceased to grow by interstitial

deposition, an important change takes place in

the mode in which it is nourished, all additions

to it being then made in successiA-e layers upon
its inner surface. These layers are not however
deposited as continuous membranes, but as spiral

fibres or bands. If the cell distends after such

deposition, then the spires which Avere originally

placed close together are drawn asunder. The
less the cell groAvs after the deposition of the

fibre, the more firmly is it attached to its walls. The indi-

vidual spires of fibres, or particular parts of the spires, often

grow together. From these circumstances a very varied con-

figuration of the cell-Avall is produced, which may be com-
prised under two divisions : in the first case, Avhen the fibres

are clearly separable, we have fibrous cells ; and secondly,

Avhen the fibres are so grown together that they assume
the form of a membrane covered Avith little dots, we have

pitted cells, or, as called by Schleiden, porous cells. The ex-

planation thus giA^en by Schleiden of the formation of pitted

cells cannot be considered as by any means proved to be cor-

rect. Others 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 Avhich this is stretched

and broken into little holes or slits at A-arious points. The
regular distribution hoAvcver of these holes or slits, combined
with the circumstance that each successive layer, as it is deposi-

ted, corresponds exactly Avith the preceding,

seem clearly to indicate that such a forma-

tion cannot be owing to such mechanical

distension alone, but must be regulated by
some general laAv.

In some cases, as in the Ycav (^fig. 33), in the

Mezereon, and in the Lime, &c., Ave find a
spiral fibre or fibres dcA'clopcd in addition

to the pits, Avhich a])pcarancc also must
be considered as another proof of their com-
mon origin.

4. Contents of Cells.— Under this head
are included nearly all tlie substances Avhich

arc formed in the plant, or Avhich haA-^e

been absorbed by it from the soil. We only j)ropose at pre-

sent to treat of those contents of cells Avliich are more com-
monly found, and which have an especial importance at this

Fig. 33.

Fig. a3. Wood-cells
of the Yew

{laxtM barcata).
After Mohl.
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Stage of our inquiries. 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 detailed 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 endo-

chrome is used to indicate the whole contents of the cell; it is

chiefly employed in describing the Algje. We shall tirst describe

certain contents which are present more particularly in young
cells, and which are actively concerned in their origin and de-

velopment, as Avell as in the formation of other substances after-

wards contained in them. These are the Protoplasm, Primordial

Utricle, and Nucleus. These commonly disappear when the

secondary layers begin to be deposited on the walls of the cell.

Protoplasm.—This substance, which is abundant in all young
cells, is a white or yellowish, opaque, viscid fluid, either per-

fectly smooth, or of a more or less granular nature. It may be
always detected by the application of sugar and sulphuric acid,

when it assumes a pink or rose colour. It should be noticed,

however, that this colour is frequently not developed for some
minutes. Iodine colours it yellow or brown. It is coagulated by
acids and alcohol. It contains nitrogen as an essential ingredient,

in addition to the three elements—carbon, oxygen, and hydrogen,
of which we have seen the primary cell-membrane is alone com-
posed. The protoplasm is called by some German writers
" schleim,'" and in some Enghsh works " mucus," or " mucilage."

Primordial Utricle.—When a cell containing protoplasm is

placed in Avater, or allowed to remain for some time in alcohol,

or is exposed to the action of iodine, the contents separate

from the wall (Jig. 34), and are then seen to be bounded by
a more or less defined portion of pro- r-- 04
toplasm having the appearance of a
membrane, and which by its contrac-

tion has removed all the other con-
tents of the cell from its surface.

Mohl, who first discovered this struc-

ture, and who believed it to possess

all the appearances of an inner cell

lining the outer one, called it the Pri-

mordial Utricle, because this so-called

membrane exists previous to the cell-

wall formed of cellulose. Whether ^. „, ^ „ , , , . .
„ I xu i • ^ J i^2£^. 34. Cell of the leaf of
such an appearance, as that just de- jungermamna Tayiori.

scribed, can be considered as owing After Mohi.

to the presence of a distinct membrane ha\ang the charac-
ters of an inner cell, as thus supposed by Mohl; or whether
it should not be rather considered as a thin film caused by
the coagulation of the surface of the protoplasm by the action

c
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of the reagents applied, is by no means clear, for when a
cell containing protoplasm is examined Avithout the aid of

reagents, no membrane thus boimding the contents of the cell

can be clearly distinguished; indeed, it would appear far more
probable that this so-called primordial utricle is merely a thick

ened layer of the protoplasm lining the cellulose-wall, which
assumes the character of a true membrane under the action of

reagents, just in the same way as any thickened gelatinous

matter, when exposed to the air, would become invested as it

dried up by a more or less evident pellicle. This thickened

layer of protoplasm or primordial utricle, performs, as we shall

afterwards find, a very important part in the process of cell-

development ; it may be, therefore, always observed in young
and vitally active cells. Its existence is in most cases but

transitory, disappearing when the secondary layers are being

deposited. It is, however, a permanent formation in cells con-

taining chlorophyll (the green colouring matter of plants),

as, for instance, in the cells of leaves, and in many of the lower

kinds of plants.

Nucleus or Cytoblast.—Almost all young cells contain one

or more bodies called Nuclei or Cytoblasts, Avhich are always

in intimate connection with the Primordial Utricle. In the

cells of the higher classes of plants the nucleus consists of a
rounded or lenticular gTanular-looking body {figs. 8 and

35) generally more transparent than the protoplasm in which
-,. it is placed, and containing ahnost invariably

^^' in its interior, one or more usually sharply

defined bright points called Nucleoli. The
nucleoli vary somewhat in their appearance;

more commonly they seem to be formed of

solid transparent granules, Avhilc in other

cases they appear like small cavities in the

interior of the nucleus. The nucleus and the

nucleolus are best observed under the action

of iodine, which colours them yellow or
Fig. 35. Cell with brownish. The size of the nucleus in pro-
nucleus and nu- ^. ^ ^, .^ ^ ^, ,, . *^,

cieoius. portion to the cavity or tlie cell varies greatly;

in the very young cells of newly formed parts

the nuclei occupy nearly, or entirely, the whole cavity; while in

the cells of other parts they are of but small size in proportion

to the cavities.

There are two theories as to the nature of nuclei ; by most
observers they are considered to be solid granular structures

as described above ; while Niigeli and otlicrs regard them as

vesicles.

The above remarks as to the ap])earanco and nature of nuclei

apply more esj)ociaIly to tliosc found in the cells of the higher

plants. In those of the lower jilants they are frequently very
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obscure, and, according to Henfrey, the term nucleus is here very

loosely applied to irregular granular structures Avliich do not

represent the nuclei of Flowering Plants.

The nuclei originate in two ways ; either as new formations

by the aggregation of granules of protoplasm, or by the

division of existing nuclei into two or more separate ones.

(See Cell- development, page 59.)

As cells increase in age the nuclei either disappear, or persist

as long as the cells retain their vitality; or in some cases they

appear to be converted into chlorophyll or starch granules.

The supposed functions of these nuclei Avill be treated of

hereafter in speaking of the process of cell-development.

Generally we may add that they require further investigation

before Ave can pronounce positively on many points con-

nected with their stracture and development.

The substances just described under the names of Protoplasm,

Primordial Utricle, and Nucleus, are those Avhich are especially

present in very young cells, in which they perform, as will be

presently shown, very important functions. As the cells in-

crease in age, and when in a mature state, 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 groAvs. It does not

enter into our purpose at present to describe all these contents,

but only a fcAv of the more important. They are all dissolved,

or float in a Avatery liquid, Avhich is commonly called sap.

Sap.—This Uquid may be first obserA'ed in small vacuoles

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

portion of the cell contents; as the cells become mature, the

quantity of sap continues to increase, until it ultimately fills

their cavities. The amount Avill necessarily vary according

to the conditions under Avhich the plant is placed, especially as

regards the amount of Avater it can absorb or exhale; but
as a rule, with but few exceptions, it cannot altogether disap-

pear fi-om the cells of the different organs of the higher plants

Avdthout destroying the hfe of those organs. Many of the lower
kinds of plants may, hoAvever, become completely dried up, but
AviU still retain their vitahty.

The sap is in rare cases coloured by substances Avhich are dis-

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

dissolved or floating in it. Three of these we shall noAv de-

scribe, namely. Chlorophyll, Starch, and Eaphides.

Chlorophyll.—This name is applied to the green colouring

matter of plants. It is especially abundant in the cells Avhich

are situated just beneath the surface of leaves. It occurs

either as an amorphous substance, or far more generally under
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the form of granules or globules, which float in the cell-

sap, or are more or less adherent to the walls of the cell

(fg- 46).

The nature of chlorophyll is by no means well ascertained.

Some observers describe the granules as consisting of soft

mucilaginous solid matters ; while others describe them as small

vesicles containing a green liquid. When they are acted upon
by alcohol or ether they retain their form and size but lose their

green colour, hence it is clear that they consist of a substance

which is coloured green by the presence of colouring matter

diffused through them which is soluble in alcohol or ether. The
granules wlicn thus freed from green colouring matter are

coloured yellow by iodine, and therefore contain nitrogen. It

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

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

they are simply granules of protoplasm coloured by a green
colouring matter to which the name of chlorophyll properly

applies. This chlorophyll or green colouring matter is a com-
plex substance, consisting, according to Mulder, of wax, and
a matter resembling indigo. An incomplete analysis gives its

composition Cig Hjr No Og. Chlorophyll is only formed under
the influence of hght, it never occurs therefore in structures

removed from that agent, but exclusively on the parts of plants

near the surface. In the autumn it undergoes certain changes
which are not well understood, by which it loses its green
colour, and assumes various shades of red or yellow.

All the colouring matters contained in the cells which are not
green, and to which the peculiar tints of the petals and other

parts are due, are frequently comprised under the common
name of chromule. These are of various natures, and will be
treated of hereafter when speaking of the cause of colour in

plants.

Starch.— There is no substance contained in the cells which
has given rise to more discussion as to its origin and nature than

Fig. 36. starch. It is, with the exception of protoplasm,

_^ * the most abundant and universally distributed of

all tlie cell-contents, occurring as it does, more
or less, in all parenchymatous cells (Jig. 36),

except those of the epidermis. It is, however,

most abundant in the matured structures of a
plant, as in tlie pith of steins, seeds, roots, and
other internal and subterranean organs which

''the Potatifcon-^ ^^^ rcmovcd from the influence of light. In
taining starch- thcsc rcs])ects it jircscuts a marked contrast to
granule*.

chlorophyll, whicli occurs only in young and
vitally active structures, which are placed near the surface of
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Fig. 38.

plants, and directly exposed to light. "When starch occurs in

the active vegetating parts, it is then commonly invested by
chlorophyll granules.

Starch is not only widely distributed through the different parts

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

classes of plants, except

the Fungi. Arrow-root

(Jig. 37), tapioca, sago

(^Jig. 38), tous-les-mois

(fig. 39), and potato

starch {fig. 40) may be

mentioned as familiar

examples of starches

derived from different

plants. In all cases

starch is a transitory

product stored up for

future use, resembling
in this respect the fat ^9- S*"- West-India Arrow-rqot.-^FtV/.

of animals. When thus
meal. Both magnified 250 diameters.

Sago

required for the nutrition of the plant, it is converted previ-

ously, as will be afterAvards seen, into dextrine and sugar,
which are soluble -p-

substances, and can
be at once applied to

the purposes of nu-
trition, which is not
the case with starch

in its unaltei-ed con-

dition, as that is in-

soluble.

Starch is composed
chemically of carbon
and the elements of
water. Its exact com-
position, according
to Payen, being Cj^

39, Fig. 40.

/

/
Fig. 39. Tous-les-mois Fig. 40. Potato starch.

Both magnified 2.50 diameters.

Hio Oio ; the same as cellulose, with which it is therefore
isomeric. Starch, however, never occurs naturally in a perfectly
pure condition, but it always contains a certain proportion of
the peculiar secretions of the plant from whence it is derived.
These impurities can never under ordinary circumstances be
entirely removed, and hence arises the difference in the value of
the various starches used for food and other purposes. Starch
is insoluble in cold water, alcohol, ether, or oils. By the action
of boiling Avater it SAvells up and forms a gelatinous mass.
Iodine when apphed to it gives a blue colour or some shade of

c 3
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violet, the disting^uishing character of starch and some othermat-
ters 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. Tlie blue color 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 dextrine or British gum. A similar

change is produced in starch by the action of diluted sulphuric

acid, and diastase, a peculiar nitrogenous substance occurring

in germinating seeds. Starch was formerly considered as pecu-

liar to plants, and its presence therefore Avas regarded as an
absolute distinctive mark betAveen them and animals. Of late

years however, a substance presenting the chemical reactions

and general appearance of starch has been found in some
animal tissues. Such a distinctive character, therefoi'e, can

be no longer absolutely depended upon.

Starch has been described as occurring in two states, either

in an amorphous condition, or in the form of distinctly defined

granules. Its existence in an amorphous state has been de-

scribed by Schleiden as found in the bark of the Jamaica Sarsa-

parilla, in the seeds of Cardamomum minus, and in the under-

ground stem of Carex arenaria. The existence of starch in

this amorphous condition is, however, by no means clearly

ascertained. Starcli commonly occurs in the form of colourless-

transparent gi'anules, varying in size ; which are either distinct

from each other as is generally the case (Ji'j. 36), or mora
or less combined so as to form compound granules (Jig. 41).

"When fully formed it is usually found floating in the cell-sap,

but in a young state it is attached at one point of its surface

to the protoplasm or primordial utricle, from which struc-

tures, 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. 42);

but they frequently assume other forms, as ovate, elliptical,

more or less irregular, club-shaped, or angular (see figures).

Such arise from the unequal dcvclopmciit of the sides of

the granules, or Irom mutual pressure, the same causes indeed

which give rise in a great measure to the varying forms of the

cells in which they are contained. Starch granules vary also

extremely in size in different plants, and even in the same cell.

The largest granules known a])pear to be those of the Potato

(Jig. 40). and Canna starch, or, as it is commonly termed, "Tous-
les-mois," where they are sometimes as nuicli as the --tn of an

inch in length (Jig. .39) ; while the smallest granules, among
which may be mentioned those of liice starch (Jig. 43), are

sometimes too snnill to be accurately measured, being fre-

quently under ^^ of an inch in length.
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Fig. 41.

Fig. 41. Compound starch granules of WestTlncUa Arrow-root. After
Schleiden Fig. 42. Wheat stareli: magnified 250 diameters. Fig.
43. Rice starcli: magnified 250^diameters.

Starch granules, when fully formed, usually present a small

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

development has taken place; this is called the hilum or

nucleus. 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 con-
centric 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 under-
stood. By some observers, as Nageh, Martin, and Busk,
the starch granule is supposed to be a cell, having a Avail of a
different nature to that of its contents; the appearance of the

concentric striee being then supposed to be due, either to succes-

sive layers of deposit in its interior, the boundaries being thus

visible as concentric lines, as is supposed by Niigeli; or to the

inroUing or involution of the starch cell, as maintained by ^Martin

;

or to the doubling inwards of the wall, so as to form rugae or
folds, as believed by Busk. By those who thus maintain the cel-

lular nature of the starch granule, the nucleus or 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
as to the structure of the starch granule, and that which seems
to me to be the con-ect one, is as follows : — the starch gra-

nule appears originally in the form of a minute rounded body,
which constitutes the nucleus or hilum; whether this be solid or
hollow cannot be positively stated:—around this nucleus, as a
starting-point, there is deposited in the course of growth a suc-

cession of concentric shells or layers of a like nature as regards
their chemical composition, but varying in the amount of water
they contain, the outermost being harder, firmer, and containing

less water than those in the interior, Avhich are nearer to the

nucleus, from Avhich all growth commences. That the different

layers of the starch granule vary in density may be at once proved

c 4
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by the action of polarised light, when each granule usually ex-

hibits a black cross. Those who adopt this view of 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 gene-

ral 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
distinguish 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 the starch granules, little was
known until recently; but now however, by the researches

of Criiger it would appear that they are secreted on the inner

surface of cavities or vacuoles formed in the general protoplasm

of the cell, in the same way as tlie primordial utricle or super-

ficial pellicle of the pjrotoplasm secretes cellulose on its outer

surface (page 56). Hence we find a ready explanation of

a circumstance already noticed when treating of chlorophyll,

namely, the common occurrence of starch granules imbedded in

that substance; for chlorophyll, as we have seen, is probably

nothing more than portions of protoplasm containing a substance

colom-ed green under the action of light, so that starch gra-

nules may as readily be formed in cavities of this coloured pro-

toplasm as in that of any other.

Raphides.— This name is now commonly applied to crys-

tals of any form found in the cells of plants, although the

term raphides (which is the Greek for needles) was originally

given to those only which were shaped like a needle {fig. 46).

They may be found more or less in all classes of plants, and
in all their organs; generally, however, they are most abun-

dant in the stems of herbaceous plants, in the bark of woody
plants, and in leaves and roots. Although they are com-
monly described as occurring only in the cells, they are

sometimes found in the vessels also, which are however, formed
of rows of cells, as will be hereafter noticed, and in inter-

cellular cavities; the occurrence of crystals, however, in the

latter position is jjrobably accidental. In some i)lants they

occur in such enormous quantities that they exceed in weight

the dried tissue in which they are deposited ; this may be

es])ecially observed in some Cuctacea'. ; thus Edwin Quekett
found in the stem of the Old-nuin Cactus (Cereus senilis) as

much as 80 per cent of crystals in the dried tissue. Professor

Bailey also found in a square inch of Locust-bark of the thick-

ness of ordinary writing-paper, more than a million and a half
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of these crystals. The root of Turkey or Kussian rhubarb com-

monly contains from 35 to 40 per cent, hence when chewed it

appears very gritty; and, as this kind of rhubarb contains coni-

monly a larger proportion of raphides than any other, this gritti-

ness has been employed as a means of distinguishing it from

them. The raphides are commonly contained in cells, in which

starch, chlorophyll, and other granular structures are absent,

although this is by no means necessarily the case.

The raphides occur either singly in" the cells in which they

are found, as in the inner bark of the Locust-tree {fig.

44) ; 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 Kumex {fig. 46); or in groups radiating from a com-

mon point, and forming a clustered or conglomerate appearance.

Fig. 44. Fig. 45, Fig. 46.

'"i i{

Fig. 44. Raphides in the cells of the inner bark of the Locust tree. After
Gray Fig. 4.5. Conglomerate rapliides Fig. 46. Aeicular raphides.
Two cells contain raphides, and three of them chlorophyll.

as in the cells of the stem of the common Beet {fig. 45).

In the common Arum and some other Arace«, the cells which
contain the raphides are filled with a thickened sap, so that

when they are moistened with Avater, endosmose takes place,

which distends them and causes them ultimately to burst and
discharge their crystals from an orifice at each end {fig. 47).

Such cells have been called Biforines

In many plants belonging to the families of the Urticaceae,

the Moracere, and Acanthaceae, thei*e may be frequently ob-
served situated generally just beneath the surfaces of the leaves,

or sometimes more deeply, peculiar crystalline structures, to which
the name of Cystolithes has been appMed by Weddell. They
constitute the gummi keulen of Meyen. These consist of an
enlarged cell containing commonly a globular or clnb-shaped
mass of crystals {figs. 48 and 49.) suspended fi-om the top
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Fig. 47. Fiy. 48. Fig. 49.

Fig. 47. Raphides of an Arum being discharged under the influence of
water Fig. 48. Cystolithe, from Parietaria officinalis. After Henfrey.

Fig. 49. Cystolitlie from the leaf of Ficus elastica. After Henfrey.

by a kind of stalk formed of cellulose, upon which the crys-

tals are deposited as upon a nucleus. The crystals are also

found of other shapes besides the globular and clavate in these

Cystolithes. They always consist of oxalate of lime.

The raphides appear to be simple chemical combinations of
the organic and inorganic acids and bases (commonly lime)
whicli are contained in the fluids of the plant. Such crystals,

therefore, vary in composition, those of most frequent occur-
rence consist of oxalate of lime, as in Rhubarb root. The
acicular raphides are also said by some observers to be com-
posed of oxalate of lime, Avhile others state them to be phosphate
of lime; their composition may possibly vary in difterent plants.

Carbonate of lime crystals also frequently occur in ])lants, as

in many of tlic CactacejE. Crystals of tartrate of lime are
found in the old stems of some Cuctacea^ ; those of sulphate of
lime in the Musaceai; and those of other composition occasionally

occur.

Raphides, as might be supposed from their varying composi-
tion, assume different crystalline forms. Some are acicular or

needlc-sliai)ed, (as we have already seen,) with pyramidal ends
;

others, as those of oxalate of lime, crystallize in octahedra and
in right-angled fuur-sided prisms. Carbonate of lime crys-

tals assume a number of forms, but most commonly tliat of
tlie rliomboliedron. Other crystals with a different coniposi-

tion assume a variety of forms, which it is not necessary for us
to allude to.

Section 2. Of the Kinds of Cells and their Connexion
WITH EACH OTUEU.

We have already seen that when cells arc of such forms
that combined together they merely come in contact without
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perceptibly overlapping, they are called parenchyviatous ; but
that when pointed at their ends, so that in combination they
overlap each other, they are termed prnsenchyniatous. 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 from
the cells, and were described under the names of Woody Fibres,

and Vessels or Ducts, but it is now known that they are all

derived originally from ordinary cells, and owe their pecu-
liar appearances, either to various modifications in shape, which
the latter undergo in the course of growth, or to their combi-
nation 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 obseiwed; and also by
tracing their development, 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, therefore, as to the chemical and general properties

of cell-membrane, as well as to the mode of growth and depo-
sition 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, Avhich we have spoken of under the name
of AVood-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, which may be considered as the typical

form of cellular tissue, is composed of comparatively thin-walled

cells, whose length does not exceed their breadth, or in which the

proportion of the two diameters does not vary to any remarkable
extent. Parenchyma has been divided in various ways by
authors, the divisions being founded upon the forms of the
component cells, their modes of cohesion, and other pecu-
liarities. It will be sufficient for our purpose to adopt the simple,

arrangement of Schleiden, which is as follows:

—

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

a. Round or elliptical Parenchyma. {Fig. 50.)—This is formed
of rounded or more or less oval cells, and commonly occurs in

succulent plants, and in those parts where the tissues ai'e of a
lax nature, as in the pulpy portions of leaves and fruits. The
name of merenchyma is frequently applied by authors to this

form of parenchyma. It is connected by various transi-

tional forms with
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b. Spongiform Parenchyma, which consists of stellate cells

(Jig. 51), or of cells with an irregular outline produced by-

projecting rays, and in contact only by the extremities of such
rays, so as to leave large irregular spaces between them. This
occurs commonly in the tissue at the under surface of most
leaves {jig. 80, c), and frequently in the air-passages of plants.

Fig. 50. Fig. 51.

Fig. .50.

Round or elliptical

parenchyma.

Fkj. 51.

Spongiform or stellate

parenchyma,
composed of stellate cells

with three-cornered
intercellular spaces.

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. Begular Parenchyma.—This is formed of dodecahedral
or polyhedral cells, the faces of which are nearly equal. It

commonly occurs in the i)ith of plants {figs. 4 and 5).

b. Elongated Parenchyma, composed of cells elongated in a
longitudinal direction so as to become cyUndrical, or pris-

matic, occurring fre({uently in the cellular tissue of Monoco-
tyledonous Plants {fig. 9).

c. Tabular Parenchyma, consisting of tabular cells. It is

found in the epidermis and other external parts of plants {figs.

80 and 8
1
). A variety of this kind of parenchyma is called muri'

form, because the cells of which it is composed resemble in

their form and arrangement the courses of bricks in a wall {fig.

52). This variety occurs in the medullary

rays of wood, or, as they are commonly
called, the silver grain (see page 83).

Such are the commoner varieties of

parenchyma, all of which are connected

in various ways l)y transitional forms,

which it is unnecessary to describe here.

When ordinary parenchymatous cells

become much thickened l)y soft second-

ary deposits, as in the fronds of many Alg;c, &c., the tissue

formed by them is called l)y some authors colU-nchyma ; or if the

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

fruits, &c., Ilenfrey lias proposed tlie term sterenchyma.

It frequently ]ia))pens that ordinary parenchymatous cells

become thickened by secondary deposits, in such a marmer as

Fif,. />2.

Murifonn parenchyma.
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to form pitted cells, or some variety of fibrous cells. The
combination of these so as to form tissues, constitutes re-

spectively, Pitted Cellular Tissue, and Fibro- cellular Tissue.

These tissues are, however, but slight modifications of true

parenchyma, and are frequently included by authors with the

other varieties under that name.

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

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

from prosenchyma and the tissues formed by the vessels of

plants. To this the names of Tela contexta and Interlacing

fibrilUform Tissue have been given. It occurs especially in

Fungi and in Lichens {fig. 10), and consists of very long

thread-hke 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 fibriUiform

tissue.

The tissues above described constitute the entire structure

of the lower orders of plants, as the Algie, 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. In these higher orders of plants, parenchymatous cells

Fig. 53. Fig. 54. Fig.^b.constitute all the soft and
pulpy parts ; and in cultivat-

ing plants or parts of plants

for culinary purposes and for

food generally, the great ob-

ject aimed at is to develope

this kind of tissue as much
as possible. Parenchyma is

connected by various inter-

mediate conditions with

prosenchyma, which we now
proceed to notice.

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

enchyma is that common-
ly termed Woody Tissue,

{Woody Fibre of the old

writers, Pleurenchyma of

Lindley and Meyen).
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 deposits {fig. 53),
and when in contact with each other, overlapping by their

pointed ends, so that they are firmly compacted together and

Fig. 53. Prosenchymatous cells. Fig.
54. Horizontal section of prosenchy-
matous cells. Fig. oo. Proeenchyma-
tous cells in combination.
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leave no interspaces {fig. 55). The woody portions of all plants

consist in part of this form of tissue. It is also found in the

liber or inner bark mixed with parencliyma, and in the veins

of leaves and those of other membranous expansions of the

stem or its divisions.

We distinguish three kinds of cells Avhich enter into the

composition of Woody Tissue; namely, the ordinary Wood-
cells, the Disc-bearing or Punctated Wood-cells, and Liber-cells

;

these form respectively, by their combination, the ordinary

Woody Tissue, the Disc-beaiing ox Punctated, andWoody Tissue

of the Liber.

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

is composed of cells the sides of which, although thickened

by secondary layei's, either present a homogeneous appearance,

as is more commonly the case (fig. 55), 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, which increase in number as the cells progress in

age, so that in old wood their cavities are often nearly oblite-

rated (fig. 54). This kind of tissue occurs in the wood of most
trees, except that of the Coniferai and allied orders ; and in the

veins of leaves, &c. The peculiar manner in which these wood-
cells are arranged with respect to each other, overlapping at

their pointed extremities, and thus becoming tirmly cemented,

as it were, together, combined Avith the thickness of their walls,

renders this tissue very strong and tough, and thus admirably

adapted for those parts of plants in which it is found, and
where such qualities are especially required.

b. Disc-bearing Woody Tissue. (Glandular of Lindley^

Punctated of some authors.)—This tissue is composed of those

wood-cells called Disc-bearing Wood-cells, which liave been

already described. (See page 13.) This tissue constitutes gene-

rally nearly the whole of the wood of the Coniferaj and allied

order Cycadacea, as well as a portion of the wood of some other

plants, as Wintera aromatica, Illiciumfloridanunu &c. The disc-

bearing wood-cells, hoAvever, in the latter cases, are somewhat
modified, the discs being here found witliout the central ])it or

dot (fig. 24). These disc-bearing wood-cells are much larger

than the otlicr kinds, being often as much as— or — of

an inch in diameter, while the latter are frequently nof more
than v~^, or on an average about —j^ of an inch in dia-

meter.

c. Woody Tissueof the Liber. (Bast Tissue ofsome authors.')—
This consists of cells much longer than ordinary wood-cells

(fig. 57), with very thick walls (fig. 58), and tougher, but at

the same time softer and more ficxihle. Hence these are a
peculiar kind of cells, and have received the distinctive name
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Fig. 56. Fig. 51. Fig. 58.

.^\

of Liber-cells, from their common occuiTence in the inner bark or

liber of stems. This inner bark

is also commonly termed bast or

bass, hence the tissue formed by

the combination of such cells is

called Bnst Tissue. The liber-

cells are sometimes branched

(Jig. 56). Besides the common
occurrence of this tissue in the

liber, it also occm's as a consti-

tuent of the vascular bundles of

Monocotyledonous stems (see

page 72), and also on the out-

side of many stems in the same
class of plants, and in the stems

of Mosses. The veins wliich

form the framewoi'k of all

leaves are also chiefly composed
of this kind of tissue. The
liber-cells are among the longest

that occur in any of the tis-

sues ; according to Schleiden,

they are frequently four or five

inches in length, and in some
plants they considerably exceed
even this

From the peculiar qualities of woody tissue, and especially

of the woody tissue of tlie liber, it is admirably adapted for vari-

ous manufacturing purposes; thus, common Hemp, Flax, New
Zealand Flax, Pita Flax, Sunn, Jute, Chinese Grass Fibre, and
many others, are all composed of the Avoody tissue of different

plants, and will afford illustrations of those in common use for

such purposes. DeCandolle has given the following Table of

the relative strength of some kinds of woody fibres as compared
with silk, thus :

—

•./^

Fig. 56. Upper end of a liher-cell.

Fig. 57. Branched liber-iiell.

After Schleiden. Fig. 58.

Transverse section of liber-cells,

showing the thickness of their

walls.

Silk supported a weight of

New Zealand Flax
Common Hemp
Common Flax
Pita Flax

34
23i

111

Other fibres brought recently from India are even stronger than

the above. While woody tissue is thus shown to possess great

strength when used in the form of what are called fibres, these

also, Avhen macerated sufficiently, form a pulp from which paper

is chiefly manufactured.

All articles manufactured from cotton, which is composed of
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long tubular cells placed end to end, with very thin walls, are

by no means so strong as those made from woody tissue.
' The diiferent kinds of woody tissue arc commonly associated

in the jDlant with other organs also of anelongated tubular cha-

racter, but larger than the prosenchymatous cells of which they

are composed. These constitute the

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

nally given from an erroneous idea of their resemblance to the

vessels of animals, with which however, tliey have no analogy.

The name of duct is also frequently applied to them by au-

thors. By some writers again, a distinction is drawn between

a vessel and a duct, the former term being used to represent a

long tubular cell with tapering ends, having spiral deposits

in its interior; while the latter is used to indicate an elongated

tubular body, which is formed of a row of ordinary cylindrical

cells applied end to end, the partitions- between the cavities of

which have become absorbed so as to form a continuous canal.

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,

spiral, annular, reticulated, and scalariform ducts, or vessels as

we shall in future call them, as more in accordance with general

custom. So long, however, as their nature is remembered, it

is of little consequence which term is used.

a. Pitted or Dotted Vessels.—These constitute by their com-
bination the Pitted or Porous Tissue of some authors, or the

Vasiform Tissue, Bothrenchyma, or Taphrenchyma of others
;

the two latter names being derived from Greek words signify-

ing pits. They either consist of elongated pitted cells with

pointed ends {fig. 9); or, as is generally the case, of a row of

cylindrical pitted cells placed end to end, the intervening parti-

tions of which have become more or less absorbed, so that their

cavities form a continuous canal {figs. .59 and 60). The origin of

pitted vessels from a row of cells of a similar pitted nature, is

clearly shown in many instances by the contractions which their

sides exhibit at various intervals, by which they acquire a beaded

or jointed appearance {figs, i^g and 60) ; for these joints evi-

dently correspond to the points whei-e the component colls

come in contact, and in some cases even we find the intervening

mcml)raue not comi)lctcly absorbed l)ctwccn the cavities, but re-

maining in the form of a network or sieve-like partition {fig. 61).

In the stems of herbaceous plants we may sometimes suc-

ceed in separating these vessels into their com])onent parts,

and thus clearly show tlieir origin from cells. Pitted vessels

generally terminate obliijuely {fig. 61), and, when they combine

with neighbouring vessels, the ul)li(iuc extremities of the latter

are so i)laced as accurately to correspond with the former, in

some cases, however, where the i)itted vessels arc pointed at the
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ends, they overlap more or less by those points {fig. 9). Some-

Fig. 59. Fig. 60.

Fig. 61.

Figs. 59 and 60. Beaded pitted vessels Fig. 61. Pitted
vessel terminating obliquely, and showing that the par-
tition wall by wliich it was separated from the adjoining
vessel has been incompletely absorbed.

times pitted vessels present a branched appearance. They may
be commonly found in the wood of Dicoty- -p-

gg pig 53
ledons, and generally only in that part of

such plants. They are mixed with the ordi-

nary wood-cells, but are much larger than

those and the other tissues found there,

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. 169, v). The pitted vessels are gene-

rally among the largest occurring in any
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. 62), or two or

more fibres {fig. 63) running parallel to

each other. Those with only one spiral fibre are termed
Simple Spiral Vessels; those with more than one, Compound
Spiral Vessels. The latter kind are well seen in the stem
of the Banana and alhed plants, in the young shoots of
the Asparagus, and in the Pitcher Plant, The spiral fibres

of Musa textilis, a plant belonging to the same genus as

the Banana and Plantain, are used for the manufacture of
dehcate muslins in India. The fibre contained within the
spiral vessel is generally so elastic as to admit of being un-

D

Fig. 62. Simple spi-
ral vessels Fig.
63. Compound spi-
ral vessels.
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coiled when the vessel is pulled asunder, in which case

the wall is ruptured between the coils. This may be com-

monly seen by the naked eye by partially breaking the young
shoots or leaf-stalks of almost any plant, 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 observed between them;

in other cases, however, they ai'e more or less separated by
portions of membrane {fig. 62). The latter appearance is prob-

ably 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 spiral cells, although instances occur in which it is

wound in the opposite direction. Balfour says that in the garden

Lettuce, spiral vessels are found, some of which have the fibre

turned to the right, while in others it turns to the left. When spiral

vessels come in contact they overlap more or less at their ends

{fig. 62), and frequently the membrane between their cavities then

becomes absorbed so tliat they communicate with each other. Spi-

ral vessels sometimes present a branched appearance, which is

generally occasioned by the union of separate vessels in a more
or less oblique manner {fig. 65);
or occasionally, it is said, as in the

Gourd and some other plants, by a
division of the fibres of distinct

vessels {fig. 64). Spiral vessels

occur in the sheath surrounding the

pith of the stems of Dicotyledons

{fig. 171, d), in the vascular bun-
dles of Monocotyledons {fig. 167,

sv), and in some of the higher Aco-
tyledons. They also exist in the

petiole and veins of leaves, and of

all other organs which are modifi-

cations of them, as bracts, sepals,

^. oA -o V. ,
^-

, ,
petals. &c. They may be also fre-

Fig. 64. Branched spiral vessel. ^
, n -, • t •

Fig. e,r,. Union of spiral vessels quently found m roots. In size
in an oblique manner. tjicy Vary from tllC ^^77 tO 5^ of an

inch in diameter. The average size is about the —^. Spiral

vessels are sometimes called Trachece or Trachenchyma, from
their resemblance to the tracheal or air-tubes of insects.

Annular, lieticulaUd, and Scalarifurm Vessels.— These con-
stitute the si)urious traclic.-c of some authors.

c. Annular Vessels.— These consist of vessels in which the

spiral fil)rc ajjpcars in tlie fcjrm of rings {figs. 66 and 67). Some-
times tlie wliolc of tlie vessel j)resents tliis ringed ajipearance

{figs. 66 and 67); while in others, we find two rings connected by

Fig. 64. Fig. 65.

j
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one or more turns of a spiral, the two forms irregularly alter-

nating with each other {fig. 68). These vessels are of rarer

occurrence than the other modifications of spiral vessels. In
size they vary from about 4^ to ^^^^ 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 Monocotyledons ; and in Flower-
less Plants. In the latter they exist especially, and. of a very
regular character in the Equisetacea.

Fig. 66. Fig. 67. Fig. 68. Fig. 69. Fig. 70. Fig. 7].

Figs. 66 and. 67. Annular vessels .Fig. 68. Vessel
showing a combination of rings and spiral fibre. j-^--—

,

Fig. 69. Reticulated vessel Fig. 70. Prismatic '
/ S^d^\ r^

scalariform vessels of a Fern Fig. 71. Cylin- ' Sl^^l^ f^^-
drical scalariform vessels of the Vine. ^^

—

d. Reticulated Vessels.— In these vessels the spiral convolu-

tions 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. 69). These vessels are generally larger than

the annular, and of much more frequent occurrence. They are

found in similar situations.

e. Scalariform Vessels.—These are but slight modifications of

the reticulated vessels, and owe their peculiarity to the sides

being marked by transverse bars or lines, aiTanged over one-

another like the steps of a ladder, whence tlieir name {figs. 70
and 71). It is frequently difficult to determine whether this

appearance of lines or bars is caused by the secondary deposits or

fibres, or whether it is not owing to the presence of spots which are

thinner than the surrounding parts of the wall, as 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,

as is the case with the true spiral vessels. Scalariform vessels

thus appear to form an intermediate stage between pitted and
spiral structures. These vessels are sometimes cylindrical tubes

like the other kinds, as in the Vine {fig. 71) and many other

Dicotyledonous Plants, in which condition thev are apparently

d2
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])ut slight modifications of reticulated vessels ; but in their more
perfect state, scalariform vessels assume a prismatic form, as

in Ferns {fiy. 70), of which they are then especially character-

istic.

The annular, reticulated, and scalariform vessels have commonly
tapering points like the true spiral vessels, and thus overlap at

their extremities when they come in contact {fig. 70), 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 forn^cd of rows of cells like

most pitted vessels, and that this is their real origin in such cases

is proved also by the occurrence occasionally of contractions

on the sides of their walls, so that tliey assume a beaded ap-

pearance, such contractions indicating the points where the

component cells come in contact (Jiys. 66 and 71). In rare

instances the true spiral vessels also present similar contrac-

tions 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. 68 and 72),

and thus forming intermediate states of

each other. According to Schleiden and
others, they are not only slight modifica-

tions of spiral vessels, but are actually pro-

duced 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 origi-

nal spiral fibre into rings, the intermediate

portions between such rings becoming ulti-

mately absorbed, lleticulated and scalari-

form vessels again, are said to be formed by
the formation of cross fibres in various directions between the

ct)ils of tlie spiral fibre, so that the s]Mral is converted into

u reticulated or scalariform vessel. Other obsen^ers, espe-

cially Mulil, state positively that tliere is no change produced
in the condition of tlie fibre within these vessels by age, but

that it is always deposited originally in the same condition

which it ultimately assumes, and that the seeming transitional

stages from spiral vessels into annular and reticulated, .are per-

manent intermediate forms l)otween them. The first view, that

whicli lias l)ecn so ably advocated by Schleiden, seems to me
to be most in accordance with the ])osition and ordinary appear-

ances presented by them rcsjx'ctively.

f. Latirifcrous Vessels or YV.v.sMt'.— These constitute the MiVA-

vessels of the old authors. Tliey consist of long branched tubes
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or passages, lying in no definite position with regard to the

other tissues (figs. 73 and 74), and anastomosing or uniting

Figs. 73 and 74.freely with each other like the veins

of animals, from which peculiarity

they may he at once distinguished

from other vessels. In the pith of

the Elder, according to Henfrey,

unbranched laticiferous vessels oc-

cur. When first formed, their

sides are very thin and the ves-

sels are also exceedingly minute,

but they become large and thick-

sided as they increase in age, but

rarely present any pits or spiral

deposits in their interior, as is the

case in the thickened cells and ves-

sels already described. A common
size is the -^ho ^^ ^^ ^^^^^ ^^ ^^"

ameter. They derive their name
from containing a watery fluid called

latex, which Avhen exposed to the air becomes milky, and is either

white, as in the Dandehon, Spurges, 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 analogous
gum-resinous matters, and occasionally, mixed with them may
be observ^ed peculiar-shaped starch granules, as in Euphor-
bia {fig. 75). Laticiferous vessels were first discovered by

Fig, 75.

Fig. 75. Latex
vessels from
a species of
Euphorbia;
the latex
containing
starch grains
of a peculiar
form. From

Schultz, who also described the latex

as constantly circulating in them, and
hence the term Cinenchyma or moving
tissue has been apphed to them. The
movements thus described by Schultz

will be aUuded to hereafter, when
speaking of the physiology of cells.

These vessels occur especially in the

inner bark of Dicotyledons, in the pith, iieufrey.

and in the stalks and veins of leaves.

They are also to be found in the vascular bundles of ^lonocoty-

ledons and all parts which are prolonged from them. In Acoty-

ledons they exist only in the higher orders.

Their nature or origin is by no means well ascertained. By
some vegetable 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. Others again, as Mohl
and Henfrey, consider them as passages between the cells,

d3
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which have originally no pi'oper membrane, but acquire one
subsequently by the deposition of matter of varying thickness

from the secretions which they contain. More recently again,

Schacht has advanced an opinion that they are all liber-cells.

Further investigation is necessaiy before we can therefore

pronounce positively as to their origin or nature. Our own
opinion is, that they vary in their nature in different plants, and
in different parts of the same plant. Trecul has lately endea-

voured to prove that the laticiferous vessels are in direct con-

nexion Avitli the spiral, but we cannot satisfy ourselves of the

truth of this.

We have now described all the different forms of cells, and the

modifications they undergo so as to form vessels. The different

kinds of vessels and woody tissue or fibres, are more or less

united together, and have always a tendency to develope and
arrange themselves in longitudinal or vertical l)undles in the parts

of the plant where they are found, and thus they may be readily

distinguished 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 combination of the fibres and vessels under the collective

name of Fibro-vascular Tissues, or the Fihro-vascular, or Ver-

tical, or Longitudinal System, to distingaiish them from the ordi-

nary cellular tissue, wliioh constitutes the Farcnchymalous, or

common Cellular, or Horizojital System.

4. Epidermal Tissue.— In the higher FloAverless, and gene-

rally in tlie Flowering Plants, the cells situated on tlie 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 or skin. To this layer the term Epidermal Tissue is given.

This is generally described as consisting of two parts: namely,

of an inner portion caUed the Epidermis, and of an outer thin

pellicle to which the name Cuticle is given. By Carpenter,

howev(?r, and some other authors, tliese terms arc used in pre-

cisely the reverse sense ; thus Cuticle to indicate the Epidermis,

and vice versa. We use the term as first mentioned, because

more in accordance Avith general usage, although it must be

admitted ihut the name I<^])idcrmis, signifying as it does, amem-
l)rane lying upon the dermis or skin, would be more appropriate

if applied in tlie latter sense.

a. Epidermis.— This consists of one or more layers of cells,

firmly united together ])y their sides, and forming a continuous

membrane, except at the i)oints where it is perforated by the

Stomnta, ])r('sently to be described {fuj. 91). These cells are

generally of u ilattened tabiiliir character, the sides of which
vary much in their outhne ; thus in the epidermis of the /n.«,

and many other Monocotyledons they are elongated hexagons
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Fig. 76. Fig. 77. Fig. 78.

'

( V ) I ^ "'

/ V.

Kgr. 76. Epidermal tissue from the leaf of the Iris (^Iris germam'ca). p, p.
Cuticle, s, s. Stomata. e, e. Epidermal cells. After Jussieu Fig.
77. Epidermis of the Maize, a. a. Stomata. 6. b- Zigzag reticulations

formed by the sides of the cells Fig. 78. Sinuous epidermis -nith

stomata, from the garden Balsam.

(Jig. 76); in that of the Maize they are zigzag (Jig. 77); whilst

in the Madder, the common Poh^podv, &c., they are very ir-

regular or sinuous (fig. 78); and in the epidermis of other

plants we find them square, rhomboid, &c.

Ordinarily in European plants and others the epidermis is formed
of hut one row of cells (Jigs. 79 and 83), but in tropical plants

we frequently find two (Jig. 80), three, or more, as in the Oleander

(Jig. 81), by which provision that plant is admirably adapted, as

will be afterwards explained, for growth in a hot dry climate.

The upper walls of the epidermal cells are generally much
thickened by layers of secondary deposits, which gradually be-

Fig. 79. Vertical section of the leaf of the Maize, showing the epidermis, a,

formed of one row of cells, with projecting hairs, g,g-

come thinner, and terminate on the side walls (Jig. 82). This

thickening of the upper walls of the epidermal cells may be

especially obser^-ed in leaves of a leathery or hardened tex-

ture, as in those of the Oleander (fg. 81), Aloes, Hoya (Jig.

82), Box, Holly, &c., and in the stems of Cactaceae (fg.

83). These thickening layers upon the inner walls of the

upper or external surface of the epidermal cells were formerly

confounded with the Cuticle or thin pelUcle which is situated

on the outside of the epidermis (Jig. 82, a). Mohl, to whom
D 4
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Fig. 80. Fig. 81.

c-^f-s^^-^

Fig. 80. Section through the leaf of a Banksia. a, a. Epidermis with two
rows of cells, c. Spongiform parenchyma. 6. Hairs which are contained

in little depressions on the under surface of the leaf. After Schleiden.

Fig.Sl. 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.

belongs the merit of first establishing this point, has proposed

the name of cuticular layers of the epidermis (fig. 82, 6), for these

secondary deposits in the epidermal cells.

Fig. 82. Fig. 83.

Fig. 82. The epidermis of Iloya camosa treated with caustic alkali, a.

The cuticle separating : 6. the swollen, laminated, cuticular layers of the

epidermal cells. After Mohl Fig. 83. Tliickened epidermal cells of a
Cactus. After Schleiden.

The cells of the epidermis are always filled with colourless

fluids ; the green or other colours wliich leaves and otlier organs

assume is due tlierefore to colouring matters of various kinds

which arc situated in the subjacent parenchymatous cells, and
which sliow through the transparent epidermis. In tlie epider-

mal 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, tliat, if the organic

matter be removed by the agency of heat or acids, a perfect

skeleton of the structure will be obtained. These substances arc

probably deposited in the walls of the cells.
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The epidermis covers all parts of those plants upon which it is

found which are directly exposed to the air except the stigiaa, and
it is in all cases absent from those which Hve under water. In
the Fungi, Algre, and Lichens, it is altogether wanting. The
young branches of trees are always covered with epidermis,

which is replaced at a subsequent period by a layer or layers

of cork. The roots of plants are invested by a modified epi-

dermal tissue to which the term Epiblema has been given by
Schleiden. This consists of ceUs with thin walls, without stomata,

but possessing cellular prolongations externally, called Hairs,

which will be described hereafter (p. 121 ). The inner surface of

the ovary, the canal of the 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 Epithe-

lium has been given by Schleiden.

b. Cuticle.— This consists generally of a thin pellicle, which
covers the entire surface of the ^r- g^
epidermal cells (Jigs. 82 a. and
84), with the exception of the

openings called stomata. It

forms a sheath also over the

hairs. The cuticle has no
cellular structure, but is a per-

fectly homogeneous membrane.
It is frequently prolonged into

the openings of the stomata,

and from thence into the passages which conmionly exist between
the sides of the cells below the epidermis (Jig. 86), and may then
be separated by boihng in nitric acid as a somewhat funnel-

Fig. 84. Cuticle of the Cabbage, showing
that it is perforated by the stomata, and
forms sheaths over the hairs.

Fig. 85. Fig. 86.

Fig. 85. Cistome from Cereus peruvianttg. After Gasparrini F'ig. 86. Cis-
tomes of Ornithogalum nutans, ramifying in the intercellular passages beneath
the epidermis, and becoming connected with one another. After Gasparrini.

shaped bag (fig. 85). To this prolongation of the cuticle, which
Gasparrini first described, and which he wrongly regarded as a
peculiar organ, he gave the name of Cistome.

In rare cases, the cuticle, which is generally a very thin pelli-
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cle, becomes of considerable thickness, as in the upper surface of

Fig. 87.

Fig. 87. Section of a leaf of Cycas
revoJuta, showing the epidermis 6,

covered bv a thickened cuticle a.
After Schleiden.

the leaves of Cycas, &c. (Jig. 87).

The nature of cuticle has given
rise to much discussion, and cannot
be said to be as yet accurately

determined. By most observers

it is regarded as an excretion from
the epidermal cells, which has be-

come hardened on their surface;

others again, regard the cuticle as

the permanent original outer wall

of the parent cells of the epider-
mis, which has become chemically altered by the action of the
air. Mitsclierlich, again, considers it as a substance analogous
to cork, and thus adapted to prevent moisture from penetrating
the tissues beneath. "We shall refer again to its nature, when
speaking of the Intercellular substance with which it is supposed
to be analogous. A homogeneous membranous layer resem-
bling, if not actually identical with cuticle, is found upon the
surface of plants living under Avater; and upon that of the Algce,
Lichens, and Fungi, which have no true epidermis. The outer
membrane of most spores and of pollen grains is of a similar

nature to the cuticle, which fact, as argued by Schacht, is a strong
evidence of the latter being an excretion from the epidermal cells,

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 in-

ternal tissues and the external air {figs. 90 and 91, s)\ hence
they are also commonly called breathing pores. These orifices

are surrounded by cells of a different form from those of the

epidermis, and which usually contain some chlorophyll granules.

There are generally but two cells surrounding the orifice,

Fig. 88. Fig. 89.

.i

1

Fiu- 88. Epidermis of the Lily, with etomata Fifj. 89. Stoma of J/or-
cltantia poli/morplia (IlepaticacesB). After Carpenter.

which are commonly of a more or less semilunar form (Jigs. 76
and 88), so that the whole has some faint resemblance to the
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lips and mouth of an animal, and hence the name Stomata
applied to such orifices (a-rSfia, 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 Avhich 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
(HepaticacecB), the stomata are rounded apertures between the

epidermal cells, surrounded by three or more tiers of stomatal

cells, each tier being itself composed of four or five cells, the

whole forming a kind of funnel or chimney (fig. 89).

Upon making a vertical section through the stomata, we find

generally that the stomatal cells are placed nearly or quite on
a level with those of the epidermis. In other cases, however,
and especially when situated upon leaves of a leathery or hard-

ened texture, the stomatal cells are below the epidermal ones,

while in some rare instances again they are above them (fig. 89).

The stomata vary in form and position in different plants and
in diff'erent parts of the same plant, but they are always the

Fig. 90. Fig. 92. Fig. 93.

Fig. 91.

Fig. 90. Vertical section of the epidermis of Leucaclendron decorum, showing
e, e, the epidermal ceils, with the stomatal cells, s, with elevated mar-
gins, m,m Fifj. 91. Vertical section of the epidermis of the Iris. s.

The stomate. e. Epidermis, p. Parenchyma beneath the epidermis. 7.

Intercellular space into which the stomate opens- Fig. 92. Epidermis
of Buniex Acetosa, with rounded stomata, a Fig. 93. Square stomate
of Yucca gloriosa.

same in any particular part of a plant. The most common
form is the oval (figs. 76, 77, and 88); in other instances they

are round (fig. 92, a) or square (fig. 93). They are either

placed singly upon the epidermis, at regular (fig. 76), or irregu-

lar intervals (fig. 92), or in clusters, the intervening epidermis

having none (fig. 94). In the Oleander (Nerium Oleander') we
find httle pits beneath the epidermis of the under surface of the

leaves which contain a number of hairs, and A^ery small stomata
on their sides (fig. 95).
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Fig. 94.

^V T-\--..-

/A ^

Fig. 94. Eijidennis of the leaf of a species of Saxifrage, showing clustered
stomata, «. with intervening spates, e, e, in which they are absent.
Fig. 95. Vertical section of the leaf of Oleander, c. Cavity filled with
hairs, with stomata at their sides, p. Parenchyma, e. Epidermis.

The number of stomata also varies considerably. The fol-

lowing Table will give some idea of their abundance in the

leaves.

Stomata in one square inch of surface.
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on the upper surface. They occur also on the young green
shoots of plants and on the parts of the flower, and in the

interior of the fruit of the Wall-flower, and on the seed of

the walnut. In such plants as have no true leaves, as the Cac-
taceae, they abound upon the green succulent stems. They
are commonly only found on those parts which are furnished

with a true epidermis, and are accordingly absent in roots and
all submersed parts of plants. They are also absent in pale

parasitical plants, from the epidermis of plants growing in dark-

ness so as to be blanched, and from the ribs of leaves.

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 of true epidermal cells, which are subse-

quently placed on a level with these, or become pushed down-
wards or upwards, according to the ultimate position of the

stomata We hold the opinion taken by Mohl as to their origin,

which we think is proved by the frequent occurrence of chloro-

phyll in the stomatal cells, such substance not being found in

the epidermal cells. While observers differ as to the origin of
the stomatal 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 sto-

matal cells, according to the usual mode of cell-division, to be
afterwards described (see p. 58): these ultimately separating
from each other in the line of partition so as to leave an orifice

or interspace between, and thus, accordingly as we have the
division of the cells which form the stoma into two or four
parts, so we have the orifice bordered by two or four stomatal
cells respectively.

5. Appendages of the Epidermis.— Upon the surface ofthe
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
collectively Appendages of the Epidermis. We shall treat of
these under the two heads of Hairs and Glands.

1. Hairs.—These are thread-like prolongations externally of
the epidermal cells and covered by cuticle (figs. 79, g, and 84).
They may either consist of a single cell, when they are called simple

(figs. 96, 97, and 98) , or of several cells, when they are called com-
pound (figs. 103 and 104). Simple hairs may be undivided (fig.
96), or forked (fig. 97), or branched (fig. 98). A very beautiful
form of a simple hair is that called Stellate, as seen in Deutzia
scabra, Alyssum, &c. (fig. 99); this is formed by a cell dividing
horizontally into a number of parts which are arranged in a star-
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like form {fig. 100). Compound hairs may be also undi%'ided,
as is more frequently the case {figs. 103 and 104), or branched

Fig. 96. Fig. 97. Fig. 98.

V V J

Fig. 100.

Fig. 99.

Fig. 101. Fig. 102.

Fig. 96, Simple unbranched hair of the eomtnon Cabbage Fig. 97. Forked
hair of Whitlow-grass (Drabn). Figs. 98 and 99. Branclied stellate

hairs of Alyssum Fig. 10(1. Stellate hairs from Allh(jea officinalUt.

Fig. 101. Branching hair of n species of Marrtihium. Fig.\Q2
Branclied hair of Allernanthera (urilluris. From llenfrey.

{figs. 101 and 102). The component cells of such hairs may be

also variously arranged, and thus give a variety of forms to

them. Commonly the cells of such hairs are placed end to end
in a single row, so that they arc more or less cylindrical ; when
the component cells are contracted at the ])oints where they

come in contact, they form moniliform or necklace-shaped hairs

{figs. 103 and 104). "When tlic cells below are larger tlian those

above, so that they gradually tajicr upwards to a point, they are

conical; or when gradually larger from the base to the apex, they

are clavate or club-.sh(tpe(l {fig. 105); or when suddenly enlarged

at their ai)ex into a rounded head, capitate {fig. 106); when they

are terminated by a hook on one side j)ointing downwards, they are

uncinate or lioohed {fig. 107); or if presenting two or more hooks
at their apex, they are glochidiate or barbed {fig. 108). Such
hairs again, instead of being erect, or more or less obliijue upon
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the epidermis, may develope horizontally and form a stellate

hair, as in the Ivy (Jig. 109), &c. ; or two cells may develope in

Fig. 103. Fig. 105. Fig. 106. Fig. 107.

Fig. 110.

Fig. 103. Moniliform hair ofVirginian spiderwort {Tradescantia virginica).

Fig. 104. Moniliform hair of Marvel of Peru iJIirabilis Jalapa) .

Fig. 105. Clavate hairs Fig. 106. Capitate hairs Fig. 107. Hooked
hairs Fig. 108. Glochidiate or barbed hairs Fig. 109. Stellate

hair from the Ivy. . Fig. 110. Peltate hair from MaJpighia urens.

opposite directions from another cell raised above the level of

the epidermis, by which a shield-like or peltate hair is formed

{fig. 110). Besides the above more ordinary forms of hairs,

others also occur, which it is unnecessary to

mention. Many of the above forms are also

found in simple hairs, as well as in com-
pound ones, and the figures are taken in-

differently from either. Many hairs have
one or more spiral fibres in their interior as

those on the seeds of Acanthodium, &c.
Such frequently form beautiful microscopic

objects {fig. 111).

When the divisions of a stellate hair are

closely connected they form a scale or scurj,

which may be considered therefore as a mere Fig.

modification of such a hair. A scale may be
defined as a flattened, membranous, more or

less rounded plate of cellular tissue, attached
by its centre, and presenting a more or less irregular margin from

111. Uairs with
spiral fibre in their
interior, from tlie

skin of the fruit of
Salvia Horminum.



48 ORGANOGKAPHY.

the prolongation of its component cells ifig. 112). These
scales are particularly abundant on the surface of some plants, to

which they communicate a scurfy or silvery appearance, as in

the Elseagnus, &c. Such a surface is said to be lepidote, from
lepis, the Greek term for a scale. Other modifications of hairs

which are allied to the above, are the ramenta or ramenta-

ceous hairs so abundant upon Ferns (Jig. 113). These consist

of cells (fig. 114) combined so as to form a brownish flattened

scale attached by its base to the surface of the epidermis from

whence it grows.

Fig. 112. Fig. 114.

Fig, 113. Fig. 115.

F,(l. 112. Scale or radiating hair of the Oleaster (^Fheaoivis). Fig. 113.

ilamenta from tlic rachis of a Fern Fiff. 114. Komentaceous hair.

Fi(/. \h^>. Prickles oil Kose-branch.

When the hairs arc composed of cells which arc short, and

liave their sides thickened by secondary deposits so that they form

stiffened processes, tiicy arc then called seUe or bristles, and the

surlace is termed setose or setaceous. These slightly raodihed,
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Fiq. 116.

form prickles, which are defined as large hardened processes

terminating in a sharp point, and springing from the epidermis

or the bark of plants {fig. 115). They are especially abundant
on the stems of the Rose and Bramble. These must be dis-

tinguished from spines, to be hereafter described when speaking
of branches. (See p. 109.)

The hairs above described commonly contain

fluid of a watery nature, which may be colour-

less or coloured. In other instances they are

filled with various special secretions usually

of an oily or resinous nature, under which
circumstances they are termed ylaiidular hairs,

and will be again mentioned under the head
of glands, to which they properly belong. The
other* kinds of hairs, namely those without

secretions, have been called by Lindley and
others, lymphatic hairs.

Hairs occur upon various parts of plants,

and, according to their abundance and na-

ture, they give varying appearances to them,

all" of Avhich are distinguislied in practical bo-

tany by special names. The more common
position of hairs is upon the leaves and stems,

but they also occur on the parts of the flower,

the fruit, and the seed. The substance called

cowhage or cowitch is the hair covering tlie

legumes of Mucuna 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

various kinds of liber-cells already described

(see page 30), from the circumstance of its component cells

collapsing when dry from not possessing any stiff thickening
layers, so that it then resembles a flat band, more or less twisted,

with thickened edges {fig. 116, a); while liber-cells from con-
taining thickening material in their interior, always maintain
their original cylindrical forms and tapering extremities {fig.
116, b). On young roots we tind cells prolonged beyond the

surface which are clearly of the nature of hairs, and have
accordingly been termed radical hairs {fig. 232). Thehairs which
occur on the parts of the flower frequently serve an indirect

part in the process of fertilization, by collecting the pollen or

fructifying powder which falls from the stamens; hence such
are termed co//ec<i«(/ hairs {fig. 117). A peculiar kind of col-

lecting hair occurs on the style of the Campanulas or hare-bells,

the upper part, at the period of fecundation, being retracted

within the lower (j?5r. 118). In some cases we find different

parts of the plant becoming transformed into hairs. Thus in

Fig. 116. o. Cotton.
h. Flax fibres.
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the Wig-tree (Rhus Cotinus) {fig. 119) the flower-stalks become
converted into hair-like prolongations, and in many cases, the

Fig.Wl. Fig.US. Fig. 119.

Fig. 117. Pistil of Bell-flower {Campamda), with its style
covered witli collecting hairs Fi<j. 118. Magnified repre-
sentation of two of the collecting hairs of the Bell-flower.
a. The hair in its normal position, b. The hair with the
upper part partially drawn within its lower. From Schleiden.

Fig.'i'iQ. Flowering branch of the Rhus Cotinus, or ^\ ig-tree, with
one branch bearing fruit and the others covered with hairs and sterile.

calyx of the Compositce and allied orders, present a hairy-

character.

2. Glands.—This name properly applies only to cells which
secrete a peculiar matter, but it is also vaguely given to some
other superficial appendages. Glands have been variously di-

vided by different authors: thus by some, into external and
internal; by others, into simple and compound; while others

again, have adopted different classifications. The simplest ar-

rangement, and the one which we shall adopt, is into external

and internal glands.

a. External Glands.—These may be again divided into .s^atterf,

and sessile or not stalked. The stalked glands are those which
are commonly called glandular hairs. They are formed of a
single cell, dilated at its apex by tlie peculiar fluid it secretes

(figs. 120 and 121); or of two (fig. 124) or more secreting cells

(fig. 125) ]»lac('(l at the end of a hair; or they consist of a mass
of socntini; cells (figs. 122 and 123). Sessile glands jiresent

various appearances, and consist, like the former, of either

one secreting cell (fig. 127), or of two or more (fig. 126).

Those with one secreting cell placed above the level of the

epidermis are frequently termed papuhv or papilhc. It is to

their jtrescnce upon the surface of the ice-jdant that the

peculiar crystalline appearance of that plant is due. When
sessile glands consist of cells containing soUd secretions so that
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Fig. 120. Fig. 121. Fig. 122. Fig. 123.

Fig. 124. Fig. 126. Fig. 127.

Ftg. 120. Stalked unicellular gland of Salvia Fig. 121. Stalked uni-
cellular glands of Frogsmouth {Antirrhinum majus) Fig. 122. Stalked
mauy-celled gland of Ailanthus glandulosa. From Meyen. Fig.1'23.

Stalked many-celled gland from Begonia pJafani/olia. From Meyen.
Fig. 124. Many-celled hair of Frogsmouth, terminated by a glandular
summit, which consists of two secreting cells Fig. 125. Stalked gland
with four secreting cells. Frcn Meyen Fig. 126. Sessile many-celled
gland from the common Hop {Ilumulus Lupulus), commonly termed
lupulinic glands Fig. 127. One-celled sessile glands, termed j^apukp, or

papilla:.

they form hardened spherical or other appendages upon the

surface of the epidermis, they are termed verruca or warts.

When a sessile gland contains an irritating fluid, and is elon-

gated above into one or more hair-like processes, which are

placed horizontally {fig. 128), or vertically {fig. 129), we ha^-e

a sting formed. Stings are sometimes arranged under the head
of stalked glands. In the Nettle {fig. 129), the sting consists

of a single cell, enlarged at its base 6, 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 sting

enters the skin, while the irritating fluid is pushed up at the same
time into the wound by the pressure thus occasioned, and by the

elastic force of the surrounding epidermal cells. If a nettle

e2
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instead of bcinj? 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.

Fig. 129,
Fig. 128.

Fig. 128. Sting of a species of INfalpighia.

c. Epidermis, h, h, g. Glandular appa-
ratus Fig. 129. Sting of the conimon
Kettle ( tXi'ca f/(0(c«), consisting of a
single cell with a bulbous expansion at
its ijase, b, and terminated above by a
swelling, s, and containing a granular
irritating fluid, /. w t. Epidermal ceils
surrounding its base.

b Internal Glands.—These are spaces containing secretions,

situated below the epidermis, and surrounded by a compact
layer of cells {figs. 130 and 131). They are closely allied in

their nature to receptacles of secretion (see p. 54) ; in fact,

in many cases, can hardly be distinguished from them, hence
it would be probably better altogether to refer them to those
organs. In some cases they are of small size, as in the leaves

Fig. 130. Fig. 131.

Fig. If'.O. Gland from the leaf of the common Rue {Hiila graveolens).
g. Gland surrounding a cavity, I, and itself surrounded by the epi-
dcrmiii. c, and the ordinary cells of tlie leaf, wc. Fig. 131. Internal
glands or cy«te from the rind of an orange.

of the 1\nc (fig. 130), Dittany, Myrtle, Orange, Lemon, St.

John's Wort, &c. In such K-avos they may be readily obscn-ed
by holding them up against the light, when they ajjpcar as
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little transparent spots, which appearance is due to the oily

matters thoy contain refracting tlie hght in a different manner
to the parts surrounding them. In some instances they 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. 131), Lemon, Citron, &c. Internal glands are

very common in many plants, besides those above mentioned

:

thus in all the Labiate Plants, as jMint, Marjoram, Thyme,
Kosemary, 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. Lately Brongniart
has described what he calls internal glands, in the interior of

the ovaries of some Monocotyledons.
Besides the above-described external and internal glands, the

true nectaries of flowers are also of a glandular nature, and hold
a sort of intermediate position between them. They may be
termed, therefore, nectariferous glands. They are well seen at

the base of the coloured leaves of the flowers of the common
Buttercup {fig. 132) and Crown Imperial {fig. 133). 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 secre-

tion at certain periods, and may be considered therefore as of

a glandular nature.

Fig. 132. Fig. 133. Fig. 134.

Fig. 132. Petal of the Ranunculus with a nectary at
its base Fig 1S3. Petal of Crown Imperial {Fri-
tilJaria imperiaUs), with a nectariferous gland at
its base. . Fig. 134. Lenticels on the branch of
a species of Willow.

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. 134). They have, however, no analogv with glands,

E 3
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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 ditferent periods before

their structure was properly understood.

6. Intercellular 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 intercellular system. The cells

being, in the greater majority of cases, bounded by rounded
surfaces, or more or less irregular outlines, it must necessarily

happen that when they come in contact they can only touch
at certain points, by which interspaces will be left between
them, the size of which will vary, according to the greater or

less roundness or irregularity of their surfaces. When such

spaces exist as small angular canals running round the edges

of the cells and freely communicating with each other, as is espe-

cially evident in round or elliptical parenchyma (fig. 1), they

are called intercellular passages or canals ; but when they are of

large size, as in spongiform tissue, intercellular spaces (figs. 51

and 80, c). In most cases these spaces and canals are filled with

air, and when they occur in any organ exposed to the atmo-
sphere which possesses stomata, they always communicate with

them, by which means a free passage is kept up between the atmo-
sphere and the air they themselves contain. The laticiferous

vessels, as we have already seen, appear in many cases at least

to be formed out of the intercellular canals. In water plants these

intercellular spaces are commonly of large size, and bounded by
a number of small cells regularly arranged, by which they are

])rcvented from communicating with each other, or with the

external surfaces of the organs in Avhich they occur (fig. 135).

Such are commonly termed air-cells or

cavities. In these plants they evidently

fulfil the important services of enabling

tlicm to float, and supplying their interior

with air. In other instances we find large

air cavities, as in the stems of Grasses,

Eushes, Umbelliferous Plants, &c., which
ajjpear to have been formed by the de-

struction of the intenial tissue by the

more ra])id growth of their outer por-

tions. These intercellular canals or

sjiaces frequently act as recejitacles for the

jteculiar secretions of the plant; in which
case they are termed litscrvoirs or liecep'

In many cases these arc closely allied to

the internal glands already described (figs. l.'iOand 131). They
vary much in form, but m*e usually more or less elongated. In

Fif). l.Vi. Air-ceUs or

cavities liom tlic ntimof
Limnocfiftiig Vlinnicvi,

tides of Secretion.
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the Coniferre they contain turpentine, and ha^-e therefore been

termed turpentine vessels. They occur in such plants in the

wood, bark, and other parts; those in the wood are 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. 136). These receptacles are

Fig. 136.

Fig. 13G. Fruit of Parsnip (Pasfinaca sativa) a. Dorsal surface, h. Hori-
zontal section of the fruit. a,b,b,c,c. Primary ridges. 1,2,3,4,5,6.
Vittae.

found especially in certain orders of plants, to which they com-
municate important properties.

Intercellular Substance.—The spaces above described as occur-

ring between the sides of cells, appear in some few cases to be

filled up by solid matter, to which the name of intercellular sub-

stance has been given. This appears to be of the nature of

cuticle, and in some instances, as we haA^e seen, it is in connexion

with that structure through the orifices of the stomata, forming

with it the so called p- ^37^ jp- ^gg^
cistome, (see p. 41).

Formerly this inter-

cellular substance was
supposed to be uni-

versally distributed be-

tween the cells glue-

ing them together as

it were, and in some
plants occurring in

great abundance; as
in mnn-i' Alo-<v. tViA ^^O' '^^'- Section of the alhumen of tlie seed of
in man} Algre, the Betel-Nut Palm (Areca Catechu).

hornv albumen of Fig. laS. Tlie same, after treatment with sulphuric

seeds, between the
-'l and iodine. After Hentrey.

collenchymatous cells of the common Beet, Sec. In these cases

the intercellular substance has now been proved to consist

really of secondary deposits inside the cells, as may be seen

E 4
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by any one by the application of iodine and dilute sulphuric acid

tosuch tissues (^(/.s. 137 and 138). The existence of this intercel-

lular substance has been even denied altogether, but by far the

majority of observers agree as to its presence, to some extent at

least, in plants. Further observations are however needed be-

fore we can arrive at any definite conclusions respecting it.

Section 3. Formation and Growth of Cells.

The subject of cell-formation or cytogenesis, has of late years

engaged the attention of many able physiologists, by whose united

labours we have now arrived at tolei'ably definite conclusions upon
the main pointsof the inquiry, although many of the subordinate

ones are still involved in obscurity. 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; but we shall confine

our attention to a general outline of the subject.

Cells can only be formed from a thickened fluid which is

contained in the interior of cells, or has been previously elabo-

rated by their agency; hence cells can in no case be formed
without the influence of living organisms. The fluid which
thus forms the pabulum for the formation of cells, and which
must necessarily contain all the materials which ultimately enter

into the composition of those cells, has been appropriately

termed protoplasm, the nature of which we have already fully

described. By other observers this formative matter of cel^

has been variously called organizable matter, vegetable mucilage,

cytoblastema, &c.

All 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, the second Cell-division.

1. Free Cell-formation.—Wedistingui.'»h two modifications

oi free cell-formation. 1. Free cell- formation from a nucleus or

cytoblast, and 2. Without the previous formation of a nucleus.

1. Free Cell-fonvation from a nucleus.—This mode was first

discovered by Schleidcn, who considered it to be the only ])ro-

cess of cell-formation occurring in plants. Subsequently he
modified his views materially, not only as regarded the manner
in which it took ])lace, hut also as to its universality, and he
now admits that it is only one ])rincipal mode of cell-formation.

The man!icr in which it is su])i)oscd to take place is as follows

{figs. 139 and 140): — a ])ortion of the jirotojilasm collects

into a more or less rounded or somewhat oval form, with a
defined outer border, thus lormingthe nucleus of the cell; upon
this a layer of jirotoplasni is dcixtsitcd, which assumes the form of

a meml)rane, and expands so as to form a vesicle; on the outside

of this a cellulose njcnibrane is secreted, and the fornmtioD of
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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

utricle and the nucleus has been
already spoken of in treating of

those bodies (see p. 7 et seq.). This

process of cell-formation is some-
what diiferently described by
Henfrey thus: "The new cell is

formed by a portion of the parent

primordial utricle separating itself

from the rest of the protoplasm, as-

suming a globular or oval form,

and secreting a cellulose mem-
brane upon its surface, so as to

form a new cell, lying free in the

cavity of the parent primordial

utricle." The antecedent forma-
tion of a nucleus is not here al-

luded to, except the separated

portion of the primordial utricle

is to be regarded as such; alto-

gether Henfrey appears to consi-

der the nucleus as by no means an

Fig. 140.

Fig. 139.

t\y. i;i!<. Cells tium the embryo-sac
of Chumadoreu Schieckitna in the
act of formation, a. Tlie youngest
part, consisting of nuclei and pro-
toplasm, b. Newly formed cells,

c, d. Cells still further developed,
M'ith nuclei adhering to their sides.

After Schleiden.

Fig. 140. 2. The part of /i;;. 139, 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 by pressure. 8. The cells of^j;. 139, d, in a higher degree of develop-
ment, the cell-walls having already united. After Schleiden.
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important element in free cell-formation, indeed, if his view
of this formation be correct, it appears to me that it can only

be retjarded as a modification of the process of cell-division.

In Flowering Plants free cell- formation only occurs in the

embryo-sac, in which part both the germinal vesicles and the

cells of the albumen (endosperm) originate according to this

method. In the Flowerless Plants it is regarded by some ob-

servers, as the mode by which the spores of Lichens, and some

of the Algjc and Pungi, originate; by Henfrey and others, how-

ever, their formation is believed to be due to a modification of

the process of cell-division.

2. Free Cell-formation without 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 as such in most instances by far the greater

number of observers. In some cases, however, no nucleus can

be detected in a cell previous to the formation of other cells

free in its cavity; hence it is quite clear that the presence of the

nucleus cannot always be regarded as essential, but that the

separation of a portion of protoplasm from the general mass,

which takes place under such circumstances, must be capable of

acting as one, and thus to cover itself with a membrane and
form a cell. This, according to Mohl, frequently occurs in the

formation of the spores of the Algte, &c.

In the ordinary course of vegetation, free cell-formation can

only take place in the protoplasmic fluid contained in tlie in-

terior of cells forming ])arts of living tissues, although, 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."

2. Cell-division.—This mode of cell- formation is also called

by authors parietal cell-formation, and merismatic or fissiparous.

It maybe treated of under two heads, namely : I. Cell- division

without ahsnrption of the jvalls of the parent cell, and 2. Cell-

division with absorption of the ivalls of the parent cell, arid the

setting free of the new cells.

1. Cell-division loithout absorption of the walls of Oie parent

cell.—Tliis mode of cell formation was first discovered by ISIohl,

whose oi)inions were afterwards ably supported by Ilenfrcy

and Mitschcrlich. According to these physiologists, (and their

observations have now l)ecn confirmed in all essential parti-

culars by various subseciuent observers,) this process is the one

by whirh all ve;:ctating or growing i)arts of plants, whether

Flowering or Flowerless, are produced and increased ;— all

increase in the mass of the ditferent organs is therefore due to

its agency. The manner in which it takes place is as follows:

—

The ]irin'iordial utricle or the protoplasmic lining of the cell,
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becomes gradually constricted on all sides {fig. Ul, a,b,c,d),
thus folding inwards, and ultimately dividing by a kind of

Fig. 141.ah c d

Fig. 141. a. Cell of Conferva glomerata, with the cell-contents constricted

by the half-completed septum, b. A half-completed septum in whicli a
considerable deposition of cellulose has already taken place, c. A septum
in course of development, after the action of an acid, which lias caused
contraction both of the primordial utricle (a) and the cell-contents (6).

d. Complete septum split into two lamellae by the action of an acid.
After Mohl and Henfrey.

hour-glass contraction the original primordial utricle and the

contents of the cell Avithin it into two distinct portions, each
portion of the primordial utricle then secretes a layer of cellulose

over its whole surface, and where these portions are in contact

"VN-itli the original wall of the primary cell they only form new
layers of thickening to it, but when separated from the wall, as

is the case where the infolding takes place, they form distinct

cellulose membranes, which will be, however, continuous with
those layers of thickening. The original cell thus becomes
divided into two; each of these then has the power of growing
until it reaches the original size of its parent, and then either, or

both, may again divide in a similar manner until the plant, or

organ, of which they form a part, is completed.

In this mode of cell- formation, it is by no means evident what
function the nucleus performs. That this is unimportant is

clear, because cell-division as above described may take place,

as it does in some of the lower orders of plants, -without the pre-

sence of that body. In the higher orders of plants, however,

the original nucleus of the cell appears to undergo subdivision

into two halves, as is the case with the other contents, so that a
nucleus is thus formed for each new cell into Avhich the parent
cell has been divided. In other cases, however, separate nuclei

are formed for the secondary cells, instead of the original

nucleus dividing into two.

In some of the lower kinds of plants, a modification of this

process of cell-division lakes place ; it consists in the formation

of the secondary cells, as little bud-Uke prominences on the sur-

face of the primary cells, either at their extremities, as in the

Yeast plant (fig. 142), &c., by which the plant is increased in

length ; or on the side of the primary cell when branches are

produced, as in some Confervie (fig. 143), in the fibrilliform cells
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of Fungi and Lichens, and in other cases; probably mucli more
frequently than is commonly supposed. The mode in which

Fia. 142. Fig. 143. Fig. 144.

m
Pi"!7. 142. Yeast plant in process of development Fig.\^. Conferva
glomerata, showing the progressive formation of ramifications (6, c, </, e)
from its side. After Mohl Fuj. 144. Formation of the pollen in All/up.a
rasi'.a. After Mohl and Ilenfrey. a. shows four nuclei in tlie parent cell,

and four septa commencing to be formed. The primordial utricle and
cell-contents are contracted by the action of alcohol, h. The development
of the septa more advanced, c. The primordial utricle removed fror» the
parent cell, but not yet completely divided into four parts, d. The
division of the parent cell into four parts completed.

this budding occurs may be thus described. At a certain point

the primordial utricle 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. 143, b), this continues to elongate until it forms a tubular

l)rojcction, c, on the side of tlie primary cell. Tlie cavity of this

projection is at first continuous with that of the cell from whence
it spnin*;, but after it lias acquired a certain definite length, its

primordial utricle becomes constricted at the point of contact

with tbc primary cell, d, and ultimately forms a partition be-

tween them, as in the ordinary ja-ocess of cell-division. In some
cases, as in the fi^rmation of tlie fibrilliform cells of Fungi and
Lichens, no jjartitions are formed but all the branches commu-
nicate with each other (fig. 10). This process of cell-divisiou

is termed gemmation or budding.

2. Cell-division ivilh absorption of the trails of the parent cell^

and tlie setting free of the new cells.—The ]>ollon cells in the

anthers of all Flowering IMants, and the sjiores of most Flower-

less Plants, are formed by this i)rocess. The manner in which it
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commonly takes place in the formation of pollen, is as follows :-—

{Jig. 144) ; the primordial utricle of each parent cell becomes
infolded as in ordinary cell- division, 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 ; these,

four portions are called special parent cells ; the whole of the

protoplasmic contents in each of these then secrete a layer of

membrane on their outside, and we have thus four perfect cells

formed in the cavity of their parent. As these continue to

enlarge, the walls of the parent cells, and subsequently those of

the special parent cells, become in most cases absorbed, and the

cells being thus set free, the process is completed. The manner
in which the spores are formed in the higher Flowerless Plants is

substantially the same in most cases. It sometimes happens, how-
ever, that in the development of pollen and spores, the special

parent cells are not formed, as has been sho-\\Ti by Schacht in the

pollen of (Enothera, and in the spores oi Anthoceros Icevis ; and by
Henfrey in the spores oi Marchantia polymorpha {fig. 145).

Fig. 14; Fig. 146.

Fig. 145. a. Cylindrical cell from which are formed the parent cells of the
spores oi Marchantia polymorpha; p. Primordial utricle of the parent
cells. 6. The same cell converted into a string of cells, c. One of the
parent cells isolated, -with four primordial utricles of the spores, d. The
four spores free- After Henfrey Fig. 146. Formation of zoospores iu
Achhja prolifera. After Carpenter.

In some cases, instead of the development of only four second-
ary cells in the cavity of the parent, avc have a large number
formed in this manner {fig. 146, a), which either escape {fig.
146, b) from it clothed by a cellulose coat, as is ordinarily the
case, or this is secreted after their separation from the parent
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cell, as in the zoospores of the Conferva, &c. In this way-

various modifications of this process of cell-division occur, and
have been described by authors, some of which are closely

analogous, if not referrible to tlie ordinary process of free cell-

formation. Our limits will not allow of our alluding further to

those modifications. In conclusion we may remark that, while
ordinary cell-division is the process by which all vegetating or
growing parts are produced and increased, the second process

of cell-division, a,nd free cell-formation are especially concerned
in the process of I'cproduction.

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 Puff-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 the cells in such
plants, that sucli a gourd must have contained at least forty-

seven thousand million cells, so that they must have been de-

veloi)ed at the rate of wcOixXj four-thousand millions per hour, or

more than sixty-six millions per minute. It nnist be recollected,

however, that this i-apid arowth is not altogether owing to the

production of new cells, but also to a great extent upon the ex-

pansion of those already formed. Another illustration of the rapid

production of cells is afforded us in arctic and alpine regions,

where it frequently hapi)ens that the snow over an extensive area

is suddenly reddened by the cells of the Red Snow-jdant {Pro-

tococcus nivalis) {figs. 147 and 148.) 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), Avheu flower-

ing in our conservatories, has been known to devolope its flower-

stalk at the rate of at least a foot in a day, and in the Avarm

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 ))er day. In
this rapid growth of stems and leaves, it must be remembered
as in the case of tlie growtli of the Pujf'-balt, that such in-

crease is due not only to the formation of new cells, but also

to the expansion of those previously formed.
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CHAPTER 2.

GENERAL MORPHOLOGY OF THE PLANT.

By the combination of the different varieties of cells and tissues

which have been described in the preceding chapter, a variety

of compound organs are formed ; these again, by their union in

various ways, form the individual plant; and according to their

number, and the greater or less degree of complexity which they

exhibit, so in a coiTesponding degree does the plant vary in

those particulars. Hence we find plants exhibiting a great

variety of forms. That part of Botany which has for its object

the study of those forms and of their component parts is called

Morphology.
The simplest plant merely consists of a single cell, which may

vary much in its form; thus in the Red Snow-plant (jigs. 147 and

Fig. 147. Fia. 149.

Fig. 148. Several Red Snow-plants (Protococcus nivalis'),

magnifled Fio- 147. One plant still more highly mag-
nified Fig. 14y. Two plants of Oscillatoria sinralis.

Fig. 148.

148), it is round; in the Oscillatoria C/?^. 149) lengthened; in

others branched in various ways (fg. 17). In these simple plants

we are unable to distinguish any separation of the vegetative and

reproductive functions, which is so e\ddent in the higher plants,

but the cell of which they are composed is capable of performing

both those functions. The jjlants immediately above these con-

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

simple (fig. 150), or branched (fig. 151) in a variety of ways

(fig. 152). In these plants we frequently find one or more of

the cells acquiring a special development, and producing in

their interior a number of others of a smaller size (fig. 1 50). Here

we have the first trace of a separation or distinction of the ceUs of
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Fig. 151. Fig. 152.

Fig. 1.50. A species of mould {Mitcor), with mycelium below, from which
two stalks are seen to arise, each of which is terminated by a sac

{cystiiliian), from which a number of minute bodies (sj)ores) are escaping.
Fig. 151. Another mould (PeH(ci7?/«/»\ with mycelium and stalk bear-

ing several rows of cells, wliich are tiic germinating spores Fig. l.')2.

Anotiier mould (Bofri/tis), with mycelium and stalk, which branches
above, and each ramification bears a rounded spore.

Fig. 153. a plant into those adapted for vege-

tation, and those for reproduction, as

the smaller cells thus developed in the

interior of tlie larger ones are espe-

cially 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 spo-

rulcs.

In the plants above these we find

the cells combined in various ways,

so as to form flattened leaf- like expan-

sions (fig. 153), or solid axes, as well

as special organs of reproduction.

Up to this i)oint, however, although

we liaA'c, as just noticed, certain cells

containing rcin'oductive particles, yet

we liave no examples of plants pre-

senting any distinct axis bearing

leaves. Sucli ])lants are therefore call-

ed ThalluphyUs or Tliallugens, that is

Fia.\7A. Thaiiu* of the com- phiiits fonucil of a ///r///MS, hccausc the
mon Bladder Sea-weed ( /«<•«« i„.^„,. «.„,.„, ic .,i>,,li,.,l to sinv <'(>lliilflr
vcticuloxn.-). /. The Iructitlca- ''VttXil tClUl l.s ai)l>lKMl tO ailj CCllUiai

tion. V. Bladders of air. fihimcntous or Hattcuctl leafy expan-

sions, of whatever form, wliich have no axis or stem distinct

from a leaf, but the two combined as it were together, and per-
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forming the office of both. Under the head of Thallophytes
we comprise those simpler forms of plants which are commonly
known as Alga?, Fungi, and Lichens.

By various intermediate stages through an order of plants

called the Liverworts {Jigs. 808 and 810), we an*ive at a series of

plants, viz. the true Mosses {figs. 154 and 155), which present us

Fig. 154. Fig. 156. Fig. 157.

Fig. li

Fig. L54.

Ilair-moss iPolijtrichum'),

with its leaves, stalk,

and fructification.

Fig. \-.5.

The male plant, as it is

commonly termefi,ofthe
Hair-moss, with its axis
and leaves, and termi-
nated by tiie supposed
male organs (anthe-
ridia).

Fig. L56.

The common Club-moss
(^Lycopodium clavatum).

Fig. L57.

Fructitication of the
Great Water Horse-tail
{Equisetum Tclmatcia).

with an evident stem, bearing leaves. Li these also we find tlie

first trace of roots, in the form of little tubular prolongatiouh
composed of cells proceeding from the lower part of the stem.
In the Mosses, therefore, we have first distinctlv shadowed fortli
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Fig. 159.

Fig. 158

Fig. ITiS. The Male Fein (Liistrwti /ili.r-nni.i) Fig. l.W. A Tree-fern show-
ing u tutt of Jroncls iit tlie apex of ii lyiliidriLiil stem, which i« inlurgeU at iU
l>u»c, ra, by ti»c development of a iniuia of udventitious root*.

the tliroe essential c)r;:;nns of the hij^lier ])laiits, namely a root,

.stem, and leaf. All plants, tioni the Mosses upwards, are

presented to us under ordinai-y eireuiustaiaes with u diotiuet
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axis, commonly bearing leaves. Such are therefore termed
Connophytes or stem-producing plants, to distinguish them from
the thallus -forming plants or Thallophi/tes, just alluded to.

All the plants previously noticed including the Mosses, are

chiefly composed of parenchymatous cells, without any trace of
Avood-cells or vessels except in a few instances. These therefore,

are frequently known as Cellular Plants, in order to distinguish

them from all others which are placed above them, which from
being generally furnished with both wood-cells and vessels,

as Avell as parenchymatous cells, are called Vascular Plants.

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

comparatively insignificant in ai)pearance, such as the Club-
mosses (fg. 156); the Horse-tails (Jig. 157); and even generally
the Ferns so far as they are natives of cold and temperate
regions (Jig. 158), but in the tropics and warmer parts of the

globe the latter plants frequently grow to a considerable height,

and form handsome trees (Jig. 159). Tliese plants, however,
like the Mosses and the Thallophytes, are all reproduced by
Spores, and never produce evident flowers like the higher
kinds of plants, hence, such were denominated by Linnaeus
Flowerless or Cryptogamous Plants, that is to say, plants Avith

concealed or invisible reproductive organs. They Avere so

called to distinguish them from all the orders of plants Avhich

are placed above them, and AAhich from possessing evident re-

productive organs are termed Phanerogamous, Phctnogamous, or

Flowering Plants. The latter plants are propagated by true seeds

instead of spores ; a seed being essentially distinguished ft-om

a spore, from containing Avithin itself in a rudimentary condition

all the essential parts of the futui-e plant in the form of an
embryo (Jig. 160); Av^hile a spore merely consists of a single

cell, or of scA'eral united, and ^- ^g^
ncA^er exhibits any distinction of

parts until it begins to develope

in the ordinary process of vege-

tation, and then only in cer-

tain cases. The Phaneroga-
mous plants are those therefore

in Avhich Ave haA'e the highest and
most perfect condition of A'egeta-

tion, and to these our atten-

tion Avill be more particularly ^iO- 160. I icotyledonous embryo of

T i 1 • ^1 <• 11 • the pea. r. T)ie radicle, f. The
dn-ected m the tollOAVmg pages. axis, terminated by the plumule

Before proceeding hoAVCA-er, to «; cc. the cotyledons or seed-lobes.

describe in detail the diflerent parts or organs Avhich they pre-

sent, it Avill be more convenient and intelligible to take a brief

revicAv of those organs.

We haA^e already stated that a seed contains an embryo, in

AA'hich the fundamental organs of the future plant are present

r 2
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ill a rudimentary state. The embryo of a common pea may
be taken for the pm-pose of illustration {fig. 160). Here
we find a distinct central axis, t, the lower part of which is

called the radicle, r ; and it is terminated at its upper extremity

by two or more rudimentary leaves, forming together what is

termed the plumule or gemnmle, n. This axis is united to two
fleshy lobes, c c, whose office is of a temporary nature, to which
the name of cotyledons or seed-leaves has been given. Some
seeds only contain one cotyledon in their embryo {fig. 162.. c)

;

hence we divide plants which are propagated by them into

two great classes, called respectively, Dicotyledons {two coty-

ledons), and Monocotyledons {one cotyledon').

When a seed is placed under favourable circumstances (which

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

mination), the embryo that it contains begins to develope

itself 0"(/5. 161 and 162); the lower part of its axis or radicle,

Fig. 161. Fig. 162.

Fin. 101. Germination of the Haricot or French Bean, a Dicotyledonous

Plant, r. The rootH springing from the lower end of the axis. 1. t. Die

axis. c.c. The cotyledons. <l. The leaves /Vy. 1<!2. Oermmntiou ..t

I^Iuizc, u Monocotyledonous Plant, t. The oxid giving oft roots from its

lower extremity, c. The cotyledon, g. The kavcB and young stalk.

or one or more branches from it, growing in a downward direc-

tion, while the up])er i)art elongates a]iwards, carrying the

]tluniulc with it, while at the same time the cotyledonary

jxjrtion becomes developed and forms the first leafy organs.

We have thus jn-oduced a central axis developing in two op-

posite directions, the lower part is called the descending a.xis or
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7-00^ r; and the upper the ascending axis or stem, t Upon
this axis or its divisions all the future organs of the plant
are arranged ; those which immediately succeed the cotyle-

dons, c, constitute the true leaves of the plant, d; and all which
succeed the leaves in the order of development, such as the flower

and its parts, are merely modifications designed for special pur-
poses of those organs which have preceded them. Hence
the three organs, namely, stem, root, and leaves, which origin-

allj" exist in the embryo in a rudimentary state, or are developed
as soon as germination commences, are called the fundamental
organs of the plant. They are also called organs of vegetation

or nutrition, because they have for their object tlie nutrition

and development of the plant to which they belong; Avhile the

flower and its parts have assigned to tliem the office of repro-

ducing the plant by the formation of seeds, and are hence
termed organs of reproduction.

Ill like manner, when a spore germinates, it eitlier simply
developes parts which perform equally both vegetative and re-

productive functions ; or a certain special apparatus is designed
for the latter purpose, as is the case in all the liigher Crypto-
gamous Plants. We have here, therefore, as in Phanerogamous
Plants, two manifestly distinct series of organs, one adapted for

vegetation, another for reproduction. Hence in treating of the

different organs of the plant, both in reference to their structure

and functions we divide them into two divisions: namely, 1.

Organs ofNutrition or Vegetation, and 2. Organs ofReproduction.

CHAPTER 3.

ORGANS OF NUTRITION OR VEGETATION.

Section 1. The 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), seeking the

light and air, and bearing on its surface leaves and other leafy

appendages. This definition will only strictly apply to a stem
at its earliest development, for in numerous instances, soon after

its appearance, instead of continuing to take an upward direc-

tion into tlie air, it will run along the ground, or even bury itself

beneath the surface of the earth, thus withdrawing itself from
the light and air and resembling a root, with which organ such

a stem is commonly confounded. In these cases the stem is

liowever at once distinguished fi-om a root by the presence of

modified leaves, each of which has the power of forming a leaf-

bud in its axil (that is, in the angle produced by the junction of

F 3
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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 such organs are absent. All Flowering Plants, from
the mode in which their axis is developed in the embryo (p.

68), must necessai-ily have a stem, although such stem may
be very short. Those which have this organ clearly evident

are called caulescent, Avhile those in which it is very short

or inconspicuous are termed acaulescent or stemless. In FloAver-

Icss Plants the stem is not necessarily present; thus it is absent

in all Thallophytes.

1. Inteknal Structure of the Stem in general.—The
simplest form of stem consists merely of parenchymatous
cells. An example of such a stem may be seen, with few
exceptions, in the Mosses 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 i)artly of parenchymatous cells, and
partly of wood-cells and vessels of ditlerent kinds, by whicli the

requisite strength and toughness are produced. In these stems
tlicrefore we distinguish two systems as already noticed (p. 38),

namely, a Parenchymatous or common cellular si/stem, and a Fibro-

vascultir. The jxtrenchijmatous system grows in any direction

according to circumstances, either longitudinally, by which the

stem is increased in length, or horizontally, by which it is in-

creased in diameter. Tlie fibro-vascular system only grows
longitudinally, and thus forms cords or bundles Avhich are dis-

tributed vertically in the midst of the parenchymatous. The
parenchymatous system is therefore also termed the horizontal

system of the stem, while the Jihro-va^cular is likewise called the

lonf/iti/dinal or vertical system.

The differences Avhich are found to exist in the internal

structure of the stem of ])lants, are in a great measure owing
to the different ways iii which the fibro-vascular system is dis-

tributed in tlie parenchymatous. All these modifications may
be. in their essential i)articulars, reduced to three great classes,

two of wliich 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.

Upon making a transverse section of the Oak (Ji(j. 163) we
ol)serve that the two systems of which the stem is c()mj)osed are

so arranged as to exhibit a distinct separation of ])arts. Thus
we have a central one, /«, called the pith; an external one, c e, or

harh ; :in intermediate, r, orz/vW, dis]>erscd in concentric layers;

and little rays, /;, eonneeting the jiith and the bark, termed
mediiltary rays. Such a stem grows 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
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growers). In a Palm stem no such distinction of parts can be
noticed {fiy. 164), but upon making a transverse section we

Fig. 163.

7 i Fiq. 164.

Fig. 163. Transverse section of an Oak-branch six years old. m. The me-
dulla or pith, ce. The bark ?-. The wood. 6. Medullary rav* Fig.
Ifi4. Transverse section of the stem of a Palm. m. The cellular substance.
/. The fibro-vascular bundles. The whole being invested by a rind or
false bark, h.

observe a mass of cellular substance, m, distributed throughout
it, and the fibro-vascular arranged vertically in this in tlie

form of separate bundles, /, which have no tendency to form
layers of Avood. This structure is called Endogenous (from two
Greek words signifying inside growers), as such stems grow
by the addition of neAv matter on their inside. Exogenous and
Endogenous stems are those therefore which are characteristic of
Flowering Plants, If we now r- i c^

turn our attention to Flowerless

Plants, and make a transverse

section of a Tree-fern {fig. 1 65),

we observe the centre to be

either hollow or filled Avith

parenchymatous cells, m, the

fibro-vascular system being ar-

range d in irregular sinuous

plates around this, v v, form-

ing a continuous or interrupted

circle near the circumference,

which consists of a rind, e,

inseparable from the wood
beneath. This structure is

termed Acrogenous (from two
Greek W^ords signifying sum- Fig 165. Transverse section of the stem ofxi^"'^i a Tree-fern. m. Parencliymatous cells.
mit growers), because such a -R.l.ich are wanting in the centre, v, v.

Stem grows only by additions libro-vascular bundles e. Eiud.

to its summit.
According to the views first propounded by Schleiden, the

F4
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differences thus found to exist in the appearance and growth of

these three kinds of stem are due to corresponding differences

in their fibro-vascular systems, or as they are commonly called,

fibro-vascular or vascular bundles. Thus the vascular bundle of

an Exogenous stem {fig. 166) consists in the first year of growth
of a layer of spiral vessels, sv, surrounding the pith, p; on
the outside of this layer there are subsequently developed pitted

and other vessels, and wood-cells, which together form the

wood, w. In this case the growth of the different ])arts of

the bundle is progi-essive, 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 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 succes-

sion on the outside, and in continuity with the previous ones, as

long as life continues. Hence such are called indefinite vas-

cular bundfes.

Fig. 166. Fig. 16;

Fig- IW. Transverse section of a fibro-vascular bundle of an Exopenous
stem (Melon). 7). Pith. x?-. Spiral vessels, hi r. Medullary rays. «•. Wood.
(/. Pitted vessels, r. Cambium. /. Liber. 1c. Laticiferous vessels, ft'.

Cellular portion of the bark. 1. Epidermal tissue Fig. 1(>7. Transverse
kection of a fibro-vajiulor bundle of an Endogenous stem (Palm), the
upper portion being directed to the centre, w. Wood-cells. in\ Spiral
vessels, c. Cambium. </. Pitted vessels, p. Farencliyma. /. Liber-cells.
Ic. Laticiferous vessels.

In Ktidogenous stems the vascular bundles {fig. 167) consist

internally of wood-cells, w, and spiral vessels, sv \ on the outside
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of Avliich Other spiral vessels are foraied, as well as annular, pitted,

and reticulated ones ; these are bound together and succeeded

by a number of delicate parenchymatous cells, and on the out-

side of these some laticiferous vessels, and at first a cambium
region which is gradually converted into thick-sided prosenchy-

matous cells resembling those of the liber of Exogens. In this

case the development of the vascular bundles, like those of Ex-
ogenous stems, is gradual, the inner part of each being first

formed, and growth proceeds progressively to the outside, hence

such are likewise progressive bundles, but, as such bundles have

no external layer of growing cells resembling cambium, no in-

crease in size takes place in them in successive seasons. Hence
the new vascular bundles are not developed in continuity with

the old, but remain distinct and of a limited size. Such vascu-

lar bundles are therefore named definite vascular bundles.

In Acrogenous stems the vascular bundles are chiefly made
up of vessels of the scalariform, annular, or spiral type, accord-

ing to the different orders of Acrogens from Avhence they have

been derived ; these are suiTOunded by delicate tubular cells,

and the Avhole is enclosed by a firm layer of wood-cells. Such
bundles only grow by additions to their summits, and as the

elements of Mhich they are composed are not formed in succes-

sion like those of indefinite and definite vascular bimdles, 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 accom-

panied by certain ditferences in the structure of their embryo.

Thus plants with Exogenous stems have an embryo with two

cotyledons ; those with Endogenous stems have but one cotyle-

don in their embryo ; while those with Acrogenous stems have

no proper embryo, and consequently have no cotyledons. Hence
exogenous stems are also termed Dicotyledonous ; endogenous

stems Monocotyledon ous ; and acrogenous stems Acotyledonous.

Eor reasons which we shall describe hereafter, the latter terms

are in some cases to be preferred to the former. In the suc-

ceeding pages we shall use them indiscriminately. With these

general remarks on the structure of the three kinds of stems

we now proceed to describe them respectively in detail.

A. Exogenous or DicoTYLEDOxors Stem.— Those plants

which possess exogenous stems are commonly termed Exogens,

and they constitute by far the largest number of plants in every

part of the globe. This kind of stem is alone found in the trees and

shrubs of this country, and all the colder regions of the earth.

In warmer cUmates it occurs associated wdth others possessing

endogenous and acrogenous stiiicture.

In the embryo state, the exogenous stem is entirely composed

of parenchyma. But as soon as growth commences, some of

its parenchymatous cells become developed into vessels and wood-
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cells, SO as to form the indefinite vascular bundles which are cha-

racteristic of such a stem. Tliese bundles are at first separated,

from each other by large intervening spaces of parenchyma

Fig. 168. {Jig- 168), 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 gro-w-th a zone of

vessels and wood-cells round the

central mass of parenchyma, inter-

rupted only at certain points by
cellular projections of this paren-

'yk^--::^;'-^^-'.^y^''
chyma, in the form of radiating

^ r^^^B^^K lines. Tliis zone is also surrounded

Fig.m. Horizontal section of the V an external layer of cellular

first year's shoot of an Exoge- tissue which is Connected with the

"rpith: ,'!'ridrmaTU'.'"l: ^^^^ral parenchyma by the radiating

Spiral vessels forming tiiemedui- lines already alludcd to. The stem

whTch'r the^othe'eiem^iS o?
then presents the following parts

the vascular bundle.
{fig. 168). I. A Central mass of

parencliyma, m, which is called the Medulla or Pith ; 2. An
interrupted zone or ring of wood-cells and vessels, forming the
Wood, t; 3. An external zone of parenchyma, or Bark; and
4. The radiating lines, r, connecting the pith and the bark,
called the Mednllary rays. On the outside of the wood is the
cambium

; and the bark is also invested by the epidermis
already fully described. Such is the structure of all exoge-
nous 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
or die yearly, except that the wood in such cases is generally
firmer and in larger proportion. As growth proceeds in the
second year, a ncAv zone of wood is formed on the outside of
that of tlie previous year {fig. 169, 2), while at the same time a
new fibrous layer is added to the inside of tlie bark, /. These
layers arc developed out of the cambium cells c, already alluded to
as forming a vitally active layer of cells on the outside of the
indefinite vascular bundles which form the Avood of Exogens.
The medullary rays (/^. 171. z) at the same time increase by
addition to their outside, and thus continue to keep uj) the con-
nexion between the pith and the bark. In succeeding years we
liave in like maimer new layers of wood and fibrous bark, one of
each for every year's growth {fi<i. 169), while the medullary rays
also continue to yrow from within outwards. Each succeeding
year's growth is therefore essentially a rci>ctition of that of the
first year, except as regards the ])ith, so that in old stems wc
have no more distinct regions than in those of the first year.
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We have therefore in all exogenous stems but four separate parts,
namely, pith, Avood, medullary rays, and bark. We shall now
describe these in the order in which they are placed.

Fig. 169.

Fig. 170.

Fig. IfiO. ITorizontal section from the centre to the circumference of the stem
of the Maple, three years old. m. Pitli. t. Spiral ves els. r. Pitted vessels.
/. Fibres or wood-cells, c. Cambium layer, s. Epiphlccum ; within which
may be observed three cortical layers, marked I p I, p J.p I, corresponding
to the three years' growth. The figures 1, 2, 3, refer to the three successive
years' growtli of the wood.

1. Pith or Medulla. (Figs. 169, rn, and 171, a.a.)

—This consists essentially of ordinary paren-

chyma, and forms a more or less cylindrical

or angular column situated at or towards the

centre of the stem. Under ordinary circum-

stances it is not continued into the root, but
it is always in connexion directly with the

terminal bud of the stem, and also at first in-

directly by the medullary rays with all the

lateral leaf-buds ; as the latter, however, con-

tinue to develope, their connexion with the

central pith is cut off, as Avill be explained

hereafter in speaking of their structure and
origin (p. 101). The parenchyma of Avhich the

pith is composed is generally that kind Avhich is

known as regular or dodecahedral {Jigs. 4 and 5),

so that when a section is made of it, and ex-

amined microscopically, it presents a hexagonal,
or polyhedral appearance. When first formed,
the pith is commonly of a greenish colour,

and the cells of which it is composed are filled ^'o- ^''O- Young
• .1 n • ^ J. • • i-iii T branch of Walnut

With fluid containing nutrient substances dis- (jugiaii.«regia) cut

solved in it. At this time it appears, there- vertically to show

fore, to be in an active condition, and that such * * '*"'' ^*

is the case is still fiu-ther proved by the fiict that its cells

are often pitted from the deposition of secondary layers in
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their interior. Its activity, however, soon ceases, so that com-
monly after the first year it becomes nearly dry and colourless,

and its cells filled with air. The ])ith also, then, instead of
forming- as at first a continuous column, becomes broken
up at various points, so as to form irregular cavities in its

tissue. This disruption may be especially seen in certain her-

baceous plants which grow with great rapidity, as in the com-
mon Hemlock and others of the same family. In such cases

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 (fiy. 170) and Jessamine, the

pith is broken up regularly into horizontal cavities separated by
thin discs only of its substance. It is then termed discoid.

The diameter of the ])ith varies much in difi'erent jdants. It

is generally very siuall in hard woody plants, as in the Ebony,
Guaiacum. In the Elder it is large, and also in the Kice-paper
Plant {Aralia papijriferu). The diameter not only varies in

ditferent plants, but also in difterent branches of the same;
but when once the zone of wood of the first year is fully per-

fected, the pith which it surrounds can no longer increase, and
it accordingly remains of the same diameter throughout the life

of the i)lant.

The pitli, as we have seen, is essentially composed of par-

enchyma. It also frequently contains laticiferous vessels, as

may be readily observed by breaking asunder a young branch
of the Fig-tree, when a quantity of milky juice at once oozes out
from their laceration. In rare cases it also contains wood-
cells, and in certain plants, as the large Umbellifera?, we find

spiral vessels in it. These however arc jn-obably only detached
])ortions of the medullary sheath, separated in consequence
of the great horizontal distension to which such stems are liable

from the ra])idity of their growth.

2. The Wood.—This is situated between the pith on its inside

and the bark on its outer (Jig. 163, r), and is separated into

wedge-shaped bundles by the ])assage through it of the medul-
lary rays {fig. 163, h). 'We have seen that in the first year's

growtli of an exogen(JUs stem the wood is deposited in the form
of an interrupted zoiu" immediately surrounding the ])ith (Jig.

16S). Tliat portion of the zone which is fir.>t developed consists

diit'liy of spiral vessels (figs. 168, t; 169, t; and 171, d), by
whieli a thin sheath is iormed, to which the name of medullary
slienlh is commonly ajjplied. This does not however form a
complete sheath to tlie pith, as its name would lead us to be-
lieve, but it is interru]>te(l at certain points by the jmssage
through it of the medullary rays (fig. 168, 7). This is the only
]tart of an exogentnis stem in wliicii spiral vessels nonmiUy occur.
It appears to undergo less changes than any other ])art of the
wood, so that its sjjiral vessels may be freipiently unrolled, even
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in old stems. In tlie wood of some plants, as the Broom-rapes,
&c., no medullary sheath is formed.
On the outside of the medullary sheath, the zone of -svood

forming the first yciir's growth {fiy. 171, 1) consists entirely
of woody tissue (c), among Avhich is distributed, more or less

abundantly, some vessels (6), chiefly of the kind called pitted in

Fig. 171.

mm

C <?/ ? /t.

Fifj. 171. Diagram showing the struotui-e of a Dicotyledonons stem three
years old. A. Horizontal section. B. Vertical section. The figures 1,2,3,
refer to the years of growth, and the letters mark similar parts in both
sections, a, a. Medulla or pith. d. Spiral vessels. b,b,b. Pitted vessels.

c,c,c. Wood-cells, e. Cambium-cells. /. Inner layer of bark, or liber

(etidophlceum). g. Middle layer of bark (mesophheum). h. Outer layer
oi ha.i\ {epiphlceum). ?, t. Medullary rays. After Larpenter.

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 cambium cells placed on the outside of the first zone. This

second zone {fig. 171, 2) resembles in every respect that of the

first year, except that no medullary sheath is formed, it consists

therefore entirely of Avoody tissue and pitted vessels (c, b). In the

third year of growth another zone of wood is produced precisely

resembling the second {fig. 171, 3), as is the case also with each

succeeding annual zone as long as the plant continues to live.

It is in consequence of each succeeding layer of wood being de-

posited on the outside of those of the previous years, that such
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Stems are called exogenous. In the stems of Coniferous Plants,

as those of the Fir, Yew, Cypress, &e., the annual zones, which

are well marked (Jig.\72), consist chiefly of punctated woody
tissue (see p. 13 and 30), with occasionally a few pitted vessels

intermixed.

The pitted vessels, which we have seen form a portion of each

annual layer of the wood, arc 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. Upon examining under the micro-

scope 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 (Jig. 169, v). In the

ConifeViE, where but few if any pitted ducts occur, a trans-

verse section shows the orifices nearly all of equal size, with

occasionally a pitted vessel intermixed (Jig. 172). These pit-

Fig. 172.

Fig. 172. Horizontal section of the stem of a Fir three years old. The
figures 1, 2, o, refer to the annual layers of wood. la. Cavities contain-
ing resinous secretions.

ted vessels in ordinary trees are also commonly more abun-

dant on the inner part of each annual zone, the Avood-cclls

forming a compact layer on the outside. In such cases the

limits of each zone arc accurately defined. In those trees which
liave the pitted vessels more or less diifuscd throughout the

woody tissue, as in the Lime, Maple, &c., the zones are by no
means so evident, and can then only be distinguislied by the

smaller size of the wood-cells on the outside of each layer, which

api)carance is caused by their dimini.^licd growth towards the

end of the season. The distinction l)etwcen tlie annual zones is

always most evident in trees growing in temperate and cold

climates, where there is a more or less lengtlicncd winter in

wiiicli no growth takes ])lace, followed by rapid vegetation after-

wards. In the trees of tropical climates the zones are not so

clearly defined, because there is no comjilcte season of repose in

such regions, although tu a certain extent the dry season here

leads to a cessation o}"growtli, but the alternation of the growing
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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 tlie appearance of annual zones, we can
readily understand that if a plant were submitted to such in-

fluences several times in a single year it would produce a con-e-

sponding number of zones; and this does really occur in some
plants of temperate climates, particularly in those which are her-

baceous, where growth is more rapid than in hard-wooded per-

ennial plants, so that the influence of such alternations is more
evident. In tropical climates the production of two or more
zones in a year is probably even more frequent than in tem-
perate regions. In other trees again we have only one zone pro-

duced as the growth of several years, as in the Cycas, so that

in such a case the number of zones by no means corresponds

to the age of the tree. Lastly again, there are instances occur-

ring 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 latter are however
totally independent of climate, but are the characteristic pecu-

liarities of some plants, and even of certain entire families.

The annual layers of different trees vary much in thickness,

thus they are much broader in soft woods which grow rapidly,

than in those which are harder and of sloAver growth. The in-

fluence of ditFerent 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 poles have very narrow annual zones. The influence of soil

and other circumstances will also materially affect the thickness

of the annual zones in the same tree. We find also that the same
zone aWII vary in diameter at different parts, so that the pith,

instead of being in the centre of the wood, is more or less ec-

centric, 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, biit the greater growth
on one side is chiefly due to the fact of its being more ex-

posed to light and air than the otiier.

The annual zones also vary in thickness in the same tree,

according to the age of that tree. Thus Avhen 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

considerable. 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, Avhich are of great
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practical importance so far as growing trees for timber is

concerned.

Duramen and Alburnum.—When tlic annual layers are first

formed, the wood-cells and vessels of which they are composed
are pervious to fluids. Their sides are then very thin and their

cavities are gorged with sap., which, as will be afterwards seen,

they arc the chief agents in transmitting upwards from the

root to the leaves. Their sides 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 impermeable to fluids. This change is

especially evident in the wood of those trees in which the in-

crusting matters arc of a coloured nature, as in Ebony {Dios-

pyrus Ebemis), Mahogany (Suuetenia Ma/iagoni), Kosc-wood
(^Triptolemea species), Lignum Vit;c {Guaiacum officinale'), &c.

Such coloured deposits arc generally more evident in tropical

trees, although they occur more or less in most of the trees

of cold and temperate regions. In some, however, as in

the Poplar and the Willow, the whole of the wood is nearly

colourless, and exhil)its no ditferencc in the appearance of the

internal and external layers. The value of wood as timber

depends upon the nature of this incrusting matter, and is com-
monly in projjortion to its colour ; those woods, such as Ebony,
Iron-wood, Mahogany, &c., which arc dccjjly coloured, being

far harder and more durable than the white tvoods, such as the

Poplar, &c.

From the above characters which wood presents according to

its age, we distinguish in it two parts : namely, an internal or

central one, in which the wood- ccUs have thickened sides, are

impermeable to fluids, hard in texture, coloured, and of a dry

nature, which is called the Duramen or Heart-tvood ; and an
outer i)art, in which the wood-cells have thin sides, are pervious

to and full of sa]», i)ale or colourless, and soft, to such the name
of Alburnum or Sap-tvood 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 oflUcc being then chiefly to act as a support to it. All
the vital and essential functions of the stem arc tlien carried on
by the sap- wood, llcnce we sec the reason why a tree in which
the crntral j)!irt is conii)lctely destroyed, with the outer ]iart or

alhurnum remaining, continues to live, put forth new branches,

and add to its substance.

A(je of Trees.— As each zone of wood in an exogenous
stem is produced annually, it should follow that by counting

the inimber of zones in a transverse section of any tree wc
ought to l)e able to ascertain its age, and this is true with a few
exce])ti(Mis, when such trees are natives of cold clinnites, be-

cause in these as we have seen, the annual zones arc distinctly
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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 ; while lastly, in some, such
as Guaiacum, &c., the zones are not only indistinct, but very
irregular in their growth.

It has been stated that the age of a tree may be calculated, if

its diameter is known, by the inspection of a fragment of that

tree. The manner of proceeding 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 num-
ber of zones in that fragment, multiply this number by the

quotient previously obtained. Thus : suppose the diameter of

the piece to be two inches, and that of half the diameter of the

wood twenty inches; then if there are eight zones in the frag-

ment, by multiplying this number by ten, the quotient resulting

from the division of half the diameter 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 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 totally different results.

A better way therefore to calculate the age by the inspection

of a portion is that suggested by DeCandolle; namely, to make
two notches, or remove two pieces from opposite sides, and
then, having ascertained 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 Jiave 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 con-ect, but even this is liable to

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 by not sufficiently taking

into account the variations in the growth of the annual zones
at different periods, and their different thicknesses on the two
sides ; and, when we consider that some trees were estimated

G
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by him to be more than 5000 years of age, we cannot but be-

lieve with Dr. Lindley, that such calculations give an exagge-

rated 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

Avood 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 Umit 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 elongates from year to year. Thus, in some Coniferae

as Phius Lambertii, and Abies Douglasii, which reach 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 per-

fectly nourished, became every year more or less stunted, and
the tree ultimately died from want of a proper supply of nourish-

ment. We cannot however attach much importance to this

opinion, because it is now known that a tree exists in California

( Wellinytonia gigantea), which has reached the height of 450
feet, and is still in full vigour. This tree is supposed to be
at least 3000 years old.

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 Yew and
Olive, may be added to the above list; thus, the Yew will cer-

tainly attain the age of 1200 years, and the Ohve 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 UK-asurcd 116 feet in circumference at the base. The
Chestnut {Castanea vescd) of Mount Etna is 180 feet in cir-

cumference. A Plane tree (Platanus orientalis) near Con-
stantinople is 150 feet in circumference. The Ceiba tree

{Bombux pentandrwn) is said to be sometimes so large that it



ORGANS OF NUTRITION. 83

takes fifteen men with their arms extended to embrace it, 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. The necessary limits

of this volume will not, however, allow of our dwelhng further

upon this subject.

Cambium or Cambium-layer. (FigsAGQ, c, 169, c, and 171,e.)

—On the outside of each annual zone (as we have already seen)

a layer of vitally active cells is placed, to Avhich the name of

cambium or cambium-layer has been given. It is from this

that the new layers of wood and bark are formed, and from
the fact also of its being situated on the outside of the vas-

cular bundles of which the wood is composed, these owe their

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 protoplasm ; in fact they
contain all the substances which are present in young developing
cells. This layer is dormant during the winter, at which time
the bark is firmly attached to the wood beneath, but it is in full

activity in the spring, when it becomes charged with the elabo-

rated sap of the plant, or that sap which contains the materials

necessary for the development of new stnictures, and then
the bark may be separated from the wood beneath. It is proper
to notice, however, that there is no real interval at any season
between the bark and wood, but the two are always organically
connected by the delicate cells forming the cambium-layer,
and can only be separated therefore by the rupture of the cells

of which that layer is composed. The sap which thus fills

the cells of the cambium-layer was originally called cambium, and
hence the name of cambium-layer applied to this portion of an
exogenous stem. The cells of the cambium-layer as growth
commences in the spring, when they are filled with protoplasm
and other nitrogenous materials, soon begin to multiply by
the ordinary process of cell- division already described. By
their multiplication transversely the stem increases in a longi-

tudinal direction, and by their multiplication perpendicularly,

either radially or tangentially, the stem increases in thick-

ness, and thus new layers of wood are foimed on its inside,

and new layers of bark on its outside.

3. Medullary Rays.—SSI'Q 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, by which
it becomes separated into two portions — an internal or pith,

and an external or bark; the two being connected by tissue of
the same nature as themselves, to which the nsime medullary
rays has been applied. These constitute the silver grain of

G 2
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carpenters, because it is to their presence that many woods,
such as the plane and sycamore, owe their peculiar lustre.

As new layers of wood are formed in successive years, new
additions are made to the ends of the medullary rays, by
which means, however large the space between the pith and the
bark ultimately becomes, the two are always kept in connexion
by their means. Besides the medullary rays which thus extend
throughout the entire thickness of the wood, others are also com-
monly developed between them in each succeeding year, which
extend from the zones of those years respectively to the bark.

These are called secondary medullary rays. In the Cork-oak both
kinds may be well seen in a transverse section {fig. 173, 1, 2,

3, 4). The medullary rays are composed of flattened six-sided

-p. ,..„ cells, which are placed one
^' ' * above the other in one or more

rows, like the bricks in a
wall {fig. 171, B, I, i ; and^^.
52), hence the tissue which
they form is commonly termed
muriform parenchyma. It is

a variety of tabular parenchyma
as already noticed (p. 28). The
tissue formed by the medullary

rays is rarely continuous from
one end of tiie stem to the other,

Fig.173. Transverse eection of a portion of \)^i ^Jig j-^VS are e;enerally morC
the stem of the Cork-oak, four.years , . •' r ^ y j.{'

old. m. Pith. 1, 2, 3.4. Medullary or Icss mtcrrupted by the pas-
rays of successive years, pe. Liber gj^ge between them of the fibro-
and mesophloeum. s. Corky layers. =

, , ,, ^i. ^ ^i
vascular bundles, so that tney

split up vertically into a number of distinct ])ortions. This

arrangement may be observed by examining the surface of a

Fig. 174. Fig. 175.

Fig. 174. Surface of the stem
of a Dicotyledonous tree
from whicl\ the bark lias

been removed. Fig. 17.5.

Vertical section of a branch
of the common Maple, per-
pendiculartothe medullary
rays. Jl. Fibro-vaxcular
bundles, rm. Medullary
rays.

Stem from which the bark lias been removed {fig. 174), or

still better by making thin sections of the wood perpendicular
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to the rays, that is tangential to the circumference of the
stem {Jig. 175). 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.

4. The Bark or Cortical System—The bark is situated on
the outside of the stem, surrounding the wood, to which it is

organically connected by means of the medullary rays and
cambium-layer. At those periods of the year when the cells of
the cambium-layer are charged with sap it may be separated by
a slight force from the wood beneath, but such separation can
only be effected, as we have seen, by the rupture of the cells of
which it is composed.
When the stem is first formed the bark is composed of

parenchyma, like the pith, but as soon as the wood begins to be
developed on the outside of the pith another layer of Av^oody

tissue, consisting of

liber-cells, is deposited

on the inside of the

bark, so that the latter

ultimately consists of

tw^o distinct systems
;

namely, an internal or

fibro-vascular, and an
external or parenchy-

matous. The paren-

chymatous system also

exhibits in all plants

destined to live for any
period a separation into

two portions, and the

whole is covered exter-

nally by the epidermis

already described. The
bark accordingly pre-

sents three distinct -^'S'- 1"6. Transverse section of a portion of the bark

Ici-orc inrlpi-icnrlontli'
of a Dicotyledonous stem. a. Epidermis. 6. Epi-

la}eiS, mdependentl^ phloeum. c. Mesophloeum. rf. Eudophloeum. After

of the epidermis, which Lindiey.

is common to it with other external parts. Tliese three
layers are called, proceeding from within outwards, 1. Liber
or Inner Bark, or Endnphloeum (figs. 1 76, rf, and 171,/); 2. Cel-

lular Envelope or Green Layer, or Mesophloeum (figs. 176,
c, and 171, g)-, and 3. Suberous or Corky flayer, or Epi-
phloEum (figs. 176, 6, and 171, h). We shall first describe the
liber.

a. The Liber or InnerBark, or Endophloeum. (Figs. 176, rf, and
171,/.)—This is composed of that variety of woodv tissue

G 3
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which is called bast tissue or woody tissue of the liber, mixed
with some laticiferous vessels and parenchymatous cells. Some
authors 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 which is situated between the cambium-layer on
its inside and the green layer of the bark on its outside. It

is used in the latter sense in this volume. We have already,

under the head of Woodi/ Tissue of the Liber, fully described the

characters of the liber-cells and their value for manufacturing
purposes (see p. 30).

The liber-cells are sometimes placed side by side in a parallel

direction, and thus form by their union a continuous layer as in

Negundo, Horsechestnut, &c. ; more frequently however they

present a wavy outline, and hence only touch each other at

certain points, so that numerous 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 presents frequently a netted appearance, which is especially

remarkable in that of the Lace-bark tree {Lagetta lintearid)

of Jamaica, and of other plants belonging to the same natural

order.

b. The Cellular Envelope or Green Layer^ or Mesophlaum,
(Figs. 176, c, and 171, g.)—This layer lies between the liber and
epiphlceum, and hence tlie name Mesophlceum which is applied

to it. It is connected on its inner surface Avith the medullary

rays. It consists of thin-sided, usually angular or prismatic,

parenchymatous cells, which are loosely connected, and thus

leave between their sides a number of intercellular 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 commonly distin-

guished. This is the only part of the bark which usually

possesses a green colour. In this layer also, as in the liber, we
find generally some laticiferous vessels.

c. The Corky Envelope, or Epiphlceum. (Figs. 176, b, and 171, A.)

This is the outer layer of the bark proper, and is invested by the

epidermis {Jig. 176, a). It has also received the names of /jA/ce?/7»

and periderm. Tills term periderm is, however, sometimes used,

as by Weddell, to indicate the dead portion of the bark, or that

which has ceased to perform any active part in the life of the

plant; wliicli is commonly the case, as we shall presently see, in

a few years with the two outer layers. Hence in tliis sense the

periderm may consist of epiphlanim alone, or of mesophlceum

chieHy, or of portions of both, or even in some cases of a portion of

the liber. Those botanists who adopt this nomenclature, in such

cases, apply the term derm to the inner living portion of the bark.

Tlie epiphlceum consists of one or more layers of flattened

tabular or cubical cells, which are generally elongated more or
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less in a radial direction, and form by their union a compact
tissue, commonly 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 sometimes it possesses more vivid tints. It is rarely

coloured green, which is the case in Negundo, according to

Gray, from its inner cells containing chlorophyll. In some
plants, as in the Cork-oak {Quercus Suber) (Jig. 173, s),this layer

becomes excessively developed and forms the substance called

cork, and hence the name corky or

suberous layer which is frequently ap-

plied to it. Large developments of cork
also occur on some other trees, as

various species of Elm ( Ulmus alata,

racemosa, &c.). It commonly hap-
pens that the cells of which the epi-

phloeum 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 alter-

nate with them, so that the whole
layer appears to be subdivided into

several secondary layers. In the Birch,

again, this distinction into layers is

remarkably evident (^$r. 177)." Here /'tv?. 177. Transverse section

a number of layers of dark- coloured of a portion of Birch-

firmly compacted tabular cells, a, compa^^Yab^'iar' ceils:

maybe seen alternating with others 6.&. Layers of loose thin

-

r ^ . J i' i.'i waUed cells alternating
of a loose nature and ot a white co- with the former,

lour, 6.

Growth of the Bark.—The bark developes in an opposite

direction to that of the wood, for while the latter increases by
additions to its outer surface, the former increases by additions

to its inner. The bark is therefore endogenous in its growth.
Each layer also grows separately ; thus the liber by the ad-
dition of new matter from the cambium-layer on its inside

;

the mesophloeum by the addition of cells next the liber ; and
the epiphlcBum by cells next to the mesophloeum. The two
outer layers, constituting the cellular system of the bark, rarely

continue 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 from the cambium-layer.
In some trees these layers may be readily observed, at least up
to a certain period, as in the oak (Jig. 163). They are com-
monly so thin when separated that they appear like the leaves

of a book, and hence the supposed origin of the term liber

G 4
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applied to the inner bark. The name hber is, however, some-
times considered to be derived from the inner bark of trees

having been formerly used for writing upon. This distinc-

tion of the liber into layers is generally soon lost, in conse-

quence 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, from the distension to which
they are exposed from the growth of the wood beneath, generally

become cracked in various directions and assume a rugged ap-

pearance, as in the Elm and Cork-oak, In some trees, as the

Beech (Fagus sylvaticd), the bark, however, always retains

its smoothness, which circumstance arises, partly from the

small development of the cellular layers, and partly from their

great distcnsibility. Other smooth- barked stems, such as those

of the Holly, Ivy, &c., 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 thick plates of various sizes. In the Birch
and the Clierry, &c., the epiphloeum separates in thin transverse

plates, which have a silvery appearance. In some plants, such
as the Vine, Honeysuckle, &c., each layer of liber as it is de-

veloi)ed throws oif that of the preceding year, so that the

bark always presents a fibrous character, and a similar ap-
pearance is produced in some otiicr trees* when they have
arrived at a certain age. In other trees, as the Plane, a layer

of delicate cells, analogous to tlie epiphloeum, is formed be-

neath each layer of liber, so that the two layers alternate

with each other; these soon dry up in the outer layers, and
the liber thus separates in plates year by year. In many
Coniferous Plants, such as the Larch and common Pine, the

cellular envelope becomes extensively develoi)ed, by which a
kind of false cork is ])roduced, which soon comes ott" in scales.

The epidermis in all cases separates early from the epiphloeum,

by wliich it is replaced.

By this exfoliation 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 ))criod. The new layers of wood, the

canihiuni-layer, and the recently formed lil)er, arc the ])arts of

an exogenous stcni which are alone concerned in its active de-

vclof)ment and life.

J laving now described the different parts which enter into

the structure of an exogenous or dicotyledonous stem, we will

in conclusion recapitulate them, and place them in a tabular

form :
—
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Pith or Medulla, belonging to the parenchymatous system.

Medullary Sheath, composed chiefly of 1
^j^^^^^

spiral vessels. Ic, ,
*

Woody Layers, one of which is formed |

fibro-vascular sys-

annually on the outside of the pre-
f
^;°^' ^^''^ ^°f

^^^^

1
•'

, • ^ r TT7- 1 lorm the wood pro-
vious layers, and consists of Wood- , n i

cells and Pitted Vessels. J
P^^^^ '^ ''^^^^'

4. Medullary Bays, consisting of cellular plates connecting the

pith and the bark.

5. Cambium-Layer, composed of vitally active cells, from
which new layers of wood and liber are formed.

6. The Bark, composed of two systems.

1. Inner Bark or Endophloeum, or Liber, formed of liber-cells

chiefly, and belonging to the fibro-vascular system,

increasing by the annual addition of new layers on its

inner surface.

2. Outer Bark, composed of parenchyma, and hence belong-

ing to the parenchymatous system, and consisting of

a. Cellular Envelope or Mesophloeum, giving the green
colour to bark.

b. Corky Layer or Epiphlceum.

7. The Epidermis, which invests the epiphlceum in young
stems; it is replaced after a certain age by the epi-

phlceum.

B. Endogenous or Monocottledonous Stem.—In our coun-

try we have no trees or shrubs which exhibit this mode of growth,

although we have numerous herbaceous plants, such as Grasses,

Eushes, Sedges, &c. In our gardens again we have various kinds

of Lilies, Yuccas, Tulips and other bulbous plants, which are also

endogenous in their structure. It is in the warmer regions of

the globe, and especially in the tropics, where we find the most
striking and characteristic illustrations of Endogens; and of all

these the Palms are by far the most remarkable. The appearance

of such plants, even externally, is very different from those

of exogenous trees, for endogenous plants have commonly no
branches, but their stems are almost uniformly cylindrical from

below upwards, frequently rising to the height of 1 50 feet or

more, and crowned at their summits by a magnificent tuft of

leaves {fig. 178, 1).

When we make a transverse section of a Palm stem, it pre-

sents, as we have seen (page 71), no distinction of pith, wood,

medullary rays, and bark, but the cellular system is scattered

more or less over the entire surface {figs. 164, m, and 179, A, a),

the fibro-vascular being dispersed vertically in this, in the form of

separate bundles, which have no tendency to collect together so
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Fig. 178.

'^Skd
'^t^^

Fig. 178. 1. Unbranched stem of the Cocoa-nut Palm (Cocos titir.ifcra). 2.

Branclied stem of Pandamis odoratissimus. The figures are placed at
their base to indicate their height. From Jussieu.

as to form zones of wood, as in exogenous stems {figs. 164, /^

and 1 79, b, c, d). The wliole is covered externally by a fibrous

and cellular layer, called the /a/.se bark or rind {fig. 164, i);

but such is not a distinct and ])arallGl fornuxtion to the wood as

the bark of Kxo;rens, but it is formed by the ends of the vascular

bundles, as will be presently noticed, and cannot therefore be
separated from the mass l)eneath. In herbaceous endo<;cnous

stems the general cellular or medtiUary substance between the

vascular bundles is soft and delicate, but in such trees as the

Palms, &c., the cells become hardened by the deposition of

secondary layers upon their inner surfaces, thus forming what
has been termed tvoodi/ parenclit/ma, which ultimately binds the
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Fig. 179.
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Fig. 179. Diagram of a Monocotyledonous stem. A. Transverse section.

B. Vertical section, a, a. Parenchymatous tissue. 6, 6. Pitted vessels,

c, c. Woody fibres or cells, d, d. Spiral vessels. After Carpenter.

original separate bundles into a solid hardened mass resembling

wood.
The structure of the vascular bundles thus dispersed in the

cellular substance of the stem, we have already described under

the head of Definite Vascular Bundles (see page 72 and fig. 167).

It was formerly supposed that these bundles, as they were suc-

cessively developed, were directed towards the centre of the

stem, and continued their course in the same direction towards

its base (as seen in fig. 180, a, b,c, d), the last-formed bundles

being the most internal, and gradually pushing towards the cir-

cumference those which had previously been developed. Hence
the name endogenous or inside growers, by Avhich these stems

are commonly known. The researches of Mohl first showed

that the above mode of growth was not strictly correct, but that

the following is that Avhich really takes place :—The vascular

bundles have their origin in the punctum vegettitionis of the stem,

and are fully developed with its growth upwards and outwards

into the leaves, and downwards and outwards towards the

circumference. In other words, to render it more simple, the
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Fig. 180. Fig. 181,

bundles may be traced to the leaves, from which organs they are

at first directed towards the interior of

the stem {fig. 181, a, h, c, d), along
which they descend generally for some
distance, and then gradually curve out-

wards again and terminate at the circum-

ference in the rind or false bark, or in

young stems some of them 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.
182.

The vascular bundles in their course

down the stem generally become more
attenuated, which circumstance arises

from certain differences which take place

in their structure as they descend. Thus
when they first originate they consist, as

we have seen (see p. 72), of spiral, an-

nular, and other vessels, mixed with
parenchymatous and liber-cells. In their

descent thcv gradually lose the spiral
/=^(i7s. 180andl81. Diagrams , .1 '

1 .., ^1 ..t, *
showing the course of the ^"^1 Other vesscls, SO that when they ter-
fibro-vascuiar bundles of minate at the circumfercuce they consist
aMonocotyledonous stem. 1 • n c ^\ n i, 1 j. .^1 i

fl, 6, c, d. Fibro-vascuiar chicfly of libcr-cells bouud togetlier by
bundles Fig. 180 ex
liibits the course of the
bundles as formerly sup-
posed F/ff.lSl, accord-
ing to Mohl's system, as
now proved to be correct.

Fig. 18:

Fig. 182. Vertical section
of the stem of a Pulm,
showing ('./V) the vascular
bundles intersecting each
other as they pass down-
wards.

parenchyma. The rind or false bark 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 latter 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 endoge-
nous for a portion of their course, as

tliey terminate ultimately at the circum-

ference. This term endogenous has been
therefore altogether discarded of late

years by many botanists, who use instead,

one which is derived from the structure

of the embryo of such plants which we
have seen ])ossesses but one cotyledon,

and hence their stems are called Mono-
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cotyledonous. In this volume we generally use the term endo-
genous, because it is the one by which such stems have been
known for a long period, and is accordingly that 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 {jiys. 164 and 179,

A). In such stems, therefore, the hardest part is on the outside,

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 be-

come, moreover, more incrusted by secondary deposits,will become
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 dia-

meter, partly by the deposit of vascular bundles in their interior,

and partly by the general development of the cellular 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; the stem, therefore, becomes at

length choked up by the descending bundles, and growth is no
longer possible. It is evident, therefore, that endogenous stems,

unlike those of exogenous, cannot grow in diameter beyond a cer-

tain 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 Endogens are thus limited in size and life,

there are some remarkable exceptions to this, as for instance in

Yuccas, the Draccenas or Dragon-trees {fig. 186), &c. ; in these

the rind is always soft and capable of distension, and the vascu-

lar 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, somcAvhat

after the manner that layers of wood are produced by the

cambium-layers of Exogens. Such endogenous stems, there-

fore, like those of exogenous, have no limit either to their size or

age.

It is in consequence of the comparatively small increase in

diameter which most endogenous stems undergo, that twining

plants which encircle them do them no injury, frequently not

even producing the slightest swelling on their surface, and thus

proving incontestably that such stems do not increase in dia-

meter after a certain age. The effect of such climbers is well

seen in fig. 184. If we compare this figure with that of an

exogenous stem {fig. 183), Avith a woody twining plant encir-

cling it, we find a striking difference ; for here we observe exten-
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i^i^f. 183. Fig. 184.

Fig. 183. Dicotyledo-
nous stem, with a
woody twining plant
around it.

Fig. 184. Monocotyle-
donous stem, encircled

by a woody twiner.

thus, in the Doum
are formed, so that

sive swellings produced, which exhibit a
corresponding- increase of the diameter of
the stem. Such a comparison shows, in a
very striking and conclusive manner, the

characteristic peculiarities of the growth
of exogenous and endogenous stems.

In a Palm stem, as we have seen {fig.

178,1), there are commonly no branches,
such stems having no power of forming
lateral buds from which they are produced.
These plants therefore grow simply by the

development of a terminal bud, which
Avhen it unfolds covers the summit with a
plume of foliage. Such stems are accordingly

nearly of the same diameter below as above,

and thus form a cylindrical column. ' In
such trees the destruction of the terminal

bud necessarily leads to the death of the

plant, as it is then deprived of all mode of

increase. In some endogenous trees how-
ever more than one bud is developed:
Palm of Egypt (Ht/phcene thebaica), two
the stem is forked above (fig. 185); each

Fig. 185.

Fig. ISj. The Doum Palm of Egypt Ulyphuene thebaica).
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of Exopjcns, })ut such huiidlcs have no cambnim-laycr on their

outside, and have c()nso([ucntly no power of indefinite increase

as is the case with exogenous stems.

Fig. 187.

Fi(l. 1K7. Transverse section of the stem of the common llccd P'ig.

IHH. Seialun of the underground stem of n species of Sarsaparillu. a. Epi-
rtermul tissue, i.c.t/. The cortical portion, c. Woody zone. /.Medulla
or pith.

There is nothinj^ in tlie internal structure of cndo<;cnous stems

hy which we Can ascertain their a;ie as we can those of exo}^enous.

It was formerly supposed that the age of a Palm stem was in-

dicated hy the anmilar scars produced on its external sin-facc

hy the fall of the leaves, each ring hcing su])poscd to he equi-

valent to a year's growth (Jh/s. 178 and IST)). 'I'licse rings are

however by no means to l)e depended upon as indications of the

age ol" sucii trees, for there are frecpiently several rings jn'oduccd

in one year, and these again often disappear after having existed

for a certain ])eriod. Tlie best means of ascertaining the age
of I'alms is by noting their increase in height in one year's

growth, and then as such stems grow almost uniformly in suc-

cessive years, by knowing their height we can determine their

age. This mode however of calcMlating their age is very liable

to error, and we cannot thereiore be considcre<l at present to

j)Ossess any certain jueans of determining the age of endoge-
nous stems.

C. AcuoQENOus OR AcoTYLEDONous Stem The simi)lcst

fonn of stem ])resente(l by Aeotyledonous Plants is that of flosses

and Liverworts. In their stems we have no true vessels, but the
whole is composed of ordinary ])arenchyma, with occasionally a
vertical central cord of wood-cells. In the stems of Club-
mosses (Li/co/ioilidced), Pcpjierworts (flfdisilntrca), and Horse-
tails {/'Ji/itlsrtdced), we have tlie simplest f(»rms (»f acrogcnous
st<'ms which contain vessels and the peculiar vascular bumlles
(Siiiinltinicous), which are tiieir especial characteristics. The
composition of these vascidar bundles and their mode of growth
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liiivc been iilreiuly described. (Sec psit^c 73.) The vessels

fbiitid ill the viiscular bundles of the Lyc(>iM»diacea; arc spiral,

and in those of the K(|uisetacejc annular All Acotyledonous
steins ;;ro\v by additions to their apex, and hence the term
Acroyenous or sununit growers, which is ai)i)lied to them.

In tlic Ferns (Kilic(!s), we have the Acroj^enous stem in the

hij^hest (U't^rci! of (levelo]»nicnt. 'J'hose Avhich are indi;;c,noiis

to this country are but insij;niflcant specimens of such plants,

for in th(^m the stem nuTiily runs along the surfa(;c of the ground,

or burrows bciuiath it, sending u\> its leaves, or fronds as they arc

commonly called, into the air, which die down yearly (Ji/j. LOS).

In warm regions, and more csjiccially in the tropics, we find

n\n-h jilants in the highest degree of development. Here the stem,

called th(! candexuv stipe, rises into the air to the height of fifty

or sixty feet or more; (//r/. 1.')'.)), bearing on its summit a tuft of

foliage. In their gcn(!ral appearance ex-

tcnuiUy th(!S(^ Tree;- Ferns have great resem-

blance to Monocotyledonous trees, not oidy

in bearing their foliage like them at their

summits, but also in producing no lateral

braiu'hcs, and being of uniform diameter

from near their base to their sununits. The
outside of the stem of a Fern is marked
with a nund)(!r of scars, which have a more
or Icssrhoniboidal outlin(! (Ji(/. 189). The
surface of these scars present little hard-

ened projections, c, or darker-coloured

spots, which ai»i)carance is pro<luc(!d by
the rupture of the vessels proceeding to

the leaves, by the fall of which organs the ^'ftairrem. m'lx'rkcTcx-'

scars are J)roduccd. temaUy by rliomlx.idal

Upon making a transverse section of a r/klcoSi-cd See'
Tree-Fern it pniscnts, as we have already tionH, c.

briefly noticed (see i)age 71), the following parts: — On the

outside a hard rind {Jig. le-O, e), conqjosed of dark-coloured
wood-cells covered externally by parenchyma. Within this

we find a mass of parenchyma, »/, 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 beconuis hollow. Towards the outside

of this cellular mas.s, and just within the rind, we find the

wood consisting of simultaneous vascular bundles arranged
in the form of plates, which, when cut, have a wavy outliru;, v, v.

These nuisses of wood forming the fibro-vascular system have
generally oi»enings between them, by means of which the

parenchyma beneath the rind and that of the centre of the

stem comnmnicate ; in other cases these woody masses touch

each other at their edges, and thus form a continuous circle

11
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within the rind. These masses consist of simultaneous vascular

bundles, the vessels of which are chiefly scalariform; these

are situated in the centre of the bundles, where they may be
readily distinguished by their pale colour {fig. 165), and are sur-

rounded externally by layers of dark-coloured hardened wood-
cells.

We liave already stated that Tree-Ferns have no branches.

This arises from their having no provision for lateral buds :

hence the cylindrical form of stem which is common to them.
For tlie same reason also, they are rarely of great diameter.

Some Ferns however become forked at their apex {fig. 190) ;

Fiq. 190. ^'^^^ ^^ pi'oduced by the division of the terminal

bud into two, from each of which a branch is

formed. Such branches are, however, very dif-

ferent from those of Exogens, which are pro-

duced 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 trunk, 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 Avhencc they are

100 Fork d
*^^^*^"^^^' -^^ Acotyledonous stems only grow by

stem of a TreV the development of a terminal bud, the destruc-
I'ern. tion of that bud necessarily leads to their death.

There is nothing in the internal structure or external appear-
ance of such stems by which we can ascertain their age.

All Acotyledonous Plants below the Mosses and Liverworts

have no true stems bearing leaves, as we have already seen

(see p. 64), but they simply form cellular expansions of various

kinds, to which the name of thallus is applied, hence they arc

termed Thal/ophj/fes or Thallogens ; while all plants producing
stems are called Cormophytes, and these are divided according to

their internal structure into three great classes called respectively

Exogens or Dicotyledons, Endogens or Monocotyledons, and
Acrogens or Acotyledons. The nature of the internal struc-

ture of the stem has been now fully treated of, and we proceed
to descril)e the buds whicli are situated upon tlic surfiice of

stems, and by means of wliich, as already briefly noticed, they

increase in height and form branches.

2. Buds and Kamification. — We have already stated

(p. 70) that one of the main cliaractcristics by wliich a stem is

distinguished from a root is the presence of leaves and buds.

The leaves will lie particularly treated of hereafter, but we have
now to describe the jmrts of the stem from whence they arise,

and the nntin-c of buds.

Leaves arc always developed at regular points upon the sur-

face of the stem, which arc called nudes or simply knots, and
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the intervals Ijetwcen them internodes. Generally the arrange-

ment of the tissue of the stem at the nodes , is somewhat
different from that of the internodes ; thus it exhibits a more
or less contracted or interrupted appearance, which arises from
a portion of its substance being given ott" to enter into the com-
position of the leaf. This appearance is most evident in those

cases where the internodes are clearly develo])ed, and esjiecially

so, if under such circumstances the leaf or leaves which arise

encircle the stem, as in the Bandjoo and other Grasses ; in these

each leaf causes the formation of a hardened ring externally

(fig. 187), and thus produces the appearance of a joint or ar-

ticulation, and indeed in rare cases, the stem does readily

separate into distinct poi'tions at these joints, in which case it is

said to be jointed or articulated.

Buds.—Under ordinary circumstances, as we have seen, one

or more buds arc developed in the axil of every leaf (fig. 191).

Fig 192.

Fig 191.

Fi(/. lf)l. Brnnch of Oak with alternate leaves and leaf-buds in their

axils Fif/. 102. Longitudinal section of the end of a twig of the Horse-
chestnut {j'EscuIhs Hijipocastaniim), before tlie bursting of the bud. After
Sclileiden. a. The jiitli. h. The wood. c. The bark.. d,d. Scars of
leaves of former years, e. e. The vascular bundles of those leaves.

/,/. The axillary buds of those leaves, with tlieir sciiles and the vas-
cular bundles belonging to them. (/. Terminal bud of the twig ending
in a rudimentary flowering panicle. A, h. Scars formed by the falling

off of the lowest scales of tlie bud, and above these mav be seen the closed
scales with their vascular bundles, i. Medullary mass leading from tlie

pith into the axillary bud.

Tlic a])ex of a stem again, as well as of all its divisions which
are capable of further elongation, are also terminated by a

similar bud. Each bud, whether lateral or terminal, is pro-

h2
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duced by an elongation of the horizontal or parenchymatous
system of tho stem or its divisions, and consists at first of a
minute conical central cellular mass, which is connected Avitli

the pith; 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, we have little conical pro-

jections of parenchyma developed, which are the rudimentary
leaves. As growth proceeds these parts become more evi-

dent, and a little conical body is formed at the apex of the stem,

or laterally in the axil of leaves, and the formation of the bud is

completed (j^y, 192).

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 de-

veloped on their outer surfaces in the form of modified leaves,

which are commonly called scales. These are usually of a
hardened texture, 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 nidimentary leaves of the bud and the air a thick coating

of matter which is a bad conductor of heat and insoluble in water,

protect them from the influence of external circumstances, by
which they would be otherwise destroyed. Buds thus protected

are sometimes termed scab/. In the buds of tropical regions,

and those of herbaceous plants of temperate climates which arc

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 the bud 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 are naked
like those of tropical plants. Such is the case with the Alder
Buckthorn {Rhamnus Frangtda), 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 names of teymenta, perulce, &c.
That such scales arc really only modified leaves adapted for

a special purpose, is proved not only by their position with re-

gard to the true leaves, but also from the gradual transitional

states, which may be frequently traced from them to the ordi-

nary leaves of the bud; this is very clearly exhil)ited in the

^senilis Pavia. Thus, as stated by Lindley:—"In tliis plant

the scales on the outside arc short, hard, dry, and brown;
those next them are longer, greenish, and delicate; within these

others l)ccomc dihitcd, are slightly coloured pink, and oc-

casionally bear a few im])erfect leaflets at their apex; in suc-

cession are developed leaves of the ordinary character, except
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that their petiole or stalk is dilated and membranous, like-

the inner scales of the bud; and, finally, leaves perfect in all

their parts complete the series of transitions." The scales thus

shown to be modified leaves may be formed either of one or of

more than one of the parts of a leaf; and the bud receives

different names accordingly. Thus, if the scales are formed by
the lamina or flattened foliaceous part, as in Daphne Mezereum
the bud is called /o//aceo«s ,- if, by expansions of the Ijase of the

petiole or leaf-stalk, as in the Walnut-tree, petiolaceous ; if by
the stipules, or lateral leafy expansions of the petiole, as in the

Magnolia, stipidaceous ; if by both stipules and the petiole com-
bined, as in the common J^lnm, fulcraceous.

As soon as the laminse 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 rounded form
and small space. This arrangement of the leaves in the bud is

called vernation or prcBfoliation. There are various modifications

of this, each of which is distinguished by a particular name.
These will be described hereafter, when treating of the leaves.

The bud, as we have seen, contains all the elements of a stem

or a branch (Jig. 192); in fact, it is really the first stage in the

development of such parts, the axis p^ igg^ p-^ J94_
being here so short that the rudimentary

leaves are closely packed together, and
thus overlap each other (Jig. 193). AYhen
growth commences in the spring, or

whenever vegetation is reanimated, the

internodes between the leaves become
developed, and these therefoi*e become
separated from each other (^fig. 194, c),

and thus the stem increases 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 inter-

nodes of that axis become separated and
dispersed over a branch or an elongation

of the stem, much in the same way as Fig. 193. a shoot one year

the joints of a telescope become separated wiVh^termfnaVbud.'^frscars
produced by the falling off
of the bud-scales of the pre-
vious year ; b. Scars pro-
duced by the falling oft of
the petioles of the leaves of
the present year, with buds,
c. in their axils Fig. lt)4.

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 each other by lengths of tube when
it is drawn out. The branch therefore,

like the bud from which it is formed, ne-

cessarily contains the same parts as the

axis upon Avhich it is placed, and these

parts are also continuous with that axis,

with the exception of the pith, which,

although originally continuous in the

bud state, ultimately becomes separated

H 3
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by the development of tissue at the point where the branch
springs from the axis.

From the above circumstances, it follows that a bud resembles

in its functions the embryo from which growth first commenced,
and it has been thus termed a 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
develope 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, are also capable of being separated fi'om their

parent and attached to another individual of the same, or Qxan
of one of a nearly allied species. The operati'. ns 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 impor-

tance in horticulture, because all plants raised by such means
propagate the individual peculiarities of their parents, which is

}iot the case with those raised from seed, which have merely a

specific identity.

Ramification.—In the same Avay as branches are produced
from buds placed on the primary axis or stem, so in like manner
from Ihe axils of the leaves other buds and branches are

formed ; these again will form a third scries, to which will

succeed a fourth, fifth, &c. In practice, 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 arc

liable are commonly described under the name oi ramification.

All lateral or axillary buds which are develojied in the axil

of leaves arc called regular or normal, and their arrangement in

such cases is necessarily the same as that of the leaves Again,
as branches arc formed from huds thus phu-cd, it should follow

that their arrangement should also corresiiond to that of the

leaves. This corresponding symmetry, however, between the

arrangement of the branches and leaves is interfered with from
various causes. In the first place esjiecially, by many of the
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regular buds not being developed. Secondly, by the development
of other buds which are not placed in the axils of leaves, but
which arise irregularly at various points; these are called, from
their abnormal origin, adventitious: and, Thirdly, by the for-

mation of accessory buds.

First, as to the non-development of the regidar buds. This
frequently takes place iiTegularly, and is 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 in-

stances, 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 spu-e,

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 tliat they appear to grow in a

circle. Many other instances might be adduced of the influence

of the non-development of the regular buds, but the above will

be sufficient for our purpose.

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

off", the latter becomes gorged with sap, and a multitude of

adventitious 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 then* non-development. In every instance

the adventitious buds take their origin from parenchymatous
tissue : thus, if produced on the stem or branches, it is from the

ends of the medullary rays ; when developed upon leaves, they

may arise from their borders as in Malaxis paludosa {fig. 196)

and Bryophyllum calycinum {fig. 195), or fi-om their surface as

in Ornithogalum tliyrsuideum (fig. 197). Leaves thus bearing buds
are called proliferous. Such buds ai'e naturally formed on the

leaves of the above plants, and occasionally on others, but they

may be also produced artificially on various leaves, such as

those of Gesnera, Gloxiiiia, and Achimenes, by the infliction of

wounds, and then placing them in a moist soil and exposing
them to the other influences which are favourable for their growth.

The buds developed on the leaves in such cases ultimately form
independent plants, and this method is constantly resorted to by
gardeners as a means of propagation. It would appear that

H 4
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in all cases where the parenchyma near the surface of a plant

has its vitality excited, or when an accumulation of nutritive

Fig. 195.

Fiy. 196.

Fig. 195. Leaf of DryophyUum caJycimim with buds on its margin
Fig. 196. End of the leaf, I, of Mala,ris jmludosa, with buds, h,b, on its

margin Fig. 197. A portion of the leaf, /, of Oruithvgalum thyrsm-
deuni, showing buds, b, b, b, on its surface.

matter takes place, it is capable of taking up an independent

development, and forming adventitious biufs. These buds differ

however 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 protective organs

_ or scales.

^'V- 199. EmbryoDuds.^ln
some trees these ad-
ventitious buds, in-

stead of being deve-

loped on the outside of

tlie stem, are enclosed
in the bark. Such have
been called embryo-

buds or nodules. They
may be readily ob-
served in tlic bark
of certain trees, such
as the Cork-oak, the

which they ])roduce

examined, are found

Fig. 198. Embryo-bud or nodule of ithe Cedar.
Fig. 199. A vertical section of the same

surrounded by the bark.

Beech, tlie Cedar of Lebanon, &c., in

externally little swellings, which, when
to be owing to the presence of these nodules, which have a
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more or less in-egular ovoid or spheroidal form {fig. 198),

and woody texture. Upon making a transverse section of one of
them {fig. 199) we observe a central pith surrounded by concentric

zones of wood (the number ofwhich varies according to its age as

in ordinary trees) and traversed by medullary rays; in fact, as

stated by Dutrochet, it has all the elements of organization found
in the trunk of a tree. In the course of their development these

embr}'0-buds frequently reach the wood, with the growth of

which they become confounded and thus form what are called

knobs. In other cases a number of nodules meeting together

on the surface form an excrescence. That such nodules are

analogous to buds is 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.

Lindley also states that he has a number of these nodules which
he received from Prince of Wales' Island, which exhibit all

sorts of transitions, from their common irregular spheroidal form
to modified branches. Hence there can be no doubt of their

analogy to buds. The peculiar appearance of the wood 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 of branches arises from the multiplication of buds in

Fiu. 200.

Fig. 202.

Fig. 200. Branch of a species of Maple with three buds, a,
placed by the side of one another Fig. 201. 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. 202. A piece of the
branch of the Tartarian Honeysuckle (Loniiiera tartarica),

bearing a leaf with numerous buds in its axil placed above
one another, the lowermost being the most developed.

the axils of leaves. Thus, instead of one bud, we have in rare

cases two, three, or more thus situated, such are called accessory



106 ORGANOGRAPHY.

buds. Such buds may be either placed one above the other, or

side by side. Thus, in certain Willows, Poplars, and in Maples,
&c., we have three buds placed side by side (Jig. 200), which fre-

quently give rise to a corresponding number of branches. In some
Aristoiochias, in Walnuts (Jig. 201), in the Tartarian Honeysuckle

(Jig. 202), and other plants, the accessory buds are arranged
one above the other. Sometimes the uppermost bud alone de-

velopes, 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
ex^ra-uxillary. In the Tartarian Honeysuckle the axillary

or lowest bud is that which forms the strongest branch, over

which a number of smaller branches are placed, arising from
the development of the accessory buds. In some trees such as

the Fir, Ash, &c., these accessory buds, instead of forming
separate branches, become more or less united, and assume a
flattened or thickened appearance. Such branches are com-
monly called fasciated. These branches may however be
produced by a single bud developing in an in-egular manner.

Besides the above three principal sources of iiTCgular dcA^e-

lopment 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 the brancli, wliich 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,
and need not therefore be further treated of.

3. Of the Forms and Kinds of Stems and Branches.— In
form the stem is usually more or less cylindrical, in other cases it

becomes angular, and in some plants, particularly in certain

classes, it assumes a variety of anomalous shapes. Thus in

many Orchids it becomes more or less oval or rounded, and
has received the name of Paeuduhulb ; in the Melon-Cactus,

globular; in other Cacti, columnar, more or less flattened, or

jointed. In the Tortoise or Elephant's-foot Plant it forms a
large rough irregular mass.

In general stems possess a firm texture, and can therefore

readily sustain themselves in an upriglit direction; at other

times they are too weak to su])port themselves, and thus require

the aid of some other body. In such cases, if they trail on the

ground, they are prucuvibetit or prostrate; if when thus reclining

they rise towards their extremity, they are decinnbent; or if they

rise obli(iuely from near the base, ascending. Some weak stems,

instead of resting on tlie ground, take an erect position and
cling to neighbouring objects for support. Sucli arc called

climbing or scandcnt if they ])roceed in a more or less rectili-

neal direction, as in tlie Passion-flower (fig. 209), where they

cling toother bodies hy means of little twisted ramificatious called
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tendrils ; or in Ivy, Avhere they emit little root-like processes
from their sides, by Avhich they adhere to neighbouring bodies
(Jig. 203). If such stems twist round other bodies in a spiral

Fig. 204.

Fig. 203. Fig. 205.

Fig. 203.
Climbing stem of the Ivy

Fig. 205.

Stem of Convolvulus.

Fig. 204. Stem of Honeysuckle.

manner they are said to he twining ; and this may take place

either from right to left, as in some Convolvuli (Jig. 205), in

the French Bean, and Dodder; or from left to right, as in the

Honeysuckle (Jig. 204), Hop, and Black Bryony; or first in one
direction and then in another, irregularly, as in the White
Biyony. These climbing and twining plants are generally

herbaceous or die annually when growing in cold and tempe-
rate regions, although we have exceptions to this in the Vine,
Clematis, and Honeysuckle which have woody stems ; in which
case such a stem has received the name of sarmentum. In
tropical climates these woody creeping or twining stems often

occur ; they are called lianas, and these ft-equently 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 nature.

Thus it is called a caulis in plants which are herbaceous, or die
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down annually; a trunk as in trees, where it is woody and per-
manent; a culm as in most Grasses and Sedges, where it presents
a jointed appearance; and a caudex or stipe as in Tree-Ferns and
Palms. The term caudex is also frequently applied to any
woody erect or ascending root-like forms of stems, and is thus
sometimes nearly allied to the rhizome. (See p. 113.)
From the nature, duration, and mode of ramification of their

stems, ])lants have been divided from the earliest periods into

three classes, called respectively. Herbs, Shrubs, and Trees.

Thus, all plants are called herbs Avhicli have stems that die down
annually to the surface of the ground; while those which form
permanent aerial woody stems are denominated trees or shrubs,

according to circumstances. Thus, the term tree is ap])lied if

tlie branches are permanent and arise from a trunk ; if the tree

is of small size, the term arbusculns is used. The collection of
branches which arise from the trunk and form the head of a
tree is called the coma, or im])ropcrly cyma by some botanists.

When the brandies are ijennanent and jn-oceed dii-ectly from, or
near to the surface of the ground, witliout any trunk, or where
this is very short, a shrub is formed. Tliis -when low and
branched very mucli at the base, is denominated a bush. The
term midershrub is also applied to a small shrub which is

intermediate in its cliaracters between an ordinary shi-ub and
an herb, tlms, some of its branches frequently perish annually,
while others are more or less i)ermanent. All the above kinds
of stems are connected by various 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 u]iwards from the
earth to its summit, giving oft" from its side the lateral branches,
as in most Firs. Such a stem has been termed an excurrent
stem. 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
appears to divide into a number of irregular branches, it is said
to be deliquescent. These diff*erent kinds of growth influence
materially the general form of trees. Tims, those witli excurrent
stems are usually more or less conical or pyramidal. Those
with delicjuescent stems are rounded or sin-cading. The general
aj)i)earance of trees also dejiends upon the nature of the lateral

branches, and ujion the angle wliich they make with the stem
from which they arise. Thus, if the branches are firm, and jirise

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 oft' at a right augle, the branches are spreading or
patent, i\n in the Oak and Cedar ; if the angle is very obtuse, or
if the branches bend downwards from their origin, as in the

Wcei)ing Ashand Weejting Khn, they are termed weeping or pen'
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dulous ; 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 diifer-

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
(Pinus Pinea). The above are the extreme forms only, between
which, as may be readily supposed, there are a number of inter-

mediate ones.

Besides the forms of stems and branches already described,

there are some others which have received special names.

These we now proceed to notice.

Spines or Thorns.—It sometimes happens that a leaf-bud in-

stead of developing as usual, and forming an ordinary branch

with leaves on its surface, becomes arrested in its growth,

and forms a hardened projection terminating in a more or

less acute point, as in Thorns {fig. 207), Gleditschia {fig. 206),

Fig. 206. Fig. 20:

Fig. 206. Branching spine of the Honey Locust {_Gleditschia).

Fig. 207. Spine of a species of Thom.

&c. Such an irregularly-developed branch is called a spine or

thorn. That the spines are really modified branches is proved
not only by their structure, containing as they do all the ele-

ments of the stem or branch upon which they are placed ; but

also by their position in the axils of leaves ; by their some-



no ORGANOGRAPHY.

times bearing leaves, as in the Sloe {fig.

208), and Spiny Rest-harrow ; and by
their being frequently changed into or-

dinary branches by cultivation. Thus,
the Apple and Pear in their wild state

are commonly spiny, but when cultivated

they are spineless. The spines are some-
times confounded by the young observer

with prickles already described (see

p. 49), but they are readily distinguished

from these by their structure and intimate

connexion with the internal parts of tlie

stem ; the prickles being merely formed of

hardened parenchyma, arising immedi-
ately from and in connexion only with
the bark.

Tendril or Cirrhus.—This term is applied

to a thread-like leafless branch, which is

Fig. 208. Leafy spines of twisted in a spiral direction, as in the Pas-
the common Sloe. sion-flowcr (Jig. 209). 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 support. Tendrils arc also observed in the Vine (Jig. 210),

Fig. 209.

Fig. 20S). A povtion of the stem of Pmsiflora
quadrangularig. Fig. 210. Tart of the
stem of the Vine. v,v,v. Tendrils.

where they are regarded by many botanists as the terminations

of separate axes, or as traiisfonncd terminal biuls. IJoth spines

and tendrils are sometimes i)roduced from leaves and other
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parts of tlic plant ; these will be referred to hereafter, under the

heads of the organs of which they are respectively modifications.

Kinds ov Stems.—We have seen that the stem, when first de-

veloped, always takes a diametrically opposite direction to that

of the root. In many instances this direction is continued more
or less throughout its life. In other plants, however, the termi-

nal bud cither acquires an irregular direction, and the stem runs

along, or remains under, the surface of the ground ; or it jjcrishes

altogether at a very early period, and an axillary branch will

take its place, and this also, by devcloi)ing laterally, will like-

Avise continue near the surface of the ground, or burrow beneath

it. From these peculiarities in the direction and growth of

stems and branches, we have a number of modifications which
we have now to describe. These are best treated of under two
heads, namely, those which are aerial, and those wliich arc

subterranean. Wc 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 subteiTanean and aerial at diffe-

rent points, or at different periods.

1. Aerial Modifications of the Stem.—Of these we shall describe

the runner, the offset, the stolon, the sucker, and the rhizome.

a. The Runner. (Fig. 211.)—This is an elongated slender pro-

strate branch, sent off from the base of the stem, and giving off

at its extremity roots and leaves ; thus producing a new plant,

Fig. 211. A portion of the common Strawberry plant, a'. An axis prodm--

ing a tuft of leaves, r, at its extremity, from the axil 6f one of wliich

another axis or runner, o", arises, bearing a rudimentary leaf, /, near the

piiddle, and a cluster of leaves, r, at its end. a. A third axis produced

In a similar manner to the former.

which extends itself in a similar manner. It is well seen in the

common Strawberry and Potcntilla. The runner is sometimes

known under the name of tlie flagcllum, hence such branches

are tcrnn^dJlageUiforjn.
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b. The Offset. (Fig. 212.)—This is a short, prostrate, more or

Fig. 212.

Fig. 212. The offset of

Scmpervivum.

less thickened branch, which produces

at its apex roots and a tuft of leaves,

and thus forms an independent plant,

which is capable of producing other

offsets. It is seen in the Houseleek.

It differs very little from the ordinary

runner, except in being shorter and
somewliat thicker.

c. The Stolon.—This is a branch given

off above the surface of the ground,

but which curves or proceeds down-

wards towards it, and when it reaches a moist spot it produces

a root and an ascending stem, and being thus capable of ac-

Fig. 213. quiring nourishment indepen-

dently of its parent it ulti-

mately forms a new individual.

The Currant, Gooseberry, and
other plants, multiply in this

way. All such plants are said

to be stolnniferous. 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

layeriny {fig. 213).

d. The Sucker (Figs.2\Aa.na

215.)—This is a branch which

arises from the stem below the

surface of the earth, and which

after proceeding in a horizon-

tal direction for a certain

distance, and giving off roots

in its course, turns upwards

into the air, and ultimately

forms an independent plant, as in the former instances. Plants

thus producing suckers are said to be surculose. Good examples

of this form of stem are seen in the Rose, the Kasphcrry, the

Mint {fig. 215), &c. The sucker can scarcely be said to differ

in any essential ])articulars from the stolon, except thar it is

originallv subterranean, and ultimately becomes aerial, while the

stolon is'first aerial and then subterranean. This form of stem

is an illustration of the impossibility of drawing any distinct

line of demarcation Ijctween aerial and subterranean stems, as

it is both at different parts of its course, and hence might be

placed in either division.

Fig. 213. Plant, showing the process

of layering.
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FUjs. 214 and 215. Suckers of a
species of Mint, &c.

e. The Rhizovie or liootstock. (Figs. 216 and 217.) — This

is a prostrate thickened stem or branch running along the sm-face

Fig. 216. Fig. 217.

Fig. 216. A portion of the rhizome of a species of Iris. Fig. 21". A por-
tion of the rhizome of tlie Solomon's Seal iPoJtjgonaluni multiflorum).

b. A branch. 6'. Bud. c,c. Scars produced by the decay of old branches.

of the ground, or more generally partly beneath it, and whicli

gives off roots fi'om its lower side, and buds from its upper.

Such stems sometimes creep for a long distance in this way,

and have the upper surface marked by scars (fig. 217, c), which
are produced by the falhng off of their leaves or lierbaceous

stems. Such a form of stem is presented by the Iris, Sweet-

flag, the Ginger, Solomon's Seal, &c. The name rhizome is

applied by many botanists to all stems of this nature and appear-

ance whether aerial or subterranean. It forms, therefore, a

natural transition to the latter kinds of stems ; wliich Ave now
proceed to describe,

2. Subterranean Modifications of the Stem.— All these w^ere

formerly confounded with roots, and they are still in common
I
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language thus designated. They are distinguished from roots,

however, either by the presence of leaves and buds, or by scales

or modified leaves, or by the presence of scars on their surface,

which have been produced by the falling oif of former leaves or
buds. They have thus a provision for regular ramification, which
is not the case with roots. The different forms of aerial stems
described above, when partially subterranean, may be also distin-

guished in a similar manner from roots.

a. The Creeping Stem. {Fig. 2 1 8.)—This form of stem is also

Fi(/. 218. Creeping stem of the Sand Carex CCarex arenarid). 1. Terminal
bud by wliicli the stem continues to elongate. 2, 3, 4. Shoots produced
from former buds.

called a Soboles, and popularly a creeping-root. It is a slender

branch wliich runs along beneath the surface of the earth,

emitting roots from its lower side, and buds from its upper, in

the same manner as tlie 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), the Couch Grass {Triticum

repen.s), &c., afford good examples. In some instances such

stems serve important ])urposes in nature ; tlnis those of the Sand
Sedge, by si)reading througli the sand of the sea-shore, bind it to-

gether and ])revent it from being waslied away by tlie waves.

Others, like those of the Coucli Grass, are tlie pest of the agri-

culturist, who finds it very difiicult to destroy them by cutting

them into ])ieces, for as every node is cajjable of developing a
bud and roots, each i)iece iiito which they will then be divided is

capable of becoming an independent iiidivitlunl, and therefore

such an operation only serves the purpose of multii)lying such

stems by i)liieing the sei)arated parts under more favourable

circumstances for development.
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b. The Tuber. ( Fig<i. 219 and 220.)—This is a subterranean
branch, arrested in its growth, and excessively enlarged by the
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 formed the

Fig. 219.

Fig. 219. Tubers of the common Potato (.Solanum tuberosum).

succeeding year. The possession of these buds indicates its

nature as a
"^

kind of stem. The Potato (fig. 219) and Jeru-

Fig. 220. Fig. 221.

Fig. 220. Tubers of the Jerusalem Artichoke {Ilelianthus tuberosus).

Fig. 221. A monstrous branch or bud of the common Potato. From The
Gardcner^s Chronicle.

salem Artichoke {fig. 220) are good illustrations. A case

was reported in the " Gardener's Chronicle " of a Potato

plant in which the buds in the axils of the true leaves above
ground showed a tendency to form tubers {fig. 221), by which

I2
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their analogy to stems was clearly indicated ; this is also cor-

roborated by the common, experience of gardeners, who, by
surrounding the lower part of the stems of tlie potato with
earth, increase the number of tubers by converting the buried
buds (which under the usual circumstances would have pro-

duced ordinary branches) into those organs.

F'kj. 222. c. The Bulb.— This is a short-

ened, usually subterranean stem
or branch, generally in the form of
a rounded or flattened plate {fig.

222), which bears on its surface

a number of fleshy scales or

modified leaves; or it may be con-

sidered as a subten-anean bud of

a scaly nature, which sends off

roots from bcloAV, and from its

centre upwards a stem with

foliage and flowers. The scales

are generally more or less

thickened by deposition of nutri-

tive matters ; these, therefore,

serve as reservoirs of nutriment

for the future use of the plant, just as in other cases the en-

larged stems serve a similar purpose. The bulb is only found

in Monocotyledonous Plants, as in the Lily {figs. 222, 223,

and 224), Onion {fig. 225), Tulip, &c. The scales of a bulb,

Fig. 222. Bulb of Lily. a. Shortened

axis or plate, p. Floweriiig-stem.

c. Lateral buds or cloves.

Figs. 223 and 224. Scoly bulbs of the Lily.

(/, J. Flowering stem.
Shortened axis. 6, h. Roots.

. Scales.

like the ordiunry leaves of a branch, have the ]i()wer of develop-

ing in their axils new l)ull)s {fig. 222, c), called by gardeners

cloves, which circumstance is an additional proof of the analogy

of a bulb to a branch or l)ud. There are two kinds of bulbs com-

monly distinguished by botanists, namely the tunicated{fiy. 225),

and the scaly {fig. 224). The tunicated bulb is well scon in the
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Onion and other species of the same genus, as also in the
Squill, &c. In these, the inner scales which are thick and fleshy

and enclose each other in a concentric manner are covered ex-
ternally by thin and membranous ones, which form a covering
or tunic to them, and hence the name iunicated or coated. In the
scaly, or naked bulb as it is also called, as in the Lily (^jig. 223
and 224), 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.

Fig. 225.

Fig. 226.

iF^. 225. Tunicated bulb of the Onion Fig. 22C. Stem of a species

of Lily {Lilium bulbijerum), bearing bulbils or bulblets, a, a, in the axils

of its leaves.

In the axils of the leaves of some plants, such as certain

species of Lily (fg. 226), the Coralwort (Dentaria bulblfera),

Pilewort {Ranuncidus Ficaria), &c,, small conical or rounded

bodies are produced, which are of the nature of bulbs, and are

hence called Aerial bulbs or bulbils or bulblets. They differ from

the ordinary buds by their fleshy nature, and in spontaneously

separating from their parent, and producing new individuals

when placed under favourable circumstances.

The young bulbs which are developed in the axils of tlie

scales or leaves of subten-anean 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 Cor/w.—This form of stem, like the bulb, is only found

in Monocotyledonous Plants, as in the Colchicum {fig. 229),

Crocus (Jigs. 227 and 228), Gladiolus, &c. It is an enlarged,

I3
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solid, subterranean stem, of a rounded or oval figure, and com-
monly covered externally by thin scales. By Lindley it is

Fig. 227. Fig. 228.

Fig. 227. Corms of Croctis sativxis. a, I

the apex of the old or parent coim
The new corms, arising from c,

-Fig. 228. Section of tlie former.

defined " as the dilated base of the stem of Monocotyledonous
Plants, intervening between the roots and the first buds." 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

membranes. Practically a corm may be distinguished from a

bulb by its being solid, whereas a bulb is formed of imbricated

scales. The corm is known to be a form of stem by producing

Fig. 229. from its surface one or more buds, as in

the Crocus (^^f^. 227 and 228), Avhere they

^ proceed from the apex, and ultimately

r| .i destroy their parent by feeding upon its

!i ;t^., accumulated nutriment. These new corms,

in a future year, also produce others near

tlieir apex, which by developing at the ex-

pense of their parents destroy them in like

maimer, and these again form otlicr corms by
whicli they are tliemselves destroyed. In tliis

manner the new corms, as they are successively

developed, come gradually nearer and nearer to

the surface of the earth. In tlie Colchicum (^fi(j!.

229), tlie new corm is dcvcl()]icd on one side of

the old, near its base. This feeds u])on its parent,

Flo.220. Colchicum. ^'^'^ ultimately destroys it. and is in like

r. Roots. /. Leaf, mauiicr destroyed the ne.Kt year by its own

main?oni!.t'year''B P^'ireny. Thus, iu taking up such a corm
corm. <i". Corm of carefully, we find (Jig. 229), a, the slirivelled

«.".cZ'menceS fo^''" ^'^ ^^^^ .VP^r ;
«", that of the present

of the corm of next season, wliicli, if cut vertically, shows a'", the
y*^**"' corm, iu a young condition for tlie next year.

All conns contain starch or otlicr nutritious matters, which

are stored up for the future use of their otFspring.
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Section 2. The Root or Descekdikg Axis.

The root may be defined as that portion of the axis which passes
at its first development in an opposite direction to the stem, avoid-
ing the light, fixing the plant to the soil, or to the substance upon
which it grows, or floating in the Avater Avhen the plant swims
upon the surface of that medium, and deriving nourishment for

it. The part where the stem and root diverge has been called

the neck or collum, or formerly, the vital node, because it Avas

erroneously supposed to be the seat of the life of the plant. The
term coarcture has been also applied to the same point, from the

axis being there generally more or less contracted, at least in the

young plant; but, as it continues to develope all traces exter-

nally of this point arc usually destroyed, so that after a few years

it becomes very difficult, if not impossible, to discover its posi-

tion. That part of the root which joins the stem is called the base,

the opposite extremity the apex. Having so fully described the

structure and general characters of the stem, it will be unnecessary

for us to dwell further upon the root than to indicate especially

those points where it presents any distinctive appearances.

Roots may be divided into two classes, namely. True or

Pinmary, and Adventitious or Secondary. Our remarks up to

the present time apply more particularly to the former, to which
we shall also at present continue to direct our attention.

1. True or Primary Root.—This is formed at first by addi-

tions made within the exti-emity of the radicle of the embryo; and
the mode in which it takes place may be thus stated:—Growth
commences by the multiplication of cells by division, just within

the apex of the radicle {fig. 230, a); these cells then elongate

by their own inherent vitality, by which the tissue constituting

the apex b is pushed onwards, and gradu- p- q^q
ally perishes, or is thrown off; the in-

nermost of these newly formed cells then ^-^ ~^
remain unaltered, while others immediately ^'^TRl^Ilj^^
within the point of the root continue to ^^^mWwK^
multiply by division and grow in a similar f^^^^^^\^
manner to the former, by which a layer of <f^mlW/^^'''\^
tissue at the apex is again pushed for- -^drninW^
ward and perishes in like manner; then "^IMi/wMi
new growth commences within this as in ^JH+mllJI^
the former instance, to be followed by similar limfflf
changes; so that additions are always made ^^^ "

at first just within the extremity of the \^?^- i
root, and not directly at its extremity, as

is often stated, and* as new tissue is de- Fig. 230. Young root of

, T ., . 1 n 1 i 1 rrn a Maple masnified. a.
veloped it is gradually destroyed. Thus, xiie part wiiere growth

the apex of the root is ahvavs clothed by a >» taking place, b. The
1 f -, .1 ^i" ^ 1 • 1 • 1 original extremity.
layer of denser tissue than that Avhich is be- After Gray.

I4
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neath it. Roots do not grow thei*efore, throughout their entire

length like stems, but only at their extremities, whieh are con-
tinually pushed forward and renewed. Every division of a
root also elongates in a similar manner. Eoots increase how-
ever, in diameter, in the same manner as stems.

The points of tlie root Avere formerly considered to be special

organs, and called spo7igioles or spongelets {fig. 231, sp), from

Fig. 231. Fig. 232.

Fig. 231. Highly mognified vertical section of an Orchis root. gp. Spongi-

ole. c,c. Parenchymatous cells, fj). Wood-cells and vessels Fig. 232.

Fibrils or root-hairs on the surface of a young root.

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 ideas are entirely erroneous, for there are no special

org.ans or spongioles situated at the extremities of tlie root, but

that these arc only the denser layers of tissue which are gradu-

ally ])us]ied onwards by the development which is taking place

Avithin them, and as they decay tliey are rejjlaced by others.

It is also quite evident that absorption cannot take place to any

great extent, at least, through tliis old and dense tissue.

At first tlic elongating growing extremities of the root consist

entirely of parencliymatous cells ; wood-cells and ves.'^els however

soon make their a]i])earance, and are constantly added to below

by the new tissue formed as the root continues to lengthen

(fg. 231, fp). When the root is fully developed, these vessels

and wood-cells geiu'rally form a central mass or wood, in which

there is commonly ]io pith, and no medullary sheath. liut

externally there is a true bark, which is also covered when
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young by a modified epidermis Avithout stomata, which, as we have
seen, is sometimes called epiblema (p. 41). Tliis epiblcma, in

the process of deAclopment, is also furnished with hair-like pro-

longations, which are commonly termed fibrils ox fibrillce (fiy.

232). This term fibril is, however, applied by Lindley and
some other botanists to the minute subdivisions of the root.

These fibrils (which appear to be actively engaged in the

process of absorption, as will be afterwards seen) are especially

evident upon young growing roots, and as these advance

in age they perish, while the tissue from which they were

prolonged at the same time becomes harder and firmer, so as to

form a more or less impermeable layer of cells.

Roots have no leaves, and usually no buds, hence they have

as we have seen no provision for regular ramification , but they

appear to divide and subdivide according to circimistances, with-

out any order; while the branches of the stem have a more or less

symmetrical aiTangcment as already described.

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, are commonly furnished with no

other organs, — such as buds and leaves for instance, as is the

case Avith those of tlie stem. To this, however, there are many
exceptions, for although the root has no poAver of forming regu-

lar buds, yet adventitious buds may be formed upon its surface,

in the same manner as Ave huxe seen that under certain circum-

stances they may be produced from any parenchymatous tissue.

The power Avhich the root thus possesses of forming adventitious

buds may be obsei-^^ed in the Plum-tree, the Pyrus japonica,

the Moutan Paony, the Japan Anemone {Anemone japonica),

and many others. The latter plant exhibits this tendency to a

remarkable extent. Thus, if the root be observed after floAvering,

it Avill be found to be coAxred Avith a number of little Avhite coni-

cal projections, Avhich are buds in a rudimentary condition; so

that it may be then diA^ded into a number of pieces, each of AA-hich

Avill give rise to a ncAv plant if placed under faA^ourable circum-

stances. Again, if the trunk of a young A'igorous Poplar or

Apple-tree be cut across near its base, at certain seasons Avhen

vegetation is actiA'c, tlie roots near the surface Avill produce buds,

from Avhich branches Avill be ultimately formed.

From the aboA-e general description Avhich has been giA-en of

the groAvth and structure of the root, Ave find that the chief

distinctive characters betAveen it and the stem may be summed
up as folloAvs: — 1st, Its tendency at its first formation to

dcA'elope in an opposite direction to the stem, and thus

withdraAv from the light. 2nd, The root does not groAV

throughout the entire length of its newly formed parts like a

stem, but only by additions near its apex. 3rd, The root of

Dicotyledonous Plants under ordinary circumstances has no
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pith or medullaiy sheath. 4th, It has no true epidermis Avith

stomata, but in place of this an integument composed of cells

without stomata, to which the name of epihlema has been given.

5th, It has no leaves, or scales which are modified leaves. 6th,

It has no regular buds, and has consequently, no provision for a

regular ramification.

2. Adventitious or Secondary Root.—This name is ap-

phed to all roots which are not produced by the direct elongation

of the radicle of the embryo; because these, 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 circumstances. The
branches of a true root are of this nature; as are also all those

produced from the diiferent modifications which stems assume,

as the rhizome, the runner, sucker, stolon, corm, luilb, &c.
;

those of slips and cuttings of ])lants, &c. ; and tliose of all

Monocotylcdonous and Acotyledonous Plants. All the above

are examples of adventitious roots which are develoi)ed from

parts in contact with the ground, as the stem does not com-

monlv produce roots under other conditions. There are,

however, various exceptions to this, as is the case with all those

roots which are develoi)ed from plants in the air, and which arc

accordingly called Aerial Roots. These adventitious or se-

condary roots have tlieir origin in the

bark, some of the cells of which near

to the vascular bundles acquire a

special development, aiul separating

from those around tliem, grow in the

manner already described, and thus

break their way tlirough the bark,

and become free.

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 tlie branches

are given 'off {fig. 233). Such a

root is termed a tap-root, and may
be commonly observed in Dicoty-

ledonous Plants. On tlie contrary,

those of Monocotylcdonous and Aco-
„. „„ -

^ ,. ,
tyledonous Plants, which are adventi-

/^»or. 233. Lower part of the stem •.
, ii r

and root of t'.c common Stock, tious or sccoudary, arc Usually ot
r.The tap-root with its brandies. „earlv equal sizc, and given ott' in
c riie neck oi point of union , ' ,- ^i i- i /^ "tn^
between Btem ani root, r The clustcrs h'om the radiclc (//f/. /42).
stem. /,./: Leaves, b, h. Buds. Somc adventitious roots, such as those

called aerial, retiuire a more jiarticular notice.

Fig. 233.
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Fig. 234.

123

Fig. 234. Tlie Banyan Tree (Ficus indica').

Aerial Boots.—The simplest forms of such I'oots are seen in the

Ixj (Jig. 203) and some other climbers. In these plants they

are simply intended for mechanical support, and not to obtain

nourishment for them : this they obtain by their ordinary roots

fixed in the soil. In other

plants, however, the aerial

roots which are given otf

by the stems or branches

descend to the ground, and
fixing themselves there, not

only act as mechanical sup-

ports, but also assist the

true root in obtaining nou-

rishment. Such roots are

well seen in the Screw-pine

(Pandatius odoratissiiaus)

{fig. 178,2.) in the Banyan
or Indian Fig-tree {Ficus

indica) {fig. 234), in the

Mangrove tree {Rhizo-

phora Mangle) (fig. 23.5),

&c. In the latter tree

these aerial roots fre-

quently form the entire

support of the stem in ^'^- '-^- ^^^
^'XS)^"'

iRUizophcyra
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Fig. 236. consequence of this decaying at its

lower pai't.

In the Screw-pine the extremi-

ties of these roots, while still sus-

pended in the air, are sometimes
]jrovided with a little cap-like co-

vering derived from the parenchyma
of the bark, which they appear to

have jmshed before them in the

course of their passage through it.

Such cap-like coverings may be also

seen occasionally upon the extre-

mities of other adventitious roots.

This calyptra is considered by ma-
ny to be of a ditFerent nature to

that which occurs on the extre-

mities of some other adventitious

roots Avhich grow in water, as those

of the Duckweed {fig. 236 j, Pistia,

and some other alhed jdants. The
latter is called the pileorhiza, and

Fig. 236. Magnified plants of the consists of a ccllular laver which

i^^%he'':^L'SrTd'tra ^^^ separated entirely from the tis-

sheath. sue of the root beneath, except at

its extreme point, where it is in direct connexion witli it. This
cap remains under natural circumstances throughout the life of

the root, which at once perislies if it be destroyed.

Fig. 237.

Fig. 237. Orchideous Plants, to show their mode of growth.

Epiphytes or Air-plants.— 1\\ these i)lants none but aerial roots

arc produced, and as these never reach the soil they cannot
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obtain anr nourishment from it, biit must draw their food entirely

from the air in which they are developed, hence the name of air-

plants which is applied to them, Thev are also called epiphytes

because they commonly gi-ow itpon other plants. Most Orchids

{fig. 237) and Tillandsias afford us illustrations of epiphytical

plants. The roots of such plants are commonly green, and
possess a true epidermis and stomata ; in such particulars there-

fore, aerial roots also present exceptions to wliat is commonly
observed in other roots. The roots of most Orchids have also a

layer of usually very delicate cells filled with air over the true

epidermis, to which the name o{ root sheath (velamen radicuni) has

been applied by Schleiden, Avho 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
deriving their nourishment from it, as is the case with the

epiphytes, send them into the tissues of the plants iipon which
they are growing, and obtain their nourishment from them.

The Mistletoe ( Viscum album), Broom-rapes ( Orobanche), Dod-
ders {Cvscuta) {fig. 238), Bafflesia Arnoldi {fig 239), may be

Fig. 238.
cited as examples of such plants. These
parasites are of various natures ; thus

some have green foliage, as in the Mistle-

toe, &c. ; while others are pale, or possess

other tints than green, as the Broom-
rapes, Rafflesia, &c. The latter plant is

especially interesting as it produces the

largest flowers of any known plant : thus

Fig. 239.

Fig. 233. Cuscuta or Dodder Plant Fig. 239. Flower
and bud of Bafflesia Arnoldi,- & parasitic plant of
Sumatra.

the first flower that was discovered measured iline feet in cir-

cumference, and weighed fifteen pounds.

Parasitical plants also vary in the degree of their parasitism;

thus the Mistletoe and the greater number are entirely dependent

upon the plants on which they grow for their nourishment; while

others, as the Dodder, obtain then- food at first bv means of the
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oi'dinary 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 true or primary root, and the secondary or adventitious root.

We have in the next place to allude to certain differences which
roots present which are dependent upon their duration. Roots
are thus divided into annual, biennial, and perennial.

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

(Jig. 240); 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 matm-ing their fruits and seeds, exhaust all the

nutriment they contain, and thus necessarily perish.

2. Biennial Roots.—These are produced by plants which
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 (^fig. 250), in consequence of their tissue becoming gorged
with nutritious matters stored up for the support of the plant

during its flowering and fruiting the succeeding season. The
Can-ot {Jig. 248) and Turnip {fig. 250) 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. 244),

Orchis {fig. 242), &c., the roots are the only portions of the plant

which arc tlms perennial, their stems, &c., dying down to the

ground yearly. Such perennial roots are either of woody con-

sistence, or more or less fleshy as in biennial roots.

We have seen in treating of the stem that that organ possesses

certain differences in its internal structure in the three great

classes of Dicotyledonous, Monocotyledonous, and Acotylcdon-
ous Plants. The roots of such plants in like manner possess

similar distinctive characters, and also some otlicrs, which render

it necessary for us briefly to refer to them.

1. The Root of Dicotyledonous Plants.—The roots of

these ))hit)ts are formed, as we have seen, by the direct elonga-

tion of tlie radicle of the embryo (p. 119). Such a mode of root-

development has been called by Richard and other botanists

exorhizal.

It follows from this mode of development that Dicotyledonous

Plants liave generally a ta})-root or descending central axis {fig.

233) from wliich branches arc given off in various directions, in

the same manner as such i)lauts 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 their internal structure the root resembles the stem except
that it has no pith or medullary sheath, so that the woody part

forms the central axis of the root. This absence of pith and
medullary sheath is generally the case in herbaceous plants, but
there are some trees, as, for instance, the Walnut and Horse-
chestnut, where the pith is prolonged downwards for some dis-

tance into the root.

2. The Koot or Monocotyledonous 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 ex-

tremity of the embryo, and become the roots (^fig. 742, r); each
of these is covered at its base, where it pierces the integuments,

witli a cellular sheath which is termed the colecr/tiza (Jig. 742, c6).

Such a mode of root-development has been termed by Richard
endorhizul. The roots of Monocotyledonous Plants are therefore

to be regarded as adventitious or secondary.

From their mode of development it rarely happens that the

plants of this class have tap-roots, but they generally consist of

a number of separate parts of nearly equal size {fig. 742), and
hence are said to be compound. There are, however, exceptions

to this, as for instance in the Dragon-tree (fig. 186), which has

a central axis resembling the ordinary tap-root of Dicotyledonous

Plants.

Aerial roots are much more common in Monocotyledonous
then in Dicotyledonous Plants. We have already referred to

them in the Screw-pine (fig. 178, 2). In many Palms they are

developed in great abundance towards the base of tlie stem,

by which that portion assumes a conical appearance, which is at

once evident by the contrast it presents to the otherwise cylin-

di'ical stipe of such trees. In their internal structure the roots

of Monocotyledonous Plants resemble those of the stem.

3. The Root of Acottledonous Plants.—Such plants, as

we have seen, have no true seeds containing an embryo, but are

propagated by spores, which develope roots indifferently from
any part of their surface, and hence have been called by Richard,

heterorhizal. Such roots are therefore all adventitious. When
the stem has become developed it soon gives origin to other

adventitious roots, by which such plants are chiefly supported.

Hence aerial roots are very common in Acotyledonous Plants,

in which respect they resemble those of Monocotyledons. In

Tree-Ferns also, as in many Palms, these roots are so abun-
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dant at the base of their caudex, that they sometimes doul)le or

triple its thickness {fig. 1 59, n/), and hence give to the lower part

of such stems a conical form. Their internal structure in all

essential characters resembles that of the stem.

We have now, in conclusion with roots, to describe some of

the more important forms which they present.

Forms of Roots.—When a root divides at once into a number
of slender branches or rootlets, or if tlie primary root is but

little enlarged, and gives off from its sides a multitude of simi-

lar branches, it is csHqOl fibrous. Such roots occur commonly
in annual plants, and may be well seen in annual Grasses {fiy.

240), in bulbous plants {{figs. 224 and 225),&c.

Fig. 240.

Fig. 241,

F!g. 240. Fibrous root of a Grass. Fig. 2-tl. Coralline root from
Corallorrhiza innata.

Coralline Boot. — This name is applied to a root which

consists of a number of succulent branches of nearly equal size,

Fig. 243.

Fig. 242.

Fig. 242. Tubercular roots of an Orchis. Fi>j. 243. Palmated tubercules of

an Orchis.
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and arranged like a piece of coral {fig. 241), as in Corallorrhiza

innata.

Tuberculated Root.—When some of the divisions of a root

become enlarged so as to form more or less rounded or egg-

shaped expansions {fig. 242), the root is said to be tuberculated,

and each enlargement is called a tubercle. Such a root occurs

in various terrestrial Orchids, the Jalap plant, &c. These tuber-

cles must not be confounded with tubers, which have been

already described as subteiTanean 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

tubercles are divided at their ends, so that the whole resembles

the human hand {fig. 243), they are then said to be palmated,

and the root is also thus termed.

Fig. 245.

Fig. 244.

Ftg, 244. Fasciculated roots of the Dahlia Fig. 245. Nodulose root of

the cominou Dropwort {Spiraea Filipendula).

Fasciculated, Clustered, or Tvfted Root.—These names are

applied inditferently to a root which consists of a number of

tubercles or fleshy branches arising from a common point {fig.

244), as in Asphodelus luieus ; the Dahlia ; Bird's-nest Orchis

{Neottia Nidus-avis), &c.

Nodulose, Anmdated, and Momliform or Necklace-shaped Roots.

—These terms are apphed to roots which are expanded only at
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certain points. Thus, when the branches are enlarged irre-

gularly towards the ends, as in the common Dropwort (Spiro'a

Filipendula), the root is nodulose {fig. 245). When the branches

have alternate contractions and expansions {fig. 246), so as to

present a beaded appearance, as in Pelargonium triste, the root

is tenned moniliform, necklace-shaped, or beaded. When the

root has a number of ring-like expansions on its surface, as in

Ipecacuanha {Cephaelis Ipecacuanha), it is annulated {fig. 247).

The above forms of roots, with fcAv exceptions, 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 modifications of that kind of root.

Fig. 246. Fig. 247.

Fig. 248.

F%g. 24C. Moniliform
root.

^^
/

Fig. 247. Annulated root of Ipecacuanha (CepAoi/w Ipecacuanha).

Fig. 248. Conical root of the common Carrot.

Conical Hoot—When a ta])-root is broad at its base, and

ta]>ers towards the ajjcx, it is termed cojiical {fig. 248). The
roots of ]\I()ni<sliood (/kwn7«/« Napcllus); Horse-radish {Coch-

lea via Armoracia); X\\c l^:w^\\\\) {Pastinaca sativa); the Carrot

{iJaucns Carota); tlic Dandelion (Leontodon Taraxacum); are

all famlHar examples of this root.

Fusiform or Spindle-shaped Hoot.—This term is a])plied to a

tai)-root which savcIIs out a htllc below its base, and then tapers
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upwards and downwards (^ftg. 249). The common Radish
{Raphaims sativus); and the Beet {Beta vulgaris) msiy be taken
as examples of this form of root.

Napiform or Turnip-shaped Root.—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,

250). It occurs in a variety of the common Eadisli, Avhich is

Fig. 249.

Fig. 250,
Fig. 251.

Fig. 251. P]acentiforiii root.

Fig 249. Fusiform root of the common Radish. •

root of the Turnip.
Fig. 250. Napiform

hence called the Turnip-radish ; in the common Turnip {Bras-
sica Napus) and other plants. When what would be other-
wise a napiform root becomes compressed both at its base and
apex so that it has no tapering extremity, it is said to be placen-

tiform {fig. 251). It occurs in the* Sow-bread {Cyclamen
europceum).

The recent researches of botanists have shown, that the so-

called roots of the Radish, the Turnip, the Cyclamen, and
probably some others, are really enlarged stems. We have,

however, placed them here with the roots, in accordance with
the commonly accepted views of their nature.

k2
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Contorted or twisted Root.—When the tap-root instead of pro-

ceeding in a more or less straight direction, becomes twisted

{fig 252), as in the Bistort {Polygonum Bistorta), the above
term is applied to it.

Fig. 2r)3.

Fig. 252 Contorted root of Bistort {Pohioonum Bistorta) Fig. 253. Praemorse

root of the Devil's-bit Scabious {Scabiosa succisa).

Pra-morse Root.—When the main root ends abrnptlj, so as to

give tlie appearance of having been bitten off {fig. 253), it is

called an abrupt, truncated, or prcsmorse root. We have a good

example of this form of root in the Devil's-bit Scabions {Scabiosa

fiuccis(i), which received its common name from a snperstitions

opinion connected with this pecnliar 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 expansion of the par-

enchyma of the circumference of the stem, or its divisions. In

the lowest plants which possess leaves, as in Mosses, tliis is its

ordinary stricture; but in all the higher classes, the leaf con-

tains in addition to the parenchyma, a framewoi-k or skeleton

for its supj)ort, consisting of wood-cells and vessels, which are in

direct connexion with similar jiarts of the fibro-vascular system

of the stem. We distinguish therefore, in such leaves, as in

the stem, both a cellular and a fihro-vascular system,—the

former constituting tlic soft ])arts, or the pnrenchifina of the

leaf; the latter, the hard parts, which act as a mechanical sup-
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port, and which, by their ramification, form what are called

veins, ribs, or nerves.

The parts of the stem from which the leaves arise, are called,

as we have already seen, nodes ; and the space between two
nodes, an internode. The part of the leaf next the stem is called

the base, and the opposite extremity the apex. The surfaces of the

leaf are sometimes called the pagince; hence, in ordinary leaves,

which have but two surfaces, we speak or the upper pagince, and
the lower. The terms upper and lower are applied to the two
surfaces of the leaf, because in by far the greater number of plants,

the leaves are placed horizontally, so that one surface looks to

the heavens, and the other to the earth. We shall find how-
ever hereafter, that there are some leaves which are placed

vertically, as in some Acacias, Eucalypti, &c. The lines con-

necting the base and apex of the leaf are called the edges or

margins, or collectively the circumscription. The angle formed

by the union of the upper surface of the leaf with the stem is

called the axil ; and everything which arises out of that point

is said to be axillary. This is the normal position, as we have

seen, of buds. If any body springs from the stem above, or be-

low the axil, it is extra-axillary; or, as generally described

when above, supra-axillary ; if below, infra-axillary.

The Leaf varies as regards its duration, and i-eceives 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, 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 said to be per-

sistent, evergreen, or perennial.

When a leaf separates from the stem, it either does so by de-

caying upon it, when it is said to be non-articulated, or by an

articulation, in which case it is articulated. The remains of a

non -articulated leaf, as they decay upon the stem, are some-

times called reliquicb or induvios ; and the stem is said to be

induviate. When a leaf separates by an articulation, it leaves a

scar, cicatricula, or cicatrix.

The leaf in the highest state of development, consists of three

distinct parts: namely, of an expanded portion, which is usually

more or less flattened (fig. 254, I), called the lamina, blade,

or litnb ; of a narrower portion, by which this is connected with

the stem, called the petiole or leafstalk (p) ; and of a portion

at the base of the petiole, or of the lamina, if that is absent,

which either exists in the form of a sheath or vagina ((/), en-

circhng the stem, or as two little leaf-like appendages on each

side, Avhich are called stipules {fig. 255, ss).

These three portions are by no means always present, though

this is frequently the case. Thus, the leaves of the Water

k3
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Pepper {Polygonum Hydropiper) {fig. 254), and of the Trailing

Fig. 254. Fig. 255.

Fig. 2o.'>. Leaf and portion of a branch
oi' Salix aurita. r. Branch. 6. Bud. /•
Lamina with tlie upper portion removed,
and attached by a petiole below to the

stem, s s. Caulinary stipules.

Fig. 254. Leaf and piece of the stem of Pohjgoymm Hydropiper.
I. Lamina or blade, p. Petiole, d. Sheath or vagina.

Sallow {Salix aurita) {fig. 255), may be taken as illnstrations

Fia 256 of such leaves :—the former representing

the third portion in tlie form of a sheath

(f/), and the latter as stipules {ss). Irt

many plants, one of these parts is ab-

sent, and in some two, so that the leaf

is then reduced to but one of its por-

tions only. The petiole, and the sheath

or stipules of the leaf, are those parts

whicli arc more generally absent. When
the petiole is absent, the leaf is said to

be sessile ; when the stipules are absent,

it is e.vs1ipulate. The lamina or blade

is that part Avhich is most commonly
present. Tlie leaf is called simple if

there is but one blade {fig. 254), or

couipound if this is divided into two or

more separate parts {fig. 256). The
lamina of the ]eaf is usually that part

also whicli is most developed, which
,..„ „.„ ^ , , X ^ performs the more important functions
ttg. 2.>C,—Compound leaf of ^ „ . , „ i , •

i
•

i
• t

Kobinia, with spiny sti- of the leaf, and wlucli IS nlso m ordinary
pules at its base. language known under the name of leaf.

It is the p.art therefore, which will come more particularly

under our notice. Before proceeding however to describe it

and tlic other parts of the leaf separately, it will be far better,

and more convenient for us to treat of the different modes in

which leaves are inserted and arran<red on the stem.
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Fig. 257.

2. INSERTION, AND ARRANGEMENT OF LEAVES.

1. Insertion.—The point by which a leaf is attached to the

stem is called its insertion. Leaves are inserted on various parts

of the stem and branches, and receive dilFerent names accord-
ingly. Thus the first leaves which are developed are called

cotyledons, nursing, 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, but this is not the case, as the gemmiile
or plumule also possesses rudimentary ones; the cotyledons are

usually very different in their appearance from the ordinary

leaves which succeed them. The first leaves which appear after

the cotyledons are termed primojdial. These, and the cotyledons,

generally perish as soon as, or shortly after the development of

the other ordinary leaves. The latter are

called radical, when they arise at, or be-

low the surface of the ground, and thus

apparently from the root, but really

from a shortened stem, or crown of the

root as it is commonly called. Leaves
are thus situated in what are termed
acaulescent plants, as in many Violets,

the Dandelion, Primrose, Plantain, &c.

The leaves which arise from the main
stem are called cauline ; those from the

branches ramal; and those from the base -^'s;-

of, or upon the flower- stalks,^ora/ leaves

or bracts.

When a leaf arises from the stem by means of a stalk it is

said to be stalked or petiolate {fig. 255); when the blade of a leaf

is fixed to the stalk by a point more or

less within its margin, as in the Indian

Cress {fig. 257), and Castor Oil, it is

peltate or shield-shaped; when the stalk

is absent, so that the blade arises di-

rectly from the stem, it is said to be sessile

{fig. 263); when a leaf is enlarged at its

base and clasps tlie stem from which it

springs, it is amplexicaul or embracing, as

in Fool's Parsley, &c. {fig. 258), or if it

forms a complete sheath around it, as in

Grasses generally {figs. 259 and 351, ^) it

is said to be sheathing; when a leaf is pro-

longed as it were from its base, so as to

form a winged or leafy appendage down
the stem, as in Thistles, it is decurrent {fig.

260); when the two sides of the base of

a leaf project beyond the stem and unite

{fig. 261), as in the Hare's-ear {Bupleu-
K 4

Peltate leaf of

fhe Indian Cress {Ti-o-

pceolum).

Fig. 258. Amplexicaul
petiole of Angelica.
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rum perfoUatuvi) and Yellow-wort (Chlora perfoliata), it is per-

foliate, because the stem appears to pass through the leaf; or

Fig. 259. Fig. 261.

Fig. 262.

Fig.2o9. Shent'iing leaf of a Grass Fir;. 260. Decurrent leaf of a spe-
cies of Thistle. Fifj. '2(>i. Perfoliate leaf of a species of Ilare's-ear
(Ruphitniiii rotmidifolium.) Fir/. 2(j2. Connate leaves of a species of
Honeysuckle {Lonicera Caprifolium).

when two leaves placed on opposite sides of the stem unite by
their bases they are said to be connate (fg. 262), as in the

Teasels (DIpsacus fullonmn and .^iflvestris), and some species

of Honeysuckle {Lonicera Caprifolium'), &c.

2. The Arrangement of Leaves on the Stem or Phyl-
LOTAXY.—When only one leaf arises from a node, the leaves as

they succeed each other are placed alternately on different sides

of the stem, in which case they arc said to be alternate {fig. 266).

This arraiifrcmeut occurs in nearly all Monocotyledouous Plants,

and in the larger number of Dicotyledonous Plants also after

the first two or three nodes are developed. When two leaves

arc produced at a node, they arc usually placed on opposite sides

of tlic stem, in which case they are said to be opposite (fig. 264);
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 or whorled (fig. 263), and each circle is termed a
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verticil or ivhorl When leaves are opposite, the pairs as they

succeed each other frequently cross at right angles, in which

case thev are said to dtcussate\fig. 264), and the arrangement is

called decussation. When different whorls succeed each other

it also frequently happens that a somewhat similar arrangement

occurs, thus the leaves of one whorl correspond to the intervals

Fig. 263.

Fig. 264.

Fig. 263. Whorled leaves of a species of Galium Fig. 264. Decussate
leaves of the Pimelea decussata.

of that helow 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 becomes
still more complicated. This is the case for instance in Lysi-

machia vulgaris.

Only one leaf can arise from the same point, but it sometimes
happens that by the development of an axillary branch the in-

ternodes of which are scarcely developed, that all the leaves of

that branch may be brought in contact at their base, in Avhich

case they form a tuft or fascicle (fig. 265), and the leaves are

Fig. 265.
said to be tufted or fascicled. Such an
arrangement is well seen in the Bar-

berry and the Larch. That fascicled

leaves are thus produced is rendered

evident by the fact, that in the young
branches of the Larch the internodes

become elongated and the leaves con-

sequently separated from each other.

The laws which regulate the arrange-

ment of leaves upon the stem have of Fig. 26.5. Fascicled leaves •

late years been carefully investigated; of the Larch.

and when we consider that all the organs of the plant which

succeed the leaves are modifications of them, and follow similar
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laws, the determination of those laws must be considered to be a

matter of much importance. 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 leaves in such plants is to be opposite or

whorled also, and tliat when they become alternate, this arises

from the prolongation or extension of the nodes: while in

Monocotyledons on the contrary, 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 tlie 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 descril)e a spiral around it; he

found also, that the relation of the leaves to each other was
constant, each being separated from tlie other by an equal dis-

tance, so that if we started with any particular leaf and waited

until 'another leaf Avas reached which corresponded vertically

Fig. 266. with it, and then proceeded to the

leaf beyond this, we should find that

tliat would also correspond vertically

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 leaves 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 Cheny-tree {Jig. 266),

and commence with any particular

, , leaf which we will mark 1, and then
f7o. 2fi( . A portion of a branch of

, , ^. .

a Cherrytrtc. witl> six leaves. prOCCcd UJJWards COnnCCtUlg HI OUr
the sixtii of which is placed coursc the baso of succccdiug loaves
vertically over the first. Tlic

, ,. • c .
• in

ri>?ht-l.an(l (iKure iathe same by a IniC, Or pjCCC ot Stmig, A\ C Shuli

branch nuiKiiitied. The numhtTS ti,,,\ tiuit WC shall pasS thc IcaVCS
indicate the points of insertion , , ^ „ . i r i » *: » , i

oftheUavea. marked 2 3 4 and 5, but tnat when
wc rcacii thc one marked 6, that this

will corn'S])ond vertically with the 1st, and then i)rocccding

further, that the 7th will he directly over the 2nd, the 8th over

the 3rd, thc 9th over thc 4th, the 10th over the 5th, and thc
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11th over the 6th and 1st, so that in all cases when the sixth

leaf was reached including the one started from, a straight Hne
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 aiTange-

ments in which more leaves were necessary for the purpose.

His ideas were but little attended to at the time; recently

however by the researches of Schimper, Braun, Bravais, and
others, his views have been not only confirmed but consi-

derably extended, and it has been shown that the spiral ar-

rangement is not only universal, but that the laws which regu-

late it may be reduced to mathematical precision, the formulae

representing the relative position in difll^erent plants varying, but
being always constant for the same species. The examination
of these laws any further than to show that the regular an-ange-

ment of leaves and their modifications is in the form of a spiral

round the stem, having at present no pi'actical bearing in Botany,
however interesting they may be in a mathematical point of view,

Avould be out of place here; we shall confine ourselves therefore

to the general discussion of the subject, and as alteraate 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 (^^r. 266), Avhich is over the fix'st, the

string or line used to connect the base of the leaves will have
passed Uxice. round the circumference. The point where a leaf

is found which is placed in a straight line, or perpendicularly

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 dis-

tance of one leaf from the other will be | of its circum-

ference. The fraction
f,

therefore, is the angular divergence, or

size of the arc interposed betAveen 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

numerator 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 Ave have seen, ai'e 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 quincuncial, pentustichous,

or Jive-ranked arrangement.

A second A-ariety of arrangement of alternate lea^-es is that

which is called distichous or two-ranked. Here the second leaf

is above and directly opposite to the first (Jig. 267), and the

third being in like manner opposite to the second, it is placed
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Fig. 267.
vertically over the first, and thus

completes the cycle, which liere

consists of but two leaves; the

fourth leaf again is over the se-

cond, and the fifth over the third

and first, thus completing a se-

cond cycle ; and so on with the

successive leaves. Here one turn

completes tiie spiral, so that the

angular divergence or distance

between two successive leaves is

^ the circumference of a circle,

360°-=-^= 180°. This arrangement
is the normal one in all Grasses,

and many other Monocotyledonous
and the Lime-tree, and

other Dicotyledonous Plants, exhi-

bit a similar arrangement of their

leaA^es.

A third variety of arrangement in alternate leaves is the

tristichous or three-ranked {Jig. 2G8). Thus, if we start -with

Fig. 267- Portion of a branch of Plants
a Lime-tree, with four leaves
arranged in a distichous or
two-ranked manner.

Fig. 268.
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 com-
pletes 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 with the

succeeding leaves. Here the angular di-

vergence is \, or one turn and three leaves,

that is 360° -^^=: 120°. This arrangement is

by far the more common one among Monoco-
tyledonous Plants, and may be considered as

the most characteristic of that class of plants,

just as the pentastichous arrangement is of

Dicotyledons.

A fourth variety of Phyllotaxis in alternate

leaves is the actus liclious or eight-ranked. This

Fig.iCA. Portion of occurs in the llollv, the Aconite, &c. In this,

L''?'";'M'^'i''
^''^ the ninth leaf is over the first, the tenth over

bases of tiic leaves .
, i , i \i ^i •

i i

ofakindofCurex. tlic sccoud, the elcvciith ovcr the tlnrd, and

diol^'^Ji'^Ke- ^^ °"' '''"'^ taking eight leaves to complete
ranked arrange- the cycle ; and, as the s])iral line here makes
"•*"'• three turns round the stem, the angular di-

vergence will be
I
of the circumference, 360°-Hg= 135°.

The above are the commoner forms of Phyllotaxy, but a
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variety of others also occur, which become more complicated as

the mimber of leaves &c., in the spire is increased; but in

those cases, where the leaves, &c., are so j,. ^

numerous as to be close to each other, '^ " '

as in the Screw-pine, in the Pine-apple

{fig. 706, 2 ), and in the fi-uit of Coniferous

Plants (Jig. 269), the spiral arrangement
is at once evident. The table in the follow-

ing page, slightly altered from M. Braun,

and taken from Balfour's Class-Book of

Botany, will exhibit the more common
modes of angular divergence in leaves,

and their modifications.

"We have thus endeavoured to show
that when leaves are alternate, these

taken as a whole form a spiral round
the axis. The spire mav either turn ^io- 269. Cone or fruit

from right to left, or from 'left to right. (LS^vSS ^"^

In the majority of cases, the direction

in both the stem and branches is the same, and it is then
said to be homodromous ; but instances also occasionally occur
in which the direction is ditferent, when it is called heterodro-

mous.

Besides the series of spirals which have been alluded to,

others also occur, as \, \, §, f:,, Z,, &c. ; also l,
j, 3, |, &c.; and

others are also met with; these, however, are all of more or less

rare occurrence, and it is unnecessary therefore for us to allude to

them any further. It should be mentioned also with respect to

the laws of Phyllotaxy, that they are frequently interfered with
by accidental causes, which produce coiTcsponding inteiTuptions

of growth, so 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 diWded by it into an exact number of equal parts,

and thus no leaf can be placed precisely in a straight line over
any preceding leaf, but disposed in an infinite curve, and hence
called curviserial. The first forms of an-angement are looked
upon as the normal ones. The latter will show the impossi-
bility of bringing organic forms and arrangements, in all cases,

under exact mathematical laws.

Opposite and Verticiilate Leaves.— We have already ob-
served with regard to these forms of arrangement, that the
successive pairs, or whorls, as they succeed each other, are not
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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. Here, therefore,

the third pair of leaves will be directly over the first, the

fourth over the second, the fifth over the third, &c. This ar-

rangement occurs in plants of the Mint family, and is called

decussation, as also previously noticed. In some cases, the

succeeding pairs, or whorls, are not thus placed directly OA-er

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 an'ive at one which is placed directly over the first.

Such ai-rangements 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 is 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 families of plants; thus, the Borage tribe (Boraginecs) have
alternate leaves; the Peruvian Bark tribe {Cinchona cece), oppo-
site; the Mint tribe {Labiates), opposite and decussate ; the

Madder tribe (Rubiucece), verticillate ; the Pea tribe {Legumi-
noscB), alternate ; the Kose tribe (Rosacece), alternate; &c.

While the opposition or alternation of leaves may be thus

shown to be constant throughout entire famihes, yet the change
from one arrangement to another may be sometimes seen upon
the same stem, as in the common Myrtle, in Snapdragon, &c.

Other opposite-leaved plants also often exhibit an alternate ar-

rangement at the extremities of their young branches when
they grow very rapidly. In other cases, alternate leaves may
become opposite, or whorled, by the non-development of the

successive intemodes by interruptions of growth; or, if the

whole of the intemodes of a branch become non-developed, the

leaves become tufted or fascicled, 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 ]\Iint tribe of plants, which have
opposite and decussate leaves, have square stems ; 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
tribe of plants, which have whorled leaves, the stems are always
angular. M. Cagnat has also endeavoured to show that the
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arrangement of the leaves has a direct influence upon the forms
of the wood, bark, and pith; either upon one of those 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
the relations between them.
Having now described the general arrangement of leaves

when in an expanded state upon the stem or axis, Ave have in the

next place to allude to the different modes in which they are

disposed while in a rudimentary and unexpanded condition in

the bud. To tliese the general name of Vernation or Prrefoliation

has been appHed.
Vernation or Prcefoliation.—Under this head we include :— 1 st,

The modes in which each of the leaves considered independently
of the others is disposed: and 2nd, The relation of the several

leaves of the same bud taken as a whole, to each other. 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 ovfolded ; ?in(\. 2x\([, Those where it is rolled. Of the first

modification we have three varieties:—Thus 1st, the upper half
of the leaf may be bent upon the lower, so that its apex ap-
proaches the base, as in the Tulip-tree {fig. 270); it is then said

Fig. 271. Fig. 272. Fig. 273. Fig. 274.

Fig.^ 270 Vertical section of a reclinate leaf.

Fig. 271. Transverse section of a couduplicate
leaf. Fig. 272. Transverse section of a plaited
or plicate leaf. Fig. 27o. Vertical section of a
circinate leaf. Fig. 274. Transverse section
of a convolute leaf. Fig. 27.j. Transverse
section of an involute leaf. Fig. 27fj. Trans-
verse section of a revolute leaf.

to be reclinate ov inflexed; 2nd, the right half may be folded upon
the left, the ends and midrib or axis of tlie leaf remaining im-
movable {fig. 271), 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, Currant, and Vine (fig.
272), when it is plaited or plicate. Of the second inotlification

we have four varieties:— 1st, the ajtcx may be roHed uj) on the
axis of the leaf towards the base like a crosier, as in the Sundew
and Ferns (^f/. 273), when li is circinate; 2nd, the whole leafmay
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be rolled up from one margin into a single coil, with the other

margin exterior, as in the Apricot, Cherry, and Plantain, in

which case it is convolute (Jig. 274); 3rd, the two margins of the

leaf may both be rolled inwards towards the midrib, which re-

mains immoveable, as in the Violet, and Water-Lily (^^r. 275),

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 Rose-
mary, Lavender, and Azalea (fiy. 276), 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 each other. Of this

vernation we have several varieties which may be treated of

in two divisions:— 1st, Those in which the component leaves

are plane or slightly convex ; and 2nd, Where they are bent

or rolled. Of the first division we shall describe three varie-

ties:— 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 (Jig. 277), Avhen they

are valvate ; 2nd, when they are at different levels, and the

outer successively overlap the inner to a greater or less ex-

tent by their margins, as in the Lilac, and in the outer scales

of the Sycamore (Jig. 278), when they are said to be imbri-

cate ; or 3rd, if when leaves are placed, as in imbricate verna-

tion, the margin of one leaf overlaps that of another, while it,

Fig. 278.

Fig. 279.

Fig. 281. Fig. 282. Fig. 283.

Fig. 277. Transverse section of a bud to show the leaves arranged in a valvate

manner.
Fig. 278. Transverse section of a bud to show imbricate vernation.

Fig. 279. Transverse section of a bud to show twisted or spiral vernation.

Fig. 280. Transverse section of a bud to show induplicate vernation.

Fig. 281. Transverse section of a bud showing equitant vernation.

Fig. 282. Transverse section of a bud showing obvolute vernation.

Fig. 283. Transverse section of a bud showing supervolute vernation.

in its turn, is overlapped by a third (Jig. 279), the vernation is

twisted or spiral. We have now to describe the varieties of the

second division, viz. where the component leaves of the bud are

L
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bent or rolled. Of this we shall describe four varieties:—1st.

When involute leaves are aj^plied together in a circle -without

overlapping, they are said to be induplicate {fig. 280); 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 (^$r. 281), they

are equitant ; or 3rd, If the half of one conduplicate leaf re-

ceives in its fold the half of another folded in the same manner,
as in the Sage (fig. 282), the vernation is half-equitant or obvo-

lute ; and 4th, when a convolute leaf encloses another which is

rolled up in a like manner, as in the Apricot, the vernation is

supervolute {fig. 283).

The terms thus used in describing the different modes of ver-

nation are also applied in like manner to the component parts

of the jflower-bud, under the collective name of (estivation or

prcefioration. We shall have therefore to refer to them again,

together Avith some others, not found in the leaf-bud, when
speaking of the flower-bud.

3. THE INTERNAL STRUCTURE OF LEAVES.

In describing the structure of leaves we shall divide them into

tv^o\imCiS,naxnt\y , aerial axiA submerged-, by the former, we under-

stand those that arc produced and live in the air; by tlie latter,

those that are formed and dwell wholly immersed in water.

1. Aerial Leaves.—In the lowest plants which possess leaves

as already noticed (see p. 132), these consist simply of a cellular

plate formed by an expansion or growing outwards of the paren-

chyma of the circumference of the stem; while in the majority

of the higher plants they contain in addition to this parenchyma,

a framework or skeleton formed of wood-cells, and vessels of

different kinds, which are in direct connexion with the fibro-

vascular system of the stem. We distinguish therefore, in such

leaves, as in the stem— both a cellular and a flbro-vascular

system— the former constituting the soft ])arts or the paren-

chyma of the leaf; the latter the hard parts, Avhich by their

ramification form what are called veins, ribs, or nerves.

The whole of the leaf is clothed by the epidermis, wliich is

commonly furnished Avith stomata in the manner already de-

scribed. The stomata arc, however, almost confined to that

portion of the epidermis which corresponds to the paren-

chyma of the leaf. The e])idermis is also furnished with

various appendages, as Hairs, Glands, &c. These, togctlier with

the ei)idcrmis, have ))een already fully described under their re-

spective heads: we have now tliereforc only to allude to the

parenchyma situated between the epidermis of tlie upper and
lower surfaces of the leaf, and the fibro-vascular system consti-

tuting its veins.

a. Fibro-vasvular Si/stem.—This is in direct connexion with that
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of the stem in the three great classes of plants respectively. We
shall now direct our attention more especially to that of the

leaves of Dicotyledonous Plants.

The fibro-vascular system is in by far the majority of cases

double, that is, consisting of an upper layer which is in connex-

ion •svith the woody system of the stem (^fiy. 284,^,1?,/); and a

Fig. 284.lower which is continuous with

the hber (/). The upper layer

therefore corresponds in its struc-

ture to the wood, and the lower

to the liber; hence the former is

composed of spiral and other ves-

sels and wood-cells; while the

latter consists essentially of hber-

cells, and laticiferous vessels. To
whatever extent the fibro-vascular

system may branch, each di\dsion

of the upper layer accurately cor-

responds at its apex Avith 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 /-/g. 284. Fibro-vascular bundle pass-

maceration in water, or by other ing f'om a branch, b, of a Dicoty-
. ^11 1 • • ledonous riant into the petiole, p.

means; thus the leaves lying in a „. Articulation between the pe

damp ditch in the winter will af-

ford us good illustrations of these

;

similar leaves may be also arti-

ficially prepared by macerating for a sufficient time in water, &c.

Although the fibro-vascular system of a leaf is in general

only double, instances do occur in which three layers of veins

have been found. Thus Lindley has described an example of

this kind in the leaves of Theophrasta Jnssicti. He says :—" In

this plant there are three layers of veins, of Avhich the middle is

much reticulated, but the upper and lower are far less so, their

fibres lying much more parallel with each other, and instead of

being apphed to the reticulations of the middle layer covering it

obliquely."

The ramification of the fibro-vascular system in the lamina
of the leaf forming the veins, ribs, or nerves, will be described

presently under the head of venation.

b. Parenchyma ofLeaves.—This has been also termed diachyma

and viesophyllum. By it we understand the cellular tissue

situated between the epidermis of the upper and lower surfaces

of the leaf, and Avhich surrounds the ramifications of the fibro-

vascular system. It varies in amount in different leaves; in

L 2

tide and the branch from which it

arises, t, t. Spiral vessels, v, v. An-
nular vessels. /, /. Wood-cells or

fibres. I, I. Liber-cells.
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Fig. 285.

ordinary leaves it is moderately de-

veloped, and they are then thin and
flattened ; while in others it is formed
in large quantities, when they be-

come thick and fleshy, and are

termed succulertt.

The parenchyma also varies in

its form and arrangement ; in or-

dinary flat leaves we can readily

distinguish two distinct layers cf

cells, one of which is placed be-

neath the epidermis of their upper

surface, and the other bei-eath that

of the lower. The whole of the

cells are commonly green from the

presence of chloropliyll in their in-

terior. Beneath the epidermis of

the upper surface we find one {fig.

285), two, or three layers of oblong

blunt cells {fig. 286, 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 st, when spaces may be observed m, by

Fig. 286,

Fig. 28.5. Vertical section of a
leaf of the White Lily highly
magnified, showing tlie epider-
mis of both the upper and lower
surfaces, with the intervening
parenchyma.

Z-Vj/. 286. Vertical section of a leaf of the Melon, highly magnified, es. Epider-
mal tis.Mie of the upper surface, furnished with hairs,;*, and stomata, st.

ex. Epidermal tissue of the lower surlace. pn. Three layers of upper i)aren-

chvmatous cells. ;<('. Parenchymatous ceils near to the epidermal tissue

of the lower surface, fv. Fibro-vascular bundles, vi. Cavities connected

with the stomata. /. Cavities between the loose spoi-giform pareuchyma.
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whicli a communication is kept up between the external air

and the interior of the leaf. The cells beneath the epidermis

of the lower surface ei, are loosely connected pi, and have

numerous large spaces between them; they are also frequently-

very irregular in form, thus presenting commonly two or more
projecting rays, Avhich become united with similar projections

of the cells next them, and thus leave between them numerous
spaces /, which communicate freely with each other, and form

a cavernous or spongiform parenchyma. 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 communication is kept up between the interior

of the leaf and the external air, which is essential to the due per-

formance of the functions of the leaf

Such is the general arrangement of the parenchyma of leaves,

but it is subject to various modifications in different plants.

Thus in those leaves which present their margins to the earth

and heavens instead of their surfaces, the arrangement of the

parencliyma is similar beneath both of those surfaces. In suc-

culent leaves again, the parenchyma is composed of cells usually

larger than those of ordinary leaves, and closely compacted,

or with but few interspaces ; the cells in the centre of such

leaves are also commonly colourless. Besides the above, vari-

ous other modifications of the parenchyma occur in different

plants, Avhich it would be out of place to describe here, we
therefore proceed to notice the structure of submerged leaves.

2. Submerged Leaves. — These are entirely made up of

parenchyma, the veins being composed simply of cells more
or less "^elongated. The cells of which the parenchyma is

composed contain chlorophyll granules, and the leaves which

are generally very thin, only contain two or three layers of

them, so that they are all nearly in contact with the sur-

rounding fluid; in such leaves the cells are disposed very regu-

larly and have no interspaces. In submerged leaves however,

which are thickened, we find large cavities which are very

regular in their form and arrangement (fig. 287, i). These con-

tain air, by which

the specific gravity

of the leaf is di-

minished, and it is

thus enabled to float

in the water. Sub-

merged leaves have

no true epidermal

layer, and no sto-

mata, both ofwhich
11 Ko iicoloco Fig. 2^7. Vertical section of a leaf of a Potamogeton

WOUia Oe useless
iii^hly magnified. J. Air cavities. ?•. Parenuliymatous

from their being cells containing chlorophyll granules.

l3
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always exposed to similar hygrometric conditions. Such leaves

Avhen removed from the Avater and exposed to the air, speedily

become dry and shrivelled ; this is owino; partly to the absence

of an epidermis to control the evaporation of their fluids, and
partly to the want of a fibro-vascular skeleton to act as a

support to the surrounding parenchyma.

4. LAMINA OR BLADE.

We have already seen that the leaf {figs. 254 and 255) may
consist of three parts; namely, of a lamina or blade; ^petiole or

staJk; and of a vaginal or stipular portion. We miist no\v describe

each of those portions, commencing -with the lamina or blade,

whicli is generally the most highly developed, and to which the

name of leaf is commonly applied.

Venatiox.—We will first describe the distribution of the

veins of the lamina, to which the name of Venation lias been

given. The veins have also been called Nerves, and their dis-

tribution Nervation ; but the latter are bad terms, indicating,

as they do, an analogy between them and the nerves of animals,

which is by no means the case ; the former are those, therefore,

which are more commonly and properly used.

In some plants, as Mosses, those living under water, &c., the

leaves have no fibi-o-vascular skeleton, and conscqueritly no
trne veins, and arc hence said to be veinless. In succulent

plants again, the veins are hidden more or less from vieAv, in

consequence of the great develo])ment of parenchyma. The
leaves of such plants are therefore termed hidden-veined.

In those leaves where the veins are well marked, these are

subject to various modifications of arrangement, tlie more im-
portant of which need only be mentioned here. AVhen there is

but one large central vein, which proceeds from the base to the

apex of the lamina, and from which all the other veins proceed,

this is called the niidrib or costa {fig. 288). In other leaves

there are three or more large veins, which thus proceed from
the base to the apex, they are then termed ribs {fig. 289).

The divisions or primary branches of these ribs are commonly
called reins, and their smaller ramifications veinlets.

There are two ])rincipal modes in which the ribs and veins

are distributed thronghout tlie lamina. In the first i)lacc, the

fibro-vascular bundle as it enters the leaf from the petiole or

stem, may be continued as the midrib, or may divide into two
or more ribs; from these other branches arc given oft", and from

them, in like manner, other smaller ramifications arise, which
unite with one another, so as to form a kind of network, as in

figs. 288 and 289 : or, secondly, the fil)ro-vascular bundle may be

continued from the base to the ai)ex of the leaf, and give ort" from

its sides other veins, which run jiarallel to the margins, and
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Fig. 288. Fig. 289.
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Fig. 288. Leaf of the Cherry with lamina,
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 otlier veins of the
leaf. This central vein is termed the
midrib.

Fig. 289. Ribbed leaf of the Melon with a dentate margin. The venation is said
to be radiated or palmately veined.

which are simply connected by unbranched veinlets (Jig. 290, b) ;

or it may divide at once into several veins or ribs, which
proceed from the base to the apex of the leaf, more or less

parallel to each

other, and are in Fig. 290.

like manner con-

nected only by
simple unbranched
veinlets {fig. 290,

a). The former are

called reticulated or

netted-veined leaves,

and occur almost

universally in Exo-
genous or Dicotyle-

donous Plants; the

latter are termed pa-

rallel-veined leaves,

and are character- ^^^- ^
istic of Endogenous
or INIonocotyledo-

nous Plants.

These two modifications are also subject to

others, a few of which we shall now notice.

l4

^av. „. Parallel venation of a Grass : this va-

riety of venation is called straight-veined, b. A
variety of parallel venation termed curve-vemed

as seen in the Plantain.

a variety of
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1. Varieties of JReticuIated Venation.

a. True netted.—In such a leaf, the midrib giA'es off branches
from its sides, which proceed at first towards the margins, and
then curve towards the apex, terminating finally within the
margin, Avith which they are connected by small veins, as in the
Dead-nettle (fig. 291), Lilac, &c.

Fig. 291. Fig. 292. Fig. 293.

Fig. 291. Leaf of the Dead-
nettle (Lamium). The
venation is the true netted,

and its margin is serrated.

Fig. 293. Feather-veined
leaf of the Oak. Its
leaves are arranged in
a pinnatifid manner.

Fig. 294.

Fig. 292. Feather-veined leaf of the Spanish Chestnut.

b. Feather-veined or pinnatehj-veined.—In these the midrib

gives off lateral veins which proceed at once to the margins,

and are connected by numerous branching vcinlcts, as in the

Beech, Chestnut (Jig. 292), Holly, Oak (fig. 293), &c.

c. Ribbed. - This name is applied to

a leaf Avhich possesses three or more
ribs that run in a curved manner
from, at or near tlicir base to the

apex, towards which they converge;

such ribs being connected together

by brandling veins, as in Cinnamon

(fig. 294), Mchistoma, &c. If a ribbed

leaf has tliree ribs proceeding from

the base, it is said to bo three-ribbed or

tricostate ; if ^VQ,fire-ribbed or qninque-

costate ; if more tliaii five, mnUicoatate.

If the midrib of sucli a leaf gives off

on eacli side, a httlo above its base,

another rib, it is said to be triple-

Ribbed leaf of Cin-
namon.
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Fig. 293. h. Triple-nerved
leaf of the common
Sunflower, a. Linear
leaf.

ribbed OX tripli-costate, as in the common Fig. 295.

Sunflower (fig. 295, 6); or if two such

rihs arise on each side of the midrib, it

is termed quintuple-ribbed or quintupli-

costate. These ribbed leaves have fre-

quently a great resemblance to parallel-

veined leaves, from which however,
they may be at once distingui.shed by
their ribs being connected by branching
veins.

d. Radiated or Palmatehj-veined. —
Such leaves resemble the former in

consisting of three or more ribs which
are connected by branching veins; but
they are distinguished by the fact, that

those, instead of converging to the apex,

diverge from the base towards the circumference, as in the

Sycamore, CuiTant, Vine, Geranium, Melon {fig. 289), &c.

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 Avhich will comprise all the

modifications to which such leaves are liable, it must be under-

stood that Ave apply the term parallel-veined to all leaves in

which the main veins are more or less parallel and simply con-

nected by unbranched veinlets. We distinguish two A-arieties

of parallel venation.

a. Straight-veined.—In these leaves the veins either proceed

in a parallel direction from the base to the apex, to Avhich point

they converge more or less (fig. 296), as in the ordinary ribbed

variety of reticulated leaves already noticed, and are con-

nected by simple unbranched veinlets; or they diverge from

each other towards the circumference of the leaf (Jig. 297), as

in the radiated-veined variety of reticulated leaves. The leaves

of Grasses, Lilies, and the common Flag may be taken as ex-

amples of the first modification ; and those of the Palms of the

second.

b. Curve-veined.—In such leaves we have a prominent mid-

rib, which gives off from each of its sides along its Avhole

length other veins, which proceed in a pai'allel direction

towards, and lose themselves in, the margin (figs. 298 and

290, b). These 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 two leading varieties of venation, the

leaves of Perns, and those of other Acotyledonous Plants which

possess veins, present us with a third; thus, in these the pri-
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Fig. 296.'

Fig. 297.

Fig.l^t. Leaf showin? the varietj' of parallel venation called straight-

veined Fig. 29'. Straight- veined variety of parallel venation, as

seen in the leaf of the Fan Paim {Chamvbrops).

mary venation may be feather-veined or radiated, but the

whole of their principal veins either divide in a forked manner

{fig. 299), or their terminal ramifications are thus divided.

Such a vai'iety of venation may be therefore called Furcate or

forked.

The leaves of the three ^rreat classes of plants present us,

therefore, with three different modes of venation

;

Fig 298. thus, those of Dicotyledons are reticulated; those

of Monocotyledons, /?ara//e/; and those of Acotyle-

dons,/*?/^.
p- 299

Dr. M'Cosh has
^ *

endeavoured to

show that there is

a general corre-

spondence between

tlie ramification of

the tree and tlie

venation of the leaf,

in the fact that the

angle formed by the

l)ranch with the

stem, is the same
as the angle of ve-

nation in the leaf,

lie states however
that while it is

comimrntively easy

to determine the

angle of venation of the leaf, it is very difficult to ascertain the

Fig. 20S. Curve-veined variety of pa-

riillel venation, aa seen in the

IJanona Fig- 2:)9. Forked ve-

nation of a Fern leaf. The margin
18 crenated.
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normal ramification of the tree, for the angle at which the

branch is given oif is frequently modified by a great number
of circumstances both natural and aitificial. His researches

have been almost confined to reticulated leaves, and he has

given the following table of plants in which the angles of

branching and A-enation were found to agree,— the angles

being taken immediately below the points where the branches

and veins were given oif:

—

Deg.

Beech 45

Oak (large branches)
" (small branches and "v

Cheny
Portugal Laurel

Bav Laurel
Holly
Rhododendron
Eose
Laburnum (small branches)

Box, about

Thistle

Thorn (lowest branches)

Ash ...
Bird Cherry
Eed Dog-wood .

Alder
Mountain Ash .

&c. &c.

eins) 65-

50
-70

. 50
.nO— 60
50—60
55—60

. 60

. 50

. 60

. 60
60—70
35—50

. 60
. 60

. 45

. 50

. 45

Dr. M-^Cosh also beheves "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 those trees have little or no petiole or leaf-

stalk, but begin to expand 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 con-

siderably long unbranched trunk; and the leaA'es of these trees

will be found to have a pretty long leaf-stalk." The discussion

of these views further would be incompatible with our object;

and we refer those who desire further information upon these

points to Dr. M'^Cosh's papers read before the Botanical Soci-

ety of Edinburgh, and his works on the subject.

Composition.—Leaves are divided into simple and compound.

Thus a leaf is called simple if it has only one blade (figs. 288 —
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298), however much this may be divided, so that the divisions

do not extend to the midrib, or petiole; or in some cases the divi-

sions even extend to the midrib, or petiole, but the leaf is

still called simple when those are attached to these points by a
broad base, as in fig. .307. A leaf is termed compound, when
the midrib, or petiole 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 (Jig. 256). The separated portions of a compound leaf

are called leaflets or folioles ; and these may be either sessile

(figs. 344—346), or have stalks (figs. 347 and 348), each of

which is then termed a petiolule or partial petiole, and the main
axis which supports them, the rachis 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 from the whole leaf commonly
separating as one piece from the stem when it dies.

A simple leaf never has more than one articulation, which Is

placed at the point Avhere it joins the stem; but a compound
leaf frequently presents two or more, thus besides the common
articulation to the stem, each of its separate leaflets may be also

articulated to the common petiole upon which they are placed.

This character frequently forms a good mark of distinction be-
tween simple and compound leaves, for although it is quite

Fig. 300. true that many compound leaves only present

one articulation, and can then only be distin-

guished from those simple leaves which are

divided to their midribs by the greater breadth

of attachment of the divisions in the latter in-

stances
;

yet, if such leaflets are articulated 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 ab-

sence of such 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. 300)
as a compound leaf, because its petiole is not

only articulated to the stem, but the blade is

also articulated to the petiole. Tiierc are

however numerous instances of leaves in a

transitional state between simple and com-
pound, so that it is impossible in all cases to

draw a distinct line of demarcation between
them. We shall now treat in detail of simple

and compound leaves.

Simple Leaves.—Tlie modifications which leaves present as

Fio. 300. Leaf of
Orange ( Citru.t

A iirunliiim ). jt.

Winged petiole

articulated to the
lamina, /.
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regards their form, general outline, &c., are almost infinite
;

hence we require a corresponding number of terms to define

them. These terms are also applied in a similar sense to describe

all the other compound organs of the plant Avhich possess a defi-

nite shape, as the parts of the calyx, corolla, &c. It is abso-

lutely necessary therefore that the student should understand

their application before he can make any progress in descrip-

tive botany. To treat of them fully here however would be

out of place, as this part of the subject comes properly under the

head of Glossology, or that department which has for its object

"the terms used in botany." We shall confine our attention to

the more important modifications.

According to DeCandolle, the shape of leaves depends upon

the distribution and length of the veins, and the quantity of

parenchyma which is developed between them; the general out-

line or figure being determined by the former, and the condition

of the margin by the latter. These views have not however

been confirmed by De Merckhn, 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, more-

over, the form was generally established previous to their

formation. The outline or figure of the leaf cannot tlierefore

depend upon the veins. While the views of DeCandolle may
be thus shown to be incorrect in a scientific point of view,

still if that be borne in mind, it is convenient, to say the

least, to study the almost infinite modifications of leaves with

reference to his vicAvs, as it is always found that there is a

mutual adaptation between the venation of the leaf and its

general outhne. We shall describe them accordingly to some
extent after this manner, and in doing so we shall divide

our subject into five heads to be treated of as follows :

—

1. Margin; 2. Incision; 3. Apex; 4. General Outline; 5.

Form.
1. Margin—We have already stated that the condition of

the margin is dependent upon the extent to which the par-

Fig. 300a.

Fig. 300a. Diagram showing the condition of the margins of the leaves.

a. Bicrenate. h. Biserrate. c. Duplicato-dentate.

enchyma is developed between the veins. Thus if the par-

enchyma completely fills up the interstices between them, so

that the margin is perfectly even, or free from every kind of in-

cision, the leaf is entire (figs. 296 and 300), as in the Orchis

tribe. When the parenchyma does not reach the margin, but
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terminates at a short distance Avithin it, the leaf is said to be

indented or toothed, of Avhich we have several varieties. Thus if

the teeth are sharp like a saw and all point to the apex, the leaf is

aerrate {fig. 291), as in the common Nettles. If these teeth are

Fig. 301. Fig. 302.

Fir/. 301. Sinuated leaf of the Oak Fig.

302. Spiny leaf of Holly {.Ilex Aquifo-
lium).

themselves serrate, it is hiserrate or duplica to-serrate ( figs. 300a.

by and 314), as in the Nettle-leaved Bell-flower. When the

leaf is minutely serrate it is termed
serrulate, as in Barosma serrulata.

When the teeth are sharp, but do
not point in any particular direc-

tion, and are separated by concavi-

ties, the leaf is dentate or toothed

(figs. 289 and 354), as in Nymphcea
deniafa, and the lower leaves of the

Corn Blue-bottle. When the teeth

are themselves divided in a simi-

lar manner it is dupUcato-dentate

( fig. 300a. c). When the teeth are

rounded {figs 299 and 326) the

leaf is crenate, as in Horse-radish,

and Ground Ivy ; or if these

teeth arc tlicmselves crenated it is

bicrenate {fig. 300a, a); or when
tlic leaf is minutely crenated, it is

said to be crenuhited. AVhcn the

marj^in presents ahcrnately deep

concavities and convexities it is

sinuate, as in some Oaks {fig. 301);

Avhcn the margin is sliglitly .sinuous

and wavy, as in the Holly {fig.

302), it is said to be wavi/ or undulated; or when the margin

Fiij. 503. Criupert leafof a species

of Mallow iMiiha).
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is very iiTegular and twisted and curled, as in the Garden
Endive, Cui-led Dock, and Curled Mint, it is said to be crisped

or curled {fiy. 303).

2. Incision.—This term is used when the margin is more
deeply divided than in the above instances, so that the par-

enchyma does not usually extend more than about midway be-

tween it and the midrib, or petiole. The divisions are then

commonly called lobes, and the leaf is described as two-lobed,

three-lobed, four-lobed, &c., according to their number. It is

usual however to give different names to these lobes, according

to the depth of the incisions by which they are produced; thus

if they reach to midway between the margin and midrib, or

petiole, they are properly called divisions or lobes (Jig. 293), 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. 304), partitions, and the leaf is partite; if

quite down to the base, or midrib, segments (fig. 30.5), and the

leaf is dissected, or in composition -sected. These segments

differ from the leaflets of compound leaves in not being arti-

culated, and especially 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, septewfid or

seven-cleft, or multifid {many-cleft), according to the number of

their fissures. A leaf is also said to be tripartite, or trisected,

&c., in the same manner, according to the number of partitions

or segments. These terms are

especially used wdth palmately

veined leaves.

The divisions of leaves are

always arranged in the direction

of the prominent veins. Thus
those of feather-veined or pin-

nately veined leaves are directed

towards the midrib; while those

of palmately or radiated veined

are arranged towards the base of

the leaf. Hence instead of using

terms indicating the number of

lobes, &c., of a leaf, 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 leaf is

feather-veined and the incisions

consequently arranged in that

manner, it is said to be pinnati-

Fig. 304. Fig. 305.

Fig.SOi. Leaf of the Valerian (Vale-
riaiui dioica). F(sr.30o. Leaf of a
species ofPoppy (.FapaverArgemone).
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Fig. 306. fid {fig. 293), as in the common Oak, or

pinnatipartite (fig. 304), as in Valeriana

dioica, or pinnatisected (fig. 305), according

to their depth, as already described. If

the divisions are themselves divided in a

similar manner to the leaf itself, it is bipin-

natifid, bipinnatipartite, or bipinnatisected,

&c. Or, if the subdivisions of these are

again divided in a similar manner, tripin-

natifid, tripinnatipartite, tripinnatisected, &c.

Or, if the leaf is still further divided, it is said

to be decomposed, laciniated, or slashed.

Certain modifications of these forms again,

have also received special names ; thiis

when the lobes of a pinnatifid leaf are

very close and narrow, like the teeth of a comb (fig. 306), it is

pectinate, as in the Water INIilfoil, all Mertensias, &c. ; if the

terminal lobe is large and rounded, and the lateral lobes which

Fig. 306. Pectinate or

comb-shaped leaf.

Fig. 30

:

Fig. 308.

Fig. 309

Flo. 307. Lyrate leaf of the

common Turnip (Bras-
sica linjm) Fig. iV)S.

Kuncinute leaf of Dan-
delion {Leontodon Ta-
rn.r(icuni). Fig. 309.

Fiddle-shaped leaf of
liumcx puldicr.

arc also more or less rounded become gradually smaller towards

the base (fig .307), it is hfrate, or It/re-shaped, as in the common
Turnip andHarbarea ; when the terminal lobe is triangular, and

the other lo])CS which are also more or less of the same shape
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have their points directed downwards towards the base, as in

Dandelion, it is said to be runcinate (^fig. 308) ; when a lyrate

leaf has but one deep recess on each side, so that it resembles

a violin in shape {fig. 309), it is termed panduriform or fiddle-

shaped, as in the Fiddle Dock.
The above terms are those which define lobed feather-veined

leaves ; when they are palmatelv veined and lobed in various

•wavs, other terms are used according to the degree of division.

In describing such leaves, the terms bifid, trifid, quinquefid,

septemfid, multifid, are employed according to the number of their

fissures, as already noticed ; or the terms palmatifid. pahnatipar-

tite, palmatisected, deviyed from the direction of the veins, &c.,may
be used. Special names are also applied to certain modifications

of these, as is the case with the feather-veined leaves. Thus, when
a leaf has five spreading lobes united at their base by a more or

less broad expansion of parenchyma, so that the whole has a re-

semblance to the pahn of the hand with spreading fingers, it is

termed palmale {fig. 310), as in some species of Passionflower,

and in thePalmatedKhubarb; or when there are more than five

lobes, the leaf is described as palmatifid or palmately deft, as in

Fig. 310. Fiq. 311.

Fig. 310. Palmate leaf of a species of
Passionflower {Passifiora') Fig.

311. Palmatifid leaf of the Castor-
Oil plant iPdcimis communis).

the Castor-oil plant {fig. 311). Some writers however, use the

terms palmate and palmatifid indifferently to describe either of

the above forms of leaves, but the sense in Avhich they are defined

above, is far more precise, and should alone be used. When the

lobes are less spreading, narrower, and somewhat deeper than
in a true ])almate leaf, it is digitate ; Avhen there are more
than five lobes of a similar character, as in the Bitter Cassava,

it is sometimes termed dtgitipartite, or even digitate, (though
improperly so,) by some authors. When the leaf is divided

nearly to its base into numerous narrow divisions, it is dissected,
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as in Geranium dlssectum; or if these divisions are very nar-

row and thread-like, as in tlie submerged leaves of the Water
Crowfoot {fi(j. 312), it is said to be filiformly dissected. When

Fig. 312.

Fig. 312. Filiformly dissected leaf of the Water Crowfoot (.Ranunculus aquatilis^.

the lateral lobes of a palmate leaf are themselves divided into

two or more divisions {fig. 313), the leaf is said toha pedate, from
the resemblance it is supposed
to bear to a bird's foot, as in

Fig. 313.

Stinking Hellebore. This kind
of leaf is by some botanists de-

scribed as compound, to Avhicli

division, in many cases at least,

it properly belongs. It may be

considered as a transitional form
between simple and compound
leaves. Besides the above mo-
difications of palmately veined

leaves, others also occur, in

consequence of the lobes be-

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 we have

above stated.

3. Apex.—This differs very considerably in its appearance in

different leaves. Thus the apex is obtuse or blunt, when it is

rounded or forms the segment of a circle {figs. 321, 323, and

324), as in the Primrose and Snowdrop; it is termed retuse \\'\\q.\\

it is obtuse, with a broad shallow notch in the middle {fig. 327),

as in tlieKcd Whortleberry ( Vaccininm Vitis-idcca); when under

the same circumstances the notch is sharp, or nearly triangular,

Fig. 313. Pedate leaf.

coming themselves divided.
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it is emarginate, as in some kinds of Senna (Cassia obovata) (Jig.

313a), and common Box (Buxus sempervireris) ; when the

leaf terminates very abruptly, as if it had been cut across in a

Fig. 313a. Fig. 3l3b.

Fig. 313a. Leaflet of Cassia obovata. It 13 obovate in form, oblique at the
base, and emarginate at its apex. Fig. 3136. Branch of Tulip-tree
(Liriodendron tiiUpifera) with flower and leaves. The latter terminate ab-
ruptly, hence they are said to be truncate.

Straight line, it is truncate, as in the leaf of the Tulip-tree (Lirio-

dendron tulipifera) (Jig. 3136) ; if under the same circum-
stances the termination is ragged and irregular, as if it had been
bitten otF, it is prcemorse, as in the leaf of Caryota wens. When
the apex is sharp, so that the two margins form an acute angle
with each other (Jig. 320 and 322), it is acute or .sharp pointed,

as in the leaf of the Lady's Shpper (Cypripedium Calceolus) and
most lanceolate leaves ; when the point is very long, and taper-

ing (Jigs. 317 and 320), it is acuminate or taper-pointed, as in the

leaf of the White Willow (Salix alba) and common B.eed(Phrag-
mites communis); 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 mvcronate,

(Jig. 319), as in the leaf of Statice mucronata, and Lathyrus
prateiisis.

4. General Outline.—By the general outline of the leaf 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 DeCandoUe (p. 157), upon the

direction and length of the veins. The development of veins

and parenchyma is usually nearly equal on the two sides of
the midrib, or petiole, so that the leaf in most instances is

nearly symmetrical and of some regular figure ; in which case
it is said to be equal (Jigs. 320—323). When, as occasion-
ally happens, the leaf i.s more developed on one side than
on the other, it is termed uyiequal or oblique (fig. 313a);
this is remarkably the case in the Begonias (Jig. 315).

M 2
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Generally speaking the leaves Avith true-netted or feather-veined

venation are longer than broad, which is also commonly the case

Avith parallel-veined leaves ; Avhile those Avhich are radiated or

palmately veined are more or less rounded. When a leaf is

nearly of the same breadth at the base as near the apex, nar-

row, and with the two margins parallel {figs. 295, a, and 316),

-Fi^r. 314. Fig. 3 1 5. Fig. 316. Fig. 3 1 \

Fig. 320. Fig. 32 Fig.Z'. Fig. 323.

Fig. 314. Leaf of Elm, with its margin biserrate, and unequal at its base.
Fifj. 31.5. Unequal or oblique leaf of a species of Begonia. Fig. 316.
Linear leaf of Goose-grass (Oulium Apurinc) Fin. 317. Lanceolate
leaf. Fig. 'i\f>. Aceroae or needle-shaped leaves of .Juniper (.1 miiperus
comvninin) Fig. 319. A cuneate and mucronate-pointed leaf. Fig.
i\'H). Cordate ami acuminate leaf. Fig. ti21. Oblong leaf of Bladder-
Senna (CW«/''« artoretc/w) Fig.ii22. Ovate leaf, with its margin ser-

rated. Fig. 323. Obovate leaf.

it is called linear, as in Gentiana Pneumo7\anthe, and most
Grasses ; Avhcn a linear leaf terminates in a sliar]) rigid ])oint like

a needle, as in the common Juniper {Jtmiperus connnunis), and
in many of our Pines, Firs, and Inarches, it is acerose or needle-

shaped {fig. 318). When a leaf is very narrow, and tapers
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from the base to a very fine point, so that it resembles an awl in

shape, as in the common Furze {Ulex europceus), it is subulate

or awl-shaped. When a leaf is broader at the centre than at its

two extremities, and tapers towards both base and apex, as in

the White Willow (-SaZ/x a/6a), his lanceolate (Jig. 317); when
it is longer than broad, of the same breadth at its base and
apex, and shghtly acute at those points, it is oval or elliptical

(Jig. 325), as in the Lily of the Valley ( Conra//ar?a majalis); and
if under the same circumstances it is obtuse or rounded at

each end (Jig. 321), 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 ellip-

tical and oblong are those of Lindley. If a leaf is broader at the

base than at the apex, which is more or less rounded, so that the

whole is of the shape of an egg cut lengthwise, it is ovate or

egg-shaped (Jig. 322), as in the Periwinkle (Vinca major) ; or if

of the same figure, but with the apex broader than the base (Jig.

323), it is obovate or inversely egg-shaped. When a leaf is broad

at the apex, and abrupt-pointed, and tapers towards the base

(Jig. 319), as in some Saxifrages, it is cuneate, cuneiform, or wedge-

shaped; if the apex is broad and rounded, and tapers down to

the base (Jig. 324), it is spathulate, as in the Daisy. When a leaf

is broad and hollowed out at its base into two round lobes, and

Fig. 325. Fig. 326,

Fig. 327.

Fig. 324. Spathulate leaf. Fig. 325. Oval leaf of Tear-tree

(_Pyrus communis), iKiih a serrated margin Fig. 320. Reni-
form leaf of Ground Ivy (Xepeta GUchoma), with a crenate

margin. Fig. 327. Trifoliate leaf with obcordate leaflets.

more or less r)ointed at the apex, so that it somewhat resembles

the heart in a pack of cards, it is cordate or heart-shaped (Jig.

M 3
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320), as in the Black Bryony ( Tamus communis) ; or, if of the

same shape, but Avith the apex broader than the base, and
hollowed out into two round lobes, it is ohcordate or inversely

heart-shaped {fig. 327) ; Avhen a leaf resembles a cordate one
generally in shape, but with its apex rounded, and the whole

Fig. 328. Fig. 331.

Fig. 332 Fig. 333.

Fig. 328. Lunate or crescent-sliaped leaf. Fig. 329. Sagittate leaf.
Fig.'SW. Hastate leaf. /Vf/. ;i;il. A portion of the stem of Woody
Nightslittde (Solnnnm Dulaimcnn), bearing flowering stalk and an anricu-
late leiif. Fig. XiU. A subrotiind or rounded leaf, with entire margin.

Fig. ',iii3. Orbicular peltate leaf.
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usually shorter, and broader {fig. 326), it is reniform or

kidney-shaped, as in the Asarabacca (Asarum eu?'opcEum); when
a leaf is reniform but with the lobes at the base pointed, so

that it resembles the form of a crescent (fig. 328), it is

lunate or crescent-shaped, as in Passijlora lunata. When a leaf

is broad and hollowed out at its base into two acute lobes,

and pointed at the apex, so that it resembles the head of an
arrow {fig. 329), \i\s sagittate or arrow-shaped, as in the Arrow-
head {Sagiitaria sagittifo(ia) ; Avhen the lobes of such a leaf

are placed liorizontally, instead of passing downwards, it is

hastate or halbert-shaped {fig. 330), as , in Sheep's SoiTel

{Rumex Acetosella) ; when the lobes of such a leaf are separated

from the blade, as in the upper leaves of the "Woody Night- shade

{Solanum Dulcamara), it is auriculate {fig. 331). When a leaf

is perfectly round, it is orbicular {fig. 333), a figure which is

scarcely or ever found, but when it approaches to orbicular as in

Pyrola rotundifolia, it is subrotund or rounded {fig. 332).

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 snch terms, as ovate-laiwe-

olate, linear-lanceolate, cordate-ovate, cordate-lanceolate, elliptico-

lanceolate, roundish-ovate, &c,, the application of which will be

at once evident.

5. 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 Avhen the veins are developed

in various planes, and connected by a large development

of parenchyma. Such leaves either assume some regular geo-

metrical figures, as cylindrical, pyramidal, conical, prismatic, 8ic.,

or approach to some well known objects, and are hence termed

ensiform or sword-like, acinaciform or scimitar-shaped, dolahrijorm

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 parenchyma, is more or less hollowed (Wt in its centre, when
it is said to be tubular, hood-shaped, urn-shaped, &c. ; various other

singular 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 Outline, Form,

Margins, &c., of simple leaves, they also present various others,

when we regard their surface, texture, colour, &c. For their eluci-

dation however we must refer to the general contents of this

volume.
Compound Leaves.—We have already defined a compound

leaf (see p. 1 56). Its separate parts or leaflets present all the

modifications of margins, incision, apex, outline, form, &c., as

M 4
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simple leaves, and similar terms are accordingly used in describ-

ing them. We have now therefore only to speak of compound
leaves as a whole, and tlie terms Avhich are used in describing

their various modifications. We divide them into two heads,

namely, 1. Pinnately or feather veined Compound leaves, and 2.

Palmateiy or radiated veined Compound leavis.

1. Pinnatehj-veinid Compound leaves.—When a leaf present-

ing this kind of venation is separated into distinct portions or

leaflets, it is termed pinnate {Jig. 334). The leaflets (or pinnce

as they are then called) are arranged along the sides of the

rachis or common petiole in pairs, and according to their

number, the leaf is said to be vnijuyate or one-paired, as in

Lathi/rus sylvestris and latifolius, hijugate or two-paired, trijugate

or three-paired, and nuiltijugate or many-paired {Jig. 334).

Several kinds of pinnate leaves luive been distinguished. Thus

Fig. 335.

Fig 334. Fig. 336.

Fig. 337.

Fig. 334. Impari-pinnate or unequaUy pinnate leaf of Robinia. l-'ifl-

33r>. Equally or nbruplly ph.nate leaf. Fvj. -W,. InUrriiple.l y
pinnote k-af of the Potato {Sohinum tuberosum) /'(/• JW/ .

Jvyrotely

pinnate leaf.

when a ])innate leaf ends in a single leaflet {fg. 334), as in

Roses and the IClder, it is impari-pinnate or umynalli/ pinnate, or

pinnate with an odd leaflet ; it is ecjualli/ or abrupth/ pinnate, or

J)aripinnat€,^\h^in it ends in a pair of leaflets or pinnaj (^^r. 335),
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as in some species Cassia, and Orohus tuherosus ; it is interruptedly

pinnate {fiy. 336) when the leaflets are of different sizes, so that

small pinnffi 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 (Jig. 337), it is

lyratelij pinnate ; this leaf and the true lyrate 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
Rocket.

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 ordi-

nary pinnate leaf, it is said to be bipinnute {fig. 338 and 366),

Fig. 338.

. 339.

Fig. 338. Bipinnate leaf of a species of Gleditschia. Fig. 399. A tii-

pinnate leaf.
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Fig. 340. as in some species of Acacia.
The leaflets borne by the partial

or secondary petioles are com-
monly termed pinnules. When
the pinnules of a bipinnate leaf

become themselves pinnate, it is

tripinnate {fig. 339), as in the

Meadow Kue ( Thalictrum minu.<i).

When the division extends be-

yond this, the leaf is decompound

{fig. 340), as in many Umbel-
liferous Plants.

2. Pahnately- veined Compound
leaves.—Such a leaf is produced
when the ribs of a palmately

veined leaf bear separate leaflets.

These leaves are readily distin-

guished from those of the pinnate

kind, by their leaflets coming oft

from the same point. We distin-

guish several kinds: thus, a leaf

is said to be binate, bifoliate, or

unijugate, if it consists of only

two leaflets springing from a com-
mon point {fig. 341), as in Zygophyllum ; it is ternale or tri-

foliate if it consists of thi-ce arranged in a similar manner {figs.

327 and 342), as in the genus Trifolium (Trefoil), which
receives its name from this circumstance ; it is quadrinate or

quadrifoliate if there are four leaflets {-fig. 343), as in Herb

Fig. 340. A decompound leaf.

Fig. 341. Fig. 342. Fig. 343.

Fig.M^. A binnte leaf. Fig. S42. Ternate or trifoliate leaf.

Fig. .M.J. Quadrifoliate leaf of Jfarsiku >/iuulri/olia.

Paris {Paris (juadrifolia) ; it is qninate or qninqncfoliate'if there

are five {fig. 344), as in Polenlilla argentea and alba ; it is sep-

tenate or srptetnfoliate, if there arc seven {fig. 34.0), as in tlic.

Ilorsc-chestnui and some Potentillas ; it is multlfoliatc if there
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Fig. 344. Fig. 345.

.^\

Fig. 344. Quinate or quinquefoliate leaf. Fig. 345. Septenate leaf of

the Horse-chestnut i^sculus Hippocastanum).

are more than seven {fig. 346), as in many of the Lupin tribe.

The term digitate is sometimes employed to characterise a com-
pound leaf of five leaflets, but this name should be confined to

a simple leaf, and used in the sense already noticed. In speak-

ing of palmately veined compound leaves in a general sense,

they are usually termed palmate or digitate.

These leaves may become still more di\aded. Thus if the

common petiole divides at its apex into three partial ones, each

of which bears three leaflets {fig. 347), as in the ISIasterwort

Fig. 346. Fig, 347.

Fig. 346. Multifoliate leaf of a Lupin Fig. 347. A biternate leaf.

(Tmperatoria Ostruthium), it is 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 lutea), and
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Epimedium, it is triternate or triply ternate (fig. 348); when
such a leaf is still further divided, it is said to be decompound.

y^^

Fig. 348. Triternate leaf of Bane-berry {Actcea).

5. PETIOLE OR LEAF-STALK.

The petiole or leaf-stalk is that part which connects the

blade of tlie leaf with the stem (figs. 284 and 349). It is

frequently absent, and the leaf is tlien said to be sessile (fig. 263).

It consists of one or more vascnlar bundles, surrounded by

parenchyma (fig. 349,/y, pc), and tlic wliole is enclosed in a

layer of ci)idcrmis, wliich contahis but few, or no stomata.

The vascuhvr bundles vary in tlieir nature in the leaves of the

different classes of plants, being- merely prolongations of those

of the three kinds of stem already fiilly described ; thus, in

Dicotyledonous Tlants, the vascular bundles which proceed from

the interior of the stem, as shown in fig. 284, consist of spiral,

])itted, and laticiferous vessels, and wood-cells, or of the same

elements essentially, as the wood itself. The ramification of the
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Fig. 349.vascular bundles of the petiole in

the lamina or blade constitute the

ribs or veins of the leaves, which
have been already described under

the head of venation.

The petiole is either simple or

undivided, as in all simple leaves,

and in those of a compound cha-

racter in which the leaflets are

sessile ; or it is said to be com-

pound when it divides into two
or more portions, each of which
bears a leaflet. The divisions of

the petiole or the stalks of the

leaflets are then called petiolules,

stalklets, or partial petioles, while

the main petiole is called the rachis

or common petiole.

The petiole is frequently more
j^,v,. 349. section of a stem and

the base of a leaf, showing
the passage of a fibro-vas-

cuhir bundle /r into the pe-

tiole. pCypc. Parenchyma-
tous tissue of the stem and
petiole, c. Pulvinus. /. Ar-
ticulation between the leaf

and stem. h. Leaf bud in the

axil of the leaf.

,^e a scar, called a cicatrix

or less contracted at the base

where it joins the stem owing
to the presence of an articulation

or joint {fig. 349, /). Leaves
thus furnished with an articu-

lated petiole fall away from the

stem after they have performed
their functions ; in doing so they lej

{fig. 193), which frequently exhibits on its surface several little

points, which are produced by the rupture of the vascular

bundles of the petiole {fig. 1 93). The outline of the cicatrix

and the arrangement of the vascular bundles \sa'j much in

different species, and thus frequently form characters by which

we may distinguish plants after the leaves have fallen. Lesti-

baudais has also endeavoured to show, that the number and
distribution of the vascular bundles of the petiole influence, to

some extent at least, the arrangement of 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 also frequently articulated to the rachis, so that

each leaflet becomes detached separately from the common
petiole when the leaf begins to decay, as in the Sensitive Plant.

By many botanists, indeed, no leaf is considered truly com-
pound unless it presents 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 practice, and when we consider that the presence of

an articulation is by no means constant even in simple leaves, I
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Fig. 350. Fig. 351.

can see no sufficient grounds for insisting upon this character

in the separate portions of a leaf as evidence of its compound
nature. The distinctive chai-actcrs of simple and compound
leaves as adopted by me, have been already treated of under
the head of composition of leaves.

The presence of an articulation is to a certain extent a cha-

racter of distinction between the three great classes of plants.

Thus the leaves of Dicotyledonous Plants are in the majority of

instances articulated ; while those of Monocotyledonous, and
Acotyledonous Plants are non- articulated. Hence the leaves

of the latter when they have performed their functions, instead

of falling away and leaving a cicatrix as the former, decay

gradually upon their respective plants, to which they give

a ragged appearance. There are many instances, however,

in which the leaves of Dicotyledonous Plants are not arti-

culated, as in the Oak, &c. In such cases, the leaves al-

though dead, remain attached to their respective plants fre-

quently for months, Avhich thus form a striking contrast in

their appearance to the surround-

ing trees, which have lost their

leaves in consequence of being ar-

ticulated.

On the lower surface of the pe-

tiole at its base, the parenchyma
frequently forms a sliglit swelling

{figs. 349, c, and 350), to which
the name of pulvinus has been

given. A somewhat similar swell-

ing may be also seen in many
compound leaves at the base of

each partial petiole {fig. 350),

which is termed the struma. The
compound pinnate leaves of the

Sensitive Plant afford a good il-

lustration of the presence of both

pulvinus and struma.

The form of the petiole varies ;

it is usually rounded below, and
flattened, or more or less grooved

above {fig. 311). In otlicr cases

it is cylindrical, especially in tlie

leaves of Monocotyledonous PUints,

while in other ])lants of tlie same
class, especially in Grasses, it be-

comes widened at its base, and
surrounds tlie stem in tlie form of

a sheath or vagina {figs. 259 and

351, g). This sheath in all true

Fig. 3,50. A portion of n branch and
leaf of the Sensitive Plant (:l/i-

vioKd pudirii), gliowing piilviuiH

ut tlie biiHC of the pitiole, niul

struma at the base of the parliul

))etioles. /•'*>/. ;j.")l. Stem of a
Grass with a leaf attaclied. 1.

Ulade. g. Sheathing petiole. U<j.

Liijule.
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Grasses terminates above in a membranous appendage {fig.

351, lig), which is either entire, incised in various ways* or

divided into two symmetrical portions ; to this appendage
the name of ligule has been given. It is supposed to be
analogous to the stipules ; the researches of De Mercklin on
the development of leaves have not however enabled him
to decide, whether the formation of the ligule is absolutely

identical with that of stipules. In the Aspen (Populus tre-

inula) the petiole is flattened in a line at right angles to

the blade ; this is the cause of the peculiar 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 diminishing the specific gravity

of the plants enable them to float readily in the water. At
other times it becomes dilated at its base, and embraces the

stem, in which case the leaf is said to be amplexicaul
{fi<]. 258);

this commonly occurs in Umbelliferous Plants. Frequently it

Fig. 352. Fig. 353.

>>H:1;C^

Fig. 352. A portion of the stem with some leaves of Venus's Fly-trap
{Dkmceamuscipula). I. Lamina fringed with hairs, hence it is said to be
ciliated, p. Winged petiole. Fig. 353. Decurrent leaves of the Com-
frey (^Symphytum).

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. 300, />), Venus's Ply-trap {fig. 352, p).
Sweet Pea {fig. 362), and many other plants. Iii the latter

plant the winged expansion does not terminate at the base of
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the petiole where it joins the stem, but it extends downwards
alofig it ; in which case the stem is also termed winged, and
the leaf is said to be decurrent (Jigs. 260 and 353). Besides
the above forms of petiole, others still more remarkable occur,

which will be alluded to hereafter, under the head of Anomalous
Forms of Leaves.

Generally speaking the petiole is less developed than the

lamina or blade ; it is also commonly shorter than it, and of

sufficient thickness to support it without bending. When it

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

Fig. 354. usually on each side of

the petiole {fig.2ob, s,s).

They have the same struc-

ture as leaves, and are

liable to similar modifi-

cations as regards colour,

texture, figure, venation,

&c. The stipules are

often entirely wanting,

and the leaves are then

said to be ex.fiipulate

;

when present they are

stipulate. They are often

overlooked from their

small size ; while in other

cases tliey are very large,

as in the Pansy {fig.

356), and in the common
Pea ifig. 354). In the

leaves of Lotlu/rus Apha-
ca again {fig. 363), there

are no true blades to the

leaves, but the stipules

arc licre very large and
perform all their func-

tions. It sometimes hap-

pens that the leaflets of a

compound leaf ])ossess

little stipules of their own,
as in the Bean. To tliese

the name of stipels lias

been given, and the leaf

is then termed stipellate.

Fig. SM. A portion of the flowering stem of
the common Pea, with a pinnate leaf ter-
minated by a tendril, and lioving two large
stipule!) at its biiHC, the lower margins of
which are dentate.
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Stipules either remain attached as long as the leaf, when they
are said to be persistent; or they fall otF soon after its expansion,
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 those open.

The stipules vary in their position with regard to the petiole

and to each other, and have received different names accord-
ingly. Thus, when they adhere on each side to the base of the

petiole, as in the Rose (Jig. 355), they are said to be adnate^

Fig. 355. Fig. 356.

Fig. 355. A portion of a branch, r, of the common Rose {Eosa canina), a.
A prickle. 6. Bud in the axil of a compound leaf/, p. Petiole, s. Ad-
nate or adherent stipules Fig. 356. Leaf of Pansy iViola tricolor) with
large caulinary stipules at its base.

adherent, or petiolar. When they remain as little leaflets on each
side of the base of the petiole, but quite distinct from it, as in

many Willows (Jig. 255), and Pansy (Jig. 356), 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 by their outer margins, and thus
form one stipule, as in the Asti'agalus and Plane-tree, they are

then said to be synochreate, or opposite (Jig. 357); if under similar

circumstances they cohere by their inner margins, as in Melian-
thus annuus, and Houttuynia cordata (Jig. 358), 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
N
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Fig. 35: Fig. 358.

Fig. 857. A portion of the stem ?•, and leaf/, of the Astragalus Onobrychig.
s. Syuoclireate or opposite stipules Fig.u'tS. A portion of the stem r,

&ndi l^iS f, oi Houttiajnia cordata. s. Axillary stipule.

outer and inner margins so as to form a sheath which encircles

the stem above the leaf {fig. 254), as in the Rhubarb, and most
Polygonacerc, they form what is termed an ochrea or intrafoliace-

ous stipule. All the above forms of stipules occur in plants with
alternate leaves, in which these appendages are far more com-
mon than in those with opposite leaves. When the latter have
stipules it generally happens that these are situated in the in-

tervals between the petioles on each side, and are hence termed
interpetiolar. In such cases, one of the stipules of each leaf on
the two sides of the stem frequently cohere by their outer

margins more or less completely, so as to form but one inter-

petiolar stipule on each side of the stem {fig. 359), as is the case

Fig. 359.

Fig. aw. A portion of a branch r, with two opposite leaves //, of Cephalan-
thus occidentalis. s. Interpetiolar stipule.

in the Cinchonas, the Coffee, and other plants of the order to
which tlicy belong.

Stipules, as we have already noticed, are not always present
in plants, but their ]tre.scncc or absence in any particular plant
is always regular, and although the api)earancc and arrange-
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ment of them also vary in different plants, they are always uni*
form in those of the same species, and even in some eases,

throughout entire natural orders, and thus they frequently
supply important distinctive characters in such plants and
orders. Thus the Cinchonace^e is distinguished from the alUed
order Caprifoliacete by possessing interpetiolar stipules ; and
the Polygonacese from its allied orders by intrafoliaceous sti-

pules.

Stipules are very rare in Monocotyledons, except the ligule

of Grasses be considered as analogous to them (^fiy. 351). The
only orders of Monocotyledons in which they undoubtedly
occur, are the Naiadacere and Araceas.

The flat dilated portion at the base of many petioles, as in

the Umbelhferie {fiy. 258), is by some botanists regarded as

formed by adherent stipules ; this part is sometimes called

the pericladium. 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.

Fig. 360.

/. ANOMALOUS FORMS OF LEAVES.

We have already seen that the branches of a stem some-
times acquire an irregular development, and take the form of
Spines and Tendrils (see page 109). In
the same manner, the leaf, or its parts

may assume similar modifications, as well

as some others still more remarkable,

which we now proceed to describe.

Spines ofLeaves.—Any part of the leaf

may exhibit a spiny character owing to

the non-development, or diminution of

parenchyma, and the hardening of the

veins. Thus,— 1st, In the Holly {Jig.

302), and many Thistles (Jig. 260), the

veins project beyond the blade, and
become hard and spiny ; in some Solana,

the spines are situated on the surface of

the blade ; while in the Barberry (Jig.

360) 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 case they

always arise from the axil of the leaf, in-

stead of from the leaf itself. Spines may
also be readily distinguished from prickles

by theii- internal structure and other

n2

Fig. 360. A portion of a
branch ofthe Barberry
( Berberis vuhjaris ),

bearing spiny leaves.

The upper leaf is com-
posed entirely of har-
dened veins, without
any parenchyma be-
tween them.
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Fiq. 361.

Fig. 3fil. A portion of a branch
of the Gooseberry f^Ribes Gros-

sularia). /. /• Scars of leaves,

with buds in their axils, c.

Spines produced from the pul-

vinus.

characters alluded to when speak-

ing of the spines of branches.

2nd, The petiole may assume a
spiny character, either at its

apex, as in Astragalus Traga-

cantha and massiliensis ; or at its

base by the pulvinus {jig. 361),

as in Ribes Grossularia. 3rd, The
stipules may become transformed

into spines, as in the False

Acacia (liobinia pseudo-acacia),

{Jig. 256).

Tendrils of Leaves.—Any part

of the leaf may also become cir-

rhose 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 superba, and
Albuca cirrhata ; or in other cases

some of the leaflets of a compound

Fig 362. Fig. 364.

Fig. 363.

Fig. 'M2. I^eiff of Lnthi/rm, showing a winged petiole, with two half-

gagittatc stipules at its base, and terminated by a tendril. Fig. 3fi3. A
portion of tiie stem of Latlii/nia A})hiica, with stipules .i, and cirrhose

tendril w Fig.'.'M. A portion of the stem of •S'nit7<(x, bearing a petio-

lar leaf, and two tendrils in place of stipules.
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leaf may become transformed into branching tendrils {figs. 354
and 362), as in Lathyrus sylvesUis 2nd, The petiole may
become cirrhose, as in Lathyrus Aphaca (fig. 363), and many
other plants of the Leguminoste. 3rd, Tlie stipules may assume
the form of tendrils : thus in many species of Sniilax, there are

two tendrils, one on each side of the petiole (fig. 364) ; in the

Melon, Cucumber, and some other plants of the Cucnrbitacece

there is but one tendril at the base of each leaf.

Phyllodes or Phyllodia.—In the leaves of some plants, as in

Austrahan Acacias (fig. 365), &c., the vascular bundles of the

petiole, instead of remaining till they reach the blade before se-

Fig. 366.

Fig. 365.

Fig. 365. A phyllode of an Aus-
tralian Acacia Fig.Zf>&. Leaf
of an Acacia {Acacia hetero-
phyUa), the petiole of which as-
sumes the character of a phyl-
lode, and is terminated by a bi-
pinnate lamina. The venation of
the pliyllode may be seen to be
parallel.

parating, begin to diverge as soon as they leave the stem and
become connected by parenchyma as in the ordinary blade of a

leaf ; the petiole thus assumes the appearance of a lamina, and
N 3
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performs in such a case all its functions. To such a petiole the
name oi phyllodium or phyllode has been applied. In some cases,

as in Acacia heterophi/l/a, the phyllocle is terminated by a true

blade (fig. 366), and its nature is thus clearly ascertained, but
in other instances no blade is produced (fig. 365), and such
plants arc commonly termed leafless. These phyllodes may be
distinguished from true blades, not only by the frequent produc-
tion of a lamina (fig. 366), but also by other circumstances.

Thus,— 1st, By their venation, Avhich is more or less parallel

(fig. 366) instead of reticulated, as is the case generally iu

Dicotyledonous Plants in which they alone occur. 2nd, By
their being placed nearly or quite in a vertical direction—that is

turning their margins instead of then- surfaces to the earth and
heavens. And 3rd, By their two surfaces resembling each other,

whereas in true blades a manifest difference is commonly observ-

able between the upper and lower surfaces. Trees presenting

this character in their petioles are very common in Australia,

and give a very peculiar character to the vegetation of that

country by the singular distribution of light and shade which
they produce, as was first noticed, and the cause ascertained by
that most acute botanist Robert Brown.

Besides the true phyllodes thus described, there are how-
ever some others, which are generally considered as such by
botanists, which do not possess such well marked distinctive

characters, as the leaves of some species of Kanunculus, &c.
In these phyllodes the direction is horizontal as in true blades,

and in some other respects they resemble them ; they have how-
ever parallel venation instead of reticulated, and belonging to

Dicotyledonous Plants, this character will suffice to distinguish

them, as it is now become the general rule of botanists to con-

sider all organs occupying the place of leaves among Dicotyle-

dons 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 distitlatoria (fig. 367), in the

Side-saddle plant (Sarrncenia purpurea) (fig. 368), in the Dis-
chidia Rafflesiaiia, and in many others. These curious organs
may be either formed from the petiole or the blade of the leaf.

Thus, in Sarracenia (fig. 368), the pitcher appears to be pro-

duced by tlie folding inwards of the two margins of a phyllodc,

which unite below, and form a hollow body or ])itcher, but which
arc still separate above, and thus indicate its origin. Tlie origin

of the pitcher from the pliyllodc is however ])robably best seen

in a species of IIeliami)liora (fig. 369) described ])y Mr. Bcntham,
in which the union of the margins of tlie i)hyllodc is oven less evi-

dent than in the Sarracenia. In the Nepenthes (fig. 367), the

petiole first cx]ian(ls into a phyllodc, then assumes the ajjpearance

of a tendril, and ultimately forms a pitcher, which is dosed above
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Fig. 368.
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Fig. 369.

Fig. 3C7. Pitcher of a species of Pitcher plant (Xepenthes distiHatoria). p.
Pitcher closed above by a lid, 1 Fig. 368. Pitcher of a Side-saddle plant
iSarracenia purpurea). Fig. 369. Pitchers of Ileliamphora.

by a lid called an operculum, united to it by an articulation. The
lid is here regarded as a remarkable transformation of the blade.
This kind of pitcher is looked upon by some botanists as a modi-
fication of such leaves as the Orange (Jig. 300), and Venus's
Fly-trap (Jig. 352), in which the petiole is articulated to the
blade ; thus, if we suppose the winged petiole of such plants to

fold inwards and unite by its margins a pitcher would be formed
resembling that of Xepenthes, and the jointed blade would then
be seen to be clearly analogous to the operculum or lid of that
plant. According to Griffith, the pitcher of Nepenthes is a
modification of the excurrent midrib or the stalk of the pitcher,

and Dr. Hooker has recently confimied his obseiwations, and
shown that it is formed out of a gland situated at the apex of the
midrib. In the Dischidia, the pitchers are considered to be formed
by the folding inwards and union of the margins of the lamince
or blades. Other botanists consider the pitchers of Xepenthes
and Sarracenia as petioles hollowed out towards their extremi-
ties, but the opinions given above as to their origin appear far

more likely, and conformable to observation in other cases,

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 the stems and roots, that they present well marked
distinctive characters in the three great classes of plants. We

N 4
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have now to describe generally the distinctive characters of

the leaves in those three great divisions.

1. Leaves of Dicotyledonous Plants.—In these the vena-

tion is reticulated in consequence of the veins branching in

various directions and becoming united with each other, so as

to form an angular network {fig. 291). In some plants, as in

Rajuiticulus Lingua, gramineus, &c., the so called leaves have

parallel veins, and have been therefore considered by some
botanists as presenting exceptions to the ordinary reticulated

venation of Dicotyledons, but these as we have seen, are not

true leaves, 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 Monocotyledonous Plants.—In these the

venation is commonly more or less parallel: either from base to

apex (^(7. 290, a); or presenting one large central vein from
which secondary veins are given off, which proceed in a parallel

direction to the mai'gin, as already described in the Banana, &c.

{fig. 290, b). The leaves of plants belonging to the Natural

orders, Smilaceai {fig. 364), Dioscoreacea), and Trilliaceoe, as

well as some in the order Aracea?, 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

these plants, as the Dioscoreacea?, Smilacere, and Trilliacea;,

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. We have already seen

that such plants also present certain differences in their stems

from those of Monocotyledonous Plants gcnci'ally.

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 arc often sheathing at the base ; and seldom have stipules,

unless the ligule is to be considered as analogous to them.

3. Leaves of Acotyledonous Plants.—In i)lants of this

class wliich have leaves with a true fibro-vascular system or

veins, tlicsc are arranged at first, either in a pinnate or pal-

mate manner, but the extremities are always bifurcated or

forked {fig. 299). The leaves of ferns are commonly called

fi onds.

Such leaves arc usually not articulated ; either sessile, or

stalked ; frequently toothed, or incised in various ways ; and
often highly compound.

9. development of leaves.

Nearly all that we know upon the Development of Leaves

is due to the admirable investigations of Dc Mcrcklin and
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Trecul, and we shall content ourselves therefore in giving a
general abstract of their views upon this subject. The follow-

ing is a summary of De Mercklin's conclusions from Lindley's
Introduction to Botany :

—

" 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 con-esponds 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 ac-

companies ; 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 lat-

ter. The development takes place in all directions, and predo-

minates in determinate directions.

The blade of a leaf is first developed. Leafy lamellaB are ex-

tensions of it, whether they are equilateral or inequilateral.

Teeth and crenels appear to be owing to the development of

certain series of cellules 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 (levelopment 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 downwai'ds; 3, the wnxerf formation ; and

4, the parallel formation. The centrifugal development may be

illustrated by the leaf of the Lime-tree, Avhich 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 witli 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 IMercklin has

supposed. The hairs on the under surface of the leaf are also

formed from below upwards.

Leaves developed centripetally are equally numerous Avith the

preceding ; of this sort are the leaves of Sanguisorba officinalis,

Rosa arvensis, Cephalaria 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 com])incd. This is called mixed formation. In Acer

platanoides tlic 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

leaf forvmtion of Trecul. All tlie veins are formed in a parallel

manner, the sheath ajjpearing 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 Merckhn, 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.

For further observations on this subject the reader may con-
sult, De Mercklin Observations sur VHistoire du Developpement
des Feuilles. Annales des Sciences Nat. Bot. 3d ser. vi. 215

;

and Trecul, Comptes Rendus for 1853.

CHAPTER 4.

ORGANS OF REPRODUCTION.

Under the head of Organs of Reproduction we include the

flower audits appendages ; and they are so called, because they

have for their oflSce the reproduction of the plant by the fonna-

tion of seed. Plants with conspicuous organs of reproduction

are called Phanoyamous, Phanerogamous, or Flowering; while

those in which these parts are concealed or obscure, are termed
Ciyptogamous or Flowerless. The former division includes

Dicotyledonous and Monocotyledonous Plants ; the latter Aco-
tyledonous Plants.

The parts of a flower (as will be particularly sho-mi hereafter)

are only leaves in a modified condition adapted for special pur-

poses ; and hence a flower in an unexpanded state or a flower-

bud is analogous to a leaf-bud, and the flower itself therefore

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 this head we have to examine— 1st,

The Leaf from the axil of AA-hich the flower-bud arises : 2nd,

The Stalk upon which the flower is situated ; and 3rd, The
Kinds of Inflorescence.

1. Floral ]^eaves or Bracts.—"We have already stated
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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 or floral haves.

In strict language the term bract should be only applied to the

leaf from the axil of Avhich the floral axis arises, while all other

leaves which are found upon that axis betAveen the bract and the

flower properly so called, should be termed bractlets or hracteules.

These two kinds are however but rarely distinguished in prac-

tice, the term bract being generally used to indicate either, and
in this sense avc 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-

nary leaves of the plant upon which they are placed, as in

the White Dead-nettle (Lamium album) (fig. 370); and in the

Fig. 370.

Ff'g. 370, Flowering stalk of the White Dead-nettle (.Lamium albimO.

Pimpernel (Anagallis arvensis) {fig. 371); in which case they

arc called leafy bracts. Such bracts can only be distinguished

from the true leaves by tlicir ])osition with regard to the flower-

stalk or flower. In most cases however, bracts may be known
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Fig. SI I. Fig. 372. Fig. 37 S.

Fig. 371. Flowering stalk of the Pimpernel
(Anagallis an-ensis). b. Solitary flowers
arising from the axil of the bracts, a
Fig. 372. Flower of Marsh-Mallow (AUhcea
officinalis) surrounded by an epi-calyx or
involucre Fig. 373. Flower of Straw-
berry {Fragnria vesca), surrounded by an
epi-calyx or involucre.

from the ordinarj leaves not only by
their position, but also by differences
of colour, outline, and other particulars.

Sometimes when the bracts are situated
in a whorl immediately below the calyx

/ //l\\\\
^^ °^^^^^ covering of the flower, it is dif-

(
/ / f

j
nj ficult to determine whether they should

V
I PJ ]j

be considered as a part of the calyx
V Ij^ or as true bracts ; thus in the Mallow

\/|P
tribe {fig. 372), many of the Pink tribe,

I> and Kose tribe {fig. 373), we have a
circle of leafy organs placed just below

the calyx, to which the term of epicaJyx has been given by
many botanists, but which properly comes under the denomina"-
tion of involucre (page 190).

Almost all inflorescences are furnished with bracts of some
kind or other ; it frequently happens, however, that some of
them do not develop flower-buds, just in the same manner as
it occasionally happens that the leaves do not produce leaf-buds
in their axils. In some cases the non-development of flower-
buds in the axil of bracts appears to arise simply from accidental
causes ; but in others, it occurs as a regular law, thus in the
Purple Clarj (Salvia Horminum) and common Pine-apple 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 altogether, as in
the plants of the natural order Cruciferre, and commonly in the
Boraginacete, such plants are said to be ebracteated.

Bracts follow the same law of arrangement as true leaves,
being opposite, alternate, or whorled, &c., in different species!

The bracts of the Pine-apple fruit (fig. 706, 2) and those of
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Fir cones {figs. 269 and 397) 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 united 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. 378), in the

Acorn they constitute the cup (fig. 377), and in the Hop- fruit

(fig. 398), in the Fir-cones (figs. 269 and 397), and Pine-apple

(fig. 706, 2), they persist as membranous, woody, or fleshy

Bcaly appendages-

Certain varieties of arrangement and forms of bracts have

received special names. Thus the bracts of that kind of in-

florescence called an Amentum or Catkin (fig. 374), as in the

Willow, Oak, Birch, &c., arc termed squama or scales.

Fig. 375. Fig. 374.

Fiff. 374. Male catkin of the Hazel, showing a number of scaly bracts

between tlie flowers /•'/>/. 37.5. Comjjouiid umbel of the Carrot C-DaMCits

Carotu). a. General involucre, b. Partial involucre.

When a circle or whorl of bracts is placed round one flower,

as in the Mallow (fig. 372) and Striiwbcrry (fig. 373), or a

number of flowers, as in the Carrot (fig. 375), and many um-
hcllifcrous phmts, they form what is termed an involucre. In

some umbclhfcrous plants, as for instance the Carrot (fig. 375),

there arc two kinds of involucre, one at the base of the primary
divisions of tlic floral axis or general umbel («); and another

at the base of each of the partial umbels orumbellulcs (b); the

former is then called the general involucre; and each of the

latter an involuccl or partial involucre. In ])lants of the natural

order Composita;, as the Marygold (fig. 376), Artichoke,
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^fWM
Cliamomile,Daisy,&c., Fig. 376.

and in some allied or-

ders, a somewhat si-

milar arrangement of

bracts takes place, and
the name of involu-

cre is also applied to

them. In tliese cases

there are frequently

two or three rows

of bracts overlapping

each other. The bracts

thus forming the in-

volucre of Composite
flowers have been term-

ed phyllaries. Some-
times the bracts of an
involucre grow toge-

ther at their base,

and form ultimately a

sort of cup-shaped
body surrounding the

fruit, as the cup of the

Acorn {fig. Z11), and
the husk of the Filbert or Hazel-nut (Jig. 378); they then form
what is called a cupule.

Fig. 377.

Fig. 376. Capitulum of Marygold (Calen-
dula), showing the flowers enclosed in
an involucre.

Fig. 377. Fruit of the Oak {Quercus pedunculata) surrounded by a cupule,
Fig. 378. Fruit of the Hazel iCorylus Avellana) with cupule at the

base.
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Fig. 380. Fig. 379. When a bract is of

large size and sheath-

ing, and surrounds
one, or a number of
flowers, so as to com-
pletely enclose them
when in a young state,

a-? in the Iris, Narcissus,

Snow-flake (Leucojum
verJium) {fig. 379),
the common Arum
{Arum maculatum) {fig.

380), and Palms {fig.

394), it is called a
spathe ; this is very
common in Monocoty-
ledonous Plants, and
also generally sur-

rounds the kind of

inflorescence called a
spadix, as in the

Arum {fig. 380). The
spathe may be either

green like an ordi-

nary leaf, or coloured

as in liichardia a-lhio-

pica. In some Palms
these spathes are of

great length, thus, 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. 394), and
then we frequently find smaller spathes surrounding the divi-

sions, which have been named spathellce.

Besides the bracts which surround the head of flowers of the

Compositaj and form an involucre, it frequently happens that

the individual flowers arc also jn-ovided with little bracts, wliich

are then generally of a membranous nature, and colourless, as in

the Chamomile {fig. 381); these have received the name of

palea.

The only other brsicts which have received special names are

those found in Grasses, and Sedges. Thus, the partial in-

florescence of a Grass which is termed a locusta or spikelet, has

at its base, one, or two ))rncts, to wliicli the name of glumes has

been given {fig. 382, gl,gl). In the Cypcracca^ each flower is

surrounded by similar bracts. In the Grasses also, we find that

Fig. 379. Flower of the Spring Snow-flake
(.Leucojum vernum). Fig. 380. Spadix
ofCuckow-pint {Arum maculatum), enclosed
in a Bpathe.
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Fig. 382.

Fig. 381.

193

Fig. 381. Receptacle of Chamo-
mile {Anthemis nobilis) bearing
flowers and bracts, which are

sometimes termed i^a/efe. The
receptacle is here drawn much
too large at tlie apex, it should
be conical Fig. 382. Locusta
or spikelet of the Oat (Avena
fativa). gl, gl Gluwes. ps,pL
Palece. a. ^wn arising from
the dorsum of the outer palea,
ps. fs. An abortive flower.

each flower has two other bracts (Jjg.-3%2,ps,pi), which are

commonly called palece; and also frequently at the base of the

ovary (Jig. 586, sp), two or more little scales, also of the nature

of bracts, which are generally termed squamulce, glumellules, or

lodiculce.

2. The Peduncle or Flower-stalk.—This term.is applied

to the stalk of a solitary flower, whether axillary or terminal {figs.

371 and 379), or to a floral axis which beai's a number of sessile

flowers {figs. 374 and 376), or if the floral axis branches and
each branch bears a flower {fig. 399), the main axis is still called

a peduncle, and the stalk of each flower a pedicel, or if the axis

be still further subdivided, the general name of peduncle {fig.AQl)

is applied to the whole, with the exception of the stalks imme-
diately supporting the flowers, which are in all cases called pedi-

cels. When the floral axis is thus branched, it is better to speak

of the main axis as the primary axis {fig. 412, a'), its divisions

as the secondary axes a", and their divisions as the tertiary axes

a'", &c.

IJnder certain circumstances peduncles have received special

names. Thus, when a peduncle is elongated, and gives off" from
its sides sessile flowers {fig. 391), or branches bearing flowers

{fig. 399), it is called the rachis or axis. When the peduncle
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, or by some clinanthium

or phoranthium. The receptacle varies in form, sometimes it is

o
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flattened, as in the Cotton Thistle (Onopordum Acajithium) (fig.

404); or it is conical, as in the Chamomile (fig. 381) ; or con-

cave, as in the Dorstenia (fig. 384) ; or pear-shaped, as in the

Pig (fig. 383) ; or it assumes a variety of other intermediate

Fig. 384.

'ig. 383. Hypanthodium of
the Fig {Ficus Carica),
showing pear-slmped fleshy

receptacle bearing flowers.

Fia- 384. Hypantho-
dium of a species of Dor-
stenia, with concave recep-
tacle.

forms. It should be particularly observed, that the term recep-

tacle is also applied by some botanists to the apex of the pe-

duncle or pedicel, whether enlarged or not, and whether
bearing one or a number of flowers. When plants which have
no aerial stems bear flowers, the peduncle necessarily arises at,

or under the ground, in which case it is called a Scape or radical

peduncle (fig. 379), as in the Spring Snow-flake, Tulip, Hyacinth,

Primrose, Cowslip, &c.

In form the peduncle is generally more or less cylindrical, but
besides the departure from this ordinary ap])carance as exhibited

by the receptacle just described, it frequently assumes other

forms. Thus, it may become more or less compressed, or

grooved in A'arious ways, or it may become excessively en-

larged during the ripening of the fruit, as in the CasliewNut;
or it may assume a spiral a])])carance, as in the Vailisneria

(fig. 385); or become spiny, or transformed into a tendril, &c.
In the Esclischoltzia it becomes hollowed out at its apex, so as

to form a cup-s]uii)ed body, to which the lower i)art of the calyx
is attached.

In some cases the peduncle becomes flattened and assumes the

form of a phyllode,in which case it is called a phi/lloid peduncle or
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pedicel Examples of this occur, in the Butcher's-Broom (Buscus
acuhatus) {fig. 386), where the flowers arise from its surface,

Fig. 385. Fig. 386.

Fig. 385. Female plant of Vallisneria spiralis, with its flowers arransed on
spiral peduncles Fig. 38(5. Portion of u branch of the Butcher's-Broom
{Ruscus aculeatus), with phylloid pedicels bearing flowers a.

and in Xylophylla, in which the flowers are attached to its mar-
gins. Sometimes the peduncle, or several peduncles united,

assume an irregular flattened appearance, somewhat resembling
a fasciated branch already described, and bear numerous flowers

in a sort of crest at their extremities, 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 became 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 adliesious.

Thus, in the Lime tree {Tilia europipa) (fig. 387), the peduncle
adheres to the midrib of the bract for some distance, and then
becomes free. In many Solanaceie (fig. 388), the peduncle
also becomes extra-axillary by lorming adhesions to the stem in

various ways.

With respect to their duration the peduncle and pedicel vary.

Thus, they are said to be caducous, when they fall off" soon after

the opening of the flower, as in the staminiferous or male flowers

of a catkin ; they are deciduous, when they fall off" after the

fruit has ripened, as in the Cherry ; they are persistent 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 during

o2
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Fig. 387. Fig. 388.

Fig. ^7. Peduncle of the Lime tree (Tilia europcea) attached to bract 6

Fig. 388. Branch of Woody Niglitshade {,Solanum Dulcamara) with extra-
axillary peduncle.

the ripening of the fruit, as in the Cashew Nut, tliey are ex-

crescent.

3. Kinds of Inflorescence.—Flowers are variously arranged

upon the floral axis, and to each mode of arrangement a particular

name is applied These modifications are always the same for the

same species of plant, and frequently throughout entire genera,

and even natural orders, and hence their discrimination is of great

practical importance. All the regular forms may be arranged in

two great classes, the principles of which being understood, their

subordinate modifications will be readily intelligible. These two
are called : 1st, Indefinite or Indeterminate, and 2nd, Definite or

Determinate Inflorescence. In tlic former, the primary floral axis

is terminated by a growing point, analogous to the terminal leaf-

bud of a stem, or branch, and hence such an axis has the jwwer of

growing or elongating in an ujjward direction, or of dilating more
or less horizontally, in the same manner as the terminal leaf-bud of

a stem has the power of elongating, and thus adding to its length.

There is consequently no necessary limit to the growth of snch

an axi.s, and hence the names of Indeterminate or Indefinite

which is api^lied to it. Such an axis as it continues to grow
upwards developes on its s'dcs other buds, from wliich flowers
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are produced, and these, like those of a branch, are developed
in the axil of leaves called bracts, as we have before seen. All
the flowers therefore of an Indefinite Inflorescence must be ne-

cessarily axillary, and hence such an inflorescence is also termed
axillary. The general characters of Indefinite, Indeterminate,

or Axillary Inflorescence depend therefore upon the indefi-

nite growth of the primary axis, while the secondary, tertiary,

or other axes which are developed from it, are terminated by
flower-buds. In the Definite or Determinate Inflorescence 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 Deflnite, Determinate, or Terminal applied to it.

Each of these classes of inflorescence presents iis with several

modifications, which we now proceed to describe.

1. IXDEFJXITE, IXDETERMINATE, OK AxiLLART IXFLORES-
ENCE.—The simplest kind of inflorescence in this class is that pre-

sented by such plants as the Pimpernel {Anuyallis arvensia) {fig.

371), Money-AYort (Lysi- pig^ 389.
machia Nummular ia'), in

which solitary flowers are

developed in the axils of

the ordinary leaves of the

jDlaut, the primary axis

continuing to elongate in

an upward direction and
bearing other leaves and
flowers. The flowers are

then saidto be soZ/tarw and ^. „o„ ^t^, i , i ^ .
.J, ,-,^1 , -^ Fig. 389. Wliorled leaves or bracts and

axillary. W hen such flow- flowers of Mare's Tail Uiippurui vul-

ers are arranged in whorls garis).

round the stem, as in the common Mare's Tail (Hippuris vulgarisy

each flower being axillary to a leaf (fig. 389), they are said to

be whorled.

When a number of flowers are developed instead of a single

one upon an elongated or depressed axis, which is placed at the

extremity of a bi-anch, or in the axil of a bract, a number of kinds

of inflorescence arise ; depending upon the extent to which the

axis is divided, the mode in which the branching takes place, the

comparative lengths of the flowei*- stalks, and otlier subordinate

circumstances. It will be convenient to describe these various

modifications under 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 Avhich the

primary elongated axis simplv bears sessile flowers, or flowers

o3
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Fig. 390. Fig. 391. in Avhich the pedicels are very-

short, so as not to be clearly dis-

tinguishable. Examples of it

may be seen in the Rib-grass

(Plantago) (Jig. 390), and Ver-
vain ( Verbena officinalis) (Jig.

391). In this kind of inflores-

cence it will be observed that

the flowers at the lower part of

the spike are in fruit, while

those near the middle are in

full flower, and those at the

top are still undeveloped. The
flowers here therefore, open first

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 indefinite in-

florescence, which in all cases

open from the base to the apex
if the axis is elongated (Jig. 39 1 ),

or from the circumference to-

wards the centre if it is de-

pressed or dilated (Jig. 405).

This centripetal order of ex-
pansion necessarily arises from
the mode of development of

such kinds of inflorescence
;

thus, the flower-buds which are

situated at the base, are those

which arc first formed and which
arc consequently the oldest ; as

the axis elongates upwards, it

is continually producing 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 tlie apex,

or centripetdlhj. Hence all indefinite inflorescences have a cen-

tripetal order of expansion.

There are five otlier kinds of indefinite inflorescence which
are simply modifications of the spike. These arc the Amentum
or Catkin, the Spadix, the Ix)custa, tlie Cone, and tlic tStrobile.

b. The Amentum or Catkin.—This is a kind of spike which only
bears barren flowers—that is, only stamens (Jig. 393), or jjistils

(Jig. 392); tliese are separated from each other by squamous

Fig. 300. Spike of a species of Rib-
grass (Plnntaoo). Fig. 891.

Spike of Vervain ( Verbena). Tiie
flowers at the base liave already
passed into tlie state of fruit,

wliilst those at the apex are still

unexpanded.
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Fig. 392. Fig. 393.

Ff'fir. 302. Pistillate amentum or catkin of a
species of Willow [SalLc) Fig. 393.
Staminate amentum of Willow.

bracts, and the whole inflores-

cence usually falls otf in one
piece, soon after flowering, or

fruiting; this is especially the case

with the staminiferous-flowered

catkin. All plants with this kind
of inflorescence are called amen-
taceous or amentiferous. Our
trees afford us numerous ex-

amples, as the Oak, the Willow,
the Birch, the Poplar, the Wal-
nut, &c.

c. The Spadix is a spike with a
succulent axis, in which the in-

dividual flowers have no bracts,

but the whole inflorescence is

enclosed in a long bract called a

spathe. This is well seen in the

Cuckow-pint {Arum maculatuvt')

{fig. 380). When a spadix

branches, as in Palms {fig. 394),

it is called compound or branch-

ing. The term spadix is also

frequently applied to a succulent

spike, whether enveloped in a

spathe or not.

d. The Locusfa orSpikelet.—This

name is applied to the partial

inflorescence of Grasses {fig. 382)
and Cyperaceous plants.

o i
J-

.^ Fig. 394. Branched spadix of a Palm
it is a _ (Chamaerops).
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spike with a few flowers, and these destitute of a true calyx
and corolla, their place being occupied hy palece, and the whole
inflorescence surrounded at the base by one or two empty bracts

(^glumes). These spikelets may be either arranged sessile on
the primary axis or rachis {fig. 395) as in Wheat, the whole in-

Fig. 395. Fig. 396.

Fig. SOS. Inflorescence of Wheat (Trificitm), consisting of numerous spike-
lets arranged on a common axis (rachis) Fig. 3'JC. Branihed inflo-

rescence of the Oat {Aveiia sativa}.

Fig. 397.

Fio.^iK. Cone of Hem-
lock Spruce (Abicn

cinuukniiis).

florescence of which may be therefore called

a compound spike; or they may be placed

on a more or less braiu;hed axis, as in the

Oat, &c. (fig. 396).

c. The Cone.— Tliis is a kind of spike,

found es])ecially in conc-boaring ])lants, as

the Larch, Pine, Fir, &c. {fig. 397.) It is

composed of female Howers, each of which
has at its base a ])cr.si.stent woody scale or

Jjract.

f The Stroblliis or Strobile.—This is a

kind of spike with female flowers, each of
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which has a membranous bract or scale at its base. It is seen
in the Hop (Humulus Lupulus) (fiy. 398).

Fig. 399.

Fiy, 398.

Strobile of the Hop {Humvlus
Lupulus). Fig. 39;). Kaceme
of a species of Cherry t^Cerasus).

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 primary axis is more or less branched, and the flowers con-
sequently situated upon stalks. The simplest of these is the

Eaceme.

g. The Raceme.—This name is applied to that form of inflo-

rescence in which the primary axis is elongated, and bears

flowers placed on pedicels of nearly equal h'ugth (Jiy. 399).

It diflers from the spike only, in the flowers being stalked in-

stead of sessile. Examples occur in the Currant, Mignonette,
Hyacinth, Laburnum, Barberry, Fumitory, &c.

h. The Corymb.—This is a kind of raceme in which the pedi-

cels are of different lengths, viz. those at the base of the primary
axis longer than those toAvards and at the apex, so that the

whole form a level, or slightly convex top. It occurs in some
species of Cerasus (Jiy. 400), the Hawthorn, &c. When the

stalks or secondary axes of a corymb instead of bearing flowers

immediately, divide and form tertiary or other axes, upon whicli

they are placed, it is termed compound or branching, as in some
species of Pyms (Jiy. 401), &c. 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.
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Fig. 400. Fig. 401.

i^ip. 400. Simple corymb of a species of Cerasus. a'. Primary axis, bearing
bracts b b, from the axils of wliicli pedicels o" n" arise. Fifj-

401. Compound or branching corymb of the Wild Service tree (I'ljnia

tormimttis). a'. Primary axis, a", a". Secondary axes, a'", u'".
Tertiary axes, b, b, b. Bracts.

i. The Panicle.—This is a sort of compound raceme, that is to

say, a raceme in whicli the secondary axes instead of pro-
ducing flowers directly, branch, and form tertiary axes, &c., the
ultimate subdivisions of which bear the Howcrs {fuj. 402).

Fig. 402.

Fig. 402. Paniclcd inflorescence.
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Examples of this occur in the Y^icca Fig. 403.

gloriosa. in the general arrangement

of the inflorescence of the Oat (Jig.

396), &c.

k. The Thi/rsus or Thr/rse.—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. 403). 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 Avays.

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 Capitidum, Anthodium, or

Head.—This kind of inflorescence

constitutes the Compound Flower of Linnseus. It is

by a number of sessile flowers crowded together on

Fia. 404.

Fig. 403. Thyrs'j of
iVitis vinifera).

formed
a re-

Fi{/. 404. Capitulum of Cotton Thistle (Onoporc?i<Kt Acanthium^.
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ceptacle, and the whole surrounded by an involucre. The re-

ceptacle as we have seen (see page 193) may be either flattened

as in the Cotton Thistle (^^i. 404); or slightly convex, as in

the Dandelion; or conical, as in the Chaniomile {fig. 381); or

globular, as in the American Button Bush; or elliptical, &c.,

by which a A^ariety 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 {fig. 405), 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 i>, centripetally.

b. The Hypanthodium.—This kind of inflorescence is biit 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. 384), or entirely, as in

the Fig {fig. 383), enclosing the flowers which it bears upon its

surface. The flowers m this kind of inflorescence are usually

unisexual, and there is no involucre to them as in the true

Capitulum.
Fig. 405

Fig. 406.

7V<7. 40.J. Cnpitnliim of Sca-
iiious USciibiosa). Tlie

outermost florets may be
observed to be more ex-
))aii(led than the inner
J-'ig. 4{)G. Simple umbel of
a species of Allium.

c. The Umbel.—Wlicn the ])rimary axis is shortened, and

gives ofl" from its apex a nuinl)er of secondary axes or pedicels
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of nearly equal length, each bearing a flower, and arranged like

the ribs of an umbrella, an umbel is formed, as in the Primrose,

Cowslip, &c. {fig. 406). When the secondary axes themselves

divide, and form tertiary axes, which are also arranged in an
umbellate manner, a compound umbel is produced {fig. 407).

This is seen in the Carrot {fig. 375), the Fennel {fig. 407), the

Fig. 407.

Fig. 407. Compound umbel of Fennel iFceniculum).

Fool's Parsley, the Hemlock, and other allied plants, which are

hence called umbelliferous, and give the name to the natural

order Umbel] iferje. In the compound umbel the primary umbel
is called the general umbel, and the others formed by the divi-

sions of this, partial umbels or umbellules. When the base of

the general umbel is surrounded by a whorl of bracts, they con-
stitute a general involucre, and if other bracts are arranged in a
similar manner around the partial umbels, each forms an in-

volucel or partial involucre. These have been alluded to pre-
viously when speaking of bracts.

On comparing the simple umbel with the capitulum, it will

be seen that it bears the same relation to it, as tlie raceme
does to the spike. The compound umbel again, may be con-
sidered to bear tlie 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 j^erceive that the chief diiference

between them arises from the shortening or non-development
of different axes, and their varying lengths. Thus, the capi-

tulum is a spike with a shortened and enlarged axis, the umbel
a raceme with a similar axis, and the raceme a stalked spike.
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2. Definite, Determinate, or Terminal Inflorescence.

—In this class of inflorescence the ])rimary 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 tlie axis bears no other

flowers this is called a solitary terminal flower, and is the sim-

plest form of definite inflorescence. It may be seen in the

stemless Gentian {Genliaria acaulis) {Jig. 408), in the Wood

Fig. 408. Fig. 409.

Fig. 408. Floral axis of a
species of Gentian {Genti-
anu acuulis), terminated
by a solitary flower, below
which are two bracts.
Fig. 400. A plant of a
gpccies of Ranunculus (/fa-
itiDir.iilus hnlbosiis). a', a'.

Primary axis terminated by
a fully expanded flower/'.
a". Secondary axis which
is also terminated by a
flower/", not 8o fully de-
veloped as/', a'". Terti-
ary axis terminated by a
flower-bud/'".

Anemone {Anemone ncmorosa), &c. When other flowers are

]»roduced on sncli an axis they must necessarily arise from

axillary l)uds i)laccd below the terminal flower-bud, and if these

form secondary axes {fig. 409, a") they will in like manner be

arrested in their growth" by a terminal flower-bud y", and if

other axes a'" are develoi)ed from the secondary, these also

must be axillary, and will 1)e arrested in a similar manner f",
and may also form othersof a like cliaracter, and so on. Hence
this mollc of iiiHorcsccnce is determinate, definite, or terminal, in

contradistinction to the former or indefinite inflorescence al-
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ready 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

Avhorled leaves, but they also occur in those which have alter-

nate leaves, as for instance in the Buttercup (Ranunculus) {fig.

409), and the Columbine (Aquilegia vulgaris). In definite in-

florescences Ave have a difl'crent order of unfolding in the flower-

buds to those of the indefinite, because in them the terminal

flower is the first dcA'eloped and consequently the oldest (fig.
409 /'), and other buds are produced in succession from the

apex to the base, if the axis be elongated {fig. 414), or if de-

pressed or dilated, from the centre to the circumference. The
uppermost flower-bud of the elongated axis, and the central one
of the depressed or dilated axis will accordingly open first,

and the lowermost 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 charac-

terised by a centripetal order of expansion, those of definite in-

florescences are centrifugal.

Kinds of Definite Inflorescence.—The general name of cyme
is applied to all such inflorescences, but a few of them are also

distinguished by special names •'

—

a. The true Cyme.—This term is commonly applied by
botanists to a definite inflorescence Avhich is more or less

branched, the whole being developed in a corymbose manner,
and thus assuming a somewhat flattened head, as in the Laurus-
tinus {fig. 410) Dogwood and Elder; or a rounded one, as in

Fig. 410.

Fig. 410. Cyme of Laurustinus (^Viburnum Timis).
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the Hydrangea; or more or less spreading as in the Chickweed

(Jig. ill). In the more perfect and compact form of cyme, as

found in the Laurustinus, Elder, &c., the flower-buds are all

perfect before any of them open, and then the flowering takes

]3lace rapidly, commenc-

Fig. 411.

Fig. 411. Cyme of a species of Chickweed
{Cermtium). a', a'. Primary axis ter-

minated by a flower, a", a". Secondary

axes, arising from the axils of opposite

bracts h, and terminated also by flowers.

a'", "'", a'". Tertiary axes, arising from

hra'cts b. and bearingothcr bracts b, from

which other axes arise a"", a"", a"".

mg in the centre of the

cyme, and then in the

centre of each of its di-

visions, and thence pro-

ceeding in an outward
direction ; and as the

central flower of each

cluster corresponds to

the apex of each branch,

the expansion of the

whole is centrifugal. By
attention to this order of

expansion such cymes
may be always distin-

guished from indefinite

kinds of inflorescence,

such as the umbel, or

corymb, to which other-

wise they bear in many
cases a great resem-

blance. In the Chick-

weed (Jig. 411), and
many other plants, the

formation of the second-

ary and other axes a"
a'" a"" goes on through-

out the growing season,

and in such cymes, which
are usually of a more
or less .'spreading nature

the centrifugal or ct/mose

(as it is also called) order of expansion may be well observed.

The above cymes are also characterised as dichotomous, or tricho-

tomom, according to the number of their brandies, thus they are

dichotomous, as in the common Centaury (Erythrcca Centau-

rium) (Jig. 412), when the primary axis a' is terminated l)y a

flower./"', at the base of which are two bracts, each of whicli de-

veloiies 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 wliich tertiary axes

a'" a'" a'" arc developed, also terminated by flowers /'"
' f" f" a"*^ ^o o"' ^"^^ ^^ ^''^ division in this case always takes

place into two branches, the cyme is said to be dicholomous. It'
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Fig. 413

Fig. 412. Cymose inflorescence of the Centaury {Erythrcea Centaurium),
a', a", a'", a"". Floral axes. /', /", /"', /'"'. Flowers terminating those

axes respectively Fig. 413. Spiked cyme of Sedum.

the division of the

cyme takes place in

threes, it is said to be
trichotomous. Cymes are

also frequently charac-

terised as corymbose,
or umbellate, accord-

ing as they resemble

the ordinary kinds of

indefinite corymb, or

umbel.
When a definite in-

florescence does not

assume a more or less

corymbose form as in

the true C3Tne just de-

scribed, it is best cha-

racterised by terms de-

rived from the kind

of indefinite inflores-

cence to which it bears

a resemblance. Thus
when a cyme has ses-

sile flowers, as in the

Spfliim ( fin 4.1 -^^ it i<?
^^- ^1*- Racemose cyme of a Campanula, a',Oeaum {^Jig. 41cJ ), n is ^, p^^^^^ ^^^^^ terminated by a flower /',

'Hed which is already withering, a", a", a". Second-
ary axes, each ending in a flower,/'',^',/*'.

described as sp
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cyme ; when it has its flowers on pedicels of nearly equal length,

as in the Campanula (fig. 414), as a racemose cyme; or when
it assumes the form of a panicle, as in the Privet (j^^. 415). as

a panicled cyme. These forms of cymes are readily distinguished

from the true racemes, &c., 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 the flowers

open first at the base and last at the apex, or centripetally.

Fig. 415. Fig. 416.

Fifj. 41,5. Panicled cyme of the
Privet {Ligustrum vulgarc). a'.

Primary axis, a" a" Secondary
axes, a'" a'". Tertiary axes, c, c,

the central flowerB of the respec-
tive clusters, which are seen to
be in a more expanded state than
those surrounding them Fig.
416. Scorpioid cyme of the For-
get-me-not (Myosotis palustris).

Besides the true cyme and its varieties mentioned above,

other kinds have also received particular names, as the Helicoid

Cyme, the Fascicle, the Glomerule, and the Verticillaster, which

we must now briefly describe.

b. Helicoid or Scorpioid Cyme.—This is akind of cyme in which

the flowers arc only developed on one side, and in which the

upper extremity is more or less coiled up in a circinatc or spiral

manner, so as frequently to resemble a snail, or the tail of a

scorpion, and hence tlie names of helicoid or scorpioid by which

it is distinguished. It is also sometimes called a circinate or
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gyrate cyme. These cymes are especially developed in the Bo-

raginacese, as in the ^ox%Qi-ro.Q-not{Myosotispalnstris) {fig. 416),

and in the Comfrey {Symphytum) {fig. 416a). In these plants

Fig. 416a.

Fig. 416a. Scorpioid cyme of Comfrey {Sijmpht/tum officinale).

the leaves are alternate ; but such a cyme may also occur in

opposite-leaved plants, and the manner in which it is commonly
believed to be formed in the two cases, is as follows :—Thus, in

plants in which the leai'es or bracts are opposite {fig. 417) it

Fig. 417.arises by the regular non-develop
ment of the axes on one side,

while those on the other side are

as regularly produced. This will

be readily explained by a reference

to the diagram {fig. 417). Here a,

represents the flower which ter-

minates the primary axis : at its

base are two bracts, only one of

which developes a secondary axis

b, which is in like manner ter-

minated by a flower, at the base

of which are also two bracts, only

one of which, (1. e. that on the same
side with the first,) produces a ter-

tiary axis c, 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
p2

Fig. 417. Diagram to illustrate the
formatiou of a sciorpioid cyme in a
plant with opposite bracts or
leaves, a. Flower terminating the
primary axis. 6. Secondary axis. c.

Tertiary axis. d. Quaternary axis.
Each terminated by a flower.

is unde-
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A-eloped at each ramification is indicated by a dotted line.

In consequence of this one-sided, (or as it is called secund)
manner, in whicli 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 proportion
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 Avith an alternate arrangement of its leaves or bracts,

the hehcoid cyme, arises from the primary axis {Jig. 418, 1)

being terminated by a
Fig. 418. flower, and giving off

below it from the upper-

?
^ most bract or leaf a

secondary axis 2, which
also terminates in a

flower, and gives otf in

like manner, from the

same side as the former

a third axis 3, and so

on, as seen by the figures.

The place of the bracts

is indicatedby the dotted

lines. Hence, such a

cyme consists of a series

of single-flowered axes

(unifloral) arranged in

the form of a raceme, to

which kind of inflores-

cence it is by some bo-

tanists considered to

belong. When the bracts arc 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, Avhereas in the

hehcoid cyme they are placed opposite to the bracts, or at all

events out of the axil {fig. 418). In those cases, however, where
the bracts are abortive, as in most of the Borage tribe, its dis-

crimination from the true raceme is often difficult or even im-

possible, 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

j)edicels of nearly equal length, as in the Sweet-William and
some other plants of the Pink tribe to which it belongs.

d. Tlie Glomerule.—This is a cyme which consists of a immber of
sessile flowers, or those where the pedicels are very short, collected

into a rounded head, or short spike. It is seen in species of Nettle

Fig. 418. Diagram to illustrate the formation
of a Bcorpioid cj'me in a plant with alternate
bracts. The figures represent the respective
axes, and the dotted lines the position of the
bracts.
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Fig. 419. Inflorescence of the Box {Buxus
sempervirens).

and in theBox (^^r. 419), Fig. 419.

&c. It bears nearly the

same relation to the true

cyme, as the capitulum

does to the umbel,

e. The Verticillaster.—
This kind ofcyme is seen

in the White Dead-nettle

{Lamium alburn) {fig.

370) and in other plants

of the Labiate tribe to

which it belongs. In it

the flowers appear at

first sight to be arranged
in a whorl round the

stem, but upon examin-
ation it will be readily seen, that there are two clusters

axillary to the opposite leaves, the central flowers of which
open first, and hence the mode of expansion is centrifugal.

To each of these clusters the name of verticillaster is applied.

We have now finished our description of the difi'erent kinds

of regular inflorescence, and from
what we have already stated, it may
be readily understood that they may
be situated either at the apex of the

stem, or at the extremities of branches,

or in the axils of leaves or bracts.

Besides the above kinds, all of which
are comprehended under the two
classes of indefinite, or definite in-

florescences, there is a third class,

which consists in a combination of

these, to which the term of mixed inflo-

rescence has been accordingly given.

3. Mixed Inflorescence.—This

kind of inflorescence is by no means
uncommon. It is formed by the ge-

neral inflorescence developing in one
way, and the partial or individual in-

florescences in another. Thus in

plants of the natural order Com-
positse (Jig. 420), the terminal capi-

tulum is the first to expand, and the

capitula, as a whole, are therefore

developed in a centrifugal manner;
while the individual capitula open
their small flowers or florets from
the circumference to the centre, or

p3

Fig. 420. Mixed inflorescence
of a species of Seneciu.
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centripetally ; hence, here the general inflorescence is definite,

the partial inflorescence indefinite. In Labiate Plants we have a
directly reverse arrangement {fig. 370), for here the individual

clusters or verticiUasters open their flowers centrifugally ; but
the general inflorescence is centripetal; hence the general in-

florescence is indefinite^ while the partial inflorescence is de-

finite.

Section 2. Of the Parts of the J'lower, 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 those organs, or homologous form-
ations adapted for 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 reserved 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.

1. Parts of the Flower.—A complete flower consists of
the essential organs of reproduction, enclosed in two particular

envelopes which are destined to protect them. These essential

organs are called Stamens {fig. 422, ec), and Pistil {fig. 422,
sti). The floral envelopes are termed Calyx {fig. 421, c), and
Corolla {fig. 421, p). The extremity of the peduncle or pedicel

upon which the parts of the flower are placed, is called the

Thalamus or Receptacle {fig. 422, r). The floral whorls are situ-

ated within each other in the following order, proceeding from
without inwards:— 1. Calyx, 2. Corolla, 3. Stamens, 4. Pistil.

The Calyx {fig. 421, c) is the outer envelope or covering of
the flower. Its parts are called Sepals, and these are generally

green, and of a less delicate texture than the parts of the corolla.

They bear commonly a great resemblance to the true leaves.

The Corolla {fig. 421, p), 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 j 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. 424). This terra

is more particularly applied to Monocotyledonous Plants, where
the floral envelopes generally resemble each other, and are usu-
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Fig. 421. riower 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. A22. Flower of

Wallflower with the calyx and corolla removed, in order to show the essential

organs of reproduction, r. Receptacle or thalamus, gl. Glands, ec. Sta-

men, of which there are six, four long and two short, sti. Stigma, the

summit of the pistil Fig. 42.'5. One of the stamens of the Wallflower.

/. Filament, a. Anther, p. Pollen.

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 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. 425), this

Fig. 424.

Fig. 425.

Fia 424. Flower of a species of Squill (5ei7Za italicaT). The parts composing

tlie floral envelopes here closely resemble each other, and form collectively

a perianth Fig. ^25. Flower of Goosefoot iChempcxliuni), with only one

floral envelope.

P4
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Fig. 426. Flower of

the cominon Asli,

in which tlie floral

envelopes are al-

together absent.

to be sessile.

is then properly considered as a calyx, whatever he its colour
or other peculiarity, and the flower is said to be Monoclilamydeous.
Some botanists, however, use the term perianth in this case.

At other times, as in the Willow (Salix) and
Ash.(Jxg. 426), the floral envelopes are absent,
when the flower is termed naked or Achlamy-
deous. When both floral envelopes are pre-
sent, as in the complete flower above described

{fig. 421), it is Dichlamydeous.
The Stamens constitute the whorl or whorls

of organs situated on the inside of the corolla

{fig. 422 ec). Each stamen consists essentially

of a case or bag, called the Anther {fig. 423, a),

which contains in its interior a powdery sub-
stance called the Pollen {fig. 423, p) ; this is

discharged at certain periods through little

slits or holes formed in the anther. These
are the only essential parts of a stamen, but it

generally possesses in addition, a httle column
or stalk, called the Filament {fig. 423, /),
which then supports the anther on its summit.
When the filament is absent, the anther is said

Tlie staminal system, taken collectively, is

termed the Andrcecium fi'om its constituting the male system
of Flowering Plants,

The Pistil is the only remaining organ ; it occupies the

centre of the flower {fig. 422, sti), all the other organs being

arranged around it when these are present. It consists of one
or more modified leaves, called Carpels, which are either dis-

tinct from each other, as in the Columbine {Aquilegia vidgaris)

{fig. 427), or combined into one body, as in the Poppy

{fig. 428) and Tobacco {Nicotiana Tabacum) {fig. 568. 2).

The carpels taken collectively constitute the Gynoecium or the

female system of Flowering Plants. The pistil consists of a

hollow inferior part, called the Ovary {fig. 429, d), whicli

contains the rudimentary seeds called Ovules o, o ; of a Stigma,

or space of variable size, composed of lax cellular tissue with-

out epidermis, Avhich is either placed on the ovary, as in the

Poppy {fig. 428, sti), or situated on a stalk-like portion pro-

longed from the ovary, called the Style {fig. 427, sty). The only

essential parts of the pistil are consequently the Ovaiy and Stig-

ma ; the style being no more essential to it than the filament is

to the stamen.

The stamens and pistil are called essential organs because

their presence is necessary for the production of })orfcct seeds.

It frequently happens, liowever, that either the stamens or pistil

are absent in a flower, as in the Willow {figs. 392 and 393), in

which case it is termed unisexual, and the flower is further
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characterised as staminal or male {fig. 393), or pistillate or female

(^fig. 392), according as it possesses one or the other of those organs.

Fig. 427.

M

Fig. 428. Fig. 429.

Fig. 427. Vistil of ColmabineiA quilegia vulgaris), jp. Peduncle, x. Recep-
tacle, o. Ovaries, sty. Styles, sti. Stigmas. Fig. 428. Pistil of

Poppy (^Papaver), with one stamen arising from below it. o. United
ovaries, sti. Stigmas Fig. 429. Vertical section of the pistil of the

:Pa.Tisy {Viola tricolor), c. Calyx, d. Ovary, j?. Placenta, o, o. Ovules.

s. Stigma on the summit of a short style.

2. .Estivation or Pr^floration.—As the general ar-

rangement of the leaves of the leaf-bud is termed verna-

tion (the spring state), so the mode in which the different

parts of the flower are arranged in the flower-bud is termed

their cestivation (the summer state). The term prceflora-

tion is also sometimes used by botanists instead of estiva-

tion. The terms used in describing the various modifications

of estivation are generally the same as those of vernation ;

but the former presents some peculiarities, which render it

necessary for us briefly to refer to their different arrangements.

The terms used in estivation especially refer to the relative

positions of the component parts of the calyx and corolla, be-

cause the stamens and pistil, from their peculiar forms, can give

us no such arrangements of their parts as are exhibited by

them.
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 considered independently of the others ;

and 2nd, The relation of the several members of either of the

floral envelopes taken as a whole in respect to each other.

With regard to the disposition of each of the component parts

considered independently of the others, the same terms are used

as in those of vernation, with the addition of the crumpled or

corrugated form, which only occurs in the parts of the floral en-

velopes. It may be seen in the petals of the Poppy and Rock-



2 1

8

ORGANOGRAPHY.

rose (Helianthemum), and derives its name from the parts being
irregularly contracted into wrinkled folds. The so-called dis-

tinctive forms to which the names of induplicate and reduplicate

have been given, are merely modifications of the involute and
revolute forms of vernation. They should be applied only (as

will be presently shown), in describing certain forms of the
general arrangement of the component parts of the respective

floral envelopes.

With respect to the relation of the several members of either

of the floral envelopes taken as a whole to each other, various
forms occur, all of which may be arranged in two divisions ;

namely the Circular, and the Imbricated or Spiral. The for-

mer 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 where they are placed at slightly different

levels in a more or less spiral manner, and overlap each other.

1. Circular JEstivation.—We distinguish three forms of this,

i.e. the valvate or valvular; induplicative or induplicate; and
the reduplicative or reduplicate. The valvate estivation {fig.

430), 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

contact by their margins throughout their whole length, without

Fig. 430. Fig. 431. Fig. 432.

Fig. 430. Diagram to illustrate valvate aestivation Fig. 431. Diagram to

illustrate induplicate aestivation.. Fig. 'k\i2. Diagram to illustrate re-

duplicate aestivation.

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 borders

are usually thinner, as may be well seen in the sepals of the

Geranium. When the component sepals, or petals, instead of

being flattened, arc folded inwards at the points where they

come in contact {fig. 431), the estivation is induplicative, as in

the petals of Guazuma ulmifolia, and in tlie calyx of some

species of Clematis. When tlie margins arc turned outwards

under the same circumstances {fig. 432), the estivation is re-
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duplicative, as in the calyx of 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 overlapped 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 {fig. 433), the testivation is contorted or

twisted. This form may be considered as intermediate between
the Circular and Imbricated forms of estivation. It occurs

very frequently in the corolla, but is very rare in the calyx.

Examples may be seen in the coroUa of Althcea rosea, and other

Malvaceous Plants ; in that of the common Flax {Linum), and
generally in the order Linacese ; in the Cyclamen ; in the St.

John's Wort {Hypericum) ; in the Periwinkle {Vinca), and in

many other plants of the same order.

Fig. 433. Fig. 434. Fig. 435. Fig. 436.

Fig. 433. Diagram to illustrate contorted or twisted aestivation. Fig. 434.

Diagram to illustrate imbricate aestivation. The figures 1, 2, 3, 4, 5, show-

that the successive parts are arranged in a spiral manner. Fig. 435

Diagram to illustrate quincuncial aestivation. 1 and 2 are external, 4 and
5 internal, and 3 is partly external and partly internal. Fig. 436.

Diagram to illustrate cochlear aestivation. The part marked 2 in the pre-

ceding diagram is here wholly internal instead of external as in the quin-
cuncial arrangement. The dotted line marked 2, indicates its normal
IHJsition in the imbricate form of aestivation.

2. Imbricated, Imhricative, or Spiral Estivation.—We shall

describe five forms of this class of aestivation, i.e. the imbricate,

convolute or enveloping, quincuncial, cochlear, and vexillary. The
true imbricate estivation, as seen for instance in the calyx of

Camellia japonica {fig. 434), is formed by' the parts being

placed 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-

velop each other, as in the calyx of Magnolia grandiflora, 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
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the parts of a floral whorl are five in number, and these imbri-
cated in such a manner that there arc two parts placed 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 estivation is said to be quin-
cuncixil {Jig. 435). Familiar examples of this form are afforded

by the corolla of the Rose, and the calyx of the Bindweed
(^Calystegia sepium). In this form of testivation the spiral arrange-
ment of the parts is well seen, and is indicated in the diagram
(Jig. 435) by a dotted line. The spiral cycle thus formed, which
is the normal one in pentamerous or quinary flowers (those with
the parts in fi^'-es), and which occurs in the majority of Dicoty-
ledonous plants, corresponds to the f or pentastichous or five-

ranked arrangement of leaves. When in aquincuncial arrange-
ment 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 {estivation occurs,

to which the name cochlear has been given (^Jig. 436). A fami-
liar example is afforded by the Frogsmouth {Antirrhinum majus)
and other allied plants. Another modification of imbricate

aestivation occurs in the flower-buds of the Pea and other plants

allied to it {Jig. 463), where the superior petal or that placed
next the axis, called the vexillum, which is generally the largest,

is folded over the others which are arranged
Fig. 437. face to face (Jig. 437). This form of aestiva-

tion is commonly termed vexillary.

It frequently happens that the calyx and
corolla exhibit different forms of restivation.

Thus, in Guazuma ulniifolia the calyx is valvate,

and the corolla induplicative. In Malvaceous
plants the calyx is valvate, or reduplicative, and
the corolla contorted. In these examples the

different forms of testivation, as exhibited by the
Fig. 437. Dia- two floral envclopcs, may be considered to belong
gram to lUus- ^ ,, i /• .• ^^ • ^i • i

trate vexillary to the samc class of Kstivatiou, I.e. the circular

;

and^^'^fwm the
^^^^ instanccs also frequently occur where the

aiiE or wings, 3 forms in the calyx and corolla arc different, and
and 5 the ca- bclonir to both classcs. Thus, in the Bindweed
nna or keel, 4 ,_.,». ^ , , ^ ,' , , ,

the vexillum. ( Calystegia), and other Convolvulacea', the calyx

is imbricated, and the coroUa contorted. A similar

arrangement occurs in the Corn Cockle (Lychnis Githago), in

the St. John's Wort (Hypericum), in the Geranium, and many
other plants.

The forms of aestivation above described are always constant

in the same individual, and Ircquently throughout entire genera,

and even natural orders, hence they are of great importance in

systematic botany. For a similar reason they arc also of much
value in structural botany, by the assistance they commonly
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afford in enabling ns to ascertain the relative succession and
position of the parts of the flower on the axis. The term an-

thesis is sometimes nsed to indicate the period at -which the

flower-bud opens.

Besides the definite and constant relations which the parts of

the flower have to each other 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, superior or posterior, and lateral.

Thus, we call that organ posterior or superior, which is turned

towards the axis, and that next the bract from the axil of

which it arises, inferior or anterior. When there are four or-

gans in a whorl, one will be superior, one inferior, and two
lateral, as in the calyx of Cruciferous Plants (fg. 421). If there

are five we have two arrangements. Thus, in the calyx of the

Pea tribe of plants (Leguminoscp) two sepals are superior, two
lateral, and one iiferior ; while in the corolla, in consequence of

the law of alternation in the parts of the floAver to be hereafter de-

scribed, one petal is superior, two inferior, and two lateral {Jig.

463). In plants of the Rose tribe {Rosace(B),vfe have a precisely

reverse position exhibited by the two outer floral whorls ; thus,

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. 462). From these relations of position

being constant in the plants of Rosace^e and Leguminosse, we
have here a constant character by which those orders may be
distinguished.

The same definite relation with respect to the axis also holds

good in many cases in the staminal and pistilline 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 usually green like

true leaves, by which character, as well as by their position,

and more dehcate texture, they may in most cases be dis-

tinguished from the petals. There are numerous instances,

however, 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
{Nt/mphcea alba) {fig. 438), affords a familiar and good illustra-

tion of this. In some plants again, the green colour disappears,

and the calyx becomes coloured with the same tints as the
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Fig. 438.

Fig. 438. Flower of the White Water-Lily iNympliCPa alha) reduced in size.

After Jiissieu. c, r, c, c. The four sepals. j9./>,y/, />. Petals, e. Stamens.
The parts on the right show the gradual transition from the calyx c to

the petals^j, and from those organs again to the stamens e. The stamens
from 1 to 5 are gradually more distinctive.

corolla, or of some other. In such cases it is said to be petaloidj

and the chief distinctive character between it and the corolla is

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 us examples of a ])etaloid

calyx among Dicotyledonous Plants. In the Monocotylcdonous
Plants generally, as in the Lily, Iris, Tulip, Crocus, &c. {Jig.

424), 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 tliere is but one
whorl of floral envelopes, as in the Goosefoot (Chenopodium)

(^fig. 425), and in Birtliwort (Aristolochia), it is customary
with some botanists to call that whorl a calyx, whatever be its

colour or other peculiarity. It is so termed in this volume.
Otlicr botanists, however, frequently term it a perianth under
such circumstances, as we have already stated. (See p. 216.)

In their general structure, venation, &c., the sepals resemble
true leaves, and are covered like them with ei)idcrmis, and this

is frequently furnished on the lower and outer surface with sto-

mata, and also occasionally with hairs, glands, and other appeiul-

ngcs. From their duration being usually however more transi-

tory than that of true leaves, the veins which form their skeleton

chiefly consist of true spiral vessels, which arc arranged like

those of tl^e leaves in the two classes of plants— that is reticu-

lated in Dicotyledons, and i)arallel in Monocotyledons.
The 8ci)als also cxhil>it various characters as regards their

outline, apex, &c., although by no means so liable to variations
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in such particulars as the true leaves. The terms used in de-

fining those modifications are applied in the same sense as in

these organs. Sepals are almost without exception destitute of

a stalk, or sessile upon the axis. They are also generally entire

at their margins, although exceptions to this character occasion-

ally occur : thus, in the Pseony and in the Rose {fig. 439, c/"),

the sepals are di^^ded at their margins ; in many species of

Dock (Humex) they are toothed (fig. 440, ci) ; and in the Cha-
mcelaucium plumosum the calyx consists of five sepals, each of

which is divided into five deep lobes. In their direction, the

sepals are either erect or upwards ; connivent or turned inwards ;

or spreading outwards, when they are divergent or patulous ; or

when their apices are turned dowTiwards, reflexed.

Fig. 439. Fig. 440.

Fig. 439. Vertical section of the flower of the Rose, r, r. Concave receptacle,
upon which are placed several carpels, o, o, each of which is furnished with
a style and stigma, s. e, e. Stamens, ct. Tube of the calyx, c/, cf. Free
portions of the calyx divided at their margins Fig. 440. Calyx of
Rumex nncatus, after Jussieu. ce. Outer divisions of the calyx, which are
entire, ci. Inner divisions with hooked teeth at their margins, g. Swell-
ing on one of the inner divisions.

The calyx may either consist of a number of separate parts or
sepals, as in the Poppy, Buttercup, "Wallflower, Strawberry, (Jig,

441); or these parts may be more or less united into one body (^^5.
443—445), as in the Fuchsia, Melon, Tobacco, &c. In the former
case, the calyx is termed polysepalous, dialysepalous, orpolyphyllons,
the terra. phylla being sometimes used instead of sepal. When the
parts of the calyx are united, it is called monosepalous or mono-
phyllous ; but these are incorrect terms, as they indicate literally

one sepal, or one leaf, and hence many botanists use instead, the
term gamosepalous or gamophyllous calyx, which is more correct,

as these terms simply imply that the sepals or leaves are united.

1. PoLTSEPALous OR PoLYPHTLLous Calyx.—Apolysepalous
calyx may consist of two or more parts, the number of which
being indicated by the prefix of Greek numerals ; as disepalous

or diphyllous for a calyx composed of two distinct sepals, tri-
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sepalous or triphyllous for one with three, tetrasepalous or te-

traphyllous if it have four, pentasepalous or pentaphyllous if

live, kexasepalous or hexaphyllous if six, heptasepalous or kepta-

phyllous 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 (Ranunculus) and Strawberry {fig. 441); it

is irregular when these conditions are not complied with, as in

the Monkshood {Aconituni) (fig. 442).

Fig. 442.

Fig. 441.

Fig. 441. Flower of Strawberry {Fragaria) with a regular polysepalous
calyx surrounded by a whorl of leafy organs, to which the names of epi-

calyx and involucre have been applied. Fig. 442. Flower of Monkshood
iAconitum A^ajiellus) with an irregular polysepalous calyx. The upper
sepal is helmet-shaped or galeate.

2. MONOSEPALOUS, MONOPHTLLOUS, OR GaMOSEPALOUS
Calyx.—When the sepals are united so as to form a mono-
sepalous calyx, various terms are used to indicate the degree of

adhesion. Thus, the union may only take place near the base,

Fig. 443. Fig. 444. Fig. 445.

Fig. 443. Partite calyx of the Pimpernel iAnagallia) Fig. 444. Cleft or
flnsured calyx of the Centaury (Erythraa) Fig. 445. Dentate or toothed
calyx of Campion (.Lydmia).
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as in the Pimpernel {AnagalUs) {fig. 443), when the calyx is said

to be partite ; or it may take place to about the middle, as in

the Centaury {Erythrcea) {fiy. 444), when it is cleft ox fissured

;

or the sepals may be united almost to the top, as in the Lychnis

{fig. 445), when it is toothed; or if the union is quite complete,
as in the Chrysanthemum {fig. 450), and some Correas, it is

said to be entire. The number of partitions, fissures, or teeth,

is indicated by the same prefixes, as those previously re-

ferred 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-parted or quinquepartite,

five-cleft or quinquefid, five-toothed or quinquedentate, according
to the depth of the incisions. In like manner the terms tripar-

tite, trifid, or tridentate, would indicate that a calyx was
three-parted, three-cleft, 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 ob-

server to recognise the primary from 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 ov faux {fig. 446).
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. 447) ; if, on the contrary, the parts are alike in form,

of the same size, and united

so as to form a symmetrical Fig. 446. Fig. 447.

body, it is regular {fig. 445).

Some forms of the irregular

and regular calyx have re-

ceived special names. Thus
in the Dead-nettle {Lamium)

{fig. 447), &c., the irregular

calyx is said to be bilabiate

or two-lipped, 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- ^ig- +4(5. UrceoUte calyx of Henbane
1 1 V. „ {Hf|oscyam^ts^ J^tV;. 447. Bilabiate

Sepalous calyx, a number are calyx of the Dead -nettle (Zanuum).
distinguished under the

namesof^u6uZar, bell-shaped or campanulate, urceolate orpitchcr-

Q
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shaped {fii^. 446), conical, globose, &c. The application of these

will be shown when speaking of tlie corolla, in which similar

forms occur, and in which they are usually more evident.

The tube of a monosepalous calyx or perianth sometimes
adheres more or less to the ovary, as in the Iris {fig. 629), Goose-
berry, Currant, Myrtle {fig. 448), in all the plants of the

order Composite, and
in those alhed to it

{fiys. 449, 450, and
45*1). When this takes

]ilace, the calyx is said

to be adherent or su-

jterior, because it ap-

pears to arise from the

summit of the ovary
;

the pistil in such a case

is said to be inferior.

When the calyx is free,

or quite distinct from
the sides of the ovary,

as in the Pimpernel

(fig. 443), WallfloAver,

Poppy, Buttercup, &c.,

it is free or non-ad-

herent, or inferior ; and
the ovary is according-

ly superior.

When the calyx or

perianth is thus ad-

herent to the ovary, the

limb becomes variously

modified: thus in the

Iris, Crocus, and Or-
chids, it is petaloid ; in

the Quince, foliaceous

(fig. 459); in the Sun-
iiower {Helianthus)

(fig. 451), and Cha-
momile, it is membra-
nous ; in the Madder
(liubia) (fig. 449), it

exists only in the form
ofacircular rim ; while

in the Chrysanthemum
it is altogether absent

(fig. 450). In the two
latter cases tlie calyx

lu many plants of the

Fig. 448. Vertical section of the flower of the
Myrtle (Mijitus communis), cal. Tube of the
calyx adherent to the ovary o. 3. Stamens.

Fig.^A^. Fig. i 50. Fig. Ab\.

Fig. 449. Calyx of the Madder (I!iilmi\ ad-
herent to the ovary, with its limb reduced
to a mere rim. Fiy. 4.')0. One of tlie tu-
bular floretH of tlie Ox -eye (Chri/sa)i*li))iiuiii).

The calyx is completely united to the ovary
and present* no appearance of a limb.
Fio- 4.''>1. One of the florets of the Sunflower
(Heliaiil/iuK). Tlic limb of the adherent ca-
lyx is membranouD.

is commonly described as obsolete.



ORGANS OF REPRODUCTION. 227

order Composite and the allied orders Dipsacese and Valeria-

nacere, the hmb of the calyx is only developed in the form of

a circle, or tuft of bristles or hairs, to Avhich the name of pappus

is given, and the calyx under such circumstances is said to be

pappose. The pappus is described as feathery or plumose, and
simple or pilose; thus it \s> feathery, as in the Valerian {fig. 452),

Fig. 452. Fig. 453.

- W^^^lUJi

Fig, 452. Fruit of Valerian surmounted by a feathery sessile pappus
Fig. 453. Fruit of Scabious surmounted by a stalked pilose pappus.

and Salsafy, when each of its divisions is covered on the sides

by little hair-like projections aiTanged Hke the barbs of a

feather ; it is pilose, when the divisions have no visible pro-

jections from their sides, as in the Dandelion and Scabious

{fig. 453). The pappus is also described as sessile when it arises

immediately from the tube of the adherent calyx, and thus ap-
parently from the top of the ovary, as in the Valerian {fig. 452)

;

and stalked or stipitate, if it is raised above the ovary on a
stalk, as in the Dandelion and Scabious {fig. 453).

The calyx, whether monosepalous or polysepalous, is subject

to various irregularities besides those already alluded to, arising

from the expansion of one or more of its sepals into append-
ages of various kinds ; some of the more important of these

may be briefly alluded to. Thus in the Monkshood {Aconitum)

{fig. 442), 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 {Cheiran-
thus) {fig. 421), and other plants of the Cruciferce, the two
lateral sepals are expanded on one side at the base into httle

sacs, when they are termed gibbous or saccate. The latter term
is only apphed by some botanists when the sac-Hke form of the

Q2
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expansions is very evident. If the calyx has one or more
tubular prolongations downwards, it is said to be calcaraie or

spurred. Only one spur may be present, as in the Indian Cress

( Tropceohim) (Jig. 454), where the spur is formed by three sepals,

Fig. 454.

Fig. 456.

Fia. 4.54. Flower of the Indian Ciees c. Spurred calyx Fig. 455. Flower of

Columbine {Aquileyia rw/yaris) with all the sepals spurred.

or in the Larkspur, wliere it is formed by one ; or each of the

sepals maybe spurred, as in the Columbine (Aquilegia) (Jig. 455).

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 Malvaceous
plants (Jig. 456), and also in those of

the Pink (Jig. 460) and Hose tribes (Jig.

441), tliere is placed a whorl of leaf-like

organs which are considered by some
botanists as an outer calyx, to which the

names of cali/culus and epi- calyx have

been given, but these are evidently of tlie

same nature as the involucre already

noticed (see page 189). The external

covering of each of the flowers and fruits

(Jig. 453) of the Scabious, furnisli us an-

other example of this calyciform invo-

lucre.

The duration of the calyx varies in

different flowers. Thus it is caducous

or fugacious, wlicn it falls off as the flower expands, as in

the Poppy {fig. 457). In the Eschscholtzin the caducou.s

caly.K separates from the hollow thalamus to which it is articu-

Fio- 4.'',6. Calyx
biscus surroundeil by
an epi-calyx or invo-
lucre.
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Fig. 457. Fig. 458. Fig. 459.

229

Fig. 457. Flower of Poppy, showing a caducous calyx. Fig. 458. Ac-
crescent calyx of the Winter Cherry {Fhysalis Alkekengi).- Fig.
459. Vertical section of the fruit of the Quince {Cydonia vulgaris),
showing the tube of the calyx adJierent to the ovary, and its limb
foliaceous.

lated, in the form of a funnel, or the extinguisher of a candle.

A somewhat similar separation of the calyx occurs in the

Eucalyptus, except that here the part which is left behind after

the separation of the upper portion, evidently belongs to the

calyx, instead of the thalamus as in the former instance. Such
a calyx is said to be cahjptrate or operculate. When the calyx
falls off about the same time as the corolla, as in the Crowfoot or

Buttercup, it is called deciduous. In other cases it remains after

the flowering is over, as in the Henbane {Jig. 446), Mallow, &c.
AVhen the calyx is adherent or superior it is necessarily per-

sistent, and forms a part of the fruit, as in the Quince (fig. 459),
Apple, Pear, Gooseberry, Melon,' Cucumber, &c. When it is

persistent and assumes a shrivelled or withered appearance, as

in the Campanulas, it is marcescent ; if it is persistent, and con-
tinues to grow after the flowering, so as to form a bladdery ex-
])ansion round the fruit, as in the Winter Cherry, and other

species of Physalis {fg. 458), 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 (^Jig. 421, p) it is situated between
the calyx and stamens, 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 considered as the calvx, and the flower is then termed
q3
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apetaloid. The corolla is usually the most showy and conspicu-

ous part of the blossom, and what in common language is termed
the flower. In some rare cases, however, it is green like the

calyx, as in certain Coboeas 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 (NymphcEa) (Jig. 438) ; 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-

ticulated. 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 Bombax

;

when they exist they are usually coloured, as in the Buck-
bean, and on the inner whorl of the perianth of the Iris, which
corresponds in position to the corolla. Petals are frequently

naiTOwed below into a stalk-like portion, which is analo-

gous to the petiole of a leaf, as in the Wallflower {Che'a-an-

thus) {fig. 421, p)
Fig. 460. Fig. 461. and Pinks {Dian-

thus) (Jigs.460si,m\

461) ; the narrow-

ed portion is then

termed the unguis

or claw {fig. 461,

o), the expanded
portion the limb

{fig. 461, /), and
the petal is said to

be wigniculate or

clawed. In this par-

ticular petals must
be considered to re-

semble leaves more
than the sejjals do,

as the latter organs

arc almost without

exception sessile, or

without claws.

The outline of

petals, like those of

leaves, is subject to great variation. Thus, they may be linear,

oblong, lanceolate, elliptic, orbicular, ovate, cordate, &c. The ap-

plication of these terms having been already fully explained when
speaking of leaves, need not be further alluded to. The condition

Fi(j. 460. The flower of a species of Pink (Dianlhus).
b. Bracts, c. Calyx, p. Petals, e. Stamens.
Fig. 4<!1. One of the petals of the same flower, o.

Claw or unguis. I. Limb, wliich is fringed ut the
margin.
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of their margins also; the mode in which those are divitled; 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, or serrated; cleft, partite,

sected; acute, emarginate, &c. The petals are not however liable

to any further division than that of the original one ; thus, al-

though sometimes pinnatifid, or pinnatipartite, &c., they are

never bipinnatifid, or bipinnatipartite. One term is occasionally

used in describing the condition of the borders which has not

been alluded to when speaking of leaves. Thus they are said to

hQ fimbriated ov fringed, as in some species of Dianthus (^^.
460), when they present long thread-like processes.

In form also, the petals may be either flat, as is usually the

case, or they may be concave, tubular, or boat-shaped, &c.

The terms used sufficiently explain their meaning. A few
anomalous forms of petals will be explained hereafter. In

texture they are commonly soft and delicate, but they some-
times 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 terms erect, connivent,

divergent, patulous, or reflexed, in the same sense as already

described when speaking of the sepals (p. 223).

The petals Uke 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 {fig. 460) ; in the latter,

monopetalous or gamopetalous (fig. 464). We shall describe

the different kinds of corolla under these two heads.

1. Polypetalous or Dialypetalous 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, tetrapetalous,

of five, pentapetalous, of six, hexapetalous, 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. 421) ; when the petals vary in

these particulars, as in the Pea and allied plants (fig. 463), it is

said to be irregular. Some forms of these have received special

names, which we will now proceed to describe under the two
divisions of regular and irregidar polypetalous corollas.

A. Begular Polypetalous Corollas.—Of these we may mention
three forms, A-iz., the cruciform or cruciate; the caryophyllaceous

;

and the rosaceous.

1. Cruciform or Cruciate.—This corolla gives the name to

the natural order Crucifera; or Mustard Family. It consists of

four petals, usually with claws, as in the Wallflower (fig. 421),

Q 4
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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 Lychnis,
Single Pink, Carnation, Catchfly, &c. {fig. 460.)

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. 441). Single Rose, &c. {fig. 462.)

Fig. 463.

Fig. iC,'2. Flower of tlie Rose. b. Bract, ct. Tube of tlie calyx, cf, cf, cf. cf,

cf. Divisions of the calyx, p, p, p, p, p. Petals Fio- 4(i.). The Hower of
the Sweet Pea {Latlnjrus odoratus). c. Calyx, v. Vexillum. o. Alse or
wings, car. Carina or keel.

B. Irregular Polypetalous Corollas.—There are many anomalous
forms of irregular ])olypetalous corollas, as in tlie Monkshood
{Aconitum) {fig. 442.), Heartsease, &c., to which no particular

names are applied. There is one form, however, of such corol-

las, which is of importance, namely,
The Papilionaceous.—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 and larger than the others,

and is termed the vevillum or standard {fig. 463, v) ; two in-

ferior, which are usually more or less united, and form a some-
what boat- shaped cavity {fig. 463, car), called the keel or

carina ; and two lateral {fig. 463, «) called wings or al(t.

2. MoNOPETALous OK Gamopetalous Cokollas.—Whcn the

petals unite so as to form a monopetalous corolla, various terms

are used as in the case of the monose])nlous calyx to indit^ate the

degree ofadhesion ; thus the corolhi may he partite, cirft, toothed,

or entire, the terms being ein])h)ytMl in the same sense as with

the calyx. The part also where the union has taken i)laco, is called

the tube; the free ]»ortion, the limb; and the orifice of the tube,

the throat or faux {fig. 464).
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Tlie monopetalous corolla like that of the calyx, is regular

when the parts are of the same size and form, and united so as

to form a symmetrical body {fiqs. 464—469) ; or if these con-

ditions are not complied Avith, it is irregvhr {figs. 470—476).

A. Regular Monopetalous Corollas.—Among these we may
describe the following :

—

1. Tubular, where the form is nearly cylindrical through-

out, as in the central florets of many Compositee, as Ragwort
(Senecio), Chrysanthemum (Jig. 450), and Milfoil {Ackillcea),

&c. (fig. 464).

2. Campanulate or hell-shaped, when rounded at the base, and
gradually enlarging to the summir, so as to resemble a bell in

shape, as in the Harebell {fig. 465).

3. Infundibuliform or funnel-shaped, where the shape is that

of an inverted cone, like a funnel, as in Convolvulus, and To-
bacco (Nicotiana) (fig. 466).

Fig. 464. Fig. 465. Fig. 466.

Fig. 464. Flower of Splfjelia marylandica. c. Calyx, t. Tubular corolla. I.

JLimb of the corolla, s. Summit of the style and stigmas Fig. 465.
Flower of the Harebell {Campanula rotundifoUa), showing a bell-shaped
corolla Fi(^. 46t>. Flower of Tobacco {Nicotiana Tabacum), with infun-
dibuliform corolla.

4. Hypocrateriform or salver-shaped (fig. 467, p), when the
tube is long and narrow, and the limb placed at right angles to
it, as in Phlox, Auricula, and Primrose.

5. Rotate or wheel-shaped, when the tube is short, and the
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limb at right angles to it, as in Forget-me-not {Myosotis) {fig.
468), and Bittersweet {Solanum Dulcamara).

6. Urceolate or pitcher-shaped, when swollen in the middle,
and contracted at both the base and apex, as in the Purple
Heath {Erica) {fig. 469) and Bilberry {Vaccinium Myrtillus).

Fig. 467. Fig. 468.

Fig. 469.

Ftg. 4C7. Flower of a species of Primula, c. Calyx, within which is seen a
salver-shaped corolla p. t. Tube of the corolla. I. Limb Fiff. 408.

Flower of the Forget-me-not i3lyosotis 2wJustris). p. Rotate corolla. ?•.

Scales projecting from its limb Fig. 409. Flower of a species of Heath
(Erica), c. Calyx, within which is an urceolate corolla, t, I.

B. Irregular Monopetalous Corollas.

scribe the following :

—

Fig. 470. Fig. A\

-Of these we shall de-

1.

1. Labiate or lipped.—When
the parts of a corolla are so united

as to divide the limb into two por-

tions which are placed superiorly

and inferiorly, and the upper por-

tion overbanging the lower, each

without closing the orifice of the

tube, so that the whole resembles

in some degree the lips and moutli

of an animal {figs 470—473), the

corolla is termed labiate, bilabiate,

or lipped. The upper lip i.s usually

composed of two ])etnls, whicli are

either completely united, as in the

WhiteI)ead-nettle(Z«//a"M;Hr//6M;H)

{fig. 470), or more or less diviiled,

as in the lloscmary {llosmurimts ) {fig. 472), Teucrium(y7^. 471),

Fig. 470. Kinjient corolla
Hcml-nettle {Lniniiim). ^'ig.

471. Back view of the flower of

n species of Trucriiiw. showing
the bitid upper lip of the curolla.
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&c. ; and the loAver of three, which are also, either entire, as in the

Rosemary {fig. 472), or hifid, as in Laraium {fig. 470\ or trifid,

as in ttie Galeobdolon {fig. 473). When a labiate form of coroUa
has the upper lip much arched, as in the White Dead-nettle {La-

Fig. 472. Fig. 473.

Fig. 472. Flower of Rosemary (Rosmarinus') Fig. 473. Front view of the
labiate corolla of Galeobdolon.

mium) {fig. 470), it is frequently termed ringent. The labiate form

of corolla gives the name to the natural order Labiatae, in the

plants belonging to which it is of almost universal occurrence.

It is found also in certain plants belonging to some other orders.

2. Personate or viasked.—This form of corolla resembles the

labiate in being divided into two lips, but it is distinguished by
the lower lip being

approximated to Fig. 474. Fig, 475.

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 oc-

curs in the Snap-
dragon {fig. 474),

Toadflax {Lina-

ria){fig. 475), &c.

In the Calceolaria

the two lips be-

come hollowed out

in the form of a

slipper, hence such

a corolla, which is

but a slight modification of the above, is sometimes termed cal-

ceolate.

Fig. 474. Personate corolla of Snapdragon {Antir-
rhinum). I. Lower lip. u. Upper lip. h. Gibbous
base Fig. 47.5. Personate corolla of tlie Toad-
flax {Linaria) spurred at its base.



236 ORGANOGRAPHY.

3. Ligulate or strap-shaped.—This is a tubular corolla which
is partly split open on one side, so as to become strap -shaped

ifigs. 476 and 477). This occurs commonly in the florets of
the Composite, either in the whole of those constituting the
capitulum, as in the Dandehon ( Leontodon), or only in a part,

as in the florets of the ray of Chrysanthemum (^Jig. 477). The

Fig. 476. Fig. 477. Fig. 478.

Fig. 479.

Fig. 476. Ligulate corolla of a Composite flower Fig. 477. Ligulate
corolla of Ox-eye (Chrysanthemuvi > Fig. 478. Digitaliform or glove-
shaped corolla of Fox-glove (Digitalis purpurea).

apex of a ligulate corolla has frequently five teeth indicating
the component petals (y?^. 476).

Besides the above described forms
of regular and irregular monopctalous
corollas, others also occur, some of which
are but slight modifications of them, and
arise from irregularities in certain parts in

the ju-ogress of tlieir development. Thus
in the Fox-glove (Digitalis) {fig. 478),
the general appearance of the corolla is

somewhat bell-shaped, but it is longer
than that form, and slightly irregular, and
has been supposed to reseml)lc tlic finger

of a glove ; it lias tlicrefore received the

name of digitaliform or glove-shaped. In
the Speedwell ( Verotiica) (fig. 479), the

corolla is nearly rotate, but the divisions

Fig. 479. Irregular rotate
corolla of ypeedwell

t I'^cronica).
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are of unequal size. In the Bed Valerian (Centranthus), tlie co-

rolla is an irregular salver- shaped (Jig 48]), and some other

examples might be alluded to, hut we must now proceed to de-

scribe some of the anomalous forms and appendages of petals.

Anomalous Forms and Appendages of Petals.— The
corolla like the calyx, whether polvpetalous or monopetalous, is

subject to various irregularities, arising from the expansion or

growing outwards of one or more of their petals into processes

of different kinds. Some of these we now proceed to describe.

Thus in the Snapdragon (Antirrhinum) (fig. 474, b), and Vale-

rian ( Valeriana) (fig. 480), the lower part of the tube of the co-

rolla becomes dilated on one side, and forms 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

Fig. 480. Fig. 481. Fig. 482.

Fig. 480. Flower of Valerian ( Valeriana'), e. 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. 481. Flower of Red Valerian

{Centranthus). The corolla is irregularly salver-shajied and spurred. —

—

Fig. 482. A portion of the flower of the Monkshood {Aconitum), with

numerous stamens below, and two stalked horn shaped petals above.

other times, one or more of the petals, or the tube of a monopeta-

lous corolla becomes prolonged downwards, and forms a spur,

in which case the corolla or individual petals are described as

spurred or calcarate. Examples of spurred petals or corollas

may be seen in the Heartsease, Columbine, Toadflax (Linaria)

(fig. 475), Red Valerian (Centranthus) (fig. 481), &c. The

Yellow Toadflax, which usually only produces one spur, in rare in-

stances is found with five. Such a variety was termed by Linnaeus

Peloria, a name which is now applied by botanists to all flowers
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Avhich exhibit this curious departure from their ordinary growth.

In the Monkshood (Aconitum) (fig. 482) the two petals which

are situated under the helmet-shaped sepals already noticed (fig.

442), 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. 438), in which case it is

multiple. When the corolla is composed of but one whorl, its

parts in a regular arrangement alternate with the sepals, al-

though cases occur in which tfiey are opposite to them. The
reason of this will be explained hereafter, under the head of the

General Morphology and Symmetry of the Flower.

On the inner surface of the petals ofmany flowers, we may fre-

quently observe appendages of difi'erent 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 (Reseda) (fig. 484), Ranunculus (fig.

483), Lychnis (fig. 486), Parnassia (fig. 485), &c. Similar

Fig. 483. Fig. 484. Fig. 485.

Fig. 483. Tetal of Crowfoot with a nectariferous

scale at its base. Fig. 484. One of tlie pe-
tals of Mignonette (.Reseda) Fig. 48.5. A
petal of tlie Grass of Parnassus {Parnassia pa-
lustris) bearing a fringed scale.

scales may be also frequently noticed in monopetalous corollas

near the throat (fig. 468), as in many Boragineous plants, for

instance theComfrey, Borage, Forget-me-not (fig. 468, r), also

in the Dodder, &c.

Sometimes these scales become more or less coherent and
form a cup-shaped process, as in Narcissus (fig. 487), to this

the term corona is commonly applied, and the corolla is then

said to be crowned. By many botanists, however, this term is

applied, wlicncvcr the scales or appendages are arranged in the

form of a ring on the inside of the corolla, whether united or

not. The beautiful fringes on the corolla of the Passion-flower

are of a similar nature. The origin of tliese 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;
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Fig. 486. Fig. 487.
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Fig. 486. A petal of a species of Lychnis, o. Claw. I. Limb. a. Scaly
appendage Fig. 487. Flower of Daffodil {Narcissus Pseiulo-Tiarcissus),
The cup or bell-shaped part towards the centre is termed a corona.

their origin probably varies in different flowers. We shall

return to this subject hereafter under the head of General
Morphology and Symmetry of the Flower. By the old botanists

many of these appendages were described under the head of
nectaries, although but few of them possess the power of
secreting the honey-like matter or nectar from which they de-
rived their names ; they were therefore 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
it is almost always more fugitive than that organ. It is ca-
ducous if it falls as the flower opens, as in the Grape-vine

;

commonly it is deciduous, or falls oif 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 Cam-
panulas, when it is said to be marcescent.

3. DEVELOPMENT OF THE FLORAL ENVELOPES.

The manner in which the floral envelopes are developed may
be shortly summed up as follows :

—

1. They are subject to the same laws of development as the
leaves of a bud, and hence make their first appearance as little
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cellular processes which grow by additions to their bases or

points of attachment to the axis.

2. The calyx is always developed before the corolla.

3. 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.

4. 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 Qommonly 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.

5. All irregular calyces or corollas are regular at their first

formation, the cellular papillte from which they arise being all

equal in size; hence all irregularity is produced by unequal sub-

sequent growth.

Section 4.

—

The Essential Organs of Reproduction.

The essential organs of reproduction are

Fi(j 488. the stamens and pistil, which together con-

stitute the two inner Avhorls of the flower.

They are so called because the presence of

both is necessary for the production of per-

fect seed. The staminal whorl is termed

the Andrceciam, and the pistillate the Gy-
ncecium.

Flowers which possess both these organs

are called hermaphrodite or bisexual (Jig.

422). When only one is present, they are

unisexual or diclinous, as in the Carex {fig.

(488),WilloAV,&c. {figs. 392 and 393) ; tlie

flower is then described as staminate or

staminiferous {figs. 393 and 488) when it

contains only stamens, and pistillate or pistil-

lifcrous when it has only a pistil {fig. 392).

When a flower possesses neither stamens

nor pistil, as is sometimes the case with the

outer florets of the capitula of the Composita;,

it is said to be neuter. Wlicn the flowers

are unisexual, botli staminiferous and pis-

tilliferous flowers may be borne upon the

same plant, as in the Hazel, Oak, Cuekow
Pint {fig. 380), and Curcx, in which case

tlie ])lant is stated to be moiurcions ; or upon
(liUcrent plants of the same species as in

Willow {figs. 392 and 393), Hemp, and

Fig. 48«. Unisexual
staminate flower of
a spccicH of Cari'x.

The filaments arc

long andcapiUary,
and the antlur')

pendulous aud in-

nate.
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Mercurialis, when it is dioecious. In some cases, as in many-

Palms and Pellitory (Parietaria), both staminiferous, pistillifer-

ous, and hermaphrodite flowers, are situated upon the same
individual, in Avhich case the plant is called polygamous.

Like the calyx and the corolla, the stamens and pistil are

considered as homologous with leaves, but they generally pre-

sent much less resemblance to those organs than the floral

envelopes. Their true nature is shown however, by their

occasional conversion into leaves, and by other circumstances

which will be described hereafter when treating of the General

Morphology of the Flower. They make their flrst appearance

upon the upper part of the axis or thalamus as small cellular

processes, in the same manner as the floral envelopes.

1. THE STAMENS OR ANDRCECIUM.

The stamens constitute the whorl or whorls of organs situated

between the corolla on the outside and the pistil on the inner

(figs. 421 and 422), and form collectively the androecium or

male organs of the flower. Each stamen consists generally of

a thread-like portion or stalk, called the filament (fig. 4t'23,/).

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, which contains a powdery matter termed the pollen,

p. The only essential part of the stamen is the anther contain-

ing the pollen, and Avhen this is absent, as the

stamen cannot then perform its special func- Fig. 489.
tions, it is said to be abortive or sterile. When
the filament is absent, which is but rarely the

case, as in the Arum (fig. 489), the anther is

described as sessile.

1. The Filament.—In its structure the fila-

ment consists, 1st, of a central bundle of spiral

vessels which is usually unbranched and termi-

nates at the connective of the anther ; 2nd, of

cellular tissue which surrounds the central of tiie A^rum!

bundle of spiral vessels, and which is itself consisting sim-

covered by a thin epidermal layer. The epi- thers'essileupoii

dermis occasionally presents stomata and hairs. ^^^ thalamus.

These hairs are sometimes coloured, as in the

Spiderwort (Tradescantia), and in the Dark Mullein (Verbas-
cum nigrum). 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 comyjonent parts.

The filament varies in form, length, colour, and other parti-

culars ; a few of its more important modifications in these

respects 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
R
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generally tapers in an almost imperceptible manner from the

base to the apex, it is then described as filiform, as in the

Rose ; or when it is very slender, as in most Grasses and Sedges,

it is capillary {figs. 488 and 490). 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 flattened in vari-

ous Avays. Thus in some cases, it is dilated gradually from

below upwards like a club, Avhen it is clavate or club-shaped, as

in Thaliclrum ; or it is slightly enlarged at the base, and tapers

upwards to a point like an awl, as in the flowering rush

(JButomus umbellatus); in other cases it is flattened at the base

(fig. 491), but there is no marked tapering, the rest of the fila-

Fig. 490. Fig. 491.

Fig. 492.

Fir/. 400. A locusta of Wheat (Tritiaim) consisting of several flowers, the

stamens of which have very long capillary filaments, and versatile pendu-
lous anthers. The anthers are bifurcated at each extremity, and resemble

Bomewliat the letter x in form Fig. 4!>1. Three of the stamens of the

Tamarix gnllicn, with their filaments flattened at the base and united

with one another Fig. 402. Pistil of Campanula, with a solitary stamen
arising from the summit of the ovary. The filament is flattened.

mcnt assuming its ordinary rounded form, as in Tamarix gallicn

{fig 491); or the whole of the filament is flattened, and then it

frequently assumes the appearance of a ]ietal, when it is de-

scribed as petaloid, as in the Watcr-I.ily {Nt/mphaa) {figs. 438,

e, and .'iOO), and in the Canna and allied plants.

Sometimes the filament is toothed, as in tlie Allium {fig. 493),

or for/ml, as in Cranibe {fig. 494) or furnished with various

aj)pendages, as in the Borage {fig. 495), and Zygo])hyIlum, in

which ease it is said to be appnidiculate. Tliese ajipeiiduges

are evidently of the same nature as the scales, &c., i)reviously

described as occurring on the corolla.

Length, Colour, and Direction.—The length of the filament

varies niuch. TIius in tlie Borage and plants generally of the
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Fig. 493. Fig. 494. Fig. 495.

ft

W
Fig. 493. Dilated tootlied filament of a species of
Allium. • Fig. 494. Pistil and androecium of
Crambe. The longer filaments are forked Fig.
495. A stamen of the Borage {Borago ojfkinalis). f.
Filament, a. Curved appendage to the filament.
7. Anther.

order Boraginere to which it belongs, the filaments are very sliort

(Jig 496); in the Primrose and Primulacere generally, a similar

condition occurs. In the Fuchsia, Lily, Grasses (Jig. 490), &c.,

they are generally very long.

In colour tliey are usually white, but at other times they

assume vivid tints like the corolla; thus in the Spiderwort

( Tradescantid), they are blue, in various species of Eanuuculus,
CEnothera, &c., yellow, in some Poppies, black, in Fuchsia,

&c., red.

Fiq. 496. Fig. 4 07.

li^d

Fig. 496. Corolla of JTi/osotis laid open. There are five stamens attached to
the corolla and included within its tube, with very short filamen s

Fig. 497. Male flower of Euphorbia, consisting of a solitary stamen b,

without any floral envelopes surrounding it, hence it is said to be raked or
achlamydeous. a. Articulation, indicating the point of union of the true
filament and peduncle p.

In direction, the filaments and consequently the stamens are

either erect, incurved, recurved, pendulous, &c.; these terms being
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used in their ordinary acceptation. When the filaments are all

turned towards one side of the flower, as in the Horse Chestnut.

Fraxinella, and Amaryllis, they are said to be declinate.

Generally speaking the direction is nearly continuous from one
end of the fihimcnt to the other, but in some cases this 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 the Mahernia.
This a])pearance commonly arises from the presence of an
articulation at the point where the angle is produced, as in

Euphorbia {fig. 497). In such a case, or whenever an articula-

tion exists on the apparent filament, this is not to be considered

as a true filament, but to consist in reality of a flower-stalk sup-

])orting 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 proA-ed 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 olF from the thalamus after the in-

fluence of the pollen has been communicated to the pistil,— that

is after the process of fertilization has been completed. In

rare cases, as in the Campanula, it is persistent, and remains

attached to the ovary in a withered condition.

2. The Anther.—Its Development, and Structure.—Like the

leaf, the anther is first developed as a little cellular protuberance,

the apex being formed first as is also the case with that organ,

and the whole completed like the lamina of

Fig. 498. the leaf before the formation of the fila-

ment or stalk. At first the cellular pro-

tuberance is solid {fig. 498), and exhibits

no appearance of cavities apart from those

common to all cellular structures ; at an
early age, however, we may observe the

fonnation of an epidermal layer ce,

sun-ounding the mass of cellular sub-

stance ci in its interior. As growth ad-

vances the cellular mass becomes altered

at certain points, usually at four (two of

which are placed in each halfof the anther,)

j^.
4j)g ^ . . {fiy-'i- 499 and 500), by the formation of

'of a young "^ai)t*fer"!!f ^'^ many masscs cm of large cells, which
the jfeion (Cinntns uudcrgo a spccial development to be
J/rlo). ce. Cells at the ,. j i •• i ^ i *i i

circumference forming attcrwards dcscnbcd, to produce the pol-
nn epi.iermni layer. ]en ; each of thcsc masscs is surrouudcd
CI. Internal cellB. Irom , • i i i • i i • . i r
Maout. by a Special layer which ultiinatcly forms

the inner lining of the anther, cl. As
these aggregations of cells continue to develop tlicy press upon the
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Fig. 499. Fig. 500.

Fig. 501.

Fi{i. 4P9. Vertical s ction of a cell of a young antlier of the Melon, showinir its

gradual growth and separation into regions, ce. Epidermal eel's, ci. Internal

cells in progress of absorption by the development of the masses of cells

cm, in their interior. Fi'o. 500. Vertical section of a cell of a young
anther of the Melon in a more advanced state, ce. Epidermal layer con-
stituting the exothe^ ium or outer covering of the antlier. ci. The internal

parenchymatous cells still farther 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 covering of cells cl,

and this layer ultimately forms the endothecium. From Maout.

suiTOunding parenchjTna citoa greater or less extent, and thus

cause its corresponding absorption. When the absorption is

complete and the two pollen-forming masses of cells 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

cellular mass remains as a sort

of partition between them, and
the anther consists of four cells.

The different parts of which
the anther is composed may be

best seen by making a trans-

verse section (Jig. 501). Thus
here we observe two parallel

lobes, B, B, separated by a por-

tion, A, a, called the connective,

to which the filament is attached.

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 are called cells, loculi, or

R 3

Fig. .501. Transverse section of an un-
opened anther of Xeottia picta.

From Schleiden. a. Connective, b,

B. The two lobes of the anther, o.

Vascular bundle of the connective.
b. Epidermal layer or exothecium.
c. Layer of fibrous cells forming the
endothecium. d, c/, d, d. The four
loculi or cells of the amher. Each
lobe is seen to be divided into two
loculi by a septum or partition, c, e.

The sutures or points where delii-

scence ultimately takes place.
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thecce. A young anther always possesses, as we have seen,

four loculi, and this is considered the normal state. When a

Fig. 502. Fig. 504.

Fig. 505.

Fig. 502. Quadrilocular anther of the Flowering
Rush {Butomus umbeUatus). a. Filament bear-
ing an entire anther, b. Section of the anther
with its four loculi Fig. 503. Androeciunn of
Milkwort {Pohjgala), with one-celled anthers
dehiscing at their apex Fig. 504. One of
the stamens of the Lady's Mantle {Alchemilla).
'Die anther is unilocular or one-celled, and de-
hisces transversely.

fully developed anther exhibits a similar

structure, as in the Flowering Rush (Bu-
tomus umbeUatus), it is four-celled, quadri-

locular, or tetrathecal (fig. 502); or when as

is more commonly the case, the partitions

separating the two loculi of each anther-

lobe become absorbed, it is two-celled,

bilocular, or dithecal (Jig. 490). In rare

cases, the anther is unilocular or one-

celled, as in the Mallow, Polygala

(fi.g. 503), Alchemilla (fig. 504) : this

arises, either from the abortion of one

lobe of the anther, or by the destruction

of the partition wall of the two lobes as

well as of the septa between the loculi of

each lobe. In some plants again, as in

many species of Salvia, the connective

becomes elongated into a kind of stalk,

each end of whicli bears an anther lobe

(fig. 505), in Avhich case there appears

to be two monothecal or unilocular anthers.

When this occurs one lobe only If con-

tains pollen, the other Is is sterile.

That surfoce of the antlier to which

the connective is attaclicd is called the

back (fig. 501, A, «), and the 0])posite

surface is the face. The latter always
presents a more or less grooved appearance (fig. 501), indi-

cating the point of junction of the two lobes. Each lobe

again commonly presents also a more or less evident fur-

Fig. 50.5. Stamen of
the Sage. /. Fila-
ment, c. Connective
bearing at one end
a loculus If, con-
taining pollen, when
it is said to be fer-
tile ; and at tlie other
end a loculus /,-.-,

without pollen, in
whicii case it is ste-
rile.
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row {fig. 501, e), indicating the point at which the anther

will open to discharge the pollen, which is termed the suture.

By these farrows the face of the anther may be generally dis-

tinguished from the back, which is commonly smooth and
has moreover the filament attached to it. The face is generally

turned towards the pistil or centre of the flower, as in the Water-
Lily and the Vine {fig. 506), in which case the anther is called

introrse ; in some instances, as in the Iris, and Meadow Saffron

{fig. 507), it is directed towards the petals or circumference,

when it is said to be extrorse.

Fig. 506. Fig. 507.

Fig. 508. The Essential Organs of Reproduction of the Vine ( Vitis vinifera).
a. Anther, c. Furrow in its face which is turned towards the pistil, h.

Suture or line of dehiscence. The anther is introrse. Fig. 507. The
Perianth and stamens of the Meadow SaiFron {Colchicum autumnaJe)
showing its anthers turned towards the floral envelopes, and heuce termed
extrorse.

In Structure each lobe of the mature anther consists of two
layers (fig. 501, b, c) ; an outer b,

of modified epidermis termed epi-

thelium, and is called the exo-

thecium, upon -which stomata are

frequently found ; and an inner

c, which corresponds to the cover-

ing of the masses of pollen-form-

ing cells {fig. 500, cl), and is

termed the endothecium. This in-

ner lining consists of fibro- cellular

tissue, formed of either spiral, an-

nular, or more commonly reticu-

lated cells, arranged in one or

more rows {fig. 508 cf). The mem-
brane forming the walls of these

cells usually becomes obliterated

K 4

which resembles that kind

Fig. 508.

Fig. 508. Horizontal section of a
portion of the wall of an anther
ot the Cohcea scandcns at tlie

time of dehiscence. It is com-
posed of an external epidermal
layer ce, forming the exo-
thecium, and an internal layer

of fibrous cells cf, forming
the endothecium.
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as the anther approaches maturity, the fibrous threads or bands
alone remaining in the form of spires, rings, or branched filaments.
This layer gradually diminishes in thickness as we approach the
suture, and at that line it is altogether wanting. At the suture
the exothecium is also commonly thinner than upon the other
parts of the lobe. 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 epidermis. Frequently the connective
consists of parenchyma only.

We have already shown that the floral envelopes are homo-
logous with leaves, representing them as they do in all their

essential chara':ters. We have now to examine the stamen
with the view of ascertaining Avhether its parts also have any
resemblance to those of the leaf. We have no difficulty in re-

cognising the filament as the homologue of the petiole, both
from its form, position, and structure, in all of which particulars

it is essentially the same. The connective of the anther again, is

clearly analogous to the midrib of the leaf, 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 a
leaf and fold it in the above manner, and then make a trans-

verse section, it will present a great resemblance to the section

of the anther already described {fig. 501). We may therefore

conclude, that the anther corresponds 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 epidennis of the two
halves of the upper surface of the lamina united and consider-

ably thickened. The pollen also corresponds to the general

parenchyma situated between the epidermis of the upper and
lower surfaces 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 hence the

characters afforded by such difterences are important in ])ractical

botany. There are three modes of attachment which are

characterised by special names. 1st. The anther is said to be
adnate, when its back is attaclied throughout its whole length to

the filament, or its continuation called the connective, as in the

Buttercup (Banunculus), Magnolia (fig. 513), Water-Lily

(fig. 509), and Barberry ; 2nd, it is innate, Avhcn the filament is

only attached to its base and firmly adherent, as in Carcx (fig.

488), and Tulip (fig. 510) ; 3rd. it is versatile, wlicn the filament

is only attached by a point to the hack of the connective, so

that the anther swings upon it, as in Grasses generally (fig.

490), in the Lily, in the Evening Primrose, and in the Meadow
Saffron.
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Fig. 509. Fig. 510.

249

Fig.m^. A portion of the flower of the White Water-Lily {Xymphcea aIba->

consisting of a pistil invested by a large fleshy disk prolonged from the

thalamus below it. The pistil is surrounded by some stamens with petaloid

filaments and adnate anthers, and by two petals. ^ i^t^. 510. Pistil and

stamens of the Tulip. The stamens ei and ee have innate anthers.

Connective.—The relations of the anther to the fihiment, as

well as the 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 more or less parallel to each

other generally throughout their whole length (fg. 513). In

other cases the connective is very small, or, altogether wanting,

as in the Euphorbia (fig. 511), so that the lobes of the anther

FlQ. 51 Fig. 512. Fig. 513. Fig. 514. Fig. 515.

Ftg. 511. A male naked flower of a species of Euphorbia, show-

ing the two lobes of the anther, and the almost total absence

oflhe connective. Fig. .512. A stamen of the Lime (Tilia)

showing the large connective separating the lobes of the

anther." Fig. 5\S. An inside view of a stamen of Mag-
nolia glaitca, showing the adnate anther and prolonged con-

nective Fig. 514. Two stamens of the Heartsease ( Viola

tricolor). The connective of one of them is prolonged down-
wards in the form of a spur Fig. 515. Sagittate anther
lobes of the Oleander (Xerium Oleander). The conm.ctive is

prolonged upwards in the form of a long feathery process.
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are then immediately in contact at tlicir bases. In the Lime
the connective completely separates the two lobes of the anther

ijig. 512). In the Sage {fig. 505) and other species of Salvia,

it forms a long stalk-like body placed horizontally on the top of

the filament, one end of which bears an anther lobe containing

pollen, the other mei'ely a petaloid plate or abortive anther lobe
;

it is then said to be distractile. Sometimes the connective is

])rolonged beyond the lobes of the anther ; either as a little

rounded or tapering cellular expansion, as in Magnolia {fig.

513), Asarum, &c., or as a long feathery process, as in the

Oleander {Nerium Oleander) (fig. 515), and in various other

ways. At other times again, it is prolonged downwards and
backwards as a kind of spur, as in the Heartsease (fig. 514),

&c. Anthers with such appendages are termed appendiculate.

Form of the Anther Lobes, and Anther.—The lobes of the

anther assume a variety of forms. Thus in Mercurialis annua

(fig. 517), they are somewhat rounded, very frequently, they

are more or less oval, as in the Almond (fig. 5 \ 8), in the

Acalypha, they are I'mear (fig. 516), in the Gourd tribe

F/^. 516. Fig. 517. Fig. 518. Fig. 519.

Fig. 516. A stamen of a species of Acahjpha
in the burl state. /. Filament. I. Linear
antlier lobes Fig. .517. A stamen of
MercuriaJis annua, f. Filament, c. Con-
nective. I. Rounded anther lobes, de-
hiscing longitudinally Fitj. 518. An
anther of the Almond {AmygduJus com-

tnuim), with oval lobes 1. f. Filament Fig. 519. The linear and
einuose anther lobes /, attuchtd to the filament of the common Bryony
{Brtjonia dioica). The above figures are from Jussieu.

(fig. 519) linear, and sinuose or convoluted, in the Solanum four-

sided, and at other times ])ointed, or prolonged in various ways.

These forms combined with those of the connective determine

that of the anther ; which may be oval, oblong, &c. ; or bifurcate

or forlivd, as in the Vavcinium uliginosum {fig. 521), or quadri-

fiircate (fig. 522), as in GuuUlicria procuiiibeus, or sagittate

(fig 51.';;, as in the Oleander, or cordate, as in the common
VVallllower (figs. 422 and 423) ; in the Grasses tlic anthers are

l)ifiircate at cacli extremity (fig. 490), so as to resemble somewhat
the letter x in form.

The lobes of the anther also, like the connective, frequently
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Fig. 520. Fig. 521. Fig. 522.present appendages of
various kinds. Thus
in the Erica cinerea

(fg. 520, a) they have
a flattened leafy body
at their base ; at other

times the surface of the

anther presents projec-

tions in the shape of
pointed bodies ( Jig. 52 1

,

a), as in Vaccinium
vliginoaum, or warts, &c.
Such anthers like those

which present appen-
dages from the connec-
tive are termed appen-
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 black, in ma-
ny Poppies, orange in

Eschsclioltzia, purple in the Tulip, red in the Peach, &c.
Dehiscence.— V^\\Qn the anthers are perfectly ripe they open

and discharge the pollen contained within them; this act is

called the dehiscence of the anther. It usually takes place at the

period when the flower is expanded, and the pistil consequently
fully 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 state. All the anthers
may open at the same period, or in succession ; and in the

latter case the dehiscence may either commence with the outer
stamens, or with the inner. Thus according to Vaucher, in

Helleborus the outer stamens open their anthers first, and those
in the centre last ; while in Glaucium the inner stamens open
first, and those of the circumference last. In the common Rue
(Hutu graveolens) again, there are two whorls of stamens, the

outer stamens incline towards the pistil first and discharge
their pollen, and then return to their former position ; the inner
stamens then incline and discharge their pollen in a similar

manner. Sometimes, as in Parnassia palustris, each stamen
curves in succession towards the pistil, when the anthers open
and emit the pollen. Usually the outer stamens are those
which dehisce first.

Fig. 520. Appendiculate anther attached to fi-

lament, /, of the Fine-leaved Heath (Erica
cinerea). a. Appendix. I. Lobes, r. Lateral
pore or slit wliere dehiscence takes place
Fig. .o2L Bifurcate anther of facciniitm
uliginogum attached to filament/. /. Anther
lobes, a. Appendages, p. Points of the an-
ther lobes where dehiscence takes place.

Fig. 522. Quadrifurcate anther of GauUheria
jjroe((m6eHS, attached to filament/. I Anther
lobes. The above figures are from Jussieu.
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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 tissue Avhich forms the lining of the anther.

Thus Ave have already seen that the endothecium is composed
of fibrous cells and that it is altogether wanting at the su-

tures, and that the exothecium is also commonly very thin at

those points. The manner in which the fibrous layer acts is

thus stated by Jussieu :
—"The small, very elastic hygrome-

tric threads or bands constituting this layer, stretch, contract,

lengthen, and bend in different ways, according as the anther is

dry or moist ; and these variations are influenced, on the one

hand by the development of the anther, the juices of which, at

first abundant, are absorbed and eA'ai)orated by degi-ees ; on the

other hand, by the variable state of the atmosphere. The tissue

which forms the wall of the anther, thus subjected to a series of

forces acting in diiferent directions, naturally breaks where it

ofiers but little resistance, that is, at the line or the point where

the fibrous layer is interrupted ; and it is thus that the loculus

splits and communicates Avith the exterior, so as to allow the

free egress of the pollen enclosed in the cavity, an egress, which

the continual contractions of the elastic tissue favour, and then

complete."

The dehiscence may take place in four different ways, which

are called, 1. Longitudinal, 2. Transverse, 3. Porous, 4. Val-

vular.

1. Longitudinal dehiscence. This the usual

mode, 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 Wall-

flower (Jig. 423) and Buttercup.

2. Transverse.—This kind ofdehiscence mostly

occurs in unilocular anthers, as those of Alche-

viilla {fig. 504), 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 tiie

dehiscence when it takes place in the line of

the suture would be apparently transverse, al-

though really longitudinal. An exami>le of this

kincfof dehiscence is attbrded liy the Mallow

{Malva),i\m\ other allied plants {fig. 523).

3. Puruus or Apical.—Thin is a mere modifi-

cation of longitudinal dehiscence. It is formed by the splitting

down of the anther lobes being arrested at an early period

Fig. 523.

F!g. r>2^. Stamen
of Die MuMow
(Mdlid). tlie an-
ther otwhiclilius

an apimrently
transverse de-
hiscence.
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Fig. 524. Fig. 525. Fig. 526. Fig. 527. Fig. 528.

Fig 524. Anther of the Pijrola rotundifolia, suspended from the filament /,

/. Locnli opening by two pores p. -^^

—

Fig. 52.5. Quadrilocular anther of

Poranthera, attached to filament/. I. Loculi opening by pores p.
Fig. .52(5. Anther of Tetratheca juncea, opening by a single pore at the apex.
These figures are from Jussieu Fig. 52'. Anther lobes of a species of
Nightshade opening by pores at the apex Fig. 528. Anther of Barberry
{Berberis vulgaris) opening by two valves.

Fig. 529.

so a.s only to produce pores or short

slits (Jigs. 524—527). 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. 527), or

laterally, as in the Heaths (Jig. 520). There
may be either two pores, as is usually the

case (Jig. 524), or four, as in Poranthera

(Jig. 525), or many, as in the Mistletoe,

or only one, as in Tetratheca juncea (fig.

526).

4. Valvular.—This name is applied when
the whole or portions of the face of the

anther open like trap- doors, Avhich are

attached at the top and turn back as if

on a hinge. In the Barberry (Berberis)

(Jig. 528) there are but two such valves,

Avhile 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. 529).

The Stamens generally or the Andrcecium.—Having
now described the two parts of the stamen and the matters

generally connected with their development, we have in the

next place to take a view of the stamens of the flower col-

lectively, in their relations to each other, and to the other whorls

of the flower. We shall consider this part of our subject under

Fig. 529. Stamen of a
species of Laurus. /.

Filament, with two
glands g. g at its

base. ?, I. Loculi of
which there are four.

V. "Valves.
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four heads, namely:— 1. Number, 2. Insertion or Position,

3. Union, 4. Relative length.

1. Number.—The number of stamens in the flower is subject

to great variation, and several terms are in common use to in-

dicate them.

In the first place, certain names ai*e applied to define the

number of the stamens Avhen compared 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 tlie flower

is anisoslemenous, or when greater accuracy is required in the

latter case, M-e say diplostemenous, if the stamens are double the

number, as in Stonccrop, meiosfemenous, if less in number, as

in the Lilac, and polystemenous, if more than double, as in the

Eose.

Secondly, the flower receives different names according to the

actual number of stamens it contains, without reference to the

outer whorls. This number is indicated by the Greek numerals

prefixed to the word androus, which means male or stamen.

Thus :—

A flower having One stamen is Monandrous, as in Hippuris.

„ „ Two stamens is Diandrous, as in the Ash and
Privet.

„ „ Three stamens is Triandrous, as in most
Grasses.

„ „ Four stamens is Tetrandrous, as in the Holly

and Plantain.

„ „ Five stamens is Pentandrous, as in tlie Cows-
lip and Convolvulus.

„ Six stamens is Hexandi'ous, as in the Lily and
Tulip.

„ „ Seven stamens is Heptandrous, as in the .^s-

culus and Trien talis.

,, „ Eiglit stamens is Octandrous, as in the Ivy and
Heaths.

„ „ Nine stamens is Enncandrous, as in the Flower-

ing Rush.

„ „ Ten stamens is Decandrous, as in the Pink and
Saxifrage.

„ „ Twelve stamens is Dodecandrous, as in the

Asarabacca,

„ „ Twenty stamens is Icosandrous, as in the

Strawberry.

„ „ Kumcrous stamens is Polyandrous, as in the

Puit])y and Watcr-Lily.

We shall have to reier to tliesc terms again when treating of

tlie Linnaian svstcm of classification as some of the classes in
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that arrangement are determined by the number of stamens con-

tained in the flower.

2. Insertion or Position.—When the stamens are free from the

calyx and pistil, and arise from the thalamus or torus below the

Fig. 530.

Apocar-
pous pistil of Ra-
nunculus.withtwo
stamens arising
from the thalamus
below it.

latter organ, as in the Poppy
(Jig. 428), and Ranunculus (Jig.

520), they are said to be hypo-

gynous, which signifies under
the female or pistil ; this is

the normal position of the sta-

mens. Wlien they are attached

to the corolla, as in the Primrose

(Jig. 531), they are epipetalous

;

this is commonly the case when Fig.

the corolla is monopetalous. The
insertion of the stamens is always

regarded as the same as that of

the corolla, so that when the

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 (Jig. 531), where the stamens are

epipetalous and the corolla arises from 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

StrawbeiTy, Cherry (Jig. 532), and Apricot, they, as well as the

corolla are said to be perigynous. When the calyx is adherent

to the ovary so that it appears to arise from its apex, the inter-

mediate stamens and corolla also arise from the summit, and are

said to be epigynousy as in the Campanula (Jig. 533), Epilobium,

Carrot, Ixj, &c.

Fig. 532. Fig. 533.

Fig. 5S1. Vertical
section of a flower

of the Primrose
{Primula), show-
ing epipetalous
stamens. The
pistil in the cen-
tre has an ovary
with a free cen-
tral placenta, a
style, and a capi-

tate stigma.

Fiq 53'' Vertical section of the flower of the Cherry, showing the perigynous

stamens surroun.ling the pistil. Fig. 533. Vertical section of a flower

of Campanula, with epigynous stamens.
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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 DeCandolle
and others as the basis of

Fig. 534. Fig. 535. some of their sub-divisions in

their systems of classification.

Thus the term thalamijlorce

is applied to plants which
have polypetalous corollas,

and hypoyynous stamens un-

connected with the other

whorls, as in the Poppy {fig.

428) and Ranunculus {fig.

530). When the corolla is

polypetalous, and the sta-

mens are attached with it to

the calyx, as in the Cherry

{fig. 532), or upon the top

of the ovary, as in Campa-
nula, &c. {fig. 533), the term

calyciflortE is given. When
the corolla is monopetalous,

as in Primrose {fig. 531), the

term coroUifiorce is applied.

These terms will be more
particularly described here-

after 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 colunm in the

centre of the flower, as in the Orchis {fig. 534), and Birthwort

{Aristohchid) {fig, 535). The column is then termed the

gynostemium, and the flowers are said to be gynandrous.

3. Union,—When the stamens are perfectly free and separate

from each other, as in the Vine {fig. 506), they are said to be

free or distinct; when united, as in the Mallow {fig. 537), they

are coherent or connate.

This union may take place, either ])y their anthers, or l)y their

filaments. When the anthers cohere, the filaments being free,

the stamens are termed syngenesious or synantherous {fig, 536).

This union occurs in all the Compositie, in the Lobelia, Violet,

&c. When union occurs between the stamens liowevcr, it is

more connnon to see the filaments unite, and the anthers free.

The union by tlic filaments may take jtlace in one or more bun-

dles, the number l)eing indicated by a Greek numeral prefixed

to the Avord adelphmis, whicli signifies brotherhood. Tims, wlien

all the filaments unite together and form one bundle, as in the

Fifj. 534. Flower of Orchis mascula.
The column in the centre is formed
by the union of the stamens and
style Fig. .535. The pistil and
stamens of Birthwort {Aristolochia).

The ovary is seen below, and the sta-

mens above united into a column
with the style.
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Fig. 536. Fig. 537. Fig. 538. Fig. 539.

Fig. 536. Syngenesious anthers of a species of Thistle Fig. 537. Mona-
delphous stamens of Mallow Olalva). Fig. 538. Monadelphous stamens
of Oxalis forming a tube round the pistil Fig. 539. Male flower of
Jatropha Curcas. c. Calyx, p. Corolla, e. Stamens united by their

filaments into a tube, a, wliich occupies the centre of the flower as there is

no pistil.

Mallow (Jig. 537), and Oxalis (fig. 538), the stamens are viona-

delphous. When this union takes place in a complete flower, the

coherent filaments necessarily form a tube or ring round the pistil

placed in their centre, as in the Oxahs (fig. 538). When the pistil

is absent, and the flower incomplete, the united filaments form a

more or less central column, as in Jatropha Curcas (fig. 539 a).

When the filaments unite so as to form two bundles, the stamens

are termed diadelphous, as

in the Pea (fig. 540), Fu- Fig. 540.

mitory (fig. 856), &c., in

which case the number of

filaments in each bundle
may be equal, as in the

Fumitory (fig. 856, or un-
equal, as in the Pea (fig.

540). The latter plant has

a papilionaceous corolla

with ten stamens, and in

such flowers it frequently

happens, that the filaments

are so united, that nine of

them form a bundle, while one remains free (fig. 540). When the

stamens are united by their filaments into three bundles, they are

triadelphous, as in some species of St. John's Wort (Hypericum)

(fig. 542) ; when in more than three, polyadelphous, as in the

Castor Oil plant (Ricinus) (fig. 543), Orange (fig. 541), and

s

Fig. 540. Diadelphous stamens of the Sweet
Pea (Lathijrus), surrounding the pistil.

There are ten stamens, nine of which are

united and one free.
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Fig. 542. Fig. 543.

Fig. 541. Flower of Orange divested of the corolla, showing polyadelphous
stamens Fig. 542. The Pistil, n, of a species of Hypericum, surrounded
by the stamens, e, which are united by their filaments,/, into three bundles.
. Fig. .143. One of the branched bundles of stamens of the Castor Oil
Plant (Ricinus commtttiis).

some species of St, John's Wort (^Hypericum Androscemuni); the
term polyadelphous is applied by many botanists, in all cases
where there are more than two bundles'^ of stamens.
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. 537), Oxalis {fig. 538), Hype-
ricum, &c, ; or the union may only take place at the base, as in

Tamarix {fig. 491), The bundle or bundles, again, may be either

Fig. 544. simple, as in the Mallow, &c. ; or branched, as

in Polygala {fig, 503), and Castor Oil Plant

{fig. 543).

When the union takes place so as to form
a tube or column, the term androphore has
been applied to the body thus formed, as in

the Mallow {fig. 537), Oxalis {fig. 538), &c,

4, Relative Length,—There are two sepa-

rate subjects to be treated of here, namely, 1st,

the relative length of the stamens with respect

to the corolla ; and 2nd, with rcsj)ect to each
other. 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. 496), and in the Peruvian
liark ])lant {Cinchona), they arc said to l)e

Fig. .'544. Flower of included; wlicn, ou the coutrarv, the stamens

M,»'"'!'";„„f.l!"';^l''5 are lon<;er than the tube of tlie corolla so as
lIiC RiillTiLiiB pro- -

^ ^ iiri' / n
longed bi-yoiid tiic to cxtoiid bcyoud It, as \\\ the Valerian {fig.

ore' sntS Thecu- "^"^^^ Plantain, Exostemma, &c., tliey arc 'tx-

roihi in K'ii)i)()U8 <.r scrtcd ov protruding.
saccule at the ba«e.

.^^^^^ relative length of the stamens with
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respect to each other presents several peculiarities, some of

which are important in descriptive botany. Sometimes, all

the stamens of the flower are nearly of the same length, while

at 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 stamens nearest the centre may be longer

than those at the circumference, as in Luhea {fig. 545), or the

reverse may be the case, as in many of the Kosaceie. In the

case of diplostemenous flowers, as in Epilobium, the stamens

alternating with the petals are almost always longer than those

opposite to them.

Fig. 547.Fig. 545. Fig. 546.

Fig. 545. One of the bundles of stamens of Luhea paniculafa, the inner
stamens on the right are longer than the others and are provided with
anthers : the others are shorter and generally sterile Fig. 546 Tetra-
dynamous stamens of the Wallflower {Cheiranthus Cheiri) Fig. 547.
Didynamous stamens of the Foxglove ^Digitalis purpurea).

When there is a definite relation existing between the long
and short stamens with respect to number, cei'tain names
are applied to indicate such forms of regularity. Thus in
the Wallflower (fig. 546), 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 solitary shorter ones ; to such an arrangement we apply
the term tetradynamous. When there are but four stamens, of
which two are long, and two short, as in Labiate Plants generally

{figs. 471 and 473), and in the Foxglove {fig. 547) and many
other Scrophulariaceous Plants, they are said to be dichjnamous

;

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 stamens by
describing the nature of the pollen.

S2
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Development and Structure.—We have already seen (p. 248),

that tlie pollen corresponds to the cellular tissue of the leaf situ-

ated between the epidei'mis of the upper and lower surfaces.

It has also been stated, that the pollen was formed in certain

cells developed originally in the centre of the parenchyma of

the young anther {fig. 500, cm); also that these cells were en-

(jlosed in a special covering of their own {fig. 500, c/), and
that in the course of growth they pressed upon the surrounding

parenchyma, ci. so as to cause its more or less complete ab-

scn-ption, and finally assisted in promoting the dehiscence of the

anthei'. We have now more particularly to describe the mode of

development and the structure of the pollen.

The formation of the pollen has been already described under
the head of Cell-division loith absorption of the walls of the

parent cell, and the setting free of the new cells (see p. 60). We
will however recapitulate the principal points connected with

this subject. The large cells ( fig. 500, cvC) which are de-

veloped in the parenchyma of the young anther and which are

destined for the formation of the pollen, are called parent or

mother cells : the primordial utricle of each of these becomes
infolded as in ordinary cell-division so as to divide it into four

portions, either directly, or indii'ectly by first dividing it into

two, and then each of these being again divided into two others;

these four portions are called special parent or mother cells; the

whole of the protoplasmic contents in each cell then secretes

a layer of membrane on its outside, and we have thus four

perfect cells {fig. 144, a, b, c, d) formed in the cavity of the

parent cell, which constitute the

Figs. 548. and 549. true pollen-cells; as these pro-

gress in development, one or

more layers are foi-med Avith a

few exceptions on the outside of

their original membrane, which
ultimately exhibits markings
and projections of various kinds

(figs. U, 553, &c.), the nature

of which varies in the pollen of

different species, but is always

the same in any i)articular one.

The four pollen-cells continuing
Fig. 548. ToUen of Peripioca ffrceca. ^ increase in sizc, distcnd the

rig. M9. FoUen of Iiigu ano- „ , , . i

mala. After Jussieu. parent ccU and ultunatcly causc

its absorption; and subsecpicntly

the special mother cells are generally absorbed also, by Avhich

the pollen-cells or grains are set free in the locuhis of the

anther in tlieir ])crfctt condition. Sometimes the membrane

of the si)ecial parent cells is not completely absorbed, in which case

the pollen -grains of the parent are more or less connected, and
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form a compound body consisting of four pollen-grains, as

in Periploca grceca (Jig. 548); or if the membranes of two
or more united parent cells are also incompletely absorbed,

we may have a mass consisting of eight pollen-grains, as

in Inga anomala {fig. 549), or of some multiple of four,

as in many Acacias {fig. 1 2). By some botanists, the union
of the pollen-grains in the above instances, is referred simply
to the viscid secretion left in such cases by the solution

of the parent cells, but their regular an-angeraent in fours or

multiples of four, would seem to prove that the special mother
cells are more particularly concerned in the formation of such
compound pollen-grains, in the manner just described. In the

Onagrariacere, the pollen-grains 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 Orchidacere {fig. 550), the pollen-grains cohere in a re-

markable degree and form pollen masses which are commonly ofa
waxy nature, to which the name of pollinia has been given. In
the Asclepiadaceffi somewhat similar masses occur (^^. 551); in

Fig. 550. Fig. 551.

Fig. 550. Pollinia, p, of Orchis with their caudicles, c, and the retinacula, r,

at the base. Fig.rt.il. Pistil of Asclepias, witli tlie pollinia.^), 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.

the latter however, the whole pollinia is invested by a special cel-

lular covering. By a careful examination of these pollinia, we find

that they are formed of compound masses agglutinated together,

and when separated, each of these is found to consist of four

pollen-grains. In the pollinia of the Orchidacete we also find

other peculiarities; thus, each is prolonged downwards in the

s 3
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form of a stalk called the caudicle (Jig. 550, c), which adheres

commonly at the period of dehiscence to one or two little glan-

dular masses called retinacula (figs. 552, a, and 550, r), Avhicli

are placed on the upper surface of a little projection called the

rostellum situated at the base of the anther.

We nmst now return to the more particular description of the

pollen-grain or cell. We shall treat of it under four heads,

viz.: - 1. Its Wall or Coats; 2. Its Contents; 3. Its Forai

and Size; and 4. Its Dehiscence.

1. Wall or Coats of the Pollen-cell or grain.—When perfectly

ripe the wall of the pollen-grain 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, ZannichelUa, and some other sub-

merged 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-grains. 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

(Enothera, when Henfrey believes that tlie intine does not ex-

tend into them in the mature pollen.

The extine is a hard thick resisting layer forming a kind of

cuticle over 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 some-

Fig. 553. times smooth ; at other times marked with

little granular processes (fig. 553), or spiny

protuberances, or reticulations, &c. The na-

^^^^ ^^ these markings as already noticed,

3=''^ :•/]:.•}^X is always the same for any particular species
*^^* '"*'*'"""

of plant, but varies much in different species
;

the mode in which they originate is at pre-

sent unknown, Tlie outer coat is generally

covered by a viscid or oily secretion, which
Fig. 553. Pollen of

jg gypposcd by some, to bc dcrivcd from matter
Hollyhock (AC- '.'. ^ "^ ^, i ... ^.., ,. i,

thcca rosea). remammg trom the solution or the parent cells.

The colour of jwllen-grains also resides in the

extine. In by far the majority of cases the pollen-cells are

yellow, but varioiis other colours are found ; thus tliey are red

in tlic Ver/juscum, blue in some s])ccies of Epilobium, black in

the Tulip, rarely green, and occasionally of a whitish tint.

Besides the various markings just described as existing on
the extine, we find also, cither pores (fig. 556), or slits (figs.

554 and 555), or both together, and which vary in number and
an-angement in different plants. At the spots where these slits

or pores arc found, it is generally considered that the extine is
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Fig. 556.

Fig. 554. Elliptical pollen of
Alilkwort (Po1>/gala) e. Ex-
tine. /. Slits Fig. 5.55.

Tlie same pollen viewed
from above Fig. .5.5G.

Pollen-grain of Lactijn's
glomerata. After Juasieu.

absent; but other botanists on the contrary, believe that the outer
membrane always exists, but that it is much thinner at these points

than elsewhere. In the greater number of Monocotyledonous
Plants, there is but one slit; while, on the contrary, three is a
common number in Dicotyledons. Sometimes there are six,

rarely four, still more rarely tAvo, and in some cases we find

twelve or more. These slits are generally straight, but in

Mimulus moschatns they are curved; and other still more com-
plex aiTangements occasionally occur.

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 again, tlie pores are very
numerous, in Avhich case, they are either irregularly arranged,

or in a more or less regular manner. The pores, again, may be
simple, or provided with little lid-like processes whicli are

pushed otf at the period when the pollen-grains dehisce, as in

the Passion-flower {jig. 557, o, o, o), and Gourd {Jig. 558); hence
such pollen-grains have been termed operculate.

Fig :. Fig 558. Fig. 559.

Fig. 557^ Pollen of a Passion-flower (Passi.ttora). before burstin<'. o o o Lid-
like processes -—/''S- o-'^. Pollen of tlie Gourd, at the period of dehis-
cence, o, o. Lid-hke processes of the extine protruded by the projections
t^ t, ot the intine. From Jussieu Fig. 5oif. Trigonal pollen of theBvemng Primrose i^nothera biennis').

2. Contents of the Pollen-grains, or FouiUa.—The matter con-
tained within the membranes of the pollen-grains 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 approaches to maturitv, the fovilla

s 4
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becomes more concentrated, and contains less fluid matter and
more granules. Some of these granules are said to be no more
than about 3^7^ of an incli in diameter, while the largest are

about :j(ij^ or -=rj^. Tlicy vary also in form, some being spheri-

cal, others oblong, and otliers more or less cylindrical -with

somewhat tapering extremities. When water is applied to tlic

granular contents they become opaque. When viewed under a
high magnifying power, the starch granules at certain periods

(especially at the period of dehiscence), exhibit a very active

tremulous motion, moving to and fro in various directions and
appearing as if repelled by each other. This is simply mole-
cular motion, analogous to that of all other very minute par-

ticles when suspended in a liquid. The fovilla is Avithout doubt
the essential part of the pollen- grain, but the office it performs
will be explained hereafter.

3. Form and Size of ihe Pollen.—Pollen-grains are found of

various foi'ms. The most common appear to be the s])herical

(^fig. 557), and oval {fig. 554); in other cases they are poly-

hedral, 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 Onagrariacere (fig.

559), or cubic, as in Basella alba, or cylindrical, as in the

Tradescantia virgniica, while in Zostera, they are thread-like or

of the form of a lengthened tube or cylinder. It sliould be
noticed that the form of the pollen is materially influenced ac-

cording as it is dry or moist. Thus the pollen-grains of tlie Purple
Loosestrife and some species of Passion-flower are oval when
dry, but when placed in water they swell and become nearly

globular : this arises from endosmotic action taking place

between the thickened fovilla and the water, by which
some of the latter is absorbed, and the pollen consequently dis-

tended. Again, when spherical pollen-grains are exposed to the

air for some time they frequently assume a more or less oval

form. In size, i)olIen-grains vary from about ^ to 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 Pollai.—We have already stated, tliat when
the ])o]Icn-grains are placed in water they become distended in

consequence of endosmotic action taking ])lace between tlieir

thickened contents and the surrounding fluid. If this action be

continued by allowing the pollen-grains to remain in the liquid,

they must necessarily l)urst at some point or other, and allow

their contents to cscajte. As the intine is very extensible,

while the cxtine is Arm and resisting, it will be found that the

former will form little projections through the ])oresor slits of the

latter(,^r/. 500), so as to ))roduce little blister-like swellings on its

surface. Ultinuitely, however, as absoi*i)tion of fluid by cndos-
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mose still goes on, the intine Avill itself burst and discharge the
contents of the pollen-grain in the form of a jet (Jig. 560),
These changes take place more rapidly, if a little sulplmric or
nitric acid be first added to the water.
When the pollen is thrown upon the stigma under natural

circumstances at the period of the dehiscence of the anthers,
the aboA-e-described action becomes materially modified. Here,
the pollen-grain does not burst, but its intine' protrudes through
one or more of the pores or slits of the extine in tlie form
of a delicate tube (figs. 561 and 562) filled with the fovilla,

Fig. 560. Fig. 561.

Fig. 560. rollen of Cherry discharging its fovilla through an opening in the

intine Fig. 561. Trigonal pollen of ^/iof^era with a pollen-lube -•

Fig. 562. Vertical section of the stigma and part of the stj'le of Antirrhi-

num mojus. stig. Stigma, on which two pollen-grains have fallen, each of

which is provided with a pollen-tube, tp, wliich 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 to the

ovules. This tube is frequently 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 a seed genninating,

and caused by the nourishment it derives from the stigma and
style.

2. The Disk.

By the disk, we understand all bodies of whatever fonn,

which are situated on the thalamus between the stamens and
the ovary, but which cannot be properly referred to either

of those organs. This is the sense in which it is properly ap-

plied, but by some botanists the term is understood as synony-

mous with torus, and defined as that part of the receptacle
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or thalamus which is situated between the calyx and the

pistil, and which forms a support to the corolla and stamens
;

while others, again, define the disk as the portion of the torus

situated between the calyx and pistil, when that part assumes
an enlarged or irregular appearance. Here the term torus is

used in the sense in which we apply it in that volume, i.e.,

synonymous with thalamus and receptacle, but the application

of the term disk is more extended than in our definition.

The disk is not to be considered as an essential organ, al-

though it is properly treated of in this place, as it comes next in

order to the stamens 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 Gesnera, &c , but also from the circumstance of

portions of it when highly developed becoming occasionally

changed into stamens. It is frequently of a nectariferous nature,

and hence was treated of by Linmeus and many succeeding

botanists, under the head Of nectaries.

Fig. 564.

Fig. 563. Flower of the Fennel {FoeniailumX The ovary is surmounted hy
a disk, (i Fig. ^ii\. Flower of tlie Rue (7iM/rt gravcohm). The pis-
til is surrounded by a disk in the form of a fleshy ring, on the outside of
which the stamens are inserted.

Fig. 565.

Fifh SW. Pistil of the Tree
Paeony invested by a
large cup-shaped disk.

The disk is developed in a variety

of forms ; thus in the Orange and
Rue {fig 564) it forms a fleshy ring

surrounding the base of the pistil ; in

the Tree Pticony {fig 565), a dark
red cup-shai)cd expansion covering

nearly the Avholc of the pistil except

the stigmas ; in the Rose and Cherry,

a sort of waxy lining to the tube of

the calyx ; in Umbelliferous Plants, a
swelling on tlic toj) of the ovaries

adhering to the styles {fig. 563, </),

this form of disk has been termed
the styJopodium. In other cases, the
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disk is reduced to little separate glandular hodies, as in Cruci-

ferous Plants {fig. 422, gl), Sedum, &c. {fig. 584) ; or to scales, as

in the Vine {fig, 506) ; or to various petaloid expansions, as in

the Aquilegia, Helicteres, &c.

When the disk is situated under the ovaiy, as in the Orange,

Kue, Wallflower, Helicteres, &c., it is termed hypogynous ; when
it is attached to the calyx, as in the Kose, Cheny, &c., it is

perigynous ; or Avhen on the summit of the ovary, as in Umbel-
liferous plants, epigynous. These terms being used in the sense

already described Avhen treating of the insertion of the stamens

under the head of the Androecium.
The so-called nectaries are by some botanists treated of in

this place as distinct organs. We confine the meaning 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.

3. The Pistil or Gyncecium.

We now arrive at the consideration of the last organ which is

present in the flower, namely the pistil or female system of

flowering plants. The pistil occupies the centre of tlie flower,

the stamens and floral envelopes being arranged around it

when they are present {fig. 421) ; the envelopes alone in the

pistillate flower ; or it stands alone Avhen the flower is

pistillate and naked {fig. 392). It consists as we have seen, of

one or more modified

leaves called carpels. Fig. 566.

which are either dis-

tinct from each other,

as in the Columbine

{fig. 427), the Stone-

crop ( Sedum) {fig-

566) ; or combined in-

to one body, as in the

Tobacco(A7co^za??a 7a-
bacum) {fig. 568, 2), and
Primrose {Primula vul-

garis){fig. 567). When
there is but one caq^el,

as in the Pea, Broom,
&c.(^5r. 568), the pistil

is said to be simple;

when there is more
than one, as in the

Stonecrop and Prim-
rose, it is compound.

Before proceeding to

examine the gyncecium

Fig. 566. Pistil of Stoneirop (Sedum), con-
sisting of five distinct carpels, on the outside
of which at the base small scaly bodies may
be noticed. The pistil is compoimd and
apocarpous Fig. 567. Pistil of Primrose
(Frimula), coniposed of several carpels
united into one, hence termed compound
syncurpous. There is but one style sur-
mounted by a capitate stigma Fir/. 568.
Simple pistil of Broom, o. Ovary, s. Style,
t. Stigma.
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Fig. 568, 2, Fig. 569. or pistilline organs generally, it

Avill be better for us in the first

^^J ^
place, to describe the parts, nature,

^« /^ \ J"'"^ and structure of the simple carpel

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 wc have already noticed,

consists, 1st, of a hollow inferior

part arising from the thalamus,

called the Ovary {fig. 569, o), con-

taining in its interior one or more
little roundish or oval bodies called

ovules ov, which ultimately be-

come the seeds, and which are

attached to a projection on the

walls which is termed the placenta.

2nd. Of a stigma or space of vari-

able size, composed of lax cellu-

lar tissue without ei»idermis ; it is

either placed directly on the ovary,

in which case it is said to be ses-

sile, as in the Barberry (Berberis

vulgaris') {fig. 569, st) ; or it is ele-

vated on a stalk prolonged from

the ovary, called the style {figs. 567 and 568 s). The only essential

parts of the carpel, therefore, are the ovary and stigma, the

style being no more necessary to it than the filament is to the

The terms ovary,

style, and stigma, are

applied in precisely the

same sense when s])eak-

ing of a compound pis-

til in which the parts are

completely united. The
carpel has two sutures,

one of which corre-

sponds to the union of

itsnntrgins, and which

is turned towards the

axis of the ]>lant
;

and another, which is

directed towards the

lloral envelopes or to

Fiij. 5G9. Vertical

section of the

ovary of the Bar-
berry {Berberis
vul(juris), on the
outside of which
is seen a stamen
and petal. o.

Ovary: or. Ovules
attached to a
projection called

the placenta ; st

Stigma.

Fi(/. .568, 2. Compound pistil of

Tobacco {Nicotiana Tabacum)
t. Thalamus, o. Ovary, s.

Style, g. Capitate stigma.

Stamen.

Fig. 570. Vertical Bcction of the flower of the
Pfcony (I'ceoiiia). dg. I'orgal suture of tlie

ovary ; v». Ventral suture.
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the circumference of the flower ; the former is called the ventral

suture {fig. 570. vs), the latter the dorsal {fig. 570 ds).

Nature of the 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

development, and by the appearance it sometimes presents in

double or cultivatedflowers Thus in the double flower of the

Cherry, the carpels do not present a distinct ovary, style, and

stigma, as in their normal condition in the single flower {fig.

574), but they, either become flattened into green expansions,

each of which resembles the blade of a leaf {fig. 571), or into

organs intermediate in their nature between carpels and leaves

{figs. 572 and 573). Here the lower portion representing the

Fig, 571. Fig. 572. Fig. 573. Fig. 574.

Figs. 571, 572, and 573. Carpellary leaves from the double flowers of the
Cherry tree, h Lamina; s. Prolonged portion corresponding to the style
and stigma of a perfectly formed carpel Fig. .574. Carpel from the
single flower of the Cherry, o. Ovary; t. Style; s. Stigma.

lamina of the leaf, is clearly analogous to the ovary of a com-
plete carpel, and the prolonged portion to the style and stigma.

The carpels of the single-flowering Cherry being thus con-
vertible into leaves, afford at once an evidence of their being
analogous structures. A second proof of the nature of the car-

pels is affbrded by tracing theii* development. Thus when
first examined, they appear as little shghtly concave bodies

of a green colour like young leaves {fig. 575), in a short

time they become more and more concave {fig. 576), till ulti-

mately the two margins of the concanty in each unite, and
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Fig. 576. Fig. 577.

Fig. 575. Young flower-bud of the Flowering Rush {Butomm umbellatus).
The carpels, car, are still concave on the inside and resemble small leaves.

Fig. 576. The carpels in a more advanced state, but the folded edges still

separated by a slit. Fig. 577. The same carpels in a perfect condition.

thus form a hollow portion or ovarj, in which the o^'ules soon

make their appearance (fig. 577). This gradual transition of

Fiq. 578. ^itle leafy organs into carpels may be well seen

in the Flowering Rush (Butovms umbellatus).

We have thus in the first place shown, that

carpels become changed into leaves by cultiva-

tion, and secondly, that they make their first

appearance in the form of little organs re-

sembling leaves ; and in both ways, therefore,

we have proofs afforded us of their leaf-like

nature.

Structure of the Carpel.—The ovary being

the homologue of the lamina of the leaf, it

presents, as might have been expected, an
analogous structure. Thus it consists of pa-

renchyma, which is often much developed, and
through which vascular bundles composed of

spiral and other vessels ramify, and converge

towards the base of the style, or terminate at

the upper part of the ovary when that is absent.

The whole is covered externally by a layer of

epidermis (fig, 578, ep). The parenchyma is

usually of a more lax nature as we proceed

towards the inside of the ovary, where it forms

a very delicate lining, called epithelium, and
which has been already described as a modified

form of epidermis. This epithelium corre-

sponds to the epidennis of the upi)er surface of

the leaf, and being develo]»ed under the absence

of liglit, it has usually a jtale colour, and is

devoid of stoniata. The e])idermis on the out-

side of the ovary con-esjjonds to that of the lower surface of

the leaf, and like it is frequently clothed with stomata, and

Fig. 578. Vertical
section of the pis-

til of the Apricot
(I'rumis ArviC-
nuica). ov. Ovule,
which is enclosed
in an ovary; cp.

Epidermis, form-
ing the external
coat of the ovary;
mc. Middle layer;

end. Inner coat;

tc. Style with a
canal in its cen-
tre ; St. Stigma.
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sometimes with hairs. The parenchyma between the epithe-

lium and epidermis, me. corresponds to the general parenchyma
of the leaf, which is similarly placed. Where the margins of

the carpellarj leaf meet and unite at the yentral suture, a layer

of cellular tissue is deyeloped, which forms a more or less pro-

jecting hne in the ca\ity of the ovary, called the placenta

(fiy. 429, p), to which the oyules are attached. This placenta is

essentially double, the two halves being deyeloped from the two
contiguous margins of the carpellary leaf.

The style has been considered by some botanists, as a prolon-

gation of the midrib, but fi-om the arrangement of its tissue it is

to be regarded rather, as a prolongation of the whole of the upper
portion of the lamina rolled inwards and united. It consists of

a cylindrical process of parenchyma, traversed by distinct vas-

cular bundles, which are arranged so as to form a sort of sheath

at its circumference. These bundles are a continuation of

those of the ovary, and proceed upwards without branching
tOAvards the apex of the style, but always terminate below that

point. The style is invested by epidermis continuous with that

of the ovary, and furnished occasionally like it, with stomata
and hairs.

Upon making a transverse or vertical section of the style, we
find that it is not a sohd body as we might have supposed, but

that it is traversed by a very narrow canal (Jigs. 58(», d, and 578,

tc), which communicates below A^ith the cavity of the ovary, and
above Avith the stigma. This canal is, either ahvays entirely

Fig. 580. Fig. .581.

Fig. 579. Vertical section of the flower of Epipactis
latifolia. a. One of the divisions of tlie perianth;
c. Stamen ; e. Ovules; x. Stigma; can. Canal
leading from the stigma to the interior of the
ovary. From Schleiden Fig. 580. Transverse section of the style of
the Crown Imperial {Fritillaria imperialis). d. Canal in its centre lined
by projecting papillse. From Jussieu Fig. 5S\. Section showing the
structure of tlie canal of the style in Campanula. From Jussieu. c, c.

parenchymatous cells forming its walls, traversed by spiral vessels, v ; p, p.
variously-formed loosely aggregated cells; /, /. elongated filiform cells,
which with the former more or less obstruct the canal.
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open ; or more or less obstructed, as in Orchids (fig. 579, can),

or somewhat filled up by a number of very loosely aggre-
gated cells (^fig. 581, pp). The walls of the canal also, in all

cases, are formed of a loose papillose parenchyma {fig. 581, cc).

This canal may be considered as a prolongation of the cavity of

the ovary in an upward direction, consequently the loose tissue

by which it is surrounded is to be regarded as corresponding
to the epidermis of the upper surface of the leaf, merely modi-
fied to adapt itself to the peculiar conditions under which it is

placed, in the same way as is the case with the epithelium form-
ing the lining of the ovary. When the pistil is fully matured,
or at the period when it is adapted for receiving the influence of

the pollen, the canal of the style becomes further obstructed by
a number oflengthened fiUform cells (Jig. 581,/,/), Avhich have
been sometimes confounded with pollen-tubes, but from which
they are readily distinguished by being twice or three times

their diameter. At the period of

Fig. 582. Fig. 583. Fig. 584. fecundation, these cells as well as

those of the stigma and canal of the

style generally, secrete a peculiar

viscid fluid containinggum or sugar,

or both, 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 con-

ducting tissue has been given, be-

cause from its loosened nature and
nourishing properties it serves to

conduct the pollen-tubes down the

styles to the ovules, as will be ex-

plained hereafter.

The Stigma.—The tissue of the

stigma is analogous to that found

in the interior of the style, and
just described under tlie name of

conducting tissue; in fact, it seems
to be nothing more than an expan-

sion of tliis externally. It may be

either on one side of the style (Jigs.

585 and 587), or at its apex

(fig. 582), or even on botli sides

(jig. 58.3). <^lic position depend-

ing upon the point or points

where the canal terminates. Its

A
Fig. 582. 1. A portion of the pistil

of Daphne Lanreola. o. summit
of the ovary; t. style terminated
by a 8tii,'mu x. '>. a portion of the
stigma lilglily mugnified.sliowing
its paiiillose nature. /•'/.'/. M'A.

A portion of tlie pistil of I'hin-
taijo xiixutilin. o. summit of the
ovury; I. style; .1, n. bilateral

stigma. The above are from Jus-
sieu. Fii/. .^H4. Pistil of the
Periwinkle (Kid'vj). o. ovary;
t. style; 8. hairy stigma; d.

disk.
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tissue is usually elongated into papillre {fig. 582, 2), hair-like

{fig. 584), or feathery processes {fig. 586), or iu some cases

Fig. 585. Fig. 586. Fig. 587.

Fig. .585. Ventral view of a pistil of Isopyrum bito-natum, showing the douhle
stigma Fig. 5S6. Pistil of Wheat surrounded by three stamens, and
two squamulae, s p. Two feathery styles arise from the top of the ovary.
. Fig. 587. Pistil of Dianthiia CaryophijUus on a stalk g, called tlie

gynophore, below which is the peduncle. On the top of the ovary are two
styles, the face of which is traversed by a continuous stigmatic surface.

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.

(See Stigma, page 291.) At the period of fecundation as before

noticed, it becomes moistened by a A-iscid fluid which renders

the surface more or less sticky, and thus admirably adapted

to retain the pollen -grains, which are thrown upon it in various

ways at the time of the dehiscence of the anther.

The GYNCECiuAr.—Having now
described the parts, nature, and

structure of the simple carpel,

we are in a position to examine

in a comprehensive manner the

gynoecium or pistilline whorl ge-

nerally, which is made up of one

or more of such carpels.

"When the gynoecium is formed

of but one carpel, as in the

Broom {fig. 568), Fea {fig. 588), Fig. .588. Pistil of Lathwus. o. Ova-

&C., the pistil is called ..-,«;./. ^ o^Kva^T ^Ihe styt ^d
and the two terms pistil and stigma, stiV/.

Fig. 588.

I
stlo
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rar])cl arc synonymous ; when tlicrc is more than one carpel,

it is called compound (figs. 587 and £66).

In a compound pistil tiie carjjcls may be either separate from
each other, as in the Stonecrop (fi(j. 566), or united into one
body, as in the Primrose (fig. 567), Carnation (fig. 587), and
Tobacco (fig. 568,2); in the former case, the pistil is said to be

apocarpous or dialycarpous, in tlie latter .syncarpous.

When the pistil is apocarpous, the number of carpels of which
it is composed is indicated l)y a Greek numeral prefixed to the

termination gynia, which means female, and the flower receives

corresponding names accordinf;ly. 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 carfjcls or Two styles is Digynous, as in

most British Grasses and Dianthus.

„ „ Three carpels or Three styles is Trigynous, as

in Kumex and Silene.

„ „ Four carpels or Four styles is Tetragynous

„ „ Five carpels or Five styles is Pentagynous.

„ „ Six carpels or Six styles is Ilexagynous.

„ ,, Seven carpels or Seven styles is Ileptagynous.

„ „ Eight carpels or Eight styles is Octogynous.

„ „ Nine carpels or Nine styles is Enneagynous.

„ „ Ten carpels or Ten styles is Decagynous.

„ „ Twelve carpels or Twelve styles is Dodeca-
gynous.

„ „ More than twelve or numerous Polygynous.

These terms will be referred to again when we treat of the

Linnajan 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 number
coincides with tlie 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 carjjcls may be arranged in one

whorl, as in the Flowering liush (fig. 457), and Stonecrop

(Sedum) (y/f/. 566); or in several whorls altermiting with each

other, cither" at the same level, or, as is nu)re generally the case,

at diMcreiit hciglits uj)()n the thalamus so as to form a spiral

arrangement. When an apocarpous i)istil is thus found with

several rows of carpels, the receptacle or thalamus, instead of
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5S9.

forming a nearly flattened top as is usually

the case when the number is small, frequently

assumes a number of other shapes ; thus,

in the Mairnolia and Tulip Tree, it becomes
cylindrical (^Jig. 589); in the Raspberr}' {fig.

591), Ranunculus {fig. 530), and Adonis

{fig. 592), conical; in the Strawberry {fig.

590), hemispherical ; while in tlie Rose {fig.

439, r) the receptacle or thalamus, instead of

being pi-olonged upwards as in the above

examples, becomes hollowed out like a cup,

or urn, and has the cari)els arranged upon its

inner surface. These modifications of the

thalamus, together with some others, will be

more particularly referred to under the head
of the receptacle or thalamus. The varying

conditions of this portion of the floral axis

necessarily lead to corresponding alterations

in the mutual relation of the different whorls

of carpels which compose an apocarpous pistil.

Thus, Avhen there are two whorls of carpels

placed upon a flattened thalamus, the inner

have their ventral sutures directed towards the centre of the

flower, while the outer have their ventral sutures directed to-

Fifj. 580. Central part
of the flower of the
Tulip tree (Lirio-

dcndron tidipifera).

Tlie thalamus, a, is

more or less cylin-
drical; c. Carpels;
c, e. Stamens.

Fig. 590, Fig. 591.

Fig. 590. Section of the flower of the Strawberry. The thalamus is nearly-
hemispherical, aiul hears a number of separate carpels on its upper portion.

Fig. o91. .Section ot the ripe pistil of the Raspberry, showing the coni-
cal thalamus, I. Fig. j92. Pistil of Pheasaut's Eye {Adonis).

wards the backs of tlie inner carpels; or if there are several
whorls, the component carpels of each whorl are arranged in
like manner with regard to those within them. When the'thala-
mus is convex, or in any way prolonged upwards, the innermost
cari)els 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 mutual relations of the component carpels,

T 2
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and other matters connected with their order of development
may be easily traced in apocarpous ])istils, but in those cases
where carpels placed under like circumstances become united
and form syncarpous pistils, they give rise to very complicated
structures, vvliich will be alluded to hereafter.

2, Syncarpous Pistil.—Having now considered the simple car-

pel, and the compound apocarpous jnstil, we pass to the con-
sideration of the compound syncarpous pistil, or that in Avhich

the component carjicls are more or less united. We have already
seen in speaking of the floral envelo])es and stamens, that the
different pai'ts of which they are resi)ectively composed may be
also distinct from each other, or more or less united. From
the position of the carpels with respect to each othor, and from
their nature, they are more frequently united than any otuer
parts of the flower. This union may take place either partly,

or entirely, and it may commence at the summit, or at the
base of the carpels. Thus in the former case, as in many
Asclci)iade;c and Xanthoxylon fraxineum {fig. 593) the carpels

are united by their stigmas only; in the Dictanmus fraxinella

(fig. 609) the upper i)art of their styles are united; while in

the Labiatai (fig. 594) and most Boragineai (fig 595) the whole
of the styles are united. In all the above cases the ovaries

are distinct. These 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 Hue (fig. 596) the union
only takes i)lace by the bases of the ovaries, the upper parts

Fig. 593. Fig. 594. Fig. 595. Fill. 596.

Fifj. •''O'l- Pistil of XfintlioTi/lon fraxineum supported on a gynopliore, (j. The
ovurlc-s. o. and HtylcB nre dii-ttiicr, hut tlie stiffmns, », are united Fii/. SJH.
Pistil ot Horchouiid (.A/anuhiinii vuUiare), a Labiate plant. Its ovaries, ov,
are distinct, tlif htjies, «, being united Fig. Wr,. Pistil of Mi/<>8ntig, a
IJoruKincous Plant, or. distinct ovurieg; </. styles united Fig. rm.
Flower of Uuc (/i;«/n (//«rto/rn«), showing tliu ovuries, of, united by their
band.
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Fiy. 598.

remaining distinct, in which case the ovary is commonlj de-

scribed as lobed. In the Dianthus {fiy. 587) the ovaries are

completely united, while the styles are distinct ; while in the

Primrose {fiy. 567), 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 compound ovary.

When a number of carpels are thus completely united so as

to form a compound ovary, the compound body formed, may
either have as many cavities separated by partitions as there

are component carpels, or it may only have one. These ditfer-

ences have an important influence upon tiie attachment of the

ovules, as will be afterwards seen Avhen speaking of placcn-

tation. It will be necessary for us therefore, to explain at

once the causes which lead

to these differences. Thus
suppose we have three car-

pels placed side by side {fiy.

597, a); each of these pos-

sesses a single cavity, so that

if we were to make a trans-

verse section of the whole

{fiy. 597, b), we should neces-

sarily have three cavities,

each of Avhich would be sepa-

rated from those adjoining by
two walls, one being formed
by the side of its own carpel,

and the other by that of tlie

one next to it ; now, if these

three carpels, instead of being
distinct, were united by tlieir

ovaries {fiy. 598, a), so as to

form a compound ovary, the

latter must necessarily also

have as many cavities as

there are component carpels

{fiy. 598, b), and each cavity

would be separated from those

adjoining by a wall which is called a dissepiment or partition.

Each dissepiment must be also composed of the united sides of
the two adjoining carpels, and is consequently double, one half

being formed by one of the sides of its own carpel, the other by
that of the adjoining carpel.

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 dis.sepiments, for as the former
are prolongations of the apices of the carpellary leaves, while

t3

Fig. 507. a. Diagram of three carpels
placed side by side but not united.
b. A transverse section of the
ovaries of tire same. Fig. .508.

n. Diagram of tliree carpels unit-
ed by their ovaries, the styles be-
ing free. b. A transverse section of
the ovaries of the same.
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the latter are formed by the union of their sides, the dissepi-

ments 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, are called cells or loculi, and such
an ovary would be termed three-celled or trilocnlar, or if formed
of two, four, five or many carpels, it would be described respec-

tively, as two celled or bilocular, four-celled or quadrilocular,

five-celled or quinquelocular, and many-celled or multilocular.

As all dissepiments are spurious or false which are not formed
by the united walls of adjoining carpels, it must necessarily

follow that a simple carpel can have no true dissepiment, and is

hence, under ordinary and normal circumstances, unilocular.

From the preceding observations it must also follow, that

when carpels which are p>laced side by side cohere and form a
compound ovary, the dissepiments must be ATrtical, and equal

in number to the carpels out of which that ovary is formed.

When a compound ovary is composed, however, of several

whorls of carpels placed in succession one over the other, as in

the Pomegranate, horizontal true dissepiments may be formed
by the carpels of one whorl uniting by their bases to the apices

of those placed below them.

We have just observed that all dissepiments are said to be

spurious except those Avhich are formed by the union of the sides

of contiguous carpels, and it occasionally happens that such

dissepiments are formed in the course of growth, by Avhich the

ovary acquires an irregular character. These false dissepi-

ments commonly arise from projections of the placentas in-

wards, or by a corresponding growth from some other part

of the walls of the ovaries. Some are horizontal, and are called

pitragmata, as in the Cassia Fistula (Jig. 599), where the ovary

after fertilization, is divided by a number of transverse par-

titions which are projections from its walls; others arc vertical,

as in Cruciferous Plants, where the partition called a replum

(fig. 600, c/), is formed from the placentas; also in Datura
Stramoninvi, where the ovary is formed of two carpels, and is

hence nornuilly two-celled, but instead of being thus bilocular,

it is quadrilocular below (Jig. 601) from the formation of u

s]nirious vertical dissc])iment, but towards the a])ex it is still

bilocular (Jig. 602), the dissepiment not being complete through-

out, and thus the true structure of the ovary is there indicated.

In the Gourd tril)e also, spurious dissepiments appear to bo

formctl in a vertical direction by jirojections from the placentas.

In the Flax, again (Jig. 603, b), rqiurious incomplete vertical dis-

sepiments are formed by jn'ojections from the dorsal sutures. In

the Astragalus (Jig. 604), a spurious disseitiment is also tbrmed
bv a folding inwards of the dorsal suture, while in O.rytrnpis and
Phdca (Jig. 605) a spurious incomplete dissei)inient is jn-oduced by

a folding inwards of the ventral suture. Various other examples
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Fig. 599. Fig. 600. Fig. 601. Fig. 602.

Fig. u99. A vertical section of aportionof theniature
pistil of Cathartncarpus or Cassia Fistula, allowing
a number of transverse spurious partitions

Fio- fiW>. Vertical section of the pistil of the
Wallflower, s. Style surmounted by the stigma,
or. Ovules attached by a stalk to the placenta, en.

cl. Vertical spurious partition called the replum.
Fig. 601. Transverse section of the lower

part of the ovary of the Thorn-apple (Datura
Stramonium), showing that it is here quadrilocn-
lar Fig. 602. Transverse section of the same
ovary at its upper part, showing that it is liere

bilocular.

Fig. 603. Fig. 604. Fig. 605.

Fig. 603. Transverse section of the ovary of the Flax {Linum), showing five

complete and true dissepiments, a, and five incomplete spurious dissepi-

ments, b. Fig. 604. Transverse section of the pistil of Astragalus,
showing spurious dissepiment proceeding from the dorsal suture.

Fig. 60.5. Transverse section of the ripe pistil of Phaca.

of the formation of spurious dissepiments might be quoted, but

the above will be sufficient for our purpose. It should be

noticed that in our description of spurious dissepiments, Ave

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 Oxytropis, are examples of such

formations occurring in simple ovaries.

We have now to consider the formation of the compound
ovary which presents but one cavity, instead of two or more,

T 4



280 ORGANOGRAPHY.

as in that just alluded to. This is produced, either by the union
of the contiguous margins of flattened carjiellary leaves, as

in the Mignonette (/?es«/a) (.^5/. 606), and Cactus (^^r, 616);
or by the union of carpels which are only partially folded in-

wards, so that all their cavities communicate in the centre, and
hence such a compound ovary is really unilocular, as in the

Orchis (fg. 607), and Poppy (Jig. 608).
Having now described the parts, nature, and structure of the

simple carpel, and of the gynoecium, we proceed in the next

place to allude generally to their constituent parts; namely, the

ovary, style, and stigma.

Fig. 606. Fig. 607. Fig. 608.

Ft!}. BOG. Transverse section of the unilocular ovary of Mignonette (Reseda),
c. Carpels of which it is formed, pi. Parietal placentas Fi<j. GOT. Trans-
verse section of tlie unilocular ovary of an Orchis, c. Carpels, slightly in-
folded, pi. Placentas Fig. (\m. Transverse section of the ovary of a
species of Poppy, or. Ovules. ;*/. Placentas, which in the young ovary al-
most meet in the centre, and thus it becomes almost multilocular, but as the
ovary progresses in development it is seen to be distinctly unilocular.

1. The Ovary.—The ovary, as al-

ready defined, is called compound when
it is composed of two or more ovaries

combined together ; on the contrary,

it is simple when it constitutes the

lower part of a single pistil, or of one of

the carpels of an apocarpous pistil. It

should be noticed, therefore, that the

terms simple pistil, and simi)le ovary,

are not in all cases synonymous terms ;

thus, a pistil is only said to be simple

(figs. 568 and 588), when the gynoecium
is formed of but one carpel, the two
terms i)istil and cari)el being then mu-
tually convertible ; but an ovary is sim-

ple, as just noticed, whether it forms

part of a simple pistil, or of one of the
Fig. 609. Pistil of Dictam- carijcls of au apocarpous pistil.

nus I-rttxnielUi. The X, ,, , • i • -i

ovary is supported on a (lencrally spcakiug, thc ovary is sessile

u])on thc receptacle or thalamus, the

car])ellary leaves out of which it is

pynophore, j/, and is su-
perior.
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formed having no stalks. In rare cases, however, the ovary is

more or less elevated above the outer whorls, Avhen it is said to

be stalked or stipitate, as in the Passion-flower, Dictamnus (Jig.

609, g), and Dianthus (fig. 587, g) ; this stalk has received the

name of gynophore. We shall refer to it again under the head

of receptacle or thalamus.

The ovary, whether simple or compound, as already noticed,

(see p. 226), may be either adherent to the calyx, or free from

it. In the former case, as in the Myrtle (fig. 448), it is inferior

or adherent, and the calyx is superior ; in the latter, as in the

Lychnis, Barberry (^.^.'^569), and Dictamnus (^^. 609j, it is

superior oxfree, and the calyx is inferior. Sometimes tlie ovary is

but partially adherent to the calyx, as in the

Saxifrage (fig. 610), and other plants of the

order to which that belongs, in Avhich case it

is sometimes termed half-adherent or half-

inferior, the calyx being then half-superior

;

the latter terms are, however, but rarely used,

the ovary being commonly described as

inferior, whether its adhesion to the calyx be

complete or only partially so, and vice versa.

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 Rose (fig. 439), where the

receptacle is concave and attached to the

calyx, and bears a number of carpels on its

inner walls : a transverse section will at

once show the difference ; thus, in the Rose
we should find a single cavity open at its

summit, and covered with distinct carpels ; whereas, on the

contrary, a true adherent ovary would show one or more loculi

closed at the apex, and containing ovules. The ovaries of the

Rose 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 combined. His views are not generally received by
botanists, and we need not therefore further allude to them. It

is probable however, that the thalamus by becoming hollowed

out may in some cases form part of the ovary, in the same man-
ner as it occasionally under similar circumstances forms a part

of the calyx, as already noticed in Eschscholtzia.

The ovary varies in form and appearance ; when simple, it is

generally more or less in-egular, but when compound, it is com-
monly regular. Exceptions to the regularity of compound
ovaries may be seen in the Antirrhinum (fig. 611), and
in other instances. In form, the compound ovary is gene-
rally more or less spheroidal, or ovate. The outer surface may

Fig. 610. Vertical sec-

tion of the flower of
a Saxifrage, showing
the ovary partially
adherent to the
calyx.
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Fig. Gil. Compound irregular
ovary of Antirrhinum.

612.

he eitlier perfectly even or uniform,

thus showing no trace of its internal

divisions ; or it may be marked by
fuiTOws extending from its base to

the origin of the style, and cori'c-

sponding to the points of union of

its constituent carpels. When these

furrows are deep, the ovary assumes
a lobed appearance, and is described

as one, two, three, four, five, or many
lobed, according to circumstances.

Sometimes Ave find, in addition to the furrows which correspond

to the dissepiments or points of union of the carpels, others of a

more superficial character which coi-respond to the dorsal

sutures. At the latter points, however, it is more common to

find slight projections, which then give a somewliat angular

appearance to the ovary.

The e])idermis covering the surface of the ovary, may be

either perfectly smooth, or covered in various ways with ditfer-

ent khids of hairs, or prickles ; or it may assume a glandular

appearance ; in Avhich cases the same terms are

used as in describing similar conditions of the

surface of the leaves, or other organs of the

plant.

When the ovary is compound, the number of

carpels of Avhich it is composed may be ascer-

tained in one or more of the following ways.

Thus, when the styles or stigmas remain distinct,

tlie number of tliese generally corresponds to

the number of carpels. It does, however, occa-

sionally happen, as in the Euphorbia (Jig. 612),

that the styles are themselves di^'idcd, in which

case they would of course indicate a grcatei

number of carjiels than are actually present ; wc
must then resort 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 cor-

respond in number to the carpels of which that ovary is com-

l)Osed. I'lie mode of venation may in some cases also, foini a

guide in the determination ; while in others, the manner in which

the ovules are attached must be taken into consideration. We
will now i)ass to tlie examination of the latter point.

Placcittation —The term placenta is by most botanists applied

to the more or less marked ])rojection occurring in the cavity of

the ovary to whicli the ovules are attached ; by others, it is

restricted' to the jioint corresponding to the attachment of each

ovule, and tlie term placaitaries is then given to the projecting

Fig. 612. Pistil-

late flower of a
species of Eu-
phorbium, with
three divided
styles.
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line or ridsre which is formed by the union of several placentas.

These placentas are variously distributed in different plants, but

tlieir arrangement is always the same for any particular one,

•whence their accurate discrimination is of veiy great import-

ance. The term placentation is used to indicate the manner in

whicli the placentas are distributed. The placenta is called by
Schleiden the spermophore.

In describing tliis subject, we shall first allude to the different

kinds of placentation, and then proceed to explain the views

generally entertained as to their origin.

I. Kinds of Placentation.—In the simple ovary, the placen-

ta is situated at the p-^ gl3^
ventral suture or that

point which coiTesponds

to the union of the two
margins of the carpel-

laryleaf(y?f7.61.3) ; such

a placenta is therefore

termed marginal, or axile

from its being turned

towards the axis of the

plant.

In compound ovaries

we have three different

kinds of placentation
;

namely, axile, parietal, and free central. The axile occurs in

all compound many-celled ovaries, because in these each of the

component carpels is placed in a similar position to the simple

OA-ary, and hence the placentas situated at their ventral sutures

will be arranged in the centre or axis, as in the Lily {fig. 614),

and Campanula {fig. 615). By many botanists this mode of

Fig. fil3. Vertical section of the flower of
the Stonecrop. pi. Placenta of one of the
carpels arising from llie ventral suture.

Fig. 614 Fig. 616.

Fig. 614. Transverse section of the compound ovary of the Lily. The ovary
is trilocular. The placentas, 7)/, are axile Fig. CA^. Transverse section

of the ovary of Campanula. The ovary is five-celled, and tlie placentation

^?, axile. Fig.iWCi. Transverse section of tlie ovary of a Cactus. The
ovary is unilocular and the placentation parietal.
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placentation is called central, and the term axile is restricted to

the form of placentation Avhere the placenta is supposed to be a
prolongation of the axis. This will be afterwards alluded to.

In a compound one -celled ovary there are two forms of
placentation, namely, the parietal, and the free central. It is

termed parietal, Avhen the ovules are attached to placentas

either placed directly on the wall of the ovary, as in Reseda

{fig. 606), and Cactus {fig. 616), or upon incomplete dissepi •

ments formed (as already noticed) by the partially infolded

carpels, as in the Orchis {Jig. 607) and Poppy {fig. 608). In
parietal placentation, the number of placentas corresponds to

the number of carpels of which the ovary is formed. Wiien the

placentas are not attached to the walls of the ovary, but are

situated in the centre of the cavity and perfectly unconnected
with those Avails, they fcn-m what is called a. free central placenta,

as in the Carvophvllaceai (^^r.?. 618 and 619), PrimulacetB {fig.
620\ &c.

Fig. 617. Fig. 619.

Fig. 617. Transverse section of the
young ovary of Lychnis, show-
ing five partitions i)ro(;ee(ling

from the walls of tlie ovary to

the placentas in tiie centre; these
partitions are destroyed by the
growth of tlie ovary, so tliat tlie

placentation is ultimately free.
. Fi(i. 018. Vertical section of the Cerastiiim tiirsutum (Canjophnllacefe),
o. Ovary, p. Free central placenta, f/. Ovules, s. Styles Fie/. t;i9.

Transverse section of the same with the two portions separated, o. Ovary.
p. Placenta. </. Ovules, s. Styles. From Jussieu.

Besides the regular kinds of placentation just described, it

sometimes happens that the ovules arc ])laccd more or less ir-

regularly in tiic cavity of the ovary. Thus, in the Flowering
Kusli {Butumns) {fig. 621) they cover the whole inner surface

of the carpels ; in tlic A[i/i)iphcea, they are attached all over the

dissepiments ; in Cabomba, they arise from the dorsal suture
;

and in Broomrapo {Orobdttche), from placentas placed within the

margins of tlic ventral suture.

2. Origin of the. Placenta.—Having now described the differ-

ent kinds of i»laccntation. we proceed to consider tlie views

entertained as to their origin. It is generally believed that the
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Fig. 620. Fig. 621,

285

Fig. 620. "Vertical section of tlie pistil of Cyclamen (.Primulace.ce). s. Sepals.

j)l. Free central placenta, st. Style, sf/fir. Stigma Fi'j. 621. Vertical
section of the flower of the Flowering Rush, showing the inner surface of
the carpels covered all over with ovules.

placenta is, in most cases at least, a cellular growth developed

from the confluent marghis of the carpels, 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 de-

veloped by a single carpel ; in compound many-celled ovaries,

the placentas are in like manner formed from the contiguous

margins of each individual carpel of which it is composed
;

while in compoimd one-celled ovaries presenting parietal pla-

centation, 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 forais, as its description involves the discussion of a dif-

ferent 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 tlie 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 flattened condition, that 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 calycinum

{fig. 195), already referred to. The formation of the placentas
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from the margins of the carpels in axile and parietal placcnta-

tion, may be considered, tliereforc, as capable of being proved
by direct obsen'ation, and from analogy to wliat occurs in

certain ordinary leaA^es.

We now pass to consider the origin of the free central pla-

centa. The theory formei-ly 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 Avails of the ovary
grew more rapidly than the dissepiments, so that the connexion
between 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

it was left free in the cavity of the ovary. This tlieory is

strengthened by the fact, that in several of the Caryophyllere, we
often find traces of dissepiments at the lower part of the ovary

{fig. 617), whence it may be concluded, that these are the re-

mains of dissepiments Avhich become ruptured on account of the

unequal development of the parts of the ovary. In the Prim-
rose, however, and many other plants, Avhich 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 Primulacea;,

state, that the placenta is free in the centre from its earliest ap-

pearance; that it is originally a little papilla on the apex of the

thalamus, and that the walls of the future ovary grow up per-

fectly free, and ultimately enclose it. The formation of such a
free central placenta cannot be well explained upon the mar-
ginal theory, as the carpels have never had any connexion with

it except at their base. Hence this kind of placentation has

been supposed by Schlciden, Endlicher, and many other bota-

nists, 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 Primula,

and hence such a placenta has been denominated axile by some
botanists ; but as this name had been ])reviously applied to

another form, the adoption of such a term cannot but lead to

much confusion. The free central placenta of Primula can only

be explained on tlie marginal or car])ellary theory of the form-

ation of ]jlacentas, by supposing, either that the placentas arc

only i)roduccd at the base of tlie carpels, ar.d subsecjucntly

elongate and enlarge, or that they are formed by a wliorl of

j)laceiitas developed sejjarately from the car])els by a j.rocess of
chorisis, and that these afterwards become united in tlie centre

of the ovary.
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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 placentution are

readily to be explained by it, but the formation of the parietal

placenta is by no means so clear. It is supposed 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 carpels on their inner side, and
form parietal placentas bearing the ovules as lateral buds.

Schleiden thinks, that the formal ion 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, support his views of placent-

ation. He regards the ovules in those plants as being given otf

from the 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

marginal theory of placentation, of the formation of the ovule

and placenta in Armeruu 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. 622). 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. For additional particulars, I must
refer the reader to Schleiden's Prin.'

ciples of Botany, translated by Lankes-

ter, and to Lindley^s Introduction to

Botany.

From all that has been stated, we
may perhaps be allowed to draw the

following conclusions, namely :— that

no one theoiy sufliciently 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 marginal theory ; and that the formation of the free

central placenta of the Primulacea^, Santalacete, &c., can only be

Fig. 622.

Fig. 622. Vertical section of
the flower of JrmtcfVt. The
ovary is seen to contain but
a single ovule su:ipen(lea
from a funienlus. The
ovule is said to be reclinate.
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satisfactorily explained by considering the placenta as a produc-
tion of the axis.

In a practical point of vie^V•, the mode of production of the

placenta is of little importance. The accurate discrimination of

the different kinds is however ofmuch value in descriptive botany,

by affording us constant, and hence important characters, for dis-

tinguishing plants. Some natural orders exhibit more than

one kind of placentation, and hence cannot be distinguished by
any particular one ; 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, Cam-
panulacea?, &c., present us Avith axile placentation ; the Papave-
racew, Violacere, Grossulariaceae, Orobanchaceae, Cruciferis, &c.,

with parietal ; and the Caryophyllacere, Santalace^, Primulaceae,

&c., with free central.

2. The Style.—We have already described the genei-al nature

and structure of the style in speaking of the cai-pel. There
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 {fig. 567), it is then termed apicilar or

apical. In other cases, the apex of the ovary becomes inflected

towards 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 /afera/, as in the Strawberry (fig. 623),

or basilar, as in the Alchemilla (fig. 624). In the two latter

Fig. 623. Fig. 624. Fig. 625.

Fig. 02.3. One of tl\e carpels of the Strawberry with a lateral style ^V;.

«2». Carpel of Alclmnilhi with a basilar style- The stigma is capitate.

Fig. C25. Vertical Kcctioii of the ovary of Bubingtunia. From Lindiey.

cases tlicrcforc, tlic geometrical and organic apices of the ovary

do not con-csi)ond, as the point of origin of the istylc always de-

termines the latter.
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Fig. 626.

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.

While the style is to be regarded as being formed, in by far the
majority of cases by a prolongation of the apex of the carpellarj^

leaf, it seems probable that in some eases, it is a mere process of
the placenta. Thus in the Babingtonia, as shown by Lindley

(Jig. 625), " the style is a direct extension of the placenta, and
does not even touch the carpels, but is protruded through a hole
in the vertex of the ovary."

When the style is basilar or lateral, and
the ovary to which it is attached more or

less imbedded in the receptacle or thalamus,

it frequently appears to spring from the

latter part; such an arrangement is called

a gynohase, and the ovary is said to be gyno-

basic. In the Labiatse {fig- 594), and Bora-
gineae {fig. 595), the four ovai'ies are free,

but the styles become 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 Geranium {fig. 626). and some other

plants, where the axis is prolonged in the

form of a beak-like process, to which the

ovaries and styles become united, and from
which they separate when the fruit is ripe.

This prolongation of the receptacle or tha-

lamus is termed a carpophore, or by some
botanists a gyjiophore, but the latter term
is properly applied, as already noticed, to p^g^

the stalk which occasionally supports the

ovary, as in the Passion-flower, Dianthus,

&c. (See page 281.)

We have already stated that when the styles of a syncarpous
pistil are distinct, that they usually correspond to the number of
carpels ofwhich that pistil is composed. It sometimes happens,
however, that the style of each carpel bifurcates or becomes
forked, as in some Euphorbiaceae, either once {figs.^\2 and 628),
or twice {fig. 627); so that the number of the styles above, is

then double or quadruple that of the carpels. When two or

more styles are united into one body, this is termed a compound

The carpophore
c, of a Geranium, with
the rolled back carpels,
car.
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Fig. 627. Fig. 628.

Fig. 627. Female flower of one of the EvpJiorbiacece, 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 Oil Plant,
iRicinvs communis). The styles in this case are once forked.

style. This adhesion may take place either entirely, as in the
Primrose {fig. 567), when the style is improperly termed simple,

(undivided or entire would be a better term) ; or the union is

more or less incomplete as we proceed towards its apex, and
corresponding terms are used accordingly ; these are similar to

those previously mentioned in describing the degree of division

of the other parts of the plant. Thus it is said to be cleft, when
the union between the component styles extends to at least mid-
way between their base and apex, and the style is said to be
bifid, trifid, quadrifid, quinquefid, or mult/fid, according as it is

two, three, four, five, 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 bipartite,

tripartite, quadripartite, &c., according to the number of par-
titions.

Forvi 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-
ceeds upwards. At other times the style is filiform, or more
or less thickened, or angular ; and rarely thin, coloured, and
flattened like a petal, as in Canna, and Iris {fig. 629): it is then
said to be petaloid.

Tiie surface of the style may be either smooth, or covered
in various ways with glands and hairs. These hairs when situ-

ated on the style, frequently serve the purpose of collecting the

I)ollcn as it is discharged from the anther, and arc hence termed
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Fig. 629. Fig. 630. Fig. 631.

Fig. 629. Pistil of Iris. o. Ovary, sty. Petaloid
styles. s<ij?. Stigmas Fig. 630 Upper part
of the style and stigma of Leschenaultia formosa.
t. Style, s. Stigma, i. Indusium Fig. 631.
Upper part of the style, t, of a Composite Plant
dividing into two branches, which are covered
above by collecting hairs, pc. s. True stigma.

collecting hairs. The collecting hairs on the style of the Cam-
panula {figs. 117 and 118) are retractile; they have been already

described under the head of hairs. (See p. 49.) In the Com-
positae, the surface of the style is more or less covered with stiff

collecting hairs (^^r. 631, /»c), and as this organ is developed
later than the stamens, it is at first shorter than they are, but as

growth proceeds, it breaks through the adhering anthers, and
thus the hairs on its surface come in contact Avith the pollen and
become covered with it. In allied orders to the Compositae,

namely, the Goodeniacese {fig. 630, e) 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 struc-

ture of the stigma, this part like the placenta must be regarded
as double, one half being formed by each margin of the carpel-

lary leaf, and hence each simple pistil or carpel has neces-
sarily two stigmas, the normal positions of which are lateral.

That eminent botanist Dr. Eobert Brown, alludes to this subject

in the following manner :— " That the stigma is always lateral

may be inferred from its being obviously so in many cases; and
in one genus at least, Tasmannia, it extends nearly the whole
length of the ovarium, so as to be commensurate with and
placed exactly opposite to the internal polvspermous placenta.

u2
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" That the stigma is always double appears probable, from
those eases in which it is either completely developed, as in the

greater part of Gramineae, where the ovarium is simple; in the

compound ovarium in Urena; and from those in which the de-

velopment, thougti less complete, is still sufficiently obvious, as

in many Euphorbiacefe and in several Irideae. This degree of

development, however, is comparatively rare, confluence be-

tween the two stigmata of each carpel being the more usual

structure; and in the compound pistillum a greater degree of

confluence often takes place in the stigmata than in the placentae,

— a fact which in all such cases is obviously connected with
adaptation of surface to the more complete performance of

function." In many Rosacese, as in the Rose, &c., the stigma is

notched on the side corresponding to that from which the pla-

centa 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. 428), that half the stigma of one
carpel unites with a similar half of the adjoining carpel, and
thus it becomes alternate with the cells, and opposite to the

dissepiments.

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 more divi-

sions of the style. Thus in the 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 natui-al order Leguminosas, such as Lathyrus

(fig- 588), Vicia, &c., 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 fre-

quently divides above into two branches (fig. 594), 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 it is said to be sessile, as in the Barberry (fig. 569),

Poppy (fig. 428), Vine (fig. 506), &c. In Orchids the stigma

is sessile on the gynostemium (figs. 534 and 552), and ap]icars

as a little cup-shaped viscid space just below the attachment of

the pollen masses.

In a syncarpous pistil the stigmas may be cither united

together, us in the Primrose (fig. 567), or distinct, as in

Linum (fig. 632), and Campamda (fig. 492); in the hitter case,

instead of looking upon these separate ]»arts as so many distinct

stigmas, it is usual to describe them as if they were portions of
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but one
; thus we speak of a bifid, trifid, &c., stigraa, or a

bilobate, trilobate, Sec, stigma, according to the number and
appearance of the divisions. The term lobe is usually ap-
plied when the divisions are thick, as in the Lily {fig. 633),
and Melon (fig. 634); or when these are flattened and some-
what strap-shaped, as in the Compositae (fig. 634, 2), the stigma

Fig. 632. Fig. 633. Fig. 634, 2.

Fig. 634.

Fig. 632. Pistil of Flax {Linum). Fig.
6S3. Pistil of Lily, with one style and
a trilobate stigma Fig. 634. Lobed
stigma of Melon. Fig. 634, 2. Pistil
of Chrysanthemum, with one style and
a two-lobed stigma, the lobeswith hairs
at their extremities.

is fissured or cleft ; or Avhen flattened into plates or bands they

are lamellre, as in the Bignonia {fig. 635) and Mimulus. The
number of these divisions in the majority of instances, corre-

sponds to the number of carpels of which the pistil is com-
posed; and if the latter organ is many-celled, the number of

cells will generally correspond also, to the divisions of the stig-

ma. Thus the five-cleft stigma of some Campanulas, indicates

that there are five cells to the ovary, and that the pistil is

formed of five carpels. In the Graminete {fig. 586) and Com-
positae {figs. 631 and 634, 2), however, we have a bifid stigma,

and but one loculus or cell in the ovary; this probably arises

from the non-development or abortion in 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. 634); or

feathery, as in many Grasses {fig. 586), or fringed or laciniate,

as in Crocus, and Rumex {fig. 636), &c.
When the stigmas are united, the number of parts in the

compound stigma is usually indicated by radiating fuiTOws, or

grooves. When the stigmas unite and form a compound body
u3
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Fig. 635. Fig. 636.

Fig. 635. Stigma, s, attached to style, t, of Bignonia arborea. In the left
hand figure the lamelloe are separate, in the other applied closely to one
another Fig. 630. Flower of a species of liumex, showing fringed
stigmas, pi.

upon the top of the style, Avhich is larger than it, this com-
pound 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 (Jigs. 531 and 567), or polyhedral, or
club-shaped, or peltate or shield-shape, as in the Arbutus {fig.
637), and Poppy {fig. 428), &c. In the Violet {fig. 639), the
stigma presents an irregular hooded appearance.

Fig. 637. Fig. 638. Fig. 639.

Fig. 637. s. Peltate stigma surmounting the
style, t, of a species of Arbutus. Fig. 6.'W.

Pistil of Daphne, o. Ovary, st. Style, xtig.

Stigma /Vf/. 639. Pistil of Pansy ( Fto/a
tricolor), n. Ovary, sty. Style surmounted
by an irregular hooded stigma.

4. The Receptacle, Thalamus, or Torus.

The apex of the peduncle, or the summit of the axis, upon
which tlie different whorls of the flower arc an'anged, has been
called by botanists the receptacle, thalamus, or torus. The use

of these terms indifferently has often led to much confusion,

in consequence of two of them being also sometimes applied

in a different sense. Thus that of receptacle is used in a
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Fig. 640.

special manner (as already mentioned nnder the head of the

Peduncle) (see page 194), to indicate this body, when it is

shortened and dilated in a more or less horizontal manner, and
bears a number of flowers ; Avhile the term torus is also used by
some botanists, as synonymous with disk. (See page 265.) To
prevent confusion, therefore, it Avould be far better to apply the

term thalamus alone, to the apex of the peduncle or floral axis

upon which the different whorls of a solitary flower are arranged.

This term has been therefore chiefly used in this volume.

In the majority of plants, the thalamus is a httle 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-

siderable extent the form of the flower. Most of these forms

have been already referred to when
describing the pistil, but it will be
more convenient for reference, &c.,

if we now speak of all the essential

modiflcations. In the Magnolia,
Tulip Tree, and plants of the order

Magnoliaceae generally, the thalamus
is cyhndrical {jig. 589); in the

Pine-apple also (fig. 706, 2), and
plants of the order Anonacese gene-

rally, it acquires a somewhat similar

form; in the Raspberry {fig. 591),

Ranunculus {fig. 530), and Adonis

{fig. 592), it is conical ; in the

Strawberry {fig. 590), it is hemi-
spherical ; in Nelumhium {fig. 640),

it is a large tabular expansion, in which there are a number of

cavities containing the ovaries. In the Rose, it forms a concavity

upon which the carpels are placed {fig. 439).

In the Primulacese, Santalaceae, and in all cases where the

placenta is free from the walls of the ovary from its earhest

appearance, the thalamus becomes prolonged into the cavity of

the ovary and forms the placenta. At other times the thalamus

becomes prolonged beyond the ovary, as in the Geraniaceae,

UmbeUiferffi, &c. ; this prolongation is termed a carpophore. In

the Geranium {fig. 626), this carpophore forms a long beak-

hke process, to which the styles are attached, and which only

separate when the fruit is ripe. In some cultivated flowers, as

in the Rose, the thalamus will frequently acquire a monstrous

development, and become extended into a branch bearing true

leaves instead of carpels {fig. 641).

In some plants the thalamus becomes prolonged beyond the

calyx and forms a stalk to the ovary, to which the term of

gynophore has been applied. (See p. 281.) This may be seen in

U4

Fig. 640. Thai. Thalamus of Ne-
lumhium. carp. Carpels.
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some of the Capparidaceae {fig. 642); in the Passion-flower, in

the Pink
{fi<j. 587, g\ Dictamnus (fiy. 609), Xanthoxylon {fig.

593), &c. This prolongation or stalk of the ovary is by some
considered to be formed by the union of the petioles of the

cai-pellary leaves of -which that ovary is composed.

642.

F!(i. fi41. Monstrous development of
the Flower of tlie Rose, showing the
thalamus prolonged into a branch
which bears true leaves instead of
carpels F!<j. fi42. Flower of a
spei^ies of Gynaiulropsis, belonging
to the CapparidaceiE. cal. Calyx.
cor. Corolla, nt. Stamens, thai.

Prolonged thalamus or gynophore,
supporting the ovary, ov.

Section 5.— The Fruit.

We have already seen that the ovary has in its interior

one or more little oval or roundisli bodies, called ovules or rudi-

mentary sced.s; their description therefore, in a regular arrange-

ment, should. fullow that of the ovary. It is however, far more
convenient to exuminc in the first ])lace, the stnicture and
general characters of the fruit, as this is composed essentially of

the ripened ovary, and its dcscrii)tion comes therefore naturally

at the present time, when the details connected with that organ
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are fresh in our memories. Such an arrangement has, also,

the further advantage of enabling us to describe the seed imme-
diately 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 tlie flower, the result of which is the

formation of the fruit. The fruit consists essentially of the

mature ovary or pistil, containing the ripened ovules or seeds.

Although the fruit may thus be described as consisting essen-

tially of the mature pistil, other i^arts of the flower are also

fi-equently present, and assist in its composition. Thus in those

cases where the calyx is adherent to the ovary, as in the Apple,

Pear, Melon, Gooseberr}-, &c., that organ necessarily forms a

part of the fruit ; in the Eose the concave thalamus, which
bears the carpels on its inner surface, becomes a portion of the

fruit ; in the Strawberry, again, the fi'uit consists of the succu-

lent hemispherical thalamus, bearing the carpels on its convex
surface ; in the Acorn, Hazel-nut, Filbert, &c., it consists of

pistil, calyx, and bracts, combined together; while in the Pine-

apple {Jig. 706, 2), it is composed of the ovaries, floral enve-

lopes, and bracts of several flowers; in the Fig also {fig. 383),

we have a finiit 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 enclosing the ripe seeds, yet

the term is also apphed to whatever is combined with it, so as

to form a covering to the seeds.

Changes produced in the Ovary in the course of its Develop-

ment.—The fruit being essentially the ovary in a mature state,

it should correspond with it in stmcture. This is the case

generally, and we find the fruit therefoi'e consisting of the

same parts or organs as the ovary, only in a modified condition;

thus, the walls of the ovary commonly alter in textm-e, 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, or abortion,

or obliteration of parts. Thus, 1st. The addition of parts is

commonly produced by the formation of the spurious dissepi-

ments already alluded to. In the Datura Stramonium, for in-

stance, we have a two-celled ovary converted into an imperfectly

four-celled fruit, by the formation of a spurious vertical dissepi-

ment (figs. 601 and 602); this dissepiment appears to be formed
by the projection of the placentas on the two sides, which meet,

and become united to corresponding projections from the dorsal su-

tures. In the Cassia Fistula, again {fig. 599), and some other fruits
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of a similar nature, we have a one-celled ovary converted into a
many-celled fruit, by the formation of a number of transverse dis-

sepiments. In the Pretrea zanguebarica, a one-celled ovary is

converted into a six-celled fruit (jig. 642, 2), by an extension and
doubling inwards of the placenta. In Trihulus terrestris, the

ovary is quinquelocular, but as it approaches to maturity, each
loculus {Jigs. 643 and 644) becomes divided into as many divi-

Fig. 642, 2. Fig. 644. Fig. 643.

Fig. 642, 2. Transverse section of the
fruit of Pretrea zanguebarica. From
Lindley Fig. 643. A vertical
section of a loculus of the ovary of
Trihuhis terrestris. o, o, o. Ovules,
c. Projections from the wall which
are commencing to separate the

cviiles Fig. 644. 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 con-esponding number of projections proceeding from its walls.

Other examples of the formation of spurious dissepiments pro-
ducing changes in the ovary have been mentioned when speak-
ing of those structures.

2nd. Other changes are produced in the ovary as it proceeds

Fig. 645.
to maturity, in consequence of the great de-

velopment of succulent parenchyma. Thus
as already noticed, the thalamus of the Straw-
berry (^fg. 645) becomes enlarged and suc-

culent, 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, &c., in which the seeds are imbed-

ded, appears to be produced from the pla-

centas ; that of the Orange, is of a similar

nature.

3rd. Other alterations are produced by the

abortion, or obliteration of parts, as the ovary

ripens. Thus tlie ovary of the Oak, and

Hazel, consists of three cells, each of which contains two ovules,

Fig. CAr>. Fruit of the
Strawberry.
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but the fruit has only one cell and one seed, so that in the course

of development, five ovules and one cell have become obliterated.

In the Birch we have an ovary with two cells, containing one
ovule in each, but the fruit is one- celled and one-seeded, so that

here, one cell and one 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 obhteration of

certain parts.

From the above examples it will be evident, that although the

ftniit consists essentially of the ripened pistil, yet that in the pro-

gress ofthe latter organ towards maturity, it becomes frequently

much altered from its original structure, so that in order to have

a clear idea of the nature of the fruit, it is important to ex-

amine that of the ovary, and trace its development up to the

fruit.

General Characters or the Fruit.—The structure of the

fiTiit 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 compound fruits, as also apocarpous and syncarpous ones.

Simple fruits, like simple ovaries, are normally unilocular ; while

a compound fruit may have one or more cells, according as the

dissepiments are absent or present, and the number of cells

is indicated by similar terms to those used when speaking of

the compound ovary.

The fruit, again, is described as superior or inferior, in the same
sense as those 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, Quince, &c. ; or it is superior, as in

the Poppy, Pea, &c., when the ovary is superior, and the calyx

non-adherent.

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,

lience in those ovaries where the style is lateral or basilar,

as in many Rosaceaa (Jigs. 623 and 624), Labiatse, and Bora-

ginese, the organic apex of the fruit will be also thus situated,

so that the geometrical and organic apices will be very dif-

ferent. The remains of the style frequently exist in the form

of a little point on the fruit, which is then commonly described

as apiculate. Some traces of the style may be usually ob-

served, by which we are enabled to distinguish small fruits from
seeds ; thus the fruits of the Ranunculus, those of Labiate

Plants, the Boraginete, Umbelliferae, &c., are thus readily distin-

guished from seeds. Generally speaking, the style forms but a

very small portion of the fniit. the greater part of it, together with

the stigma, dying away soon after the process of fertilization has

been effected; but in other cases, on the contrary, the style is not
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^ig. 646. only persistent but continues to grow,
and it then forms a lengthened appen-
dage to it, as in the Traveller's-joy

(Clematis) (fig. 646), and in the Pasque-
flower (Anemone Pulsatilla) (fig. 684);
the style in these two cases being hairy,

the fruit is called caudate, or tailed.

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 fniit does not ripen when the seeds

are abortive. There are, however, many
exceptions to this ; thus, many Oranges,

Grapes, &c., produce no seed?, but the

pericarp is nevertheless fully developed;

and in the Bananas, Plantains, and Bread-
fruit, the fruits 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 proceed together after

the process of fertilization has been ef-

fected, 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 arc not fully formed fruits,

but only enlarged and swollen pericarps.

The pericarp, like the ovary of which it is essentially com-
posed, possesses a placenta, to which the seeds are attached ; and
the same terms are used in describing the diflcrent kinds of pla-

centation, as with those of the ovary; these kinds are usually

more evident in the fruit.

Having now briefly 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.

Tlie pericarp exhibits three layers or regions (fig. 679), an
external, called the cpicarp or exocarp, ep ; a middle, the

mesocurp, me; and an inner, tlic 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

Fig. 646. Fruit of the
Traveller's-joy {Cle-
matis). This fruit is

called an Achenium,
and is caudate or
tailed.
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in some fruits, is then termed the stone or pulamen. When the

pericarp consists simply of the matured walls of the ovary, its

three parts correspond to the three parenchymatous layers of the

carpellary leaf : thus the epicarp represents the epidermis of the

under surface of a true leaf, or that on the outer surface of the

ovary; the mesocarp corresponds to the general parenchyma of

a leaf, or that of the ovary ; and the endocarp to the epidermis

on the upper surface of a leaf, or to the epithelium or inner hning

of the ovary. When the calyx is completely united to the ovary,

the relation of parts must necessarily differ, and probably some-

what 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 corresponds to the endocarp.

The parenchyma of the fruit, like that of the ovary and the true

leaf, is traversed by fibro-vascular bundles.

In some cases the pericarp clearly indicates its analogy to

theleaf, by remaining j'm. 647.
in a condition not

very dissimilar to

that organ folded in-

wards and united by
its margins, as in

the Bladder Senna

\ /£ cA-?\ Fig.Ml. Foliaceons bladdery legume of the
Cens), \Jig. 647) ; Bladder Senna {Colutta arhorescem).

such a fruit is de-

scribed as/oliaceous or leafy. Generally speaking, however, one
or more of the layers of the pcricarj} become more developed, by
which its resemblance to the 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 hable to alteration, and frequently differs much
in appearance from the corresponding part of the leaf or ovary.

Thus its cells sometimes become hardened by secondary de-

posits, and form a stony shell surrounding the seed, called the

putamen, as already noticed.- The mesocarp is the layer which
commonly presents the greatest development, and differs most
in appearance and texture from the general parenchyma of

the leaf.

The above remarks will be rendered more intelligible by being

illustrated by a few examples taken from well-known fruits.

In the Peach, Apricot, Cherry, Plum, &c.. the separable skin is

the epicarp; the pulpy part, which is eaten, the mesocarp or sar-

cocarp ; and the stone enclosing the seed, the endocarp or

putamen. In the Almond, the seed is enveloped by a thin woody
shell, constituting the endocarp, which is itself surrounded by si
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thin green layer, formed of mesocarp and epicarp. In the

Apple and Pear, the skin is the epicarp ; the fleshy part, Avhich

is eaten, the mesocarp or sarcocarp ; and the core containing

the seeds, the endocarp. A similar disposition of parts occurs in

the Medlar, except that here the core becomes of a stony nature.

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-
monly termed the nut, is the endocarp; and the green covering

of this, called the husk, consists of mesocarp and epicarp. 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 a^ucculent
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, &c., these

layers become so blended, that it is difficult, if not impossible,

to distinguish them. The examples of fruits thus mentioned
above, together with those previously alluded to, will show in a
striking manner, the very varying nature and origin of those

parts which are commonly eaten.

Sutures.—In describing the structure of the simple carpel,

we found that it presented two sutures : one of which, called the

ventral suture, corresponded to the union of its margins, 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 carpellary leaf, and which was directed

towards the circumference. The simple fruit being formed, in

most cases, simply of the mature carpel, also presents two su-

tures, Avhich are distinguished by similar names. These, like

those of the carpel, may be frequently distinguished externally,

either by a more or less projecting line, or by a slight furrow
;

thus in the Peach {fig- 677), Cherry, Plum, Apricot, &c., the

ventral suture is very evident, although the dorsal suture has be-

come nearly effaced; while in the Bladder Senna {fig. 647),

Pea, and other fruits of the Leguminosoe, 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 dor-

sal sutures can be alone observed externally, as the ventral

sutures of the component carpels 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 carpels of which such an ovary is formed.

In a fruit presenting similar characters, we find of course a
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similar disposition of the sutures- When an ovary, on the con-

trary, is formed of two or more carpellary leaves, the margins
of which are not inflected, or only partially so, and is therefore

one-celled, and presents parietal, or free central placentation,

both ventral and dorsal sutures may be observed externally al-

ternating 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 certain periods, which vary in

different plants, but commonly 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, indehiscent.

Those fruits, such as the Nut, the Cherry, Apricot, Plum, Date,

&c., which have very hard or fleshy pericarps, are usually in-

dehiscent.

Dehiscent fruits open in various ways:— 1st, By a sphtting

down in the line of one or both of the sutures ; or at the junction

of the component carpels only, or at those 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 carpels, or they are twice as nu-
merous. Thus in simple carpels, which only open by the vent-

ral or dorsal suture, there will be only one valve corresponding

to the one carpel, or its one cell ; but if they open by both su-

tures, there will be two valves. In compound ovaries composed
of several cells, the valves will be equal in number to the cells,

or component carpels, if the dehiscence only takes place by the

dorsal suture, or in the line of union of the component carpels

;

or they will be double the number, if the dehiscence takes

place by both those parts of the fruit. In compound one-celled

fruits, the valves will be equal in number to the component
carpels, if the dehiscence occurs only by the ventral or dorsal

sutures, or double, if by both. When there is a distinct axis left

after the separation of the valves, this is called the columella

{figs. 660 and 661, a). According to the number of valves,

the fruit is described as univalvular, bivalvular, trivalvularj mul-

tivalvular, &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-

ar, 2. Transverse or circuinscissile, and 3. Porous.

1. Valvular Dehiscence.—This may be either partial or

complete ; thus in the Dianthus {fig. 649), Lychnis {fig. 648),
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Fig. 648. Fig. 649. Fig. 650.

Fig. 648. Fruit of Lychnis
Fig. 649. TTuit of Dianthua
Fig. 650. Fruit of . Mignonette
{^Reseda).

and many other Caiyophyllaceoiis 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 certain Saxifrages, and in the Mignonette {fig. 650), &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 readily distin-

guishable. At other times, the separation of the fruit into

valves is more or less complete, so that the nature of the de-

hiscence is at once evident. We now pass to consider the

various modifications of such forms of valvular dehiscence.

In fruits which are formed of but one carpel, the dehiscence

may take place by the ventral suture only, as in the Hellebore,

Columbine {fig. 651), and Pgeony {fig. 683); or by the dorsal

suture only, as in some Magnolias {fig. 652); or by both dorsal

and ventral sutures, as in the Pea {fig. 653), Bean, and many
other Leguminous Plants. This form of dehiscence is com-
monly known as sutural.

In compound fruits having two or more cells with axile pla-

centation, there are three leading forms of dehiscence, which
are called respectively, septicidal, loculicidal, and septifragal.

A. Septicidal Dehiscence.—In this form, the fruit is sepa-

rated into its component carpels by a division taking place

between the two halves of each dissepiment {fig. 654). It is

seen in the Colchicum, in the Scrophularia, and the Rhododen-
dron, &c. In this dehiscence each valve corresponds to a

carpel, and the valves arc said to have their margins turned

inwards. In tliis form of dehiscence, the placentas with the

seeds attached, arc either carried away with the valves {fig.

655), as in the Colchicum, Sec. {fig. 654) ; or the valves break
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Fig. 652. Fig. 653.
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Fig. 651. Follicle of Columbine (Aquilegia), dehiscing by ventral suture.
Fig. ()52. Follicles of il/a(7»io?ia srZawco, deliiscing by their dorsal suture. The
seeds are suspended from the carpels by long cords Fig. dnS. Legume
of the Pea which has opened by both dorsal and ventral sutures ; hence it is

two-valved. c. Calyx, ep. Epicarp. pi. Placenta, ov. Seeds attached to

the placenta by a fuuicuhis or stalk,/, en, Endocarp.

Fig. 654. Fig. 655. Fig. 65; Fig. 658.

Fig. 656.
Fig. 659.

Fig. 6.54. Capsule of the Meadow Saffron {Colchicum

autumnaW), showing sep'icidal dehiscence. Fig.

&r,5. Diagram of septicidal dehiscence, showing the

placentas and seeds carried away with the valves.

Fig. 6o6. Diagram of septicidal dehiscence,

showing the valves breaking away from a central

column formed by the union of the placentas.

Fin 657 Capsul^ of a species of Hibiscus, dehiscing loculicidally. r, v, v.

Valves, c. Dissepiments, g. Seeds. Fig. 6.58. Diagram of loculicidal

dehiscence, in which the vaives carry the placentas with them. Fig. 6o9.

Diagram of loculicidal dehiscence, in wliich the valves have separated

from the placentas which remain as a central column.

away from the placentas, which remain united and form a central

column (^^r. 656).
, .

B. Loculicidal Dehiscence.—This is said to occur, when each
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carpel opens by its dorsal suture or through the back of the

cells, the dissepiments remaining undivided {fig 657). Here,

each valve is composed of tlie united halves of two adjoining

carpels, and the valves are said to bear the dissepiments in the

middle. Examples maybe seen in the Lily, Iris {fig. 690), and
Hibiscus {fig. 657 ). As in septicidal dehiscence, the valves may
either carry the placentas and seeds with them {fig. 658), as in

the Iris; or they may break away from the placentas, and leave

them united in the form of a central column {fig. 659) ; or each

carpel may simply open at its dorsal suture, and tlie valves

bearing the dissepiments may remain attached to the placentas.

In some forms of septicidal dehiscence the carpels separate

without opening, as in the Digitalis, in which case tliey may
afterwards open by their dorsal sutures, or in a locullcidal

manner. In other cases, the axis is prolonged in the form of a

columella or carpophore, as in tlie Mallow, Castor-oil Plant

{fig. 660, a), and in the Geraniacea? {fig. 661, a), Umbelliferie

Fig. 660. Fig. 661.

Fig. 660. Fruit of Castor-Oil Plant (Riclrms
communis), dehiscing in a septicidal man-
ner, c, c, c. Carpels, a. Columella. i>d.

Dorsal suture where each i-arpel ulti-

mately opens Fin. «<>!. Fruit of a species of Geranium, c. Per-

sistent calyx, a. Axis or carpopliore from which the carpels, o, o, with

their styles, t, t, are separating, s. Stigmas.

{fig. 697), &c., and the carjicls wliich arc united to it also

sei)arate without oi)eniiig. Such carpels frequently open after-

war.ls by their dorsal sutures (fig. 660, sd). When such carpels

separate with a certain amount of elasticity from the axis to

which they are attached, as in some Euphorbiaccjv, they have

been called cocci {fig. 660). By some botanists, all carpels which

thus separate from tlie axis in a septicidal manner are termed

cocci, and the fiiiit is described as dicoccous, tricoccous, Sec,

according t(j their numl)er. In some fruits, such as those of

the Linum caf/iurticiwi, the carpels open lirst by their dorsal
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suture, and then separate from each other in a septicidal

manner.
C. Scptifragal Dehiscence.— In this form of dehiscence the

carpels open by tlieir dorsal sutures, and at the same time the

dissepiments separate from the walls and remain united to

one another and to the axis, which in this case is generallv

more or less prolonged {figs. 662 and 663). Here each valve

is composed of the two halves of adjoining- carpels. This form
of dehiscence may be seen in the Datura {fig. 663, 2), and
Cedrela {fig. 662). The placentas bearing the seeds are here

attached to the axis between the dissepiments {fig. 662, a).

Fig. 662. Fig. 663.

Fig.&\2. Capsule of Cedrela angus-
tifoUa, showin? septifragal dehis-
cence. V, V, V. "Valves, a. Axis bear-
ing the dissepiments, c, c, and seeds,

g. Fig. Qa.',. Diagram illustrat-

ing scptifragal dehiscence.

In compound fruits Fig. 663, 2.

with one cell having

parietal or free central

placentation, we have

two forms of dehiscence
;

these are analogous to

the ordinary septicidal

and loculicidal kinds just

described.

Thus in compound
fruits Avith parietal pla-

centation, the dehiscence

may take place:—either

through the confluent

margins or ventral sutures

of the adjoining carpels,

so that each placenta is

divided into its two
lamella, as in the Gen-
tian (^fig. 664), in which
case the dehiscence is

analogous to the sep- ^. „„„ „ „ , „ ^.••-,? r 1 V Fig. 66S, 2. Capsn^e of Datura Stamonhim,
tlCldal lorm, and each showing septifragal deliiscence.

X 2
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valve, therefore, represents one of the component cai*pels of

the fruit; or the dehiscence may take place through the dorsal

sutures, as in the Heart's-ease {fig. 665), in which case it

is analogous to the loculicidal dehiscence, and each valve is

composed of the adjoining halves of two carpels. These
forms may be readily distinguished by the varying attach-

ment 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. 664), and the valves are said to be
placentiferous at their borders; in the latter, the placenta and
seeds will be attached to the centre of each valve {fig. 665),

and the valves are then said to be placentiferous in their middle.

It sometimes happens, as in the fruit of the Chelidonium

{fig. 667), and Wallflower {fig. 666), &c., that the placentas

bearing the seeds remain vmdivided, and the valves break away
from them, so that they are left attached to a frame or replum

{fig. 600).

Fig. 664. Fig. 665. Fig. 666. Fig. 66^

Fid. CM. Friiitofa Gentian dehiscing in a

septiciflal manner. Fig. fitiS. Fruit of

Ileart's-ease ( Viola tricolor^, dehiscing in a

loculicidal manner Fig. Gfifi. Fruit or

Biliqua of the Wallflower, showing the se-

paration of two valves from a replum.
Fiij. tu;". Fruit of Celandine {Clielidoniuni

iri(ijii.i), with the valves separating from
tlie placentas.

In compound fruits with a free central placentation, the same

forms of dehiscence occur as in those with ])arietal jdaccnta-

tion, but here it is difficult in many cases to speak positively as

to the nature of the dcliisccnce, from the absence of seeds or

dissepiments u])on the valves. The means usually adoi)ted in

such cases, is to count tlic number of the valves and compare

their position with that of the divisions of the calyx. Tlius as
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the different wliorls of the flower, in a regular arrangement
alternate with each other, the component carpels of the fruit

should alternate \Yith the divisions or sepals of the calyx. If

the fniit 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, and
the dehiscence is consequently analogous to the septicidal form;

if, on the contrary, the A-alves are equal and opposite to the

divisions of the calyx, each valve is composed of the adjoining

halves of two carpels, and the dehiscence is analogous to

the loculicidal form. Sometimes the number of valves is double

that of the calycine segments, or sepals, in M'hich case, each

valve is formed of half a 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 separa-

tion may either take place from above downwards, which is

by far the more usual form {figs. 654, 657, and G62); or occa-

sionally from below upwards, as in the Mahogany {Swietenia

Mahagoni), Chelidonium {fig. 667), Cruciferous Plants {fig.

666), &c.

2. Transverse or Circumscissile Dehiscence.— In this

kind of dehiscence, the opening takes place by a transverse Une
through the fruit across the sutures, so that the upper parL is

separated from the lower like the lid of a

soap-box, as in Hyoscyamus {fig. 668), Fig. 668.

AnagalHs {fig. 692), Purslane, &c. Some-
times the dehiscence only takes place half

round the fruit, as in Jejfersonia, in which
case the lid remains attached to the fruit on
one side, as by a hinge. The transverse de-

hiscence of fruits resembles certain forms of

calyx, as that of Eucalyptus and Eschschol-

tzia, Avhere the upper part separates from jF/g.668. FmitofHen-
the lower like a lid. The fruits or pericarps bane (Hyoscyamiui)

, . , ^ ^ , , .
^

l with transverse de-
which present transverse dehiscence may be idscence. This fruit

supposed to be formed, either of carpellarv '^,
termed a pyxis,

, ^ ^ . 1 • . , 1 • 1 S wlucli IS a kind of
leaves m which the laminre are articulated capsule,

to the petioles, as in the Orange {fig. 300),

and which become separated at the point of articulation, so

that the united petioles form the lower part of the fruit, and
the united lamina the upper; or it may result from the prolon-

gation and hollowing out of the thalamus, and the articulation

of the carpellary leaves to its circumference, so tliat in the

dehiscence the lower part of the fruit is formed by the concave
thalamus, and the upper p»art by the carpellary leaves; thus

resembling the separation of the calyx in Eschscholtzia from
the thalamus.

x3
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Fig. 669.

Fig. GC9. Pyxis of the

Monkey-pot iLecy-
this oilaria), with
transverse dehis-
cence.

In the Monkey-pot (Lecijthis) {Jig. 669),
the lower pait of the ovary is adherent to

the tul)e of the calyx, and the upper ])ortion

is free ; when dehiscence takes place, it does
so in a transverse manner and at the part
Avhere the 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 de-
hiscence. Such fruits are sometimes termed
opercuJate, a term which is also applied hy
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.

Mr., Hincks, in a paper published in vol. xvii. of the Annals of
Natural Hislory, thus accounts for the transverse dehiscence of

the fruit; he thinks "that it arises from the force of cohesion of

the parts of the circle, the absence of any of the causes favour-

able to dehiscence along the midrib of the carpellary leaf, and
the operation of some force pressing either from without or

from wdthin on one particular line encircling the fruit."

Transverse dehiscence may also occur in fruits which are

formed by a single carpel, as well as in the com])ound fruits

mentioned above. Thus the legumes of

Fig. 670. Coronilla, Hedysarum {fig. 670), Ornilhopus,

&c., separate when ripe into as many portions

as there are seeds. Tlie separation taking

place in these cases has been supposed to be

effected by a process called solubility. ]Mr.

Hincks thus explains it in the paper above
alluded to; he says " the intervals between
the seeds being sufficient to admit of the

sides of the frnit cohering (which is pro-

moted in particular instances by special

causes), the swelling of the seeds afterwards

stretches the parts over tlicm in a degree

which this coherence prevents from being

equally distributed, drags tlie tissue forcibly

from the junctures which are fixed points,

and thus there being a strain in each direc-

^''iS''^: Jo'JL"/:.^ ti^" ^''^^'^ ^'^c middle line of the juncture, the

contraction of drying in tlic ripening of the

fruit effects the se])aration."

Some botanists regard such legumes as

formed of folded pinnate carpellary leaves

analogous to the ordinary pinnate leaves of the same plants,

species of Saintfoiii

{Hcffuxariivi) sepa-
rating trunsversely

into one - seeded
portions.
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the divisions taking place at the points of union of the different

paii's of pinnaj.

3. Porous Dehiscence.—This is an irregular kind of dehis-

cence, in which the fruits open by little pores or slits formed in

their substance by a process called rupturing. These openings may
be either situated at the apex, base, or side of the fruit, hence they
are described accordingly, as apicular, lateral, or basilar. Ex-
amples of this kind of dehiscence occur in the Poppy (fy. 428),
in which a number of pores are placed beneath the peltate disc

to which the stigmas ai"e attached; in the Antirrhinum (Jig.

611), where there are two or three orifices, one of Avhich is

situated near the summit of the upper carpel, the other ( one or

two) in the lower; and
m various species of

Campanula, &c. (figs.

671 and 672). In the

latter the calyx is

adherent to the ovary,

and the pores wliich

have a very irregular

appearance at their

margins, penetrate

through the walls of

the pericarp formed
by the adherent calyx

and ovary; these pores

correspond to the num-
ber of cells in the

ovary, and are either

situated at the side

(fig. 671), or towards

the base (fig. 672).

IvixDS OF Fruit.-

Fig. 671. Fig. 672.

Fig. 6"1. Fruit of a species ot Campanula, p.
Pericarp, t, t Pores at the sides, c. c- Per-
sistent calyx united with the pericarp
Fig- 672. "Fruit of a Campanula dehiscing

by pores at its base-

A number of different kinds of fniit

have been distinguished and named, and several classifica-

tions 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 fniits, founded

essentially upon the structure and position of the ovary, would

be of great value in descriptive botany. The difficuhies attend-

ing this subject have been also much increased, by the same
names having been given by different authors to totally distinct

kinds of fruits, and even to different classes of fruits. In a

work like the present it would be impossible, and indeed would
only lead to confusion, if it were attempted to describe all the

different kinds of fruits that have received names. At the

same time, I consider the subject of far too much importance to

be hastily disposed of, and I shall accordingly devote as much
X 4
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space as possible to this intricate Subject. Those who wish to
investigate the matter further than my Hmits will allow me to

do, would do well to consult Lindley's Introduction to Botany,
for of all recent writers upon Carpology, this author has done
most to reduce a perfect chaos to at least some degree of regu-
larity, and I have accordingly made much use of his labours in

defining the diflterent kinds of fruits. The classification how-
ever, adopted here, difi'ers in some particulars from Dr. Lind-
ley's. We have taken the pistil as our guide, and have accord-
ingly 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 folloAvs:

—

1

.

Fruits formed by a Single Flower.
a. Simple Fruits.

b. Apocarpous Fruits.

c. Syncarpous Fruits.

2. Fruits formed by the combination of several Flowers.

1. Fruits formed by a Single Floaver.

a. Simple Fruits.—By a simple fruit, we mean one which is

formed of a single carpel, 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 syncarpous
fruits of the classification here adopted. We shall describe four

kinds of these 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 the A'cntral and dorsal

sutures, so as to form two valves, and bearing its seed or seeds

on the A'entral suture. Examples occur in the Pea {fig. 653),
Bean, Clover, and in most plants of the order Leguminosse,
Avhich has derived its name from this circumstance. The le-

gume 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 twisted so as to resemble a screw

{fig. 675), or like a snail twisted, as in some species of Medi-
cago (fig 674), or coiled up like a caterpillar, as in Scorpi-

wus sulcata (fig. 673), or curved like a worm, as in CcesaU

pinia 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 Astragalus (fig.

604), and Oxytropis, it is two-celled. i)i consequence of the

formation of a spurious dissepiment, which in the first plant

proceeds from the dorsal suture, in the latter from the ven-

tral. At other times, a numl)er of spurious horizontal (lisse]ii-

ments are formed, by which the legume becomes divided into
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as many cells as there are seeds, as in Cathartocarpus Fis-

tula (Jig. 599); in which plant also the legume is indehiscent,

but tlie two sutures are clearly marked externally. The nature

of the above fruits can only be accurately ascertained by

examining the ovary, and tracing its development. Other in-

dehiscent legumes are also met with, as in Arachis, Ptero-

carpits, &c., in which there is sometimes no evident mark of

the sutures exteimally; these will, however, frequently split into

two valves hke those of a pea, if a little pressure be applied,

as in the ordinary process of shelling peas.

2. The Lomentwn.—This is a kind of legume which is con-

tracted in a moniliform manner between each seed, as in

Hedysariim {Jig. 670), Ornithnpus, Acacia Sophora {fg. 676).

Fig. 673. Fig. 675. Fig.. 676

Fig. 674.

Fio. f.73. Coiled up legume of .S'corprKru.'! SH7crt<a Fig- G74. Snail-like

lesume of Medicago orbiculata Fig- (i7.5. Spiral or screw-like legume
,

ofl.ucerm(,Medicago). Fig. 676. ludehiscent lomeutura of a species

of Acacia.

It is sometimes called a lomentaceous legume or pud. This fruit,

together with the former, characterise the plants of the Legu-

minosffi. When the lomentum is ripe, it commonly separates

into as manv pieces as there are contractions on its surface

(fig. 670), or'it remains entire {fig. 676); in the latter case, the

seeds are separately enclosed in cavities which are formed by the

production of as many internal spurious dissepiments as there

are external contractions.

3. The Drupe.—This is a superior, one-celled, one or two

seeded, indehiscent fruit, haAung 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. This is sometimes called a stone-fruit. Examples

occur in the Peach {figs. 677 and 678), Apricot, Plunv Cheriy

{fig. 679), Olive, &c. In the Almorid, the fruit presents all
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Fig. 67: Fig. 678.

Fig. C77. Drupe of the Peach. Fkj. G78. The same cut vertically.

the characters of the drupe, except that the sarcocarp is of a

toughish texture, instead of being succulent. Many fruits, sucli

as the Walnut, Coco-nut, &c., are sometimes termed drupes,

but improperly so, as they are in reality compound, or formed

originally from two or more carpels, besides presenting other

distinctive characters. A number of drupes aggregated to-

gether on a common receptacle, form collectively a kind of

Etierio (see EtyERIo). Any fruit which resembles in its general

characters the drupe, is frequently termed drupaceous or drupe-

like.

4. TheUtricle is a superior, one-celled, one or few-seeded fruit,

with a thin, membranous, loose pericarj:), not adhering to the

seed, generally indehiscent, but sometimes opening in a trans-

verse manner." Examples of this kind of fruit may be seen in

Amaranthus, Chenopodium, &c. {fg. 680).

Fig. 679. Fig. 680.

Fia- 070. Vertical section of the drupe of the Clierry (Cerasiis). ep.^P'^PO^Tp.

en. Kiidocarp. mt. Mesocaip. a. Seed with embryo. I'W- '>oO. Utri-

cular fruit of Chenopudiam, surrounded by the persistent calyx.

b. Apocarpous Fruits.— C/nrf^r this name we include those

fruits which are formed of a single carpel, but of which several

are prod{tced by a single j'lowcr. The simi)le fruits just described

arc frequently placed by botanists under this head, together
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with those to which we are now about to allude. Apocarpous
fruits are also sometimes termed multiple, and this latter term
is again applied by others, to those fruits which are the produce
of several floAvers. We distinguish three kinds of Apocarpous
fruits :— The Follicle, the Achienium, and the Etgerio.

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. 651). By the latter

character it is known at once from the legume, ^,„ ggl_
which opens as Ave have seen by two sutures,

and is two-valved; in other respects the two
arc alike. In Magnolia glauca {fig. 652), and
others, the follicle sometimes opens by the

dorsal suture instead of the ventral. Ex-
amples occur in the Columbine {figs. 651

and 681), Hellebore, Larkspur, Aconite {fig.

682), &c., in which the fruit is composed of

three or more follicles placed in a circular

manner on the thalamus; in the Asclepias,

Periwinkle, and Pieony {fig. 683), where each

flower generally forms two follicles ; in the

Liriodendron, Magnolia, &c. {fig. 652), Avhere

they are numerous, and arranged in a spiral

manner on a more or less elongated thala-

mus. It rarely happens that a floAver pro-

duces but a single follicle ; but this sometimes

occurs in the Pseony, &c. The tAvo follicles of

Asclepias arc more or less united at their base,

and the seeds, instead of remaining attached to

Fig. 681. Follicles

of the Columbine
{Aquilegia).

Fig. 682. Fig. 683.

Fio.(ji2. Follicles of tlie \cor\\iQ {A conitnm')..

Paeony (.rceonia).

-Fkj.GSS. Follicles of the

the A^entral suture, as is the case in the true follicle, lie loose in

the cavity of the fruit. This double fruit has therefore receiA-ed

the distinctive name of CoJiceptaculum.
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2. The Achcenium is a superior, one-celled, one-seeded fruit,

with a dry indehiscent pericarp, which is separable from the

seed, although closely applied to it. Linnt^us mistook some
of these achaiuia for seeds, and called the plants producing

them, gymnosperms (naked-seeded). They may be, however,

generally distinguished from seeds, by presenting on some points

of their surface the remains of ihe style. This style is sometimes
very evident, as in the Clematis (Jig. 646), and Anemone {fig.

684). Examples may
Fig. 684. Fig. 685. ^^ ^^^^ i^ the Clematis

and Anemone, and in

the plants of the orders

Labiata; (fig. 594), and
Boraginere (fig. 685).

In rare cases we find a
flower producing but a

single achjjenium.

3. The Etcerio. —
When the acha;nia

borne by a single flower

are so numerous that

they form more than

a single whorl or series,

they constitute collec-

tively an etcprio. Ex-
amples may be seen in

the Ranunculus (fig.

530), and Adcmis (fig.

592), where tbe achae-

nia are placed upon a
convex thalamus of a dry nature; and in the Strawberry (fig.

645), where they are placed upon a fleshy thalamus; hence, in

tlie Strawberry, the so-called seeds, are in reality so many sepa-

rate achajnia, while the part to wliich the Strawberry owes its

value as a fruit is the succulent thalamus.
In the fruit of the Rose (fi;;. 439), the achrenia instead of being

])laced ui)on an elevated thalamus as in the ordinary etajrio, arc

situated upon a concave thalamus to which the calyx is attached.

This modification of the ordinary ctrerio has been made a sepa-

rate fruit by some botanists, to which the name of Ci/nar/hodnin

has l)een given. A similar kind of fruit also occurs in Culi/-

caniJius.

In the Ra8])bcrry (fig. 591) and Bramble, we liave a kind of
ctnsrio formed of a number of little drupes or drupels, crowded
together upon a dry thalamus. The ctn^rio and its modifications

are ])laced by Lindley under a class of fruits called by him ag-
gregate fruits, the characters of Avhich are, " Ovaria strictly

simple; more than a single series produced by each flower."

Fig. C84. "Vertical section
of an acha3nium of tlie

Pasque Flower (Anemone
Pulsatilla). Tlie fruit is

said to be tailed in this
instance in consequence of
being surmounted hyafea-
tliery style. Fig. 08.5.

Achaenia or fruits of Bu-
gloss iLycopsis).
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The term aggregate is by some botanists applied to fruits which
are the produce of several flowers.

c. Stxcarpous Fruits.— Under this head we include allfruits

tvhich are formed by the more or less complete combination of two

or more carpels, and only one of which is produced by a single

flower. In the tAvo former classes the fruits are formed of simple

ovaries; in this from those of a more or less compound nature.

In describing these fruits we shall follow generally the classifi-

cation of Dr. Lindley. Thus in the first place, we divide them
into two divisions according as they are superior or inferior

;

and each of these divisions is again divided into others, derived

from the dry or fleshy nature of their pericarp, and their de-

hiscent or indehiscent character.

Division 1. Superior Syncarpous Fruits.

a. "WITH A DRY INDEHISCENy 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. 686 and 687). This
resembles the achtenium, 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

Fig. 686. Fig. 687. Fig. 688.

mule. r. Radicle Fig.

Fig. 686. Caryopsis or fruit of the Oat.
Fig. 687. The same cut verti-

cally, o. Pericarp, t. Testa or in-

teguments of the seed, fl. Albumen,
c. Cot>ledon. g. Gemmule or plu-

Samara or fruit of the Maple {Acer).

the ovary (fig. 586). It is found in the Oat, Maize, Eye,

Wheat, Barley, and generally in Grasses. These finiits, like the

achsenia, are commonly called seeds, but their true nature is at

once evident when they are examined in their early state.
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2. The Samara is a superior, two or more celled fruit, each
cell being dry, indehiscent, few-seeded, and having its pericarp

extended into a winged expansion. Each cell of the samara is

in fact an achajnium with a winged margin. Examples occur
in the Sycamore (^fig. 688), Ash, Elm, &c. By some botanists

each Avinged portion of such a fruit is called a samara, and
thus the fruit of the Sycamore (^fig. 688), is considered to be
formed of two united samara.

3. The Carcerule 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. 689)
is a good example of this fruit. Each cell

of the carcerule does not differ essentially

from an acha^nium ; which is also the case,

as just noticed, with those of the samara,

and hence the latter fruit may be regarded
as but a winged modification of the car-

cerule.

4. The Amphisarca is a " superior, many-
celled, indehiscent, many-seeded fruit, in-

durated, or woody externally, puljn' inter-

nally." Examples, Omphalocarpus, Adan-
sonia, Crescentia.

Fig. 689.

Fig. C89. Carcerule or
fruit of the Mullow
{3Ialva).

h. WITH A DRY DEHISCENT PERICARP.

1. The Capsule is a superior, one or more celled, many-
seeded, dry, dehiscent fruit. The dehiscence may either take

Fe^. 690. J'l^r. 691. Fig. ^^i.

Fig. r,W. Capsule of the Iris, opening in a loculicirtal mnnner. Fig. 091. spi-

rally arranged c-apsulc of a species of JItlirtc res. Fig. 092. Pyxis or fruit

of Pimpernel {Aiiagallui) dehiscing transversely.

place by valves, as in Colchicum (fig. 654), Iris (fig. 690),

and Datura (fig. 603, 2), &c. ; or by pores, as in the Poppy
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{Jig. 428) and Antirrhinum {fig. 611) ; or transversely, as in

the Anagallis {fig. 692), Henhane {fig. 668), &c. ; in the

latter case the fruit has received the distinctiAe name of Pyxis

or Pyxidium. The capsule is one-celled in the Mignonette

{fig. 650), Heart's-ease {fig. 665), Gentian {fig. 664), &c.; it is

two or more celled in the Scrophularia {fig. 693), Colchicum

{fiq. 654), Iris, {fig. 690), Datura {fig. 663, 2), &c. It assumes

various forms, some of Avhicli are remai-kable, as those of

Helicteres {fig. 691), where it is composed of live carpels

twisted together in a spiral form, and Illicium anisatum, where
the carpels are arranged in a stellate manner. It is a very

Fig. 693. Fig. 693, 2.

Fig. 603. Fruit or capsule of
a species of Scrophularia, de-
hiscing in a septicidal manner.

Fig. 69.'.. 2. Fruit ofSand-
box tree ( Hura crepitans'). It

is composed of fifteen cari)els.

which burst from the axis with great force

common fruit, and is found almost universally in some natural

orders, as PapaveracejE, Caryophyllacege, Primulaceae, Scro-
phulariacejE, LiliacejK, Iridacere, Gentianacese, &c., &c.

"When a capsule consists of three or more cells, which sepa-

rate from the axis, and hurst with elasticity {cocci), as in Picinus

{fig. 660), Euphorbia, Hura crepitans {fig. 693, 2), &c., it has
been termed a Regma.

In the Campanulas {figs. 671 and 672), we have a fruit which
resembles the ordinarj^ capsule in every respect, except that it

is inferior. Such a form of capsule has received the name of

Diplotegia. (See p. 322.)

2. The Sdiqua is a superior, one or two-celled, many-seeded,
long, narrow fruit, dehiscing by two valves separating from
below upwards, and leading the seeds attached to two parietal

placentas, which are commonly connected together by a spurious

vertical dissepiment, called a replum {fig. 600). 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 fruit it is two-celled ; if only
partially, it isr^one-celled. Examples of this fruit occm* in the

Wallflower (fig. 666), Stock, Cabbages, and in many other
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Crucifero3. When a fruit possesses the general structure of the

siliqua, hut with the lobes of the stigma alternate with the
placentas, as in Chelidonium (Jig. 667), it has been named a
Ceratium or a siliquiform capsule.

The siliqua is sometimes contracted in the spaces between
each seed, like the lomentum, in which case it is indehiscent,

as in Raphanus maritimus and sativus, &c. This is called a
Jjomentaceoiis siliqua.

3. The Silicula. This fruit resembles the siliqua in every
respect, except its length. Thus the siliqua, may be described

as long and narrow— the silicula, as broad and short. Ex-
amples occur in the Shepherd's Purse {fig. 694), and Scurvy-
grass.

Fig. 694. Fig. 695. Fig. 696.

Fig. 694. Silicula of Shepherd's Purse {Tfilaspi) Fig. 095. Transverse section

of the fruit of the Orange (C%r?« ^wrrtwCmtti). ^. Epicarp. e. Mesooarp. rf. En-
docarp. s. Seed Fig. C96. Monstrous development of the fruit of the Orange,
in which tlie carpels, ce, and ci, are more or less distinct instead of being
united. (From Baljour.)

The siliqua or the silicula are found universally and only in

plants of the order Crucifera3.

C. WITH FLESHY AND INDEHISCENT PERICARPS.

1. The Hesperidium is a superior, many-celled, few-seeded, in-

dehiscent fruit, consisting of a separable rind, formed of the epi-

carp and mesocarp combined together (fig. 69^,p e), and having an
endocarp d projecting internally in the form of membranous par-

titions, which divide the pulp into a number of portions or cells,

which arc easily separated from each other. This ])uli), as already

noticed, is cither a development of succulent parenchyma from

the inner lining of the ovary generally, or from tlic jjlacentas

only. The seeds, s, arc imbedded in the pulp, and attached to the

inner angle of each of the divisions into which the fruit is

divided, By some botanists the orange is considered as a beny
with a leathery rind, but the latter is essentially difl'crent in its

origin, as it is an inferior fruit. The fruit of tlie Orange, Lemon,
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Lime, Shaddock, &c., are examples of the hesperidium. It is

by no means uncommon to find the carpels composing the fruit

of the Orange, &c., in a more or less separated state {Jig. 696),
and we have then produced what are called " honied oranges,"

"fingered citrons," &c., and the fruit becomes somewhat apo-
carpous, instead of altogether syncarpous.

2. The Tn/ma is a superior, one-celled, one-seeded, indehis-

cent fruit, having a separable, fleshy or leathery rind, consist-

ing of epicarp and mesocarp, and a hard two-valved endocai-]i,

from the inner lining of which spurious dissepiments extend
so as to divide the seed into deep lobes. It differs but httle

from the ordinary dnape, except in being formed from an
originally compound ovary. Example, the Walnut.

3. The A^uculanium. This fruit, of which the Grape may be
taken as an example, does not differ in any important charac-

ters from the berry, except in being superior. (See Berry
p. 322.) This name is sometimes appUed to a kind of pome,
where the cells become hard and stony, as in the Medlar.

Di Inferior Si/ncarpous Fruits.

Fig. 697.

a. WITH A DRY IXDEHISCEXT PERICARP.

1. The Cremocarp is an inferior, dry, indehiscent, two-celled,

two-seeded fruit. The two cells or halves of m hich this fmit is

composed are joined face to face to a common axis or car-

pophore, from which they separate when ripe, but to which they
always remain attached by a slender cord which suspends them.

(_Jiy. 697). Each half-fruit is termed a hemicarp or mericarp,

and the inner face the commissure. Each
portion of the fruit resembles the acha-
nium, except in being inferior ; hence the

name diachcenium has been given to this

fruit. Examples of the cremocarp as

above defined are only found in the

Umbellifera, in the plants of which order

it is universal. By Lindley, the definition

of cremocarp is extended so as to include

fruits of a similar nature, but which con-

tain more than two cells, as, for instance,

those of Aralia.

2. The Cypsela. This differs in no-
thing essential from the acha^nium, except
in being inferior and of a compound
nature. It occurs in all plants of the -f'ff-

order Compositae. When the calyx is

pappose it remains attached to the fruit, as in Salsafy and
Dandelion.

697. Cremocarp,
fruit of Angelica.
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3. The Glans or Nut is an inferior, dry, hard; indchiscent,

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 indistinguishable, and the whole is more or less

enclosed by that kind of involucre called a cupule. The Acorn
(Jig. 377), and the Hazel-nut (fiy. 378), may be taken as

examples. By some botanists the fruit of the Coco-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. By
others again, the Coco-nut is described as a drupe with a

fibrous mesocarp.

b. WITH A DRY DEHISCENT PERICARP.

I. 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 Campanula is an example
of this fruit (Jigs. 671 and 672). It may open either by pores,

or valves, like the ordinary capsule.

C. WITH A FLESHY INDEHISCENT PERICARP.

1. The Bacca or Berry is an inferior, indchiscent, one or more
celled, many- seeded, pulpy fruit {figs. 698 and 699). The pulp

Fig. 698. Fig. 699. Fig. 700.

lid. <'!W- Transverse section of a berry of tlie Gooseberry {Ribca Giosmilarin).
]il. PlaceiitaH. h p. Seeds inibeililed in i)ulp J'lf/. GW. Clusters of berries
of the Ked Currant (Jiibes rubrum) Fiy. 700. Nuculanium or fruit of the
Vine (. TiVm vinij'eru).

is formed from the i)laccntas, which arc jvarietal pi, and have the

seeds s at first attached to them {fig. 698); but the latter become
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ultimately separated and lie loose in the pulp p. Examples may be

found in the GoosebeiTy and Currant. We have already stated,

that the fruit of the Grape is called a Nuculauium (^fig. 700), and
that it differs in nothing essential from the berry, except in being

superior. The name baccate or bei^ried is commonly applied by
many botanists to any fruit of a pulpy nature.

2. The Pepo is an inferior, one or spuriously three-celled,

many-seeded, fleshy or pulpy fruit (Jig, 701). The seeds are

attached to parietal placentas, and are jp- ^q^,
imbedded in pulp, but they never be-

come loose as is the case in the berry;

and hence this fruit is readily distin-

guished from it. There has been much
discussion with regard to the nature of

the pepo. By some botanists the pla- /

centas are considered as axile, and the
i

fi-uit normally three-celled, as it is
^

formed of three carpels ; while by others

the placentas are regarded as parietal,

and the fruit normally one-ceUed, as •*"

deSned above. Those who adopt the

first view believe that each placenta

sends outwards a process towards the Fig. 701. Transverse section

walls of tlie fruit, and that these pro- fj^l ^-j*
^^ ^P Car'pefs!

cesses ultimatelv reach the walls and s. Processes proceeding from

then become bent inwards and bear the SX"ence,*?rd1erminatd
seeds on the curved portions; if these by curved placentas, jjz.pz,^:-?,

processes remain, the fruit is three-
p^^^^^p^-

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 Avhich 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 formed, it is one-celled. This

fruit is illustrated by the Melon, Gourd, Cucumber, Elaterium,

and other CucurbitaceiB. The fruit of the Papaw-Tree resem-

bles 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 Avhich is papery, cartila-

ginous, 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

(Jig. 702), Pear, Quince (Jig. 459), Medlar, Hawthorn, &c. By
some botanists, the outer fleshy portion is considered as an

enlarged concave receptacle like that of the Rose (Jig. 439), 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 indistinguishable.

y2
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4. The Bahusta is an inferior, many-celled, many-seeded,
indehiscent fruit, with a tough rind. It is formed of two rows

Fig. 702.

Fig. 702. Vertioal section of the pome or fruit of the Apple {Pijrus Malvs)
Fig. 703. Vertical section of the baiausta or fruit of the Pomegranate.

of carpels placed above each other, and surrounded by the calyx,

and the seeds are attached irregularly to the walls or centre.

The Pomegranate fruit {fig. 703) is the only example.

2. Fruits formed by the combination of several
Flowers.

These fruits are commonly termed Anthocarpous, as they con-

sist not only of the carpels of several flowers united, but also

usually of the bracts and floral envelopes in combination with

them. They have been also called Multiple, Aggregate, or Col-

lective fruits, and the two former terms liave been also applied in

a difi'erent sense, as mentioned under the head of Apocarpous

fruits.

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 (fig. 709). This fruit is seen in the Fir (^^.269),
Larch, Spruce (fi-g. 397), Araucaria, and many other plants of the

order Coniferre; which derives its name from this circumstance.

All plants of the Cycas family also which ])Ossess 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 tlie 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

somewliat conical, and having the heads of tlic scales much
enlarged. It is seen in the Cypress {fig. 705), and in tlie Juniper

(fig. 704). In the latter the scales become fleshy, and are united

together into one muss, so that it somewhat resembles at first
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sight a berrv, but its nature is at once seen by examining the

apex, when three radiating hues will be observed corresponding

Fig. 706.

Fig. 704. Galbulus or fruit of .Iiiniper {Junipertis communis) Fig. 705.

Galbulus or fruit of tlie Cypress (Cm/tcssms sempervirens). Fig. 706. Spha-
lerocarpium or fruit of the Yew (Taxus baccata), surrounded by bracts at the

base.

to the three scales of which the fruit has been formed, and which

are here but imperfectly united.

No other kind of fruits except the Cone and Galbulus are

found in the Coniferse and CycadaceiB.

In the Yew however {Taxus) {fig. 706), the so-called fruit

consists simply of a naked seed, nearly enclosed in a succulent

cup-shaped mass, which is a development from the outer coat

(priminc) of the ovule. This fruit has been called the Sphale-

rocarpium. Properly speaking, it does not belong 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 of its similarity in structure to the two preceding fruits.

The Cone must be carefully distinguished from Cone-like

fi-uits, such as the Magnolia (fig. 652), Liriodendron
(fig. 589),

&c. The latter are not collective fruits at all, but they consist

of the aggregated carpels of a single flower, placed upon an

elongated thalamus.

3. The Strobilu.s or Strobile.—The fruit of the Hop (Humulus

Lupulus) (fig. 398) is by some botanists considered as a kind

of Cone with membranous scales, to Avhich 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

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 thalamus upon which they are situated. Examples of this

may be seen in the Pine-apple (fig. 706, 2), where each square

T 3
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portion represents a flower; and the whole surmounted by
a crown of empty bracts. The Bread-fruit and Jack-fruit are

other examples of the porosis. The Bread-fruit has been
already alhidcd to, as affording an instance of a fruit which
grows most freely and becomes best adapted for food in propor-

Fig. 706, 2. Fig. IQ'i Fig. 708.

Fig. TOG, 2. Pine-apple fruit {Sorons),
surmounted by a crown of empty
bracts. Fig. 707. Sorosis or fruit

of the Mulberry {Mortis nigra)
/'/(/. 70H. Fruit of the Raspberry
iliubus IikiMs), called an eta;rio.

tion to the absence of seeds, and it thus presents a well-marked

exam])le of a departure from the ordinary character and condi-

tion of fruits. The Mulbcny (^g. 707) may be also cited as

another well-known fruit, whicli presents an example of a sorosis.

At first sight, the Mulberry appears to resemble the Raspbeny
(fig. 708), Blackberry, and other fruits derived from tiie genus

Buhus to whicli they belong, but in origin and structure

the latter are totally different. Thus as already noticed in

speaking of the Etrcrio, the Raspberry and other fruits derived

from the same genus, consist of a number of drupes or fleshy

acha-nia 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 Raspberry, &c. it

is formed but by one flower.

.*>. The Si/co»us is a collective fruit, formed of an enlarged

and more or less succulent receptacle, which hears a number
of sej)aratc flowers. The Fig (Jig, 383) is an examjtle of a
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syconus ; in the Fig, the fl jwers are almost entirely enclosed

by the enlarged hollow pear-shaped receptacle, and what are

vulgarly called seeds are in reality one-seeded fruits resembling
ach^enia. The Dorstenia {fig 384) is another example of the

syconus, although it diifers a good deal from the Fig in its

general appearance; thus the receptacle is less succulent, and
only slightly concave, except at its margins, so that the separate

seed-vessels 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,
Achrenium, 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 cases, prefemng 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, if such were the case, that 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 pistil, in its unimpregnated and impregnated
or fertihzed state, we pass to the description of the Ovules

and Seeds, which are contained within those two organs re-

spectively, 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 impreg-

nated 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. 429, o and 618, g), or, indirectly, by a stalk

C£d\ed the funiculus, podosperm, or uvibdical cord {figs. 653, y^ and
600, ow), when it is described as stalked. The point of attach-

ment of the ovule to the placenta if sessile, or to the funiculus

when stalked, is termed the hdum or umbilicus. These terms
ai-e apphed 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. In parietal and axile

placentation, it may be regarded as analogous to a bud which is,

T 4
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Flq. 709.

formed on the margin of a leaf, as in Biijophyllum calycinum

{Jig. 195) and Malaxis paludosa (fig. 196); or if on a free central

placenta, as in Primrose, to a bud formed on the axis. Henslow
has described a monstrosity of the Mignonette, in which the

ovules were transformed into leaAes, and Lindley has also, in his

Elements of Botany, figured a similar monstrous development of

the ovules in Aquilegia.

The ovule is in most cases enclosed in the cavity of the

ovary; but all plants of the orders Coniferae and Cycadacece
are exceptions to this. Thus in the latter order, the ovules

are situated on the margins of leaves in a peculiarly metamor-
phosed condition, and in the former, at the base of indurated

bracts or open carpellary leaves {fig. 709). In both the above
cases, as there is no ovary, there is no
style or stigma, and the ovules there-

fore, instead of being fertilized by
pollen applied through the stigma, as is

commonly the case, are exposed and
fertilized by its direct application.

Such ovules are termed naked. The
seeds of such plants are also neces-

sarily naked, and hence they have
been called Gymnospertnous Plants,

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

Fig. 700. Bract or carpellary Plants. It shouldbe noticed howcver,
leaf, 6c, of a species of /'/«««, that there are some plants in which
bearing two naked ovules, or, , , ,

^
. ,i i , .

at its base ; wuc, micropyie the sceds bccomc partially naked in
of the ovule.

tl^y course of development, as in the
Mignonette (fig. 650), Leontice, Cuphea, &c., in which cases

they are sometimes termed seminude. The only instances how-
ever, of plants possessing naked ovules from their earliest con-
dition, are in the two orders above alluded to ; this is a
circumstance to be jxirticularly noticed, as such a character is

always attended with important structural and physiological

ditferences.

Number, and position of the Ovules.— The number of
ovules in the ovary, or in each of its cells, varies. Thus in the

Poljjgonacea) {fig. 710), Composita;, Thymelacea\ Valcriaiiacea',

Dipsacaccre, &c., the ovary contains but a solitary ovule; in

the Kubiacea;, Umbcllifcra;, Araliacea), &c., there is but one
ovule in each cell. AVhen there is more than one ovule in the

ovary, or in each of its loculi or cells, the number may be either

uniform and easily counted, when they are said to be dvfinite,

as in JEscnlns {fig. 714), &c.,—and the ovary or cell is then de-

scribed as biovidatc, triovulate, quadriovulate, quinqueovulutc, &c ,
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— or, they may be very numerous, when it is said to be multi-

ovulate or indefinite, as in Viola {fig. 429).

The position of the ovules with regard to the cavity in which
they are placed is also liable to vary. Thus when there is

but one ovule, this may arise at the bottom of the ovary and be
directed towards the summit, as in Compositae, Polygonacea

ifig. 710), Rubiacete, &c., when it is said to be erect; or it

may be inserted at the summit of the ovary and be turned
downwards, as in the Valerianaceee, and Hippuris {fig. 711),

Fig. 710. Fig.ni. Fig. 712. Fig. 713.

Fig. 710. Vertical section of the ovary of a species of Rumex {Pobj-

gonacecK). p. Enlarged calvx surrounding the ovary. The ovary
contains a single, erect, ortlio"tropou3 ovule. The embryo is inverted

or antitropous. Fi<i- 'H- A carpel of the Mare's Tail (Hippuris vul-

garis), o. Ovule, which is inverse or pendulous, and anatropous. s. Base
of the style. /.Funiculus, r. Raphe, c. Chaiaza. From Jussieu Fiy.

712. A carpel of the Pellitory {Parictaria qpicinalis), with a single ascend-

ing ovule. The letters have the same references as in the last figure. From
Jussieu Fig. 713. A carpel of the Mezereon (Daphne ilezereum), con-
taining a solitary suspended ovule. The letters refer as before.

&c., in which case it is inverse or pendulous ; or if it is attached

a little above the base, and is directed obliquely upwards, as

in Parietaria {fig. 712), it is ascending; or if, on the con-

trary, it arises a little below the summit, and is directed

obliquely downwards, as in the Mezereon {fig. 713), Apricot,

it is said to be suspeyided; if from the side of the ovary, without

turning upwards or downwards, as in Crassula, it is horizontal

or peltate. In some plants, as in Armeria {fig. 622), the ovule

is suspended from the end of a long funiculus arising from the

base of the ovary ; such an ovule is frequently termed reclinate.

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 Compositae, the solitary ovule is always erect ; while in

the allied orders, the Valerianaceoe and Dipsacacese, it is sus-

pended, or pendulous ;
— the latter terms are frequently con-

founded by botanists. In the Polygonacete and the Eubiacese

also, the ovule is always solitary and erect ; in the Thymelacese
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Fig. 714.

it is suspended. In other natural orders we find the position

var3dng in different genera, although generally constant in the

same ; thus in the Rosaceas, the genera Geum, Alchemilla, &c.,

have an ascending ovule, while those of Poterium, Sanguisorba,

Sec, have it suspended, and in Potentilla, both ascending and
suspended ovules are found. In the Ranunculaceoe also, we
find the ovule varying in like manner as regards its position.

We will now consider the position of the ovules when their

number is more than one. Thus when the ovary or loculus has

two ovules (Jbiovulate), 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 JSsculus {fig. 714). The position of the

ovules also, in those cases where they are in de-

finite numbers, is usually constant and regular,

and similar terms are employed. When the num-
ber of ovules in the ovary or loculus is indefi-

nite, the relations are less constant, and depend
in a great measure upon the shape of the locu-

lus, and the size of the placentas. Thus in the

long ovaries of many of the Lcguminosa3 {.fig.

653) and Crucifcric {fig. 600), the oahiIcs are

superposed, and by not crowding each other

they will all be turned in the same direction;

Avliile, 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 posi-

tions according to the direction of the pres-

In describing these varying ])ositions

tlie same terms are used, as those referred to

when speaking of the relations of the solitary

These terms are also applied in the

same sense to the relations of tlie seed in the
fore, iroin Jussieu.

pericarp.

Formation and Structure of the Ovule. — The ovule

appears at first, as a little roundish cellular projection on the

placenta ; tliis gi'adually enlarges and acquires ultimately, a

more or less ovate or somewhat conical I'orm ; this body is

termed the nucleus {fig. 715). It is at first perfectly uniform

in texture and ai)])earance, ])resenting no cavity as distinct irom

those of the ordinary jjarenchymatous 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 {fig. 716),

in which the embryo or future plant is developed ; hence this is

called the cmhnjo-sac or sac of the amnios. In rare cases, as iu

Fig. 714. a loculus

of the ovary of a
species of uEscu-
lus containing two g^-e
ovules, one of

which is ascending
and the otlier sus-

pended; m micro-
pyle. Tlie other OVUie
letterB refer as be
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the Mistletoe, two or three embryo-sacs are formed. This sac is

either formed by a simple hollowing out of the nucleus, and the
consequent formation of a p- .^

5^ jr-^^ .
^ e_

cavity of variable form and
size ; or it is produced (as

appears to be generally

the case) by the special

development of one of its

cells, and which as it con-

tinues to increase in size,

presses upon the sun-ound-

ing cells, and thus causes

their more or less complete
absorption. This sac some- ^ifl- 715- Unrlivided ovue of the Mistletoe

*,',„^„ «„ „„ 4.i,„ „i.^ 4.
(^Viscian album), consisting of a naked

times causes the almost nucleus Fig.nc. The same ovule cut

entire absorption of the vertically to show the embryo-sac, c.

1 1 . ^ n. Nucleus.
nucleus, and even projects

beyond it, either through the opening in its coats afterwards

to be described, called the micropyle, 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 protoplasmic matter, in which are de-

veloped towards, or at the period of fertilization, endosperm
cells and germinal vesicles. The formation of these will be

alluded to hereafter, under the two heads of Albumen and Fertil-

ization. The protoplasmic semi-fluid matter is by some called the

liquor amnios. Some ovules, as those of the Mistletoe (^^f 715), &c.

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, and that appears at first

as a little circular process around its base, this gradually in-

creases 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 ob-

served {fig. 717). The coat thus formed, where there is but one,

is called the integumentum simplex, s, and the orifice, end, at

the apex of the nucleus, n, is termed the micropyle ox foramen.

Besides the Walnut, there is only one coat formed in the Com-
posite, Campanulacea;, Lobehaceoe, &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
consequently 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. 718). The inner
coat is at first seen to project beyond the outer, but the latter

ultimately reaches and en-
Fig. 717. Fig. 718. closes it. The inner coat

is termed the secundine, s,

and the outer the primine, p.

Schleiden and some other

botanists call the secun-

dine, the infegamentum pri-

mum internum, and the pri-

mine, the infegnmentum se-

cundum externum; which on
the whole are the best terms,

Fig. 717. Ovule of the Walnut iJwjlans .^^ ^\^Qy indicate, not Onlv
rcf/ta). n. Nucleus, s. Coat covering the nu- •'

c ^ i

cieus, except at the foramen, cMft.

—

Hg. the order oi development
718. Ovule of species of PoZ^/ffouMHi./ End ^f t}-,^ ^oatS, but also their
of ovule attached to placenta, p. Pnmine. , . '. . ^^ ,

.s. Secundine. ex. Exostome. end. Eiido- relative position. Other
^*"'"*^- German botanists, again,

also following the order of development, term the inner coat /?n'-

mine, and the outer secundine, tluis reversing the names as com-
monly applied in this country. The orifice left at the apex of the

nucleus, as in the former instance where only one coat was
present, is called the foramen or micropyle. The openings in

the t\vo coats commonly correspond to each other, but it is

sometimes found convenient to distinguish these by distinct

names ; thus that of the outer, is called the exostome, ex, that

of the inner, endostome, end. The nucleus and its coat or coats

are intimately connected at one point by a cellulo-vascular cord

or layer, called the chalaza {figs. 719 and 720, 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 funiculus

into the ovule for the purpose of aftbrding nourishment to it; it is

generally indicated by being colouied, and of a denser textui-e

than the tissue by which it is surrounded (figs. 7 19 and 720). 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 micropyle or organic

apex of tlie ovule, the influence of the pollen is conveyed to the

cinliryo-sac, as will be hereafter fully described

Hklation of the Hilum, Chalaza, and Micropyle to
EACH oTHKU.—Whcu au ovulc is first devclo])cd, the point of

union of its coats and nucleus, called the chalaza, is at the base

or liilnin, close to the placenta ; in which case, a straight line

wotUd pass from the micropyle through the axes of the nucleus

ami its coats to the hilum. In rare instances this relation of

parts is preserved throughout its develoiMuent, as in tlie Poly-

gonaccjc (fig. 719), &c. ; sucli ovules are termed orthotropous
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Fig. 719. Orthotropous ovule of Polygonum, ch. Cha-
laza. x>'rim. Primine. sec. Secundine. n. Nucleus.
s. Embryo-sac. m Micropyle r-Fig. 720. Campy-
lotropous ovule of AVallflower. /. Funiculus, ch.

Clialaza. p. Primine. s. Secundine. n. iJJucleus.

mic. Micropyle.

or atropoiis. In such an ovule therefore, the micropyle, m,

would be situated at the geometrical apex, or at the end
farthest removed

j'l 719. Fig. 720.
from the hilum,

and the organic

and geometrical

apices would con-

sequently corre-

spond; while the

chalaza,c/j, would
be situated at the

base of the ovule

or hilum.

It generally hap-
pens that the

ovule instead of

being straight as

in the above in-

stance, becomes
more or less

curved, or even altogether inverted. Thus in the "Wallflower

(Jig. 720), and other plants, of the order to which it belongs,

as well as in the Caryophyllacefe, &c., the apex of the

o^Tile, 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, mic, through
the axes of the nucleus, n, and its coats would describe a curve

;

hence such ovules are called campylotropons or curved. In these

ovules, the chalaza, ch, and hilum correspond as in ortho-

tropous ones, but the micropyle, mic, instead of being at the

geometrical apex of the o^Tile, is brought down close to the

hilum or base. The progressive development of the campylo-

tropons o^'ule is well seen in the ]\Iallow, as represented in fig.

722. This kind of ovule appears to be formed by one side

developing more extensively than the other, by Avhich the micro-
pyle is pushed round to the base.

In a third class of ovules the relative position of parts is

exactly the reverse of that of orthotropous ones— hence such
are called anatropous or inverted ovules. This arises from an
excessive development of the coats of the ovule on one side, by
which the chalaza {fig. 721, cli) is removed from the hilum, h, or

placenta, to the geometrical apex of the ovule; the micropyle,/,

is at the same time turned towards the hilum, h. The gradual
development of an anatropous ovule may be well seen in the

Chelidonium. In anatropous ovules, a connexion is always
maintained between the chalaza and the hilum or placenta, by
means of a vascular cord or ridge, called the raphe (fig. 721, r),

which is generally considered as an elongated funiculus adhe-
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rent to the ovule. Tliis raphe or cord of nutritive vessels pass-

ing from the placenta, and which by its expansion forms the

Fig. 721. Fig. 722.

i

Fig. 721. Anatropous ovule of the Dandelion, h. Hi-
lum. /. Micropyle or foramen, h. Nucleus, s. Base of
the nucleus, ch. Chalaza. r. Raphe. Fig. 722.

The campylotropous ovule of the Mallow in its differ-

ent stages of development. From Maout. In a the
curvature is commencing, in h it is more evi<lent. in c,

still more evident, and in d it is completed. /. Fu-
niculus. J). Primine. s. Secundine. n. Nucleus.
ex. Exostome. end. Endostome.

chalaza, is generally situated in anatropous ovules (in which
alone it is clearly distinguishable) on the side which is turned

towards the placenta. The relative position of the raphe in

other ovules has been fully detailed in a paper by Mr. Clark

read before the Linn.Tan Society, but the subject is too com-
plicated to be treated of in tliis volume. The anatropous

ovules are very common ; they may be found in the Eanunculus,
Apple, Cucumber, &c.

The three kinds of ovules mentioned above, are those only

which arc commonly distinguished by special names; .but there

are two others, which appear to be but slight modifications

of the anatropous
Fig. 724.Fig. 723. ovule, to which

the names of

amphitropous and
semi - anati-opous

have been re-

spectively given.

The amphitro-

pou.<i, or, as it is

also called /itf/ero-

tropmis or tranS'

Longitudinal section verse OVulc, is

of the semi-anatropous ovule of produccd, wllCtt
Mcconostignta pinmitijulum. f. , i -i,,™ f ;„

Funiculus. n. Nucleus. i>.
I'lG nuum, /, IS

Primine. sec. Secundine. s.

Embryi>-«ac. r/i. Chaluz.n. »•. Raphe, in. Micropyle.
From Schleidcn. Fig. 724. Amphitroi)ou9. or

trau»ver»c ovule of Ltmna trinuka, divided lungitudi-

iiiilly. The letters have the same references as the

luat. From Schleiden.

{f'J- 724).

one side of the

ovule, and the

micropyle, H». and
ehalaza,c//. placed

transversely to it

In this case the hilum is connected to the chalaza
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by a short raphe, ?•. In the semi-anatropous oviile the relative

position of the parts is the same {fiy. 723), but the funiculus

f, is here parallel to the ovule, instead of being at right angles

to it.

The further development of the ovule, and the distinctive

characters it presents in Gymnospermous Plants, will be de-

scribed under the head of Eivibryogent.

Fig. 725.

2. The Seed.

The seed is the mature or fecundated ovule. It consists essenti-

ally of the young plant or embryo, enclosed in integuments, of

which there are usually two. Like the ovule, it is either attached

directly to the placenta, in which case it is sessile, or by means of

a stalk, called the funiculus (Jig. 725,/); its point of attachment

is also termed the hilum or umbilicus.

The position of this hilum may be com-
monly seen on seeds which have separated

from the funiculus or placenta, bythe pre-

sence of a scar, or in a difference of colour

to the surrounding integuments. The hi-

lum varies much in size, being sometimes
very minute, while in other cases it extends

for some distance over the surface of the

integuments, as in the Horse-Chestnut,
Muciina, &c. The centre of the hilum,

through which the nourishing vessels Fig. 72.5. The seed of a

pass, has been called the ompkalodium. ^^oTidVni'ir^"^!
The hilum as in the ovule, indicates

-

the base of the seed, while the apex is

represented by the chalaza. This chalaza

(fig 12f), ch) is generally more evident

in the seed than in, the ovule, and is

frecjuently of a different colom*. It is

well seen in the Orange, and commonly
in anatropous seeds, in which case also,

the raphe may be generally noticed form-

ing a projection on the face of the seed.

The micropyle also, although smaller and less distinct owing
to a contraction of the surrounding parts, may be observed on

Placenta. /. Funiculus.
rcq). Raphe, ck. Clialaza.
m. Micropyle. te. Testa
or episperm. 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 be-
tween gemmule and ra-
dicle.

the seed (fig. m). The detection of 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 ovule, the chalaza indicates that of the seed.

The tenns orthotropous, campylotropous, anatropous, &c.,

arc applied to seeds in the same sense as to ovules; conse-
quently the hilum, chalaza, and micropyle, have the same
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relations to each other in the seed us in the ovule. Thus
the liilum and chalaza are contiguous to each other in an or-

thotropous seed, and the micropyle is removed to the opposite

end ; in a campylotropous seed the hilum and chalaza are also

near to each other, and the micropyle is brought round so as to

approach the hihim; in an anatropous seed the chalaza is re-

moved from the hilum and placed at the other end, while the

micropyle and hilum correspond to each other; while in amphi-
tropous and semi-anatropous seeds, the chalaza and micropyle

are both removed from the hilum, and placed transversely to it.

Almost all seeds, like ovules, are enclosed in an ovaiy, the

only real exceptions to this law being the Coniferie and Cyca-
daceaj, already referred to under the head of the Ovule ;

and hence the division of Phanerogamic Plants into two
classes, called respectively Gymnosperms and Angiosperms;
the former including all plants which have naked seeds, the

latter those in Avhich they are more or less enclosed in an
ovary. The means of distinguishing small fruits from seeds

have been also already described. (See p. 299.)

In describing the position of the seed in the ovary, the same
terms are used as already mentioned under the head of the

Ovule. (See p. 329.) Thus a seed may be erect, inverse or

pendulous, suspended, ascending, &c. The number of seeds con-

tained in the pericarp is also subject to variation, and corre-

sponding terms are used accordingly; thus we say the pericarp

is nionospermoiis, hispernwus, trispermous, quadrispermous, quin-

quespermous, multispermous, &c., or one-seeded, two-seeded,

three-seeded, four-seeded, five-seeded, many-seeded, &c.

The seed also varies much in form, and, in describing these

variations, similar terms arc employed to those used in like

modifications of the other organs of the plant. Thus, a seed

Fig. 726. Fig. 727. Fig. 728. Fig. 729.

Pig. 72r.. Rounded seed of the Wnter-Cress iNasturiium offu-innle). Tlie
testa in reticulated or netted /Vf/. 727. Reniform or kidney-shaped seed
of the Poppy, witli un alveolate or pitted testa Fin. 728. Obovate seed
of the Larkspur {Delphinium), the testa of which is marked with ridues and
furrows Fig. 72y. Seed ot duckweed (Stetlaria), the testa of whicli is

tuberculuted.

may be rounded, as in the Nasturtium (fig. 726), ovate, as in

Poll/gala (fig. 736), oval, as in Asclepias (fig. 732), obovate,
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as in Delphinium (fig. 728), reniform, as in Papaver {fig. 1'21\

&c., &c.

Having now allnded to those characters, &c., which the seed

possesses in common with the ovule, we pass to the consider-

ation of its special characteristics.

Structure of the Seed. — The seed consists essentially

of two parts; namely, of a Nucleus or Kernel {fig. 725) and
Integuments {fig. 725, te and e), &c. We shall describe each of

these parts separately.

1. The Integuments.— There are usually two seed-coats or

integuments, which have been variously named by different

botanists. The terms most frequently used, are testa or episperm

for the outer coat ; tegmen or endopleura for the inner ; and
sj)ermoderm 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 spermodemi. The
names first mentioned, are those Avhich will be used in this

volume. Some botanists, again, describe a third integument
under the ' name of sarcoderm ; this layer, however, is com-
monly and more accurately considered, as but a portion of the

outer integument, in which sense we understand it here.

a. Testa, episperm, or outer integument {fig. 725, te). This
integument may be either formed of the primine of the ovule

only, or by a union of both primine and secundine, which is

more frequently the case. The testa is generally composed of

ordinary parenchymatous cells, but in some seeds, Ave have in

addition, a coating of hair-like cells containing spiral threads,

which are pressed closely to the surface of the seed by a layer

of mucilage. (See p. 47.) 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 ruptured, and
the elastic threads which they contain also uncoil, and extend
to a considerable distance from the testa. The seed of the

Collomid, and many other Polcmoniaceous Plants, &c., exhibit

this curious structure; hence they form beautiful microscopic

objects.

Colour, Texttire, and Surface of the Testa.—In colour, the testa

is generally of a brown or somewhat similar hue, as in the

Almond, but it frequently assumes other colours; thus, in some
Poppies it is white, in other species of Poppy, in Indian Shot
{Canna), and P^eony it is blackish, in the Arnatto and BaiTicarri

{Adenanthera) it is red, in French Beans and Castor Oil it is

beautifully mottled, and in the seeds of different plants various

other tints may be observed.

The testa also varies in texture, being either of a soft nature,

or fleshy and succulent, or more or less spongy, or membranous,
z
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or coriaceous, or when the interior of its cells is much thickened

by secondary deposits it assumes various degrees of hardness,

and may become woody, 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 the Adenanthera ; or wrinkled, as in

Niyella ; striated, as in Tobacco; marked with ridges and furrows,

as in Delphinium (fig. 728) ; netted, as in Nasturtium {fig. 726);

alveolate or pitted, as in the Poppy (fig. 727); tuberculated, as

in Chickweed (fig. 729); 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

Cotton, and in the Silk-cotton tree (Bombax); or they may be

confined to certain points of their surface, as in the Willow

(fig. 733), Asclepias (fig. 732), Apocynum, and Epihhium

(fig. 738); in the latter cases the tufts of hairs thus formed, con-

Fig. 730. Fig. 731. Fig. 732. Fig, 733.

Fig. 730. Seed of a species of Pinu.i, with a winged appendage, w.
Fig.Til. Marginate or bordered seed of Sandwort (Are-

naria) Flg.l'A'i. Coinose o\a\ %t^^ of Asclepias. .— Fig.

Comose seed of a species of Willow.

stitute 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 appen-

dages of various kinds, which also render them buoyant and
facilitate their dispersion; thus in the Sandwort (Arenaria) (fig.

731), the testa is prolonged, so as to form a winged margin to

the seed, wliich is then described as maryinufe or bordered ; in the

seeds of the Pinus (fig. 730), Catalpa, Bigno/iia, Swietenia,

Moringa, Sec, the testa forms wings, and the seed is winged.

These winged seeds must be carefully distinguished from saina-

roid fruits, such as the Ash, Elm, Sycamore, Sic, where the

wing is an exjjansion of the pericarp instead of the seed. In like
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manner, hairy seeds should be carefully distinguished from the

pappose fruits of the Compositae and Valerianacere (figAo2), &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) (fig. 734, 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 position.

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 (Jig 725, 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: that is 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 embryutegia.

On removing the testa, we also observe

the raphe, which frequently ramifies over

the inner coat, and where it terminates, it

constitutes the chalaza. The structure

and general appearances of these ditferent

parts have been already described.

b. Tegmen, endopleura, or internal

membrane (figs. 725, e, and 734).— The
inner membrane or integument of the

seed is essentially 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, pro-

bably from the secundine of the ovule.

This layer appears at times to be alto-

gether wanting, which probably arises
^.j^, 734. young anatro-

from its complete incorporation or ad- rous seed of the white

herence to the testa. Sometimes the

embryo-sac in the ripe seed remains dis-

tinct from the albumen of the nucleus

(fig. 739), and remains ir the form of a

bag or sac which envelopes the embryo,

as in the Nymphseaceae, Piperaceae, and
Zingiberaccffi. To this distinct membrane the name of vitellus

has been given.

z2

Water-Lily (XympJicea
alba) cut vertically, r.

Funiculus, a, a. Arillus.
T. Integuments of the
seed. Jf. Nucleus, k. Ra-
phe, ch. Chalaza. M. Mi-
cropyle. s. Embryo-sac.
e. Rudimentary embryo.
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The endopleura is generally of a soft and delicate nature,

although sometimes of a fleshy character, either entirely or in

part. It is usually of a whitish colour, and more or less trans-

parent. 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 Nutmeg, Betel-nut {fig. 740, p), &c. ; the

albumen is then said to be ruminated. (See Albumen, p. 344.)

The testa may either accompany the endopleura in its wind-

ings ; or, as more frequently happens, especially Avhen the

nucleus is curved, the endopleura only follows the nucleus, the

testa remaining in an almost even condition.

Arillus. — Besides the two integuments described above, as

being usually found in all seeds; we occasionally find on the

sm-face of others, an additional integument, usually of a partial

nature {fiy. 734, a, a), to which the name of arillus or aril has

been given. No trace of this is present in the ovule till after

the process of fertilization has taken place. Two forms of the

arillus have been described by St. Hilaire and Planchon, which

have an entirely different origin, the former being called the

true arillus, and the latter the false arillus or arillude. The true

arillus arises in a somewhat similar mannei* to the coats of the

ovule 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 ; this gradually pro-

ceeds upwards, so as to produce a more or less complete ad-

ditional covering to the seed, on the outside of the testa. This

arillus is well seen in the Nymphcea {fig. 734, a, a), and Passi-

flora.

The 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 develop-

ment or expansion of the exostome, which gradually extends

itself over the testa to which it forms a covering, and after thus

coating the seed, it may lie even bent back again so as to enclose

the micropyle. The gradual development of the arillode in the

Spindle-tree {Euojiymus), is well shown in fig. 735. In the

Nutmeg, the arillode forms a scarlet covering to the testa, which

.is commonly known under the name of mace. Mr. Miers has

endeavoured to show, that the arillode in the Euonymus is pro-

duced from the funiculus rather than from the exostome of

the primine, in which case the arillode would necessarily be

of the same nature as the arillus.

Carunclis or Strophioles.— These are small irregular pro-

tuberances which occur on various parts of the testa. They
are always developed, like the arillus and arillode, subsequent

to fertihzation, and arc accordingly not found in the ovule. In
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the Polygala {fig. 736), they are situated at the base or hilum
of the seed ; in the Asarabacca {fig. 737), Chelidonium and

Fig. 735. Progressive development of the arillode of Euonymm.
a. Arillode. /. Funiculus. 1. represents the youngest seed ; 2
and 3. the progressive development of the arillode; 4. the oldest
and fully developed seed.

Violet on the side, in a line with the raphe ; while in the Spurge,
thej are placed at the exostome. Some wTiters consider these
caruncles as forms of the aril, of which they then distinguish

four varieties, namely:— 1. The true arillus, as in Nymphcea

{fig. 734, A, a) ; 2. The arillode or micropylar arillus, as in

Euonymus {fig. 735, a); 3. The raphian arillus, as in Asa-
rum {fig. 737) ; and 4. The chalazal arillus, as in Epilobium

Fig. 737.

Fig. 736. Ovate seed of Milkwort {Polygala),
with a caruncula at its base or hilum
Fig. ISi. Seed of Asarabacca {Asaruni), with
a caruncula on the side, called by some a raphian arillus Fig. 738. Comose
seed of Epilobium. The tuft of hairy processes is sometimes called a chalazal
arillns.

{fig. 738), where the tuft of hairs at one end of the seed is so
regarded. Other writers again, partially adopt these views, and
define the camncles as little protuberances occurring upon the
seed, but originating independently of the funiculus or micropyle,
so that the caruncles of Polygala and Euphorbia, alluded to
above, would come under one of the varieties of arillus, accord-

z3
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ing to their respective origins. Otlier botanists again, instead

of using the two terms strophioles and caruncles as synonymous
with each other, apply the former term only when they proceed
from the hilum, and the latter to those from the micropyle.

Altogether, there is a great difference of opinion among bota-

nists, as to the application of the terms caruncles and strophioles

;

in this countiy they are more commonly understood in the sense

in which we have first defined them.

2. The Nucleus or Ivernel {figs. 725 and 734, 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 ovule undergoes after the process of fertilization

has been effected. We have already stated, that at an early

period, a quantity of protoplasmic matter of a semi-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 number of loose cells ; 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, Avhich 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 fer-

tihzation. (See Fertilization.)
The embryo, by absorbing the nourishment by which it is

surrounded, begins to enlarge, and in so doing presses upon the

parenchymatous 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 of the embryo-sac, but

also of that of the nucleus, in which case it fills the whole in-

terior of the seed, and is coated directly by its proper 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 de-

rived from that of the nucleus itself, or from the nucleus com-
bined 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 tlic name of albumen
has been ajiplied; but as the nature of this substance is dittercnt

to that called by chemists vegetable albumen, it is l)etter to

designate it as the perisperm. As this albumen or pcrisperm is

sometimes formed both from the tissue of the nucleus, and that

of tiie embryo-sac also, it has been proposed to call the latter
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endosperm, and the former perisperm. Both endosperm and
perisperm may be seen in the Nymphoea {Jig. 734), &c. The
general name of perisperm or albumen will 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 {Jig. 725), which
is alone essential to it: or of the embryo en-

closed in albumen or perisperm, as in the

Pansy {Jig. 752, al). Oat {Jig. 687, a), Nymphaa
{Jig. 739), &c. We have two parts, therefore,

to describe as constituents of the nucleus, j,. ^^ vertical
namely, the albumen or perisperm, and the em- section of the seed

y._-rrr» of the Wliite Wa-
"^ All T^ . 1 • T

tej" ^^''y- showing
a. Albumen or Perisperm.—Those seeds which the embryo en-

have the embryo surrounded by a store of Sains ot^ t?e'em-
nourishing matter, called the albumen, are said bryo-sac orvitei-

to be albuminous ; while those in which it is outside"^ o^ thit

absent, are exalbuminous. The amount of ai- the a bumen sur-

bumen will in all cases be necessarily in in- i^te^men^I
*^^

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

natm-e, 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 reserv^oirs of nutriment for the use of the embryo dur-

ing the process of germination. The varjung contents of the cells,

together with certain diiferences in the consistence of their

walls, cause the albumen to assume different appearances in the

ripe seed, and thus it frequently affords good characteristic

marks of different seeds. Thus, the albumen is described as

mealy, starchy, or farinaceous, when its cells are filled wiih
starch-grains, as in the Oat and other Cereal grains j it is said

to h& fleshy, as in the BarbeiTy and Heart's-ease, Avhen its walls

are soft and thick; when its cells contain oil-globules suspended
in a viscid mucilage, as in the Poppy and Coco-nut, it is oily;

when the cells are soft, and chiefly formed of mucilage, as in

the Mallow, it is mucilaginous ; or when the cells are thickened
by secondary deposits of a hardened nature, so that they be-
come of a horny consistence, as in the Vegetable Ivory Palm,
Coffee, &c., the albumen is described as horny or corneous.

These different kinds of albumen are frequently more or less

modified in different seeds by the admixture of one with the

other.

Generally speaking the albumen presents a uniform appear-
ance throughout, as in the Vegetable Ivoiy ; but at other

z4
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times it is more or less separated into distinct compartments
by the folding inwards of the endopleura as already described,

(See p. 340); in such cases, the albumen is said to he ruminated,

as in the Nutmeg, Betel-nut (Jig. 740, p),
Papaw, &c.

b. The Embryo is the rudimentary plant,

and is present in all true seeds. The presence

of a true embryo is the essential character-

istic of the seed of flowering plants; for a
spore, as the reproductive body of a flower-

less plant is called, has no true embryo, the

rudimentary plant being only developed from
it after its separation from the parent. The
embryo being the rudimentary plant it is

necessarily the most important part of the

seed, and it contains within it, in an unde-
veloped state, all the essential parts of which
a plant is ultimately composed. Thus we
distinguish three parts in the embryo, coi*re-

sponding to the root, stem, and leaves of the

perfect plant; namely, a radicle, plumule or

yemmule, and one or more cotyledons. These
parts maybe readily recognised in many seeds; thus in the

embryo of the Lime {fig. 741), the lower portion, r, is the radicle

or portion from which tlie root is developed ;

the two expanded lobed bodies above, c, c,

are the cotyledons, and between these, the

plumule or rudimentary stem is placed. In
the Pea, again {fig. 1 60), 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, w, 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

;

tlius in figure 161, which represents the

French Bean in that condition, r is the ra-

dicle from which the roots arc being given
off, the cotyledons are marked c, c, and the

plumule is seen coming oft" from between the cotyledons, and
forming a direct continuation of the axis from which the
root is developed below. By some botanists, the ])oint of
union of the base of the plumule with the radicle and co-

tyledons, is called tlie caulicule or tigelle ; this is generally a
mere point, but at other times it forms a short stalk (figs. 161
and 725, t). Phmts which thus possess two cotyledons in their

embryo, arc called J)icofyledonous. But there is anotlicr class of
plants in which there is commonly but one cotyledon present

Fig. 7i0. Vertical sec-

tion of the fruit of

Areca Catechu, c.

periantli. /• Pe-
ricarp. J). Rumi-
nated albumen, e.

Embryo.

Fig. 741.

Fi{f. 741. Embr3'0 of
tiie Lime-tree (7'i-

h'u). c. Cotyledons,
with five lobes ar-
ranged in a palmate
manner, r. Kadicie.
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(fig. 742, c, and 688, c), and which are, accordingly, termed

Monocotyledonons. Sometimes however, a monocotyledonous

embryo has more than one cotyledon, in which pj^^ --^o,

case the second cotyledon alternates with the

first, instead of being opposite to it, as is in-

variably the case with the two cotyledons of

dicotyledonous plants. By the difference thus

presented in the embryos of Flowering Plants,

these are divided into two great classes, called

respectively Dicotyledons and Monocotyledons.

The spore of Elowerless Plants, having no true

embryo, can have no cotyledons, and hence
such plants are called Acotyledonous. Hence
we have primarily two great divisions in the

vegetable kingdom : namely, Cotyledonous

and Acotyledonous Plants ; the former being

again divided into Monocotyledons and Dico-
tyledons. The structure of the spore, and
other peculiarities connected with Acotyledo-
nous Plants will be described hereafter. We
have now, therefore, only to allude to the

embi-yo of Dicotyledons and Monocotyledons.
Before doing so, however, we must say a few
words as to the development of the embryo.

Development of the Embryo.—When the

process of fertilization has been effected, the

embryo-sac, as already noticed, becomes filled

with a mass of loose cells destined for the

support of the embryo, and which are devel-

oped from the protoplasmic matter contained in its interior.

The embryo is thus furnished with materials necessary for

its growth ; and it accordingly commences an active devel-

opment. 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 partitions, by which it is converted into a string

of cells of varying length, which forms the suspensor or cord

by which the embryo is at first suspended from the embryo-
sac. The terminal cell of this body continues to increase

in size by the process of cell-division, and soon forms a

little rounded, or somewhat oval cellular body at the end of

the suspensor {fig. 743, 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 forma the

radicle, while the lower extremity gradually becomes divided

into lobes, Avhich, by increasing in growth, form the cotyledons

:

the suspensor, during this gradual enlargement, dies away, and

Fig. 7i2. Germi-
nating embrvo of
the Oat. r. Root-
lets comi ng through
sheaths, co. c. Co-
tyledon, g. Young
stem.
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Fig. 743. Progressive devel-

opment of a dicotyledonous
embrvo. 1. Earliest stage.

2, 3. Stages of progression.

4. Most developed.

Fig. 743. ^ the development of the embryo is com-
pleted. The different stages in the

development of the embryo are well

illustrated in figure 743, 1, 2, 3, 4.

From the axil of the cotyledons, the

plumule is subsequently developed.

The foraiation 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 to-

wards the apex of the nucleus or

micropyle {fig. 734, w), 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 Orchidaceai, Oro-

banchaceae, and Balanophoracea, 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 one embryo is developed

Fig. 74i. Fig. 7 A5. in a seed. This is very commonly the case

in the Orange, Mistletoe, and especially in

Gymnospennous Plants ; of these embryos,

only one usually becomes perfectly developed.

Plants thus producing more than one embryo
are said to be polyembryonic. With these

general remarks upon the development of tlie

embryo, we now proceed to the description

of that of Monocotyledonous and Dicotyle-

donous Plants.

a. The Monocotyledonous Embryo.— The
parts of the monocotyledonous 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 Triglochin {fig. 745);

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 sec-

tion be made parallel to this slit, a small

conical projection will be noticed, which cor-

the* ''emmuic"^r"co°
^'^sponds to tlic plumulc ;

and now, by making
tyiedon. From Jus- a horizontal section, the single cotyledon will
"«"• be noticed to be folded round the i)lumulc,

which it had thus almost entirely removed from view, only

leaving a little slit corresporiding to the uriiou of the margins

Fig. 744. Vertical sec-
tion of a carpel of a
Bpecies of Tri(jlo-
chin. p. Pericarp.
«. Stigma, y. Seed.
r. Raphe. /. Fu-
niculus, r. Cha-
Jaza Fig. 745.
Embryo of Triglo-
chin. r. Radicle. /.
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of the cotyledon ; and which slit thus became an external indi-

cation 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. 687), 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.

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 they are

always opposite to each other if there are but tAvo cotyledons, or

whorled (fig. 750), when they are more numerous.
The inferior extremity of the radicle is usually rounded

(fig. 745, r); and it is through this point that the roots burst

in germination (fig. 742, r). The radicle is usually much
shorter than the cotyledon, and generally thicker and denser in

its nature ; but in some embryos, on the contrary, it is as long

or even longer, in which case, the embryo is termed macropodous.

b. The Dicotyledonotis Embryo. — These embryos vary very
much in form : most frequently they are more or less oval, as in the

Bean and Almond (fig. 746), where the embryo consists of two
nearly equal cotyledons, c, between which is enclosed a small axis,

Fig. 746. Fig. 747. Fig. 748. Fig. 749.

Fig. 746. The embryo of the Almond
(.Amijgddlns communis') from which
one of tlie cotyledons has been re-
moved, c. The cotyledon which has
been left. r. Radicle, g. Gemmule.
t. Tigelle or caulicule. c'. Scar left

by tlie removal of the other cotyledon Fig. 747. Vertical section of the
embryo of a species of i7(rcErt. c'. Large cotyledon, c. Small cotyledon, gGemmule. r. Radicle Fig. 748. Vertical section of the embryo of Ca-
rapa Guianensis, showing the almost complete union of the cotyledons, the
line, c. only dividing them. r. Radicle, j?. Gemmule -fV^r. 749. The em-
bryo of Fekea butyrosa. t. Large tigelle. c. Rmiimentary cotyledons.

the upper part of which is the plumule, g, and the lower the
radicle, r, the point of union between the radicle and cotyledons
being called the caulicule or tigelle, which upon germination
appears as a Uttle stalk supporting the cotyledons.



348 ORGANOGRAPHY.

In by far the majority of cases the two cotyledons are nearly
of equal size, as in the Pea {fig. 160, c, c), but in some embryos, as

in Trapa, some Hirceas, &c. (fig. 747, cc), they are very unequal
Again, while the cotyledons usually form the greater part of the

embryo, in other instances, as in Pekea butyrosa {fig. 749, c), they
form but a small portion. In the Carapa {fig. 748) again, the

two cotyledons become united more or less completely into one
body, so that the embryo appears to be monocotyledonous

;

but it is readily distinguished by the different position of the

plumule in the two cases; thus in the monocotyledonous embryo,
the plumule is situated just below the surface, but here the

plumule, g, is in the axis of the cotyledons.

The cotyledons are sometimes altogether absent, as in Cuscuta.

At other times the number is increased, and this may either

occur as an iiTcgular character, or as a regular condition, as in

many Coniferai {fig. 750, c), where we frequently find six, nine,

or even fifteen cotyledons; hence such embryos have been termed
polycotyledonous. It seems probable that this appearance of a
larger number of cotyledons than is usual in Dicotyledonous

Plants, arises from the normal number becoming divided down
to their bases into segments. In all cases where the number of

cotyledons is thus increased, they are arranged in a whorl {fig.

750). The cotyledons are usually thick and fleshy, as those of

the Bean and Almond {fig. 746), in Mhich case they are termed

fleshy ; at other times they arc thin and leaf-like, as in the Lime

(fig. 741), Euonymiis, &c., when they are said to be foliaceous.

The foliaceous cotyledons are frequently provided with veins, and
stomata may be also sometimes observed on their epidermis;

these parts are rarely to be found in fleshy cotyledons. Flesliy

cotyledons serve a similar

purpose to the albumen, by
acting as a reservoir of nutri-

tious matters for the use of

the young plant during ger-

mination ; licnce, when the

albumen is absent, the coty-

ledons are generally propor-

tionately increased.

The cotyledons are com-
monly sessile, and their mar-
gins are usually entire, but

exceptions occur to both these

characters ; thus in Geranium
mollc {fig.lbX), they are petio-

late; wliile in the Lime {fig.

741), Walnut, and Geranium, {fig. 751) they arc lobed.

The cotyledons also vary in their relative positions to each

other. Generally they arc placed parallel, or face to face, as

Fig. 750. Fig. 751.

tQS
Fig. TSO. Polycotyle-
donous embryo of a
I'infut beginning to

ferminatc. r. Coty-
edons. r. Radicle.

t. Tigelle Fifi.ir,\.

The embryo of (,'era-

niiim molle. c. Coty-
ledons, each of which
is furnighed with a pe-
tiole, p. r. Radicle.
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in the Almond {fig. 746), Pea {fig. 160), 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 aestivation of the
floral envelopes. Thus each of the cotyledons, may be either

reclinate, conduplicate, convolute, or circulate. These are the
commoner forms, and in such instances both cotyledons are
folded or rolled in the same direction, so that they appear to

form but one body. In rare cases they are folded in o])posite

directions, and become eguitant or obvolute. 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 different one. In the

former case, if the embryo be straight, the radicle will be more
or less continuous in a straight line Avith the cotyledons, as in the
Pansy {fig. 752, r); if on the contrary the embryo is curved,
the radicle will be curved also {fig. 753), and sometimes the

curvature is so great, that a spiral is formed, as in Bunias {fig.
754). In the latter case, where the direction of the cotyledons

Fig. 752. Fig. 753. Fig. 754. Fig. 755. Fig. 756.

Fig. 762. Vertical section of the seed of the Pansy, h. Hilum. p?. Embryo
with its radicle, r, and cotyledons, co. ch. Chalaza. al. Albumen.
r. Raphe Fig. 753. Vertical section of the seed of a Poppy, with the
embryo slightly curved in the axis of albumen Fig. 754. Vertical section
of the seed of Bunim, showing its spiral embryo Fig. 7.55. Embryo
oi ihe\\oa.dL(Isatis tiiicturia). 1. Undivided. 2. Horizontal section, c.
Cotyledons, r. Radicle Fig. 756. Embryo of the Wallflower. 1. Un-
divided. 2. Horizontal section, r. Radicle, c. Cotyledons.

and radicle is different, the latter may form an acute, obtuse,
or right angle to thern, 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. 756), when the cotyledons are said to be accumbent; or
against the back of one of them, asin Isatis {fig. 755), when
the cotyledons are incumbent. These terms are chiefly used in
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reference to Cniciferous Plants (see Cruciferge), which are com-
monly arranged according 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 mono-
cotyledonous 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.

Relation of the Embryo to the other Parts of the Seed, and to the

Fruit. — 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. 687) we have a large deposit of albumen and
but a small embryo, while in the Nettle {fig. 757), the embryo
is large and the albumen small. The embryo may be either

external to the albumen, and thus in contact with the integu-

ments, as in Grasses {fig. 687), in which case it is described as

external; or it may be surrounded by the albumen on all sides,

except on its radicular extremity, as in the Pansy {fig. 752),
when it is internal. Sometimes the end of the radicle, as in the

Coniferaj, becomes united to the albumen, and can no longer be
distinguished.

The embryo is said to be axile or axial when it has the same

Fig. 757. Fig. 758. Fig. 759.

Fig. 757. Vertical section of the achroniuni of a Nettle, containing a single

seed. «. Integuments of the seed. p/. Placenta, r. Kodicle. sr. Stigma.

. Fig. ir,». Vertical section of the fruit of the Dock lyiumtvr). or. Peri-

carp, niic Mieropyle. ;>'. Embryo towards one side of the albumen, alb.

ch. Chalaza Fig. 7.''>0. Vertical section of the carpel of ilinilnlinjuhiita,

contniniiii? one seed. <i. IVricurp. .«. Style, c. Pi-riphericiil einhryo with

its radicle, r, and cutylcdniis, r. p. Albumen, t. Intcpuments of the seed.

, Fig. 7(;(). Vertical section of the seed of l.iiclinis iliuica. tc. Intcgu-

mcats. einb. Embryo ou the outside of the albumen, alb.
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direction as the axis of the seed, as in Heart's-ease {fig. 752);
when this is not the case, it is abaxile or eccentric, as in Rumex
(fig. 758). 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. 759), and in Lychnis

{fig. 760), 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. 752). Some apparent exceptions to these relative posi-

tions occur in the Euphorbiacese, &c., but these are merely ac-

cidental 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 are

thus seen to be generally constant, it must necessarily happen
from the varying relations which the hilum bears to the micro-

pyle and chalaza, that the relation of that body to the radicle and
cotyledonary portion of the embryo must also vary in like man-
ner. Thus in an orthotropous seed, as Rumex {fig. 758), the

chalaza and hilum coincide witli 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 anatro-

pous seed, as Pansy, {fig. 752), where 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 homotropous, as

the radicle is considered the base of the embryo, and the

chalaza its apex. In a campylotropous seed, where the chalaza

and micropyle are both near to the hilum, as in Lychnis {fig.

760), the two extremities 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. We have already described

the terms used in defining the position of the seed to the same
cavity, which we found might be either erect, suspended, pen-
dulous, ascending, or horizontal, in the same sense as previously

mentioned when speaking of the ovule. The radicle is said to

be superior or ascending, as in the Nettle
{fig. 757) and Rumex

{fig. 758), 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 centri-

fugal if towards the sides. The above relations of the embryo
to the other parts of the seed, and to the pericai'p, are sometimes
of great practical importance.
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Section 7.— The Theoretical Structure, or General
Morphology of the Floaver.

Having now taken an extended view of the different organs

of the flower, we are in a position to examine in detail the theory

which has been kept constantly in view in their description,

namely, that they are all modifications of one type,— the leaf.

The g'enn of this theory originated with Linngeus, 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 this trea-

tise at once drew the attention of botanists to this subject, and

it is now universally admitted, that all the organs of the flower

axe formed upon the same plan as the leaf, and that they owe
their difl"erences to especial causes connected with the functions

which they have severally to perform. Thus the leaf, being de«

signed especially to elaborate nutriment for the support of the

plant, has a form, structure, and colour which is adapted for

that purpose; Avhile the parts of the flower being designed for

the purjjose 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 homologous parts or parts of the same fundamental nature,

that is, " constructed of the same elements arranged upon a

common plan, and varying in their manner of development, not

on account of any original diff"erence 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 organs generally revert, when, from any accidental

disturbing cause, they do not sustain, the appearance to which

they were originally predisposed,—is that in which wc have the

most complete type of organisation," * and, moreover,—is that

Avhich can always be distinctly traced by insensible gradations

of structure into all the other parts.

Having defined the general nature of the doctrine of Morplio-

logy, or that doctrine which investigates the various alterations

of form, &c., which the diff'crcnt parts of i)lants undergo in

order to adapt them to the several purposes for which they were

designed, wc proceed to prove that the i)arts of a flower are homo-

logous 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 witli the bract, and then

])rocecding in a regular manner with the diflcrent whorls of tho

flower, according to their arrangement from without inwards.

* Lindley's Introduction to Botany.
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That the hract is closely allied to the leaf, is evident from its

structure, form, colour, and from the development of one or more
buds in its axil. In order to be perfectly convinced of this ana-
logy, let any one examine the Foxglove, the Lilac, or the Pseony,

and then it will be evident that all stages of transition occur
between leaves and bracts, so that it wiU be impossible 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 bracfs, 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. 372), and Strawberry {fig.

373) again, the five sepals in the flowers of the two respectively,

alternate with five bracts, and the difiiculty of distinguishing

them is so great, that some botanists call both set 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 Rose, Primrose {fig. 761),

&c., the sepals are frequently con-

verted into true leaves.

We now pass to the petals, and
although 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 flow-

ers by the gradual transitions exhi- Fig. 761. Monstrous Piimrose,

i_. J , ^ ^ ^, , ^, , with the scuaU converted into
bited between them and the sepals. true leaves. FromLindiey.
This is remarkably the case in the

White AVater-Lily {fig. 438); also in the Magnolia, Calycun-
thus, &c., Avhere the flowers present several whorls of floral

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 ditferent positions,— the

calyx being the outcT 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 a variety of Kanunculus,
and in one of Campanula rapunculoides ; and also from their being

A A
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occasionally converted, either entirely or partially, into leaves.

We may therefore, consider that the petal, like the sepal and
bract, is homologous with a leaf.

The stamen is, of all the organs, the one which has the least

resemblance to a 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 tlie case in the

White Wuter-Lily {fiy. 43S). In the flowers of this plant the

inner scries of petals gradually become narrower, and the upper
extremity of each exhibits at first two little swellings, Avhich, in

those placed still more internal, become true anthers containing

pollen. The fact that the stamens can thus be shown to be
merely modified petals, and the latter having been already

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 number of petals is principally in-

creased by the conversion of stameris into those organs; hence

the number of the latter increases as the former decreases. Thus,

if a doul)lc Rose 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, consequently, also to be considered as a modification

of a leaf. As far as the stamens therefore, we have no difficulty

in tracing both in the normal and abnormal conditions 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 tyjie with them.

If we now pass to the pistil, we find that transition states

between the stamen and pistil are unknown in the normal
condition of flowers, the dificrence in the functions i)er-

formed by them respectively being so opposite, tliat it

necessarily leads to coiTcsponding differences in structure.

We must, therefore, look to monstrosities or deviations fi'om

ordinary structure, for exani])lcs of such conditions. Even these

are by no means common. Such may, however, be occasionally

found in the Ilouseleck, some species of Paparer, &c. In

a jiaper. published by the author in the Pharmaceutical

Journal for March, 1856, a very remarkable instance of this

transition from stamens to carpels was described ; it occurred in

the Papaier bractcattim. In this case, several whorls of bodies,

intcriiiediate in their nature between stamens and carpels, were
found between tlie true stamens and pistil. The outer whorls

of tilt; internie<liiite bodies difl'ered from the ordinary stamens,

in their colour, in being of a more llesliy nature, and in being

enlarged at their upper extremity and inner surface into rudi-
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Fiy. 762.

mentary 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 surface

which was slightly concave, they had rudimentary ovules. Still

more internally, the intermediate bodies, whilst resembling those

just described in their general appearance, became more concave

on their inner surface, and bore numerous perfect ovules; and
Avithin these, the intermediate bodies had their two margins
folded completely inwards and united, and thus formed perfect

carpels. Such an example as this shows in a striking manner,

that the stamens and carpels are formed upon a common type,

and hence the latter are, like the former, merely modified

leaves. The analogy of the carpel to a leaf is, however, con-

stantly shown in cultivated flower.s, 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 transformcc

into true leaves in cultivated Roses, &c

(^fig. 641). A similar condition also oc-

curs in the Double Cherry {fiy. 573), and
has been already fully described when
speaking of the carpel; in which place we
have also shown the analogy of a carpel

with a 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 its being formed upon a com-
mon type Avith the leaf, and that it is

consequently homologous with it.

The carpel, being thus shown to be ho-

mologous with a leaf, it must necessarily

follow that the fruit is likewise a modified

condition of the leaf, since it is formed
of one or more carpels in a matured con-

dition.

Further proofs of the homologous na-

ture 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

A A 2

Fig. 762. A monstrous
jiear, showing the axis
prolonged beyond the
Iruit, and bearing true
leaves.



356 ORGANOGRAPHY.

flower, as in certain species of Epacris, or beyond the fruit

(^fig. 762), and becomes a true branch bearing leaves.

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-hke state. A similar condi-

tion has also been observed in monstrous Strawberry flowers,

&c. In fact, no one can walk into a garden, and examine
cultivated flowers, without finding numerous instances of tran-

sitional states occurring between the difl^erent organs of the

flower, all of which necessarily go to prove their common origin.

Wlien 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 otlier 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 wliich are but shghtly 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 described in the next section, together with the various

causes Avhich interfere to prevent or disguise it.

Section 8.—Symmetry of the Flower.

The term symmetry has been variously understood by dif-

ferent authors. As properly applied, a symmetrical flower is

one, in wliicli each whorl of organs has an equal number of

parts, or where the parts of one whorl are multiples of those of

anotlicr. Thus in some species of Crassula (Jig. 763), we
liave a symmetrical flower composed of five sepals, five |)ctals,

five stamens, and five carpels; in Sedum (Jig. 764), we have

five sepals, five petals, ten stamens in two rows, and five

carpels ; in the Flax, we have five sepals, five petals, five

stamens, and five carpels, each of which is ])artially <livided

into two by a s])urious dissepiment (Jig. 603); in the Circaa

{Jig. 765), we liave two orjzans in each whorl; in the Kue
Ijigs. 564 and 596), we have four or five sepals, four or five
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petals, eight or ten stamens, and a four or five-lobed pistil; in

the Iris, there are three organs in each whorL All the above

Fig. 763. Fig. 764.

^^^^

Fiff.TGS. T\oweT of Craxsula rubens. c,c. Sepals. ;),/>. Petals
o, o. Carpels, at the base ot each of whicli is seen a scale,

Flower oi' Scdurn.

e.e, e. Stamens.
I, a Fig. 764.

are therefore symmetrical flowers. "When the number of parts in

each whorl docs not correspond, or when the parts of a Avhorl

are not multiples of one another, the flower is unsymmetrical, as

in Verbena {fig. 391), Avhere the calyx and corolla have five

parts in each whorl, and the stamens and pistil only four.

A symmetrical flower, in which the number of parts in each

whorl is the same, as in Crassula {fig 763), is said to be
isomerous ; or when the number is unequal, as in Rue {figs: 564
and 596), and Sedum {fig. 764), the flower is anisomeruus.

The number of parts is indicated by a Greek numeral prefixed

to the word meros, signifying a part. Thus when there are two
parts in tlie whorls, as in Circcea {fig. 765), the flower is

dimerous, 2i\\{\. the symmetry is said to be

binary or tivo-membered : this may be con-

sidered as answering to the distichous or

two-ranked aiTangement of leaves {fig.

267); each whorl forming one cycle com-
posed of two parts the internodes between
the several parts not being developed, or

to successive pairs of opposite leaves de-

cussating with each other. This aiTange-

ment is thus marked ^/. When there are ^'^:
''f'^-

tliree parts in a whorl, as in the Squill

{fiy. 424), 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 de-

veloped; or to successive whorls of three organs in each. When
there are four parts in a whorl, as in Rue {fig. 564), the flower

A A 3

Diagram of

the flower of Circcea.
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is letramerous, and the symmetry, which is marked 4/, is quafer^

vary, tetragonal, or square. The successive Avliorls in such a
flower may be comjiared directly with whorls of leaves, each
consisting of four organs; or indirectly with opposite decussat-

ing leaves combined in pairs, the internodes not being de-

veloped. When there are five parts in a whorl, as in Crassu/a

rubeuH (Jiy. 763), the flower is said to be pentavierous, and the

symmetry, which is marked thus, ^/, quuianj or pentagonal.

Such a flower may be considered as answering to the penta-

sticlious arrangement of leaves with the internodes undeveloped;
or to be composed of successive Avhorls of five leaves, the inter-

nodes between each Avhorl being almost undeveloped, or very
short.

Of the above arrangements, the pentamerous is most common
among Dicotyledons, although the tetramerous is also by no
means rare; while the trimerous is generally found in Mono-
cotyledons. In Acotyledons, when any definite number can be

traced in the reproductive organs, it is commonly two, or some
multiple of that number.

Although a symmetrical flower, as above described, neces-

sarily infers that the parts in each whorl are equal to, or some
multiple of one another, still it is very common for botanists

to call a flower symmetrical when the three outer whorls cor-

respond in those particulars, while the parts of the pistil are

unequal to them; thus in the Staphylea pinnata {fig. 766),

the three outer whorls are pentamerous,

while the pistil is dimerous. The pistil

of all the organs of the flower is that

which less frequently corresponds in the

number of its parts to the other whorls.

By some writers, again, a flower is said

to be symmetrical, when it can be divided

into two similar halves, as in Cruci-

fera\ where there are four sepals, four

jjctals, and six stamens {figs. 421 and

422), but the Avhole are so arranged, that

the flower may be separated into two
equal parts.

Various other terms are used in de-

scribing 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, stamens, and
])istil are ])rcscnt, as in the Ihie {fig. 564), Iris, &c.; wliere one

or nmre of the whorls is absent, the flower is incomphte {figs. 425

and 426). When the ])arts of each whorl are uniform in size

and shape, as in tlic Hue (fig. 564), the flower is regular;

umler other circumstances, it is irregular, as in tiie Pea {fig.

463). In a normal arrangement of the jnirts of the flower, the

Fiq. 766.

Fi'o- 7fi(>. Dingrntn of Uie
flower of Staphylea pin
vata.
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successive whorls alternate with each other, as shown in figures

763 and 765; thus here, the sepals alternate with the petals,

the petals with the stamens, and the stamens with the carpels

or parts of the pistil.

A perfectly normal and typical flower should possess a calyx,

corolla, stamens, and carpels, each of which should be so ar-

ranged as to form but a single circle of parts; the ditferent

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

alterations, 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 aUuded to in the

description of the diflferent organs of the flower, but it will be

necessary for us to investigate them more fully here, and
chissify for systematic study. All the more important devia-

tions of the flower from its normal character, may be arranged

under the following 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,

Avhich 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 of the

floral whorls ; or of some parts of a whorl.

4th. Irregularity produced by unequal growth ; or unequal

union of the members of the same whorl; or to abnormal de-

velopment of the thalamus.

That part of Botany Avhich has for its object the investiga-

tion of the various deviations from normal structure, both in

the flower and other parts of the plant, is called Teratology.

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
diA"ide these into two divisions: namely, the union of the mem-
bers of the same whorl; and the adhesion of the different whoi'ls ;

the first is frequently termed coalescence, and the \aiiQV adnation.

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 monopetnlous ; in the filaments, when it gives rise to monadel-

phous, diadelphous, and polyadelphous stamens ; in the anthers,

when they are syngenesious ; and in the pistil, when the carpels

are syncarpous. All these modifications have been fully de-

scribed under their respective heads.

A A 4
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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 stamens, or with both; or all these whorls may be united

to the ovary. These different adhesions have been already ex-
plained, under the terms perif^j/Tions, epigynous, and superior calyx.

Again, the stamens may be united separately to the corolla, when
they are said to be epipeialous, or to the pistil (gt/nandrons). All

the changes due to union or adhesion have been fully described

in treating of the different whorls of tlie flower.

2. Addition or multiplication of parts.—This may be
also considered under two heads:— 1st. the addition of one or

more entire whorls; and secondly, the increase in the number
of parts, 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 nnlining.

a. Augmentation.—The increase in the number of whorls may
0(tcur in one or more of the floral circles. Thus the Barberry,

{fig. 767) has two whorls of sepals, two of petals, and two of

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

ifig. 769). In the Magnolia family generally, the increase is

chiefly remarkable in the carpels (fig. 589, c). In Nympha:a

{fig. 768), the petals and stamens are greatly increased in num-

Fig. 767. Fig. 768. Fig. 769.

Fig. 767. Diagram of the flower of tlie Barberry (Bcrberis) Fifj. 7(58. Diagram
of the flower ot Kymphcea Fig. 7C'.». Diagram of the flower of the Poppy.

ber. In many of the Ranunculacene {fig. 770), 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 number of

the organs so increased is a multii)le of the normal number of

parts in each whorl; thus in the Barberry, the nornuil number is

three, ami that of the sepals, petals, and stamens, six, so that in

each whorl we have doul)le the normal number. When the

addition of ])arts extends to beyond three or four whorls, this

cories])ond('ncc in nunil)er is liable to mncli variation; and
when the addition is very great, as in the stamens of Clematis
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{fig. 770), and carpels of Liriodendron {fig. 589, c), it cannot be

well determined, in which case the symmetry is disguised or de-

stroyed; which is also tlie case if the whorls are crowded together.

h. Chnrisis or deduplicatioii. —Tb\s h 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 wliich 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 Avith their regular alternation ; for aug-

mentation does not necessarily interfere with alternation, it

only obscures it when the number of additional parts is ex-

cessive, or when the whorls are crowded togetlier.

Chorisis may take place in two waj^s, either transversely,

when the increased parts are placed one before the other, which

is called vertical, parallel, or transverse chorisis ; or collaterally,

when the increased parts stand side by side, which is termed

collateral chorisis. Transverse chorisis is supposed to be of frc-

Fig. 770. Fig. 771.

Fig. 770. Diagram of the flower of Clematis (Banunctilacece) Fig. 771. Dia-
gram of the flower of Bhamnus cutJiaiticus, Buckthorn.

quent occurrence; thus the petals of the Lychnis (fig. 486), and

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, although less

developed, occurs at the base of the petals of some species of

Ranunculus (fig. 483). The formation of these scales is sup-

posed by many, to be due to the chorisis or unlining of an inner

])ortion of the petal from the outer. Other botanists consider

these appendages as deformed glands. Each petal of Parnassia

(fig. 4 85) has at its base a petal-like appendage divided into

a number of parts, somewhat resembling sterile stamens; this is

also stated to be produced by transverse chorisis.

In the natural orders Khamnaceae (fig. 771), Byttneriacea%

&c., the stamens are opposite to the petals, hen:e 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 (sec p. 364).
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Transverse chorisis is also frequently to be found in the stamina!

Avhorl, but it is less frequent in the gynoecium. Examples of

chorisis in the carpels are furnished, however, bv Seduni (Jig.

566), and Crassula {fig. 763), where each carpel has at the base

on its 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 an universal law
in tliis form of chorisis. We now pass to

Collateral chorisis.—We have a good example of this form in

the Stock, Wallflower, and other plants of the Jiatural order

Cruci ferae. In tliese flowers, the two floral envelopes are each

composed of four orgmns alternating with each other (fig. 772).

Within these we find six stamens instead of four, as should be

the case in a symmetrical flower; of which two are placed oppo-
site to the lateral sepals and alternate with the adjacent petals,

while the other four arc 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 Crucifera, as Streptanthus (fig. 773), we have a strong

confirmation of this view presented to us in the fact that, in place

Fig. 773,

Fig. 772 Fig. 774.

Ftg. 112. Diagram of the flower of the common Wallflower Fig. 773. Flower
of a species of .Stri])tnnthus, with the floral envelopes removed, showing a forked

stamen in place of the two anterior Btamens. From Gray Fig. 774. Diagram
of tiie flower of Funiitor>,

of the two stamens, as thus commonly observed, we have a

single filament forked at the top, and each division bearing an

anther, which would seem to arise from the jirocess of chorisis

being arrested in its progress. Tiie flowers of the Fumitory are

also generally considered to aflord another exami)le of collateral

chorisis. In the flowers of this jdant we have two sepals (fig.

774), four petals in two rows, and six stamens, two of which
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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 fonn are by some con-

sidered to be afforded by the flowers of many Hypericums {fig.

542), 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 botanists, to have

its analogue in the ligule of Grasses {fitj. 351), as that append-

age occupies the same position as regards the leaf, as the

scales of the Lychnis, &c., do to the petals.

Dr. Lindley beUeves that the whole theory of chorisis " is

destitute 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 sim-

plicity of vegetable structure, that in the same flower the mul-
tiplication of organs should arise from two wholly different

causes; viz., alternation at one time, and unlining at another.
" 3. As it is known that in some flowers, where the law of

alternation usually obtains, the organs are occasionally placed

opposite each other, it is necessary for the supporters of the

unlining 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

alternate, and at another time be all unlined, which is entirely

opposed to probabihty 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 un-

lining has a real existence." (Lindley 's "Introduction to

Botany," vol. i. p. 333.)

According to Lindley's view, therefore, whenever the organs

of adjacent whorls are opposite to each other instead of alter-

nate, 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

reasoning of Dr. Lindley's is incorrect, but the present work is

not adapted for the discussion of such a subject, as it Avould

require more space than we could atford for its suitable investi-

gation. To those who would wish to make themselves further

acquainted with this matter, I would refer them 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
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organs 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, stamens, and pistil. When a whorl is su])pressed

therefore, the flower necessarily becomes incomplete. This sup-

pression 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 (Jig. 425), in which case tlie flower is upetalous

or monoclilamydeous ; sometimes both whorls are suppressed, as

in Euphorbia (Jig. 497) and common Ash (^fig. 426), when the

flower is termed naked or achhinu/deous.

When a wliorl of the essential orj^ans is suppressed, the flower

is imperfect, as it then cannot by itself form seed. The stamens or

the pistil may be thus suppressed, in both of which cases the

flower is unisexual. When both stamens and pistil are sup-

pressed, as in certain florets of some of the Conipositae, &c., the

flower is neuter. When the stamens arc abortive, the flower is

termed pistillate ; or when the pistil is absent, staminate. The
terms moncecious, dioecious, and polygamous, which have reference

to this point, have been already sufficiently explained. Some
botanists, as already noticed (p. 361), consider that when the

organs of adjacent whorls are opposite to each other instead of

alternate, that such an arrangement of parts arises from the

suppression of an intermediate whorl ; but this view is mani-

festly insuflScient to account for such a circumstance in all cases.

Thus in the RhamnacejE (Jig. 771), 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 i(i\\' examples.

This suppression of parts is most frequent in the gynoecium.

Thus in the Crucifcnv (Jig. 772), we have four sepals, four

petals, six stamens, and two carpels; here two carjK'ls are sup-

pressed: in the Heart's-ease (Jig. 775), we have a pentamerous

flower, so far as the calyx, corolla, and stamens are concerned,

but only three carpels, two carpels being sui)pre>sed: in many
Leguminous Plants (Jig. 776), we have five se])als, five jjctals,

ten stamens, and only one carpel, four of the latter being here

abortive: in plants of tlie order Composittv (Jigs. 952 and 954),

the calyx, corolla, and andrcecium, have each five organs, but

only one, or, acc'ordiii<x to other botanists, two carpels.

In sonic sjiecies of Jmpaticns (Jig. Ill), we have five carpels,
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five stamens, and five petals, but only three sepals; here two
sepals are suppressed: in Tropatolum pentaphyllum {fiy. 778),

Fig. lib. Fig. 776. Fig. 777.

Fig. 775. Diagram of the flower of the Heart's-ease Fig. 776. Diagram of a

Leguminous flower Fig. 111. Diagram of tlie flower of Impatiem purvijiora.

there are five sepals, and but two petals; three of the latter

being suppressed. In the Labiatae and Scrophulariaceae one of

the stamens is commonly suppressed, and sometimes three;

Fig. 779.

(? s>

e^
Fig. 778. Diagram of tlie flower of Tropceohtm pcnta-
phi/JJum. Fig. 77f>. Diagram of flowers of Euphor-
biaceons Plants becoming more and more simple.
After Jiissieii.

1. Staminate flower of Tragia cannabina.
2. „ „ Tragia volubilis.

3. r> " Anthostemn senrgnlensa.
4. „ „ Andenopehis colliguaya.

5. „ „ Euphorbia.

thus in the Lamium {fig. 992) we have five parts to the calyx

and corolla, but only four stamens; and in the Salvia (fig. 995)
we have also five parts to the calyx and corolla, but only two
perfect stamens.

The suppression of whorls and parts of a whorl are well

illustrated by plants of the Euphorbiaceae, and the above

diagram from Jussieu will show this fact in a remarkable

manner (fig. 779). Thus, in Xo. 1 we liave a flower consist-

ing 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 Xo. 4 the

calyx is suppressed, and one stamen, the place of the calyx

being occupied by three bracts; Avhile in No. 5 the place of the
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calyx is occupied by two bracts, and there is only one stamen
present , this of itself constitutes the flower, which is thus re-

duced to its simplest 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

transformation of the parts of a flower. Thus in Scrophnlaria

the fifth stamen is reduced to a scale; in the Umbelliferai the

limb of the calyx is commonly abortiA'e, while in the Com-
posite {,figs. 953 and 955) it is reduced to a pappose form.

Many of the so-called nectaries of flowers are merely trans-

formed stamens. In unisexual flowers, such as Tamus, the

stamens are frequently present as little scales. In cultivated

semi-double flowers, such transformations are very common
;

thus we frequently find the stamens and carpels partially

transformed into petals ; or when the flowers are entirely

double, all tlie parts of the androecium and gynoecium are thus

converted into petals.

4. Irregularity.— This irrejiularity may be produced by
three different causes,— namely, unequal growth of the memljers
of a whorl; unequal degree of union; and abnormal development
of the thalamus or axis of the flowei*. The two first causes

cannot well be separated, and will V)e treated of under one head.

a. Unequal yroivt/i, and unequal degree of union of the members

of a whorl render such whorls irregular, and ])roduce what arc

called irregular flowers. These irregular forms have been
already treated of in describing the different floral organs. All

the examples of irregular forms of calyx and corolla therefore,

which have been alluded to under their rcs])ectivc heads, will

afford good illustrations. The stamens of Papilionacejc will

afford an example of unequal union in the staminal wliorl.

b. Abnormal development of the thalamus or axis ofthejloxoer.—
The irregular forms of flowers due to this cause have been also

alluded to when describing tlie thalamus. Thus the flowers of

the Ncluml)inm (^f\g. 640), Ranunculus {jig. 530), Kosc {jig.

439), Dianthus {j^g. 587), Geranium {fig 626), &c., will furnish

examples of this form of irregularity.
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CHAPTER 5.

RErRODLCTIVE ORGANS OF CR\TPTOGAMOUS, FLOAVERLESS, OR
ACOTTLEDONOUS PLANT!?.

The nutritive organs of Cryptoganious Plants have been already-

very briefly alluded to in tlie chapter on the General Morphology
of the Plant, and in our description of the stem, root, leaf, &c.
It only remains for us to describe their reproductive organs,

Avhich we shall do as briefly as is possible, our space not allow-

ing us to take more tlian a general view of the subject.

The reproductive organs of Cryptogamous Plants differ widely
from those of the Phanerogam ia ; for, in the first place, they
have no flowers properly so called,— that is to say, they have
no stamens or carpels, the presence of which is essential to our
notion of a flower ; hence they are termed Floicerless Plants.

Although these plants have no true stamens or cai-pels, 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, flower-

less plants have been also called Ciyptogamous, which signifies

literally, concealed sexes. The term asexual, which was formerly
apphed, has now been generally 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 ; instead of seeds, they form reproductive bodies called

spores, which in most cases consist of one cell (rarely more), com-
posed 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 Acoti/ledonous. In germination also, as

they have no rudimentary stem or root, they have commonly no
definite growth, but this takes place by an indifferent extension

of one or both of their membranes. Some exceptions are, how-
ever, afforded to this latter peculiarity by the spores of certain

Fungi, Avhich have on their outer membrane certain spots or

pores, through which, in germination, little threads are pro-

traded from an extension of their inner membrane. This is

exactly analogous to the production of the tubes from the

pollen grains ; indeed, in their general structure, spores (espe-

cially those of the Fungi, Avhich exhibit the above growth), have
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a striking similarity to pollen. It must be noticed, however,

that spores, although similar in structure to pollen, perform

essentially different functions. The threads which are thus pro-

duced by the germination of spores, may either reproduce the

plant directly; or give rise to an intermediate body of varying

form, called tho, pro-thallus or pro-embryo {Jig. 784, 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. Kuch spores are, how-
ever, of but I'are occurrence, and the rudimentary plant which

they contain is of so different a nature from the true embryo of

Phanerogamous Plants, tliat such exceptional cases can scarcely

be said to interfere materially with the character given above.

Such are tlie chief distinctive characters in the reproductive

organs of Cryptogamous and Phanerogamous Plants. The nature

of these oi-gaus in the different tribes of flowerless plants, are

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 divided by botanists into

two great divisions, called respectively Acrogens and Tkallugens,

the characters of which will be described hereafter, when treating

of Systematic Botany ; but it will be better for us to keep these

two groups in view in our sketch of the reproductive organs of

flowerless plants, and hence we shall treat of them under those

two heads.

Section 1.

—

Reproductive Organs of Acrogens.

Acrogenous Plants have been also divided into several sub-

divisions, called Natural Orders or Families; these are the

Filices, Equisetacea, Marsileacece, Lycopodiacece, Musci, Jlepa-

ticacece, and Characece. The general characters of these orders

will be described under their respective heads in Systematic

Botany ;
— the nature of their reproductive organs have now

only to be described.

1. Filices or Ferns. — The fructification of these plants

consists of little somewhat rounded cases, called capsules,

sporangia, or iheca {fig. 780, sp), springing commonly from the

veins on the under surface or back of the leaves or fronds {figs.

780 and 781), and containing spores in their interior. In a

very few cases sj)orangia have been observed on the upper

surface, as in Acrostichuui. The sporangia arc arranged in

little hcajjs, wliich vary much in form, called sori {figs. 780 and

781, i), and arc either naked, as in Polypodium {fig. 780), or
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covered by a thin membranous layer continuous with the epi-
dermis, which is called the indusium or involucre, as in Nephro-
dium or Lastrcea Filix-mas {fig. 781). Sometimes the sporangia
are so densely compacted that, no intervening parenchyma can
be distinguished— the latter being destroyed by the excessive
development of the former ; in such cases, the sporangia 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. 782).

Fig. 780. Fig 781. Fig. 782.

Tig. 780. A portion of the frond of the common Polypody iPolypodium vidgare)
showing two sori springing from its veins. The sori are naked, and consist of a
number of sporangia, sp, in which the sporps are contained Fig. 781. Portion
of the frond of the male-fern {Xephrodium Filix-mas), with two sori, s, *, covered
by an indusium or involucre Fig. 782. Portion of the frond of the Royal or
Flowering-fern {Osmunda regalis), with its sporangia arranged in a spiked man-
ner on a branched rachis.

The sporangium is a little cellular bag or case {fig. 783, s), usu-
ally stalked,/), and more or less completely surrounded by a ring
or annulus ; this ring is frequently elastic, and thus causes the
bursting of the sporangium when ripe, and the escape of its

spores. In some Ferns the ring is imperfect, and in others
it is altogether wanting ; hence Ferns provided with a ring are

called annulate, whilst those in which it is absent are exannulate.

The spores have two coats like pollen-grains ; and like

them also, the outer coat is either smooth, or furnished with
little points, streaks, or reticulations, &c. In germination {fig.
784, s) the outer coat bursts, and the inner is protruded in the
form of an elongated tube, which ultimately by cell-division,

forms a thin, flat, green parenchvmatous expansion, called a pro-
thallus or pro-embryo, p, from which one or more radical fibres, r,

are commonly produced in its earliest stage. On the under
surface of this body, there are soon produced two diflferent
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structures, called antheridia and archegoniay which are now
considered as the organs of reproduction. The antheridia are

Fig. 783. Fig. 784.

^ig. 783. Sporangia of a Fern (J/ar-
ginaria verrucosa), s. Sporan-
gium, supported on a stalk, 7^, and
surrounded by a ring or annulus,
-which is a continuation of the
stalk. One sporangium is repre-
sented as burst on one side, and

the spores in the act of being scattered. Fig- 784. Germinating spore of a
species of Fern. a. Spore, p. Pro-thallus. r. Radical fibre.

Stalked cellular bodies (^fig. 785), containing other minute cells

called sperm-cells, se, in which are developed spiral ciliated

filaments, sp, termed spermatozoids or phytozoa. The archegonia

or ovule-like bodies {fig. 786) are little cellular papillse of a
somewhat oval form, with a canal in the centre leading to a cell

called the germ-cell or embryo-cell, and which is contained in

Fig. 785. Fig. 786.

Fig. 7M. Side view of an antheridium containinp a number of itperm-cells, se.

ip. Spcrmatozouh escaping from the antheridium after having burst the

perm-celU. After Ilenfrey Fig. 786. Vertical section of an archegonium,
pMiiug tltiough the caual and embryo-sac. After Ueufrey.
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a cavity called the emhryo-sac. After impregnation has taken
place, the embryo-cell develops and forms an embryo, from
which ultimately, the plant with fronds bearing sporangia 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 Hepaticacece

(Jigs. 808 and 810) ; and in the second, peculiar bodies are formed
upon the surface of the pro-thallus, by the action of which there

is ultimately produced a new plant resembhng the one from
which the spore was originally derived. Thus, Ferns exhibit

an instance of what is called alternation of generations.

2. Equisetace^ 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 (Jig. 157). Each mass
is composed of a number of peltate stalked scales, on the under
surface of which numerous sporangia are arranged (^gr. 787).

These sporangia when ripe, open by a longitudinal fissure on
their inner surface. Some botanists consider each of these

scales bearing sporangia on its under surface as a single organ;

and the sporangium is then described, as a stalked " mushroom-
shaped body, possessing a number of little pouch-like cases

under the overhanging outer portion, and round the stalk;

these pouches bursting by a perpendicular slit inwards so as to

dischiirge the spores."

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 the

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 are terminated at each end by a club-shaped ex-

Fig. 787. Fig. 788. Fig. 789.

Fig. 787. Peltate stalked scale of a species of Horse-tail (Equisetum), bearing on
its lower surface a number of sporangia Fig. 788. Spore ot a Horse-tail fur-

nished with two elaters, which are wound round it. The elaters are terminated at

each end by a club-shaped expansion Fig. 789. The same spore in a dry state,

showing the elaters in an uncoiled condition.

pansion (Jigs. 788 and 789). These spiral elastic filaments,

which are called elaters, are at first wound round the spore ( Jig.

788), but when dry they ultimately uncoil (Jig. 789), and thus

appear to assist in the dehiscence of the sporangium, and
in the dispersion of the spore to which they are attached.

BB 2
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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 pro-thallus of a Fern.

Like Ferns also, this pro-thallus becomes furnished with anihe-

ridia containing ciliated spermatozoids, and archegonia. From
the embryo or germ-cell of the archegonium also, as in Ferns, a
new plant is ultimately produced resembling in every respect

that of the parent plant from which the spores were obtained.

As is the case in Ferns therefore, we have in the Equisetaceae

also, an instance of alternation of generations.
3. Marsileace^ or Peppervtorts.—In the plants of this

order the fi-uctification is placed at the base of the leaf-stalks.

It consists usually of a two-valved stalked involucre or sporo-

carp {fig. 790), 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.

In Marsilea, the fructification consists of a stalked, two-
valved, hardened sporocarp {fig. 790, s). The valves are held

together by a mucilaginous ring, Avhich is at first connected

with the stalk of the sporocarp, but when the latter organ
bursts, the ring becomes detached from the stalk at one end,

straightens, and appears as a long mucilaginous cord protruding

from the sporocarp {fig. 790, />), and bearing on its sides some-
what oblong spikes of fructification {fig. 790,/). These spikes

are at first enveloped in a membrane, and are composed of two
distinct organs, called antheridia, and pistillidia sporangia or

ovules ; these 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, Avhere there is a little cavity {fig. 792). Accord-
ing to Hofmeister, as quoted l)y Berkley, " this cavity is

gradually filled up with cellular tissue, constituting a conical

pro-thallus confluent with the nucleus. A single archegonium
is formed in the centre, the orifice of which corresponds with

the apex of the pro-thallus." In this an embryo is ultimately

formed, which, when it germinates, gives off" a frond in one
direction and a root opposite to it.

The antheridia contain a number of small cells {fig. 791),

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.

In Filularia, the fructification consists of stalked, pill-shaped,

hairy sporocarps, situated at the base of the leaves. The in-
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terior of each sporocarp is divided usually into four cells {fig-

793), and when ripe it opens by four valves. In the interior

Fig. 790.

Fig. 791. Fig. 792.

Fig. 790. Fructification of a species of 3rarsilea.

s. Two-valved sporocarp. p. Peduncle. /.

Fructification Fig. 791. Antheridium of

the above Fig. 792. Ovule or sporangium
of the above. After Maout.

of each cell there is a mucilaginous process or placenta at-

tached to the walls, upon which are placed numerous anthe-

ridia and sporangia or ovules, as in Marsilea. The structure

of these antheridia and sporangia resembles in all essential par-

ticulars those of Marsilea. In fact, the only diflference between

the fructification of Marsilea and Pilularia, is the more compli-

cated nature of the sporocarps in Marsilea.

The fructification of Salvinia (Jig. 794) and Azolla, appears

to resemble that of Marsilea and Pilularia, except that the anther-

idia, a, and sporangia or ovules, b, are here contained in

separate sacs, and are attached to a sort of central cellular

placenta {fig. 794). In germination also, the pro-thallus of

Fig. 793.

IKffl

Fig. 793. Transverse section of the sporocarp or spore-fruit of Pilularia glohuli-

fera. After Henfrey Fig. 794. Vertical section of the sporocarp of <SaZi;inia,

showing sporangia in one cavity, 6, and antheridia in the other, a.

BB 3
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Saloinia differs from Marsilea and Pilularia, in producinj^

several arclicgonia, instead of only one, as is the case with
them. Azolla requires further investigation.

In reviewing the fructification of the Marsileacese, we find

that, it differs i^i-om the Fihces and Equisetaceae, in producing
two distinct kinds of spores, and in the pro-thallus 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 Marsileacea3 are nearly allied to the

Lycopodiacete, ^^hich we now proceed to describe.

4. LYCOPODiACE.aE OR Club-mosses. — The fructification in

this family is situated on the upper surface of the leaves at their

bases {Jigs. 795 and 796). The leaves thus bearing the fructi-

fication are frequently collected together into a kind of cone or

spike (Jic/. 156), while at other times, they are scattered along
the stem. The spores, like those of Marsileacese, are of two
kinds, and are enclosed in separate cases. These cases are

variously named ; the names which Avoula correspond to those

just used in describing the Marsileaceae would be sporangia and
antheridia ; but the former are also commonly called oosporangia

or oophoridia {fig. 795), and the latter pollen-sporangia {fig.

796). The contents of the former are generally termed large

spores or macrospores {fig. 798), those of the latter small spores

Fig. 795. Fig. 796. Fig. 797.

!<7. 798.

Fifi. TO.*!. Scale or leaf of " SelaginfUa apoda " with oosporanffium or oophoridium

in it* axil. After Tlcnfrev Fig. 7!W>. PoVcn-gporanqium or anlheridium of

the above. After llenfrey. Fi(j. 707. Pollen-cporansinni of a spocien of Sela-

gineVn. It i« two-viilxcd, and contuins a iminbcr of smuil spores or viicrosporcs.

/-Vf/. 798. OoBporniiKiiiin of a Hpt-cics of ScliKjinilUu Tliitf is a two-vulved,

four-lobcd aac, and contains four large spores or ovules, called macrospores.

or fnicrosporex (fig. 797). It is greatly to be regretted that a

uniform nomenclature should not be adopted with the repro-
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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

{fig 795 and 798) with four lobes, each of which contains one
large spore. The oophoridium 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-valved cases {fig. 796 and 797), containing a large num-
ber of small spores ^microspores), in which spermatozoids are

ultimately produced.

In Lycopodium and some other Lycopodiacese, only one kind

of spore case has been found, which is of the nature of the anther-

idium 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 oophoridia as the

female.

In germination, the large spore produces a pro-thallus in its

interior, thus resembling the Marsileaceae ; in this archegonia

are soon developed, in which an embryo, and ultimately a new
plant is produced.

5. Mdsci or Mosses.— The reproductive organs of this vast

order of Cryptogamous Plants are of two kinds ; these are called

antheridia {fig. 799), and archegonia or pistillidia {fig. 800)

Fig. 799. Fig. 800.

Fig. 799. Antheridium.n,
of the Hair-Moss (.Po-

lytrichum), containing
a number of cells, c, in
each of which there is

a single phytozoon or
spermatozoid. p. Para-
physes, surrounding the
antheridium. Fig.
800. Archegonium or
pistillidium of a moss.

They are surrounded by leaves, usually of a different form and
arrangement to those of the stem, Avhich are called perichceiial

{fig. 802, f), and in some Mosses they have, in addition to the

perichsetial leaves, another covering formed of three or six

small leaves, of a very different appearance to them, termed
perigonial, and constituting collectively a perigone. The anther-

idia are regarded as the male organs, and the archegonia as the

female.

The antheridia and archegonia sometimes occur in the same
B B 4
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perigone, in which case such Mosses have been termed her-

maphrodile. More frequently however, they are in different

perigones, and then both kinds of reproductive organs may
occur on the same plant, or on separate plants ; in the former
case we apply the term monoecious, in the latter dioecious (^figs.

154 and 155).

The antheridium is a somewhat elliptical, more or less rounded
or elongated cellular sac (Jig. 799), Avhich is filled at maturity

with a number of minute cells, c, which have been termed
zootheccB ; in each of these there is a single spiral phytozoon or

spermatozoid. The antheridium opens by an irregular perfora-

tion at its apex, and thus discharges the cells with their phy-
tozoa. Among the antheridia there are generally to be found,

slender, cellular, jointed threads (fig, 799, />), calledi parapht/ses,

which are probably nothing more than abortive antheridia,

as they appear to perform no special function.

The archegonia, like the antheridia, are often surrounded by
filamentous cellular bodies, called paraphyses, which appear to be
in this case abortive archegonia {fig. 800). The archegonium is

a flask-shaped cellular body with a long neck, the whole some-
what resembling an ovary with its style and stigma. 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. After fcrtihzation

this embryonal cell enlarges and is 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. The central portion

formed by the development of the embr}H)nal cell, is called the

sporangium {fig. 801, sp), the stalk the seta {figs. 801, t, and

802, p), the hood the calypira {fig. 802 and 803, c), and the

sheath at the base, the vaginule {Jig. 801, v).

The sporangium when fully formed, is a hollow urn-like case

{figs. 803 and 804), the centre of wliich is usually occupied by
a cellular axis, called the columella {fig. 807), and the s])ace be-

tween this axis and the walls of the sporangium is filled with

free spores, which are small cells with two coats and markings
resembling tliose of pollen-grains. The sporangium is either

indcliiscent ; 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 transverse dehiscence in fruits, by whicli a kind of lid is

formed, called the operculum (figs. 804, o, and 805), this lid is

either persistent or deciduous. Tlie 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 tlirce cellular layers, the outer of which forms the

operculum, and the iaucr two layers the peristomium. At the
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Fig. 802. Fig. 803. Fig. 804. Fig. 805.

Ftg. 801. Cosdnodon puhinattts. sp. Sporangium enclosed in the calyptra.
t. Seta or stalk, v. Vaginule. From Henfrey Fig. 802. The Hvgro-
metric Cord-Moss {Funaria hygrovittrica). f. Perichaetial leaves', p.
Stalks or sttce, each ot which supports a sporangium, v, covered by a ca-
lyptra. 0. ©.Operculum Fig.%QZ. Sporangium of the Extinguisher-
Moss (Encdlypta vulgaris) before dehiscence, v. Sporangium, covered
by a transparent calyptra, c, and supported on a seta, s. Beneath the ca-
lyptra is seen the lid or operculum, o Fig. 804. The sporangium of
803 after dehiscence. The calyptra and operculum, o, being removed, the
peristome, p, may be seen Fig. 805. Pottia truncata. showing the sepa-
ration of the operculum from the sporangium. From Henfrey.

dehiscence of the sporangium the

stoma or mouth is entire, smooth
or unfurnished with any pro-

cesses {fig. 805) ; or it is sur-

rounded by one or two fringes

of teeth, called the peristome,

which are formed from the two
inner layers of the wall of the

sporangium {fig, 804, p). These
teeth are always four or some
multiple of that number. Some-
times a membrane from the inner

wall is stretched across the mouth
of the sporangium, and forms

what has been called the epi-

phragma or tympanum {fig. 806, e).

When the mouth is naked, the

Mosses in which such a sporan-

gium is found are called gymno-
stomous or naked-mouthed ; when

Fig. 806. Fig. 807.

Fig. 806. Sporangium, «, of Hair-
Moss deprived of its calyptra and
operculum, p. Peristome, e.

Fpiphragma or tympanum. .

Fig. 807. Transverse section of a
sporangium of Hair-Moss, show-
ing the columella surrounded by
free spores.
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the mouth is surrounded by a single row of teeth the Mosses
are said to be aploperistomous ; 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 ditferent genera ofMosses.
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 annulus is

produced, 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 pro-thallus, like a Conferva.

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, as

quoted by Balfour, " to resemble the so-called ovules of Club-

mosses and Pepperworts,— the archegonium giving rise to sporan-

giferous individuals. There is 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. HEPATiCACEiE OR LIVERWORTS. — The reproductive or-

gans of Liverworts are of two kinds like those of Mosses,

to which this order is closely allied ; they are called antheridia,

and archegonia 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

different genera of this order ; thus in the leafy plants, they are

placed in the axils of leaves, as in some Jungcrmanniie ; in

others, they occur in the substance of the frond or thalloid ex-
pansion, as in Riccia, Fimbriaria, &c. ; and in others, as in

Marchantia, they are found imbedded in the upper surface of

peltate or discoid-stalked receptacles (fig. 808, r). The anther-

idia arc small, generally shortly stalked, cellular sacs, of an
oval, globular, or somewhat flask- shaped form (Jig. 809). Their

walls are usually formed of a double layer of cells, surrounding

a number of small cells in their interior. When ripe the anther-

idium bursts and discharges its contents ; the internal small

cells also burst, and each emits a single, very small, spirally

wouiid phylozoon or spermatozuid.
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The archegonia or pistillidia, like the antheridia, are differently

arranged in different genera ; thus in Riccia they are imbedded

Fig. 808. Fig. 809.

Fig. 808. A portion of the thallus of Jfarchantia polymorpTia, showing an antheri-

dial receptacle, r, supported on a stalk, s i^igr. 809. Antheridium of J/ar-

chantia, discharging its small cellular contents.

in the substance of the frond, while in Jnngermannia and Mar-
chantia {fig. 810) they are contained in receptacles, r, which are

elevated above the thallus on stalks, s. They are usually

small flask-shaped bodies, consisting of a cellular case or epi-

Fig. 810. Fig. 81

:

Fig. 810. A portion of
the thallus ofMarchan-
tia polymorpha. r. Re-
ceptacle supported on a
stalk, s. On the under
surface of the recep-
tacle the pistillidia are
imbedded Fig. 811.

Archegonium of Mar-
chantia. b. Perigone,
open at its apex, and
surrounding an inner
cellular case or epigone,
c. Paraphyses.

gone {fig. 811), having a canal in its upper . elongated por-

tion which leads to a cavity, at the bottom of which a single
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Fig. 812.

free cell, called the germ or embryonal cell, is developed. After
fertilization, this cell enlarges and bursts through the epigone,

the latter either remaining only as a sort of sheath round its

Dase called the vaginule, or the epigone opens by a transverse
fissure, and the upper part is then carried upwards as a sort of
hood or styloid calyptra. The sporangium thus formed by
a development of the embryo cell, has also at times an ad-
ditional covering surrounding the epigone, called the perigone,

which frequently grows up so as to form a sort of cup-shaped
covering (fig. 811, b). At the base of the perigone, a number of

cellular filaments, perichjEtial leaves, or paraphyses, are also

occasionally to be found (fig. 811, c).

The sporangia vary much in diffei'ent genera. In Marchan-
tia they are formed of two layers or sets of cells ; one exter-

nal, called the cortical or peripheral layer, and
one internal, in which the spores, &c., are de-

veloped. The cells of the cortical layer ex-

hibit spiral fibres, like the cells constituting

the inner lining of the anthers in Flowering
Plants. The cells forming the internal mass are

thus described by Henfrey : — " At an early

period the cells of the internal mass present the

appearance of a large number of filaments ra-

diating from the centre of the sporangium to the

wall. These soon become free from each other,

and it may then be perceived that some are of

very slender diameter, and others three or four

times as thick. The slender ones are developed

at once into the long elaters (fig. 812, e) cha-

racteristic 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 pai'titions (fig. 145,

a, b), and break up into squarish free cells, which

are the parent-cells of the spores, four of which

are produced in each (fig. 145, c, d)." The spo-

rangia in this genus are situated on the under

side of the receptacle, and vary in form; — they

burst by valves. In Jungermannia the spo-

rangia are elevated upon stalks arising out of

the vaginule ; they arc more or less oval in

form, and open by four valves which spread in a

cross-like form ; they contain spore-cells and

FU/-812. YAaXcTft, elUers with a single spiral filament. In An-
e,o{ Atarchnutia. thoceros thc SDorancfia open by two valves, and

have a central axis or columella ; tliey are or

an elongated, tubular, or conical form, situated on a short stalk,

and contain spore-cells and clatcrs, but tlie latter have no
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spiral fibres in their interior, and are much simpler in their

structure than those previously described. In Riccia the spo-

rangia 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 pollen-grains ; the

outer coat also frequently presents markings of diiferent kinds :

in Marchantia however, the spore has but one coat. They
all germinate without any well-marked intermediate pro-thallus,

although some produce a sort of confervoid 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 Algae ;

but the structure of their reproductive organs indicates for

them a higher position. They are generally considered as

intermediate in their nature between Hepaticaceae 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 the

Cryptogamous Plants.

The reproductive organs are of two kinds, both of which grow
at the bases of the branches (^fig. 813), and either on the same
or on different branches of the same plant, or on different plants.

These organs are called respectively, the globule (^jig. 813, g\
and the nucule {fig. 813, ri).

The globule, which is regarded as an antheridium, is a globular

body (^^. 813, 5r), of a deep brick-red colour, usually placed

immediately below, or occasionally on the side of the nucule.

It consists of eight valves, each of which is composed of a

Fig. 813. Fig. 814. Fig. 815.

Fig. 813. A portion of the ajds of CJiara, with nucule, n, arising from the axil of a
branch, and a globule, g, below it Fig. 814. A portion of a filament,^, oi

fg. 815, with a ciliated spermatozoid or antherozoid by its side Fig. 815. A
globule cut in half, to show the oblong cells, c, and the septate filaments, Jil. After
Henfrey.
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Fig. 816. Fig. 817.

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. 815, c) is given off in

a perpendicular direction. The ei>iht cells from the eight

valves converge in the centre of the globule, and are united at

their extremities by a little cellular mass. A ninth cell of a

similar form, but larger than the others, joins them in the centre;

this is 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 (^fiy.

815, fil), in each cell of which is produced a spiral spermatozoid

or antherozoid (fig. 814), each of which is furnished with

two very long ciliae of excessive fineness. These 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 globule is condensed), considers the sper-

matozoids of the Charas to be unquestionably of the same nature

as those of Mosses.

The nucule or spore is by some considered as a pistillidium.

It is an oval sessile body, situated

in the axil of a branch (figs.

813, n); it consists of a central

:_^, sac containing protoplasm, oil,

/^ and starch granules {fig. 817),

surrounded by five cells, which
are wound spirally round it, and
terminating above in five or ten

smaller cells, the ends of which re-

, ,;,:^J.v-^.,. main free {fig. 816, a), and thus

'^^^0piiil^ form a kind of crown at the apex

Fig. 816. Nucule ofChara. a. Apices of the nuculc. At an early Stage
of the spirally wound cells Fig. of growth the cells are Separated
817. Vertical section of the nucule c t, ..u i i :^
oi Chara. from each other, 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 Avhich the spermatozoids

reach the central cell of the nucule. Ultimately the nucule

drops off, and germinates in a manner closely resembling a

Monocotyledonous Plant, by which a new plant is formed. No
intermediate pro-thallus is produced.

Section 2,—Reproductive Organs of Thalloqens.

The Thallogens may be divided into three large groups, called

respectively, Lichenes, Fungi, and Algaj, each of which again

comprises a number of subordinate divisions. The general

characters of these will be described hereafter in Systematic
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Botany. At present we hare only to examine their reproduc-

tive organs, and of these even Ave can only afford space for a

general sketch.

1. LiCHENES OR LiCHEKS. — The reproductive organs of

this large group of plants, are hy no naeans so well under-

stood as those of the Acrogenous Cryptogams already de-

scribed. From the researches of M. Tulasne and others, it

would appear that the reproductive organs of Lichens are of

three kinds, namely, of 1. Apoihecia of yaxious forms, containing

a number of spore-cases, called asci or ihecce, and which are

supposed to represent the female organs; 2. Spermogonia, sper-

magoniay or spermatogonia, which have been regarded by some as

antheridia or male organs; and 3. Pycnidia, containing styluspores.

The opothecia are of various forms, and have received differ-

ent names accordingly. The more usual forms are round {fig.

819, ap) and linear; in the latter case they are commonly termed
lirellce (fig. 818). They maybe either sessile or stalked; in the

latter case the stalk has received the name of podeiium. The
apothecium is either composed of two parts, called the thalamium
and e.rcipuluvi, 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 thalamium, and the layer of

cells at the bottom of this upon which the thecae and paraphyses
are placed is termed the hypothecium. When the apothecium is

divided by a vertical section, it is seen to contain a number of

asci or thecce, surrounded by thread-hke or somewhat club-

shaped filaments, called paraphyses {fig. 820), which are usually

regarded as abortive asci; the asci and the paraphyses are placed
perpendicularly upon the hypothecium. The apothecia are fre-

quently of a diff"erent colour to the surrounding thallus ; this is

due to the paraphyses or excipulum. Each theca generally

contains eight spores, but in some cases only four, in others

sixteen ; thus the spores are generally a multiple of two, and

Fig. 818. Fig. 819.

Figs.^20. 821.

Fig. 818. Thallus of Opegrapha aim showing lirellse Fig. 819. Portion of the
thallus of Pamielia parietina, with young apothecia, ap, and spermagmiia, sp.
After Henfrey Fig. 820. A thcca, t, of a Lichen, surrounded by paraphyses.
The iheca contains four spores or sporidia,i> Fig. 621. Oue of the spores of
the above divided iuto two cells.
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the number is always constant for each species. In rare cases

the thecas have a large number of spores, and are hence said to

be polysporous. The spores are sometimes termed sporidia or

sporules. Some of these spores are of a very complex structure,

being di^nded into two (Jfig. 821), four, or many cells. They
are frequently beautifully coloured, and form splendid objects

under the microscope.

In two genera of Lichens, namely, in Ahrothallus and
Scutula, certain structures have been discovered by Tulasne,

called stylospores. These are analogous to the stylospores of

Coniomycetous Fungi. " They consist of isolated spores borne

upon shortish simple stalks. They are produced in concep-

tacles to which is applied the name of pycnidia."

The spermagonia or spermatogonia were first discovered by
Tulasne, but they have been now found in a great number
of Lichens, and probably exist in all. They generally appear as

little black specks near the margins of the thallus, in the tissue

of which they are usually more or less imbedded {fig. 819, .«p) ;

rarely, they are quite free and above the thallus. The sperma-

gonium varies in form, and has one or more cavities, with a

small orifice at the top termed the ostiole or pore (^fig. 822, as),

with which all the cavities communicate. The spermagonium

Fig. 823.

Fig. ft22. Vertical section of
a Bpermai^onium of Clarlonia
rangiferiiui. gp. Spermato-
phores. os. Ostiole or pore,
from which the sperinatia,

», are escaping. After Jlen-
frey /•"(>/. H2.!. Highly
maijnifled fragment from the
wall of a spermagonium of Parmelia parietina.
phores. «. Spermatia. After llenfrey.

when mature, has its interior filled with a number of bodies called

spermatia (^figs. 822, 5, and 823, s), raised on stalks, termed sper-

matophores \figa. 822, sp, and 823, sp). The form of the sperma-

Articulated epermato-
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tophores 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 cyHndroid or globular
cells {fig. 823, sp) ; or the branches are reduced to two or three

elongated cells. The spermatia are terminal on the sperma-
tophores, and consist of exceedingly minute bodies, ordinarily

linear, very thin, short or longish, straight or curved, without
appendages, and motionless, and lie in a mucilage of extreme
transparency. These spermatia are commonly i-egarded as the

analogues of the spermatozoids produced in the antheridia of

the higher Crj'^ptogams." "When the spermagonium is mature,
the spermatia are discharged thi'ough the pore or ostiole in vast

numbers {fig. 822).

Besides the above reproductive organs of Lichens, there are

also to be found in some genera, certain round cells filled with
a green substance, called gonidia, which are also capable of re-

producing the plant. They appear to be analogous organs to

the buds of the Phanerogamia.
2. Fungi or Mushrooms.—This order is remarkable for the

great development of its reproductive apparatus, which in most
cases constitutes the principal portion of the plant. This re-

productive structure varies very much in the different tribes of
this vast group of plants, and can only be very briefly alluded

to here. The vegetative structure of the Fungi consists of

colourless, delicate, jointed, anastomosing filaments, called the

mycelium or spawn (figs. 150— 152), which corresponds to the

thallus of the other Thallogens.

From the recent researches of M. Tulasne, it would appear,

that the re])roductive organs of Fungi are at least of three kinds,

namely, 1. Spores, either naked {fig. 825); or enclosed in cases,

called thecce, asci, cystidia, or spo7'angia {fig. 826), and which are

supposed to represent the female apparatus ; 2. Spermatia {fig.

827), which are either developed among the spore-producing
bodies, or on ditferent parts of the plant. They are sometimes
found in distinct receptacles like those of Lichens, which are

accordingly termed spermagonia. These spermatia have been
supposed by some to be the analogues of the 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.

Stylospores enclosed in pycnidia. (See p. 384.)

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, Penicillium {fig. 151), and Botrytis {fig.

152); where one or more cells placed at the ends of simple or

branched filaments springing from the mycelium, are trans-

formed into spores. The term conidia has been used to distin

c c
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guish certain forms of stalked spores which thus arise myce-
lium : these conidia may he regarded as a fourth kind of

reproductive organ. Their nature is at present hut imperfectly

ascertained, they appear physiologically to he analogous to the

gonidia 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), (Jig. 824),

Fig. 824. Fig. 825.

Fig. 824. Vertical section of the common Mushroom {Agaricus campestris).

my. Mycelium, to/. Remains of volva. s<. Stipe. «?i. Annulus. A. llyme-
nium with its lamellae, la. p. The pileus Fi'o. »25. Transverse section

of portion of a lamella of Agaricus. h. Ilymenium. bos. Basidia, each
bearing at its apex four spores, spo. a and b. The four spores separated from
the basidia. cys. Cystidia or sacs containing granular bodies.

maybe 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 lamina? arc situated, which radiate from the

centre towards the circumference, these are the lamella or gills, la ;

they constitute collectively tlie hymenium, h, upon which the

spores are ai-ranged. The hymenium is at first enclosed in a

membrane called the veil or indusium, 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 the

upper part of the stipe.

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 in Agaricus. Some-
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times again the hymenium lines a number of tubes, as in Poly-

porus and Boletus, or a series of solid columns, as in Hydnum,
instead of being composed of vertical radiating plates. At other

times, the hymenium, instead of exposing its sporiferous mem-
brane to the air, as in Agaricus, &c., is enclosed in a leathery-

membrane called the peridium, as in Lycoperdon. The former
are called Hymenomycetous Fungi; the latter Gasteromycetous
Fungi.
On tlie surface of certain cells of the hymenium which are

called basidia {fig. 825, has), the spores are situated. Each
basidium commonly bears four spores, spo, a and b, 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 basidia. Among the basidia- of the Agarics
opaque vesicles occur, which have been termed pollinaria, cystidia,

or utricles. They appear to be paraphyses or abortive basidia.

All Fungi which thus bear theu' spores on the outside of pecu-
liar cells or basidia, have been called Basidiospoi-ous or Acro-
sporous ; while those in which the spores are enclosed in thecee

or sacs, are termed Thecasporous or Ascosporous ; this differ-

ence 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

different periods of their growth, and hence such a division

must be abandoned. All the so-called Thecasporous Fungi
were included by Schleiden under the class of Lichens.

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- 150), Ascophora, &c., the spores or
sporules are arranged in great num-
bers without any definite order, in a
roundish sac called the theca or ascus.

Sec, placed at the end of a filament

which arises from the mycelium. In
the Peziza {fig. 826) and some other

Fungi, the theca, t, which are more or

less elongated in form, are arranged
in groups in a definite order, and com-
monly mixed with paraphyses, p. Each
theca in the latter Fungi contains four,

six, or eight spores or sporules, (or,

as they have been also termed, spori'

dia,) placed one above the other (fig.

826, sp).

But very little is known of the sper-

matia of Fungi {fig. 827, s). They
were discovered by Tulasne, and are

supposed to be analogous to the sper-

C G 2

Fig. 826.

Fig. 826. Vertical section of the
fructification of a Thecaspo-
rous Fungus iPeziza). c. Cel-
lular substance from which the
thecae, t, arise, each of which
contains spores or sporidia, sp.

V. Paraphyses.
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niatozoids of the higher cryptograms. They are sometimes
enclosed in spermagonia (^Fig. 827), like those of Lichens

(p. 384). The thread-like stalks upon which the spermatia are

placed have been termed
Fig. 827. .sterigmata (Jig. 827 st). Al-

though they have been sup-

posed to represent the male
organs, yet at present the

sexual nature of the Fungi is

not clearly ascertained. With
regard to the Fungi generally,

it may be observed that our

knowledge upon many points

is becoming enlarged every

day, so that much of what
may be written now will pro-

Iiably soon require modifica-

t ion.

3. Alg^ or Sea-weeds.
— This group of plants, like

the Fungi, comprises a vast

number of species, which vary
exceedingly in form, colour,

size, and other peculiarities.

They are all either inhabitants

of salt or fresh water, and may
be microscopic plants, or growths of enormous length. They are

commonly divided into three orders, which are called respec-

tively, ChlorospermecB Chhrosporece or Confervoidece, Rhodo-

spermece Rhodosporece or Floridece and Melanospermece Mela-
nosporece or Fucoidece. The reproductive organs of each of these

orders will be very briefly described.

1. Chlorosporea:, Corifervoidece, or Green-cohured Alga.— The
simplest plants of this group, as Protococcns (figs. 147 and 148),

&c., consist of a single cell, so that the nutritive and reproduc-

tive processes cannot be separated; but eacli cell has the i)ower

of dividing by the process of cell-division into two or four ucav

cells, from which new individuals are formed when the parent-

cell bursts. In other cases, as in Zi/gnema (fig. 828), the cells

of two filaments, c, d, unite by a lateral cellidar process, p, by
means of which their contents (endochrome) intermingle, and the

result is the formation of a spore, s, capable of germinating.

This process is called conjugation, and will be more particularly

explained hereafter. In other plants of thiS group the spore is

api)arently developed without conjugation. Besides these true

spores, which may be called resting or inactive spores, we have
also formed in the ])lants of this group, as in many other Alga;,

what have been called zoospores or gonidia (fig. 146). These are

Fi(i- 827. ^cc^i()n oi a Fperm
Fungus. After Henfrey. i

St. Sterigmata.

gonium of a
Spermatia.
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formed apparently without any process of fertilization out of the
contents of the cells, and are discharged, according to Henfrej,
without any cellulose coat, but consist simply of a protoplasmic
sac. They are furnished with ciliee, by which they are enabled to
move fi-eely for some time, hence their name ; but they after-
wards settle down and germinate, when Jhey also acquire a cel-
lulose coat. The number of cilise varies in' dilFerent plants ; in
some there are two {fig. 14), in others four {fig. 829), in others

Fig. 828. Fig. 830.

Fig. 829.

Fig. 828. Portions of two filaments of Zygnema conjugating, c, d. Tlie contents
(endochrome) of two cells mixing by means of a lateral process, p. s. Germinating
spore, which results from the imion and mixing of the contents. The two cells
below contain spiral filaments Fig. 829. Zoospore of Choetophora, consisting of
a cell, V, with four ciliae, c, at its apex Fig. 830. End of a filament of Vaucheria
Ungeri, with a single gonidium or zoospore, g, escaping.

there is a tuft of cilite at one end {fig. 15), while in others, again,

as in Vaucheria, the spores are ciliated all over {fig. 16). They
may be produced either singly in the cells, as in Vaucheria {fig.

830), or in great numbers, as in Achh/a {fig. 146); and they
ultimately escape by rupturing the coats of the cell in which they
are contained {figs. 830, g, and 146, b).

Some Conferv^oids have two kinds of zoospores, which are

termed respectively, macrogonidia and microgonidia ; the latter

are smaller and longer than the former, and are thought by some
authors to resemble spermatozoids in their function.

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

C C 3
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transitory stnictures; when discharged from the parent-cell they
either make their way to a germ-cell of a spore, fertilize it and
disappear; or if debaiTcd from this, at once perish without ger-
mination."

Besides the above-mentioned reproductive organs, there have
been found in certain genera of this order— sporangia, in which
resting-spores are produced by impregnation from spermatozoids

derived from antheridia.

2. RhodosporecB, Floridea, or Rose-coloured Alga.— There
appear to be three forms of reproductive sti-ucture in plants of

this order of Algre ; these are termed respectively 1. tetra-

spores; 2. spores; and 3. antheridia. The tetraspore is a pecu-
liar feature of the plants of this order, and at once distinguishes

them from their allies. The sexual nature of Rhodosperms
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

(^Jig. 831); or they are collected together in distinct organs of

varying forms, called conceptacles
^ (fig. 832), and stichidia {fig.

833). The tetraspore consists of a more or less globular trans-

parent sac or cell, called the perispore, which when mature
contains within it four, (or rarely three), sporulcs (fig. 831).

The occurrence of three sporules was formerly considered to be
tolerably frequent, but this is now known to be an error; the

fourth sporule is however occasionally suppressed, as in Lepi-

dosirohus, as first shown by Mr. BroAvn. The tetraspores are re-

garded by Harvey and some other authors, as analogous to

gonidia.

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 tQvms fat'ellce (fig. 834),

ceramidium (fig. 835), and coccidiuvi are those which are most in

use. The spores are generally formed by the transformation of

the cells of articulated threads, situated commonly in the concep-

tacles. They consist of at least two coats of a somewhat gela-

tinous natm'c, enclosing a dense clustered granular mass.

3. The AvOuridia.— But little is known of the structure of

the antheridia of this order of Algjc. They arc collections of

little cells of various forms, and variously arranged, in each of

which a peculiar l»ody, called a spermatozoid, is ultimately formed.

According to lierkley, " the s])ermatozoids vary a little in shape.

Derbies and Sober figure many of them with a delicate append-
age; but Tliuret lias in vain sought for such an aj)]>carance.

There can, however, l)c little doubt but that they are truly im-

prcgnatory organs. The tlagelliform api»endage cannot certainly
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Fig. 831. Fig. 832.
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Fig. 833.

Fig. 831. Section of the
frond of Rhynchococcus
coronopifoUus, with te-
traspores immersed in
its substance. After
Henfrey Fig. 832.
Section of a concepta-
cle of Hildenbrandtia
sanguinea, containing
tetraspores. After Hen-
frey Fig- 833. Sti-

chidium ofDasya Kut-
zingiana, containing
tetraspores. After Hen-
frey Fig- 834. Two

faveUceot CaUithamnion tetragonum, containing spores

Fig. 835. Ceramidium of Bonnemaisonia asparagoides, con-
taining spores, and terminated by a pore.

be considered as essential to their functions. "—(Berkley's " In-

troduction to Cryptogamic Botany," p. 199 )

Zoospores have not at present been found in the Rhodo-
spermous division of the Alg£e.

3. Melanosporece, Fucoidece, or Brown-coloured Algce. — The
sexual nature of these Algae is generally considered established,

and they are even described by some authors, as Berkley, as

monoecious or dioecious.

In these Alg», as in the Rhodospermous division, the repro-

ducti\ie organs seem to be 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, sporangia, or commonly spores, which are

placed at the ai*ticulations (^fig. 836), or summits of the divisions

of the frond; or singly, in each cell of a jointed thread-like body,

which has been called the trichosporangium. These zoospores

have essentially the same structure as those previously described

in plants of the order Chlorospermece; that is, when discharged

from their sacs they have no cellulose coat, but consist merely of

c c4
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Fig. 836.

a protoplasmic sac, and furnished with cihae,

by which they actively move for some time
;

they then become immovable, acquire a cel-

lulose coat, and germinate. The zoospores of

the ti-ichosporangia appear to be closely allied

to the spermatozoids. The zoospores are of

an olive-brown colour, somewhat pear shaped,

and have but two ciliaj of unequal length di-

verging from each other.

2. The Spores, or inactive spores as they

may be called in contradistinction to the

zoospores, on account of their being motion-

less, are situated in sacs called sporangia (^^r.

837, sp) or perispores. In rare cases but one

spore is contained in each sporangium or peri-

spore, as in Halidrr/s, but generally the endo-

chrome or contents of the sporangium divides

^mSent*pfEZcaJt m such a manner, as to form two, four, or eight

pusvcrminosus,hetiT- spores or sporulcs, cacli of which is capable

r7ngiToT7porel?the of germinating. Besides the perispore, the
contents are termed sporcs are also enclosed in two other mem-
Henfr*ey.**

^^^ brancs, one situated directly within it, called

the epispore, and a third internal to the latter.

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

scaphidia {fig. 837), which communicate with the external sur-

Fig. 837. Fig. 838. Fig. 839.

Fig. H37. Section of a conceptocle of Funis cannliculatus, containing sporangia,

«p,; antlieridia ; and paraphyses, par. s. Opening by which the spores escape.
After Ilenfrcy Fig. 8;W. Antheridium of Fiini.i .'leridliis, with two ciliated

Ctozixi or upcnnntoioid.t in its interior. Fig. S39. Filamentous cellular
ies. from the inner surface of a conceptacle, bearing anthcridia, a. a. u. p.

Paraphyses or abortive iilaments.

face by a pore. These conceptacles are usually grouped
(guiuer 111 somcwnat club-shaped or oval receptacles, situated at

le summit or side of tlie frond or its divisions (fig. 1 53, t).

3. The Antheridia arc little, usually somewhat ovate sacs
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ifig. 839, a), attached to delicate jointed filaments arising from
the inner surface of the conceptacle (Jig. 837). The antheridia

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
plant, this is termed monoecious, if on different plants, they are

dioecious. By some algologists, the plants are termed hermaphro-
dite 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 (Jig. 839, p). The antheridium contains

a number of spermatozoids, anlherozoids, or phytozoa, of various

shapes, each of which is furnished with two cilias of unequal
length (Jig. 838). Thuret has clearly proved the existence of

sexes in this family of the Algce.



394

BOOK II.

SYSTEMATIC BOTANY, OR THE CLASSIFICATION OF PLANTS.

CHAPTER 1.

GENERAL PRINCIPLES OF CLASSIFICATION

Our 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 ahnost infinite varieties of

forms which have thus been-, presented to ns, 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 cloge 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 arc 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 probably about 125,000 species

of plants known to exist on the earth. It is absolutely neces-

sary therefore, for the purpose of study, or in order to obtain

any satisfactory 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 for us to define certain terms which are in common
use in sucli systems.

1. SricciEs. — By the term species we understand a collection

of individuals whicli resemble each other more nearly than they

resemble any other plants, and which can be rejjroduccd by
seed ; so that we may from analogy infer that they have all



THE CLASSIFICATION OF PLANTS. 395

issued originally from one common stock. Thus if we walk
into a fiekl 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 confinned if, by taking the

seeds of such plants and sowing them, we obtain other plants

resembling those from which such seeds have been obtained.

Varieties. — It has just been observed, that if the seed of a

species be sown it will produce a plant resembling its parent

more than it will resemble any other individual. 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 these 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 formed what are termed
varieties. In some cases such variations are merely transient,

and the individuals presenting such peculiarities will in time

return to the 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, im-

pregnated with the particular variations thus impressed upon
it, and hence such variations may be perpetuated by the gardener

in the operations of Budding, Grafting, &c. (see Budding, &c.),

as is the case Avith 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 revert to the original species from which
such varieties have been obtained, so that the nature of the plant

raised will depend chiefly upon that of the soil, &c., 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 called permayient varieties or races, because

their pecuharities can be transmitted by seed. Famihar ex-

amples of such races are afforded by our Cereal grains, as

Wheat, Oats, Barley, &c., and also by our culinary vegetables,

as Peas, Lettuce, Eadishes, Cabbages, Cauliflower, Broccoh,

&c. Similar permanent varieties occur in the Animal Kingdom
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and may be illustrated by the different races of mankind now
existing in different parts of the earth, all of which have, as we
know, sprung from a single pair of individuals. How such
races of plants have originated, it is impossible to say with any
certainty. In the first case such races probably arose in an ac-

cidental manner, for it is found that plants under cultivation are

liable to produce certain variations or abnormal deviations from
their specific tyj^e, or to sport, as it is termed. By further cul-

tivation under the care of the gardener, such variations are after

a time rendered permanent, and can be propagated by seed.

Such permanent 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; such races there-

fore present well-marked characters by which they are distin-

guished from true species. Hence, although our cereal grains

and culinary vegetables, &c., 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 ob-

sers'ed, 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 hybridization. (See Hybridization.) The va-

rieties thus formed, which ai'C called hybrids or cross-breeds, arc

however, rai-ely transmitted by seed— although, in some in-

stances, 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 tendency

to revert to their original specific type. Hence species must be

considered as permanent productions of Nature, which are

capable of varying Avithin certain limits, but in no cases capable

of being altered so as to assume the characters of another species.*

* The above viewsas to the nature of species and varieties

are those most commonly entertained by naturalists, but they

are altogether opposed to those recently 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."

These authors contend, that species, so far from being immutable,

are liable to change of almost any extent,— in fact, that ])lants

by the operation of causes acting over a long period of time,

may l)ecomc so altered, that they prcseiwc scarcely any a])parcnt

resemblance to those from which they sprung. At present,

however, nhliougli fully admitting the very great ability with

nhicli these oi)inions have been su])i)orted, we must, until further
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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 Rye, or of any species whatever into

another, are entirely without foundation, and have arisen from
imperfect observation. A case, showing the importance of care-

fully investigating such supposed transmutations, has been
recorded in the Gardener's Chronicle for October 6, 1849. A
spikelet of Oats was seen to come out from a head of Wheat.
On examination it appeared that the stalk of the Oat had twisted

itself round the ear of \A''heat Avhen both were ver^^ young, and
they had grown up together in close apposition, the chaff of the

Wheat completely hiding the stalk of the Oat, which was at

last, by some accident or violence, snapped from its parent and
left clinging to its supporter, all trace of its origin being
hidden.

In practice it is very 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. Great uncertainty still prevails in

our systematic Avorks 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, Rubus, Saxifraga, Hieracium,
Sahx, Smilax, &c., very differently.

2. Genera.—The most superficial observer of plants will have
noticed that, certain species are more nearly allied to each other

than to other species. Thus, the difierent kinds of Roses,

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 Roses another, the

Willows, Heaths, Clovers, Oaks, &c.,form also, in hke manner, as

many different genera. The characters of a genus are taken
exclusively from the organs of reproduction, while 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-

evidence be adduced, adhere to the views above expressed, as
to the nature of species and varieties.
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semblc 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 one 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 each other 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. Okders or Families.—If we regard collections of genera

in the same point of view as we have just done those of species,

—

that is, as to their resemblance or family likeness,—we shall find

that some of them also resemble one another more than they do
others. Thus Mustards, Turnips, Radishes, 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 unlike 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, Radishes,

Cabbages, all belong to different genera, but they all agree in

their general structure, and are hence included in the order

Cruciferai; while Strawberries, Brambles, Cinquefoils, Roses,

Apples, Plums, 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 Rosace*. Again, Oaks,

Beeches, and Hazels, are different genera, but they belong to

one order; also the Larches, Pines, and Cypresses, are difl^crent

genera, but they all have a fruit called a cone, and are hence

placed in one order, the Coniferaj.

We find also that certain genera of an order, like certain

species of a genus, have a more striking resemblance to one

another tlian 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,

Chamomile, Ox-eye, 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;

while of those again the Thistle and Burdock arc more nearly

related to each other than they are to the Ox-eye and Chamo-
mile. Hence, while all the above genera belong to the order

Compositie, they are at the same time placed in three tlifforcnt

sub-orders. Thus the sub-order Cichoraceje includes the

Chicory, Dandelion, Sowthistle, and Lettuce; the sub-order

Cynarocephala; includes the Thistle and the Burdock; and that



THE CLASSIFICATION OF PLANTS. 399

of Corymbiferae, the Ox-eye and Chamomile. In like manner,
while we find the Almond, Cherry, Strawberry, Kaspberry,
Kose, and Apple, all belonging to the same order Kosaceie, yet
some of them have more resemblance than others. Thus the
Almond and Cherry have a drupaceous fruit, and belong to a
distinct sub-order, Amygdalese ; the Strawberry and Easp-
berry are much more ahke each other than they are to the
Almond and Cherry, or to the Rose and Apple, hence they are
placed in a sub-order called Potentillese; while the Apple
again is very different to the Eose, and both are unlike in cer-

tain respects to the other genera of the two sub-orders just men-
tioned, and hence the Apple is placed in the sub-order PomejE,
and the Eose that of Eosese.

It is found convenient at times to subdivide sub-orders also

into Tribes and Sub-tribes, by collecting together into groups
certain very nearly allied genera, but it is not necessary for us
to illustrate such divisions further, as the principles upon which
they depend have been now sufficiently treated of.

4. Classes.—By a class Ave understand a group of orders which
possess some important structural characters in common. Thus
we have 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 manner 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. Orders or Fajvultes.

Sub-orders.

Tribes.

Sub-tribes.

3. Genera.
Sub-genera.

4. Species.

Varieties.

Races or Permanent Varieties.
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Henslow has taken as an illustration of these different divi-

sions Anthyllis Vulneraria, thus :
—

1. Class ..... Dicotyledones.

Sub-class Calycifiorce.

2. Order ..... LeguminoscB.

Sub-order PapilionacecB.

Tribe Lotece.

Sub-tribe Genistece.

3. Genus Anthyllis.

Sub-genus or Section . . . Vulneraria.

4. Species ..... Vulneraria.

Variety Dillenii.

Race ...... Floribus coccineis.

Variation Foliis hirsutissimis.

Characters.—By the term character, we mean a list of all

the points by which any particular variety, species, genus, sub-

order, 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, tlu'ough 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 Avhen 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 foi-m, surface,

division, colour, dimension, and duration, or to characters of a

superficial nature, and witliout reference to internal structurt

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 tlic organs of re-

production i
while the characters of a class, as already mentioned,

are derived from certain important anatomical peculiarities

which the plants of such divisions cxliibit. The essential cha-

racter of a genus, when indicated in Latin, is jiut in the

nominative case, while that of a species is ])laced in the ablative.

Nomenclature.—The names of the classes are derived from

some important and permanent characters which they possess,

relating either to their structure or mode of development.

Such names vary, however, according to the views of difl'erent

systematic botanists. Those more commonly used in this
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country, and which have been accordingly adopted in this work,
are, Acotyledones, Monocotyledones, and Dicotyledones,—terms
which, as Ave have already explained, are derived from the struc-

tui'e of the embryo in the three classes respectively. Other
tei-ms 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 ct^pecially in what are called Natural Systems of Classifi-

cation ; while the names of Classes in the Artificial System of

Linnffius, are derived chiefly from the number and other cha-

racters presented by the stamens (page 406).

The names of the Orders in the Artificial System of Linnaeus

are chiefly derived from the pistil and fi-uit. Those of Natural
Systems are usually taken from some well-known genus which
is included in any particular order, and Avhich may be regarded
as the type of that order. Thus the genus Ranunculus gives the

name Ranunculacece to the order to which it belongs; the genera
Papaver, Malva, Hypericum, Geranium, Rosa, Lilium, Orchis,

Iris, &c., in like manner, give names respectively, to the orders

Papaveracece, Malvacece, Hypericacece, Gera?uacece, Bosacece, Li-
liacece, OrchidacecB, Iridacece, &c. At other times, the names of
the orders are derived from some characteristic feature which the

plants included in them present. Thus the order Cruciferce

is so named, because the species it includes, have the four petals

of their flowers arranged in a cross-like form; the order Legu-
minosce comprises plants whose fruit is a legume; the Umbel-
lifercB are umbel-bearing plants; the Labiatce have a labiate

corolla; the ConifercE are cone-bearing plants ; and so on.

The names of genera are derived in various ways: thus either

from the natne of some eminent botanist, as Linnjea after Lin-
nffius, Smithia after Smith, Hookeria after Hooker, Jussisea after

Jussieu, Toumefortia after Tournefort, &c. ; or from some pecu-
liarity of structure, or habit, and various other circumstances.

Thus, Crassula is derived from the genus comprising plants with
succulent or thickened leaves; Dentaria derives its name from
presenting dentate roots ; Arenaria from growing in sandy
pla(;es ; Lithospermum from its seeds or properly achaenia having
a stony hardness ; and so on.

The names of 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

country which a plant inhabits, for example, Viola canadensis, the

Canadian Violet; or the station where it naturally grows, as Viola

palustris, which grows in swamps, Viola arvensis, in fields, &c,

;

or they express some obvious character of the species, as Viola

rostrata, where the corolla bears a remarkably long spur, Viola
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tricolor, which has tricoloured flowers, Viola rotundifolia, with
rounded leaves, Viola lanceolata, with lanceolate leaves, Viola

pedata, with pedately parted leaves, Viola priviulo'foUa, where
the leaves are compared to those of a Primrose, Viola asarifolia^

where they are likened to those of Asarvm, Viola pubescens,

which is hairy throughout, &c. Frequently the species bears

the name of its discoverer or describer, as Viola Muhlenbergii,

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

genitive case, as Viola Muhlenbergii, V. Nuttalii, &c. ; but when
such names are merely given in honour of botanists who have
had notliing to do with their discovery or description, the specific

names are usually put in the adjective form, as Carex Hookeriana,

Veronica 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 Dictamnus
Fraxinella, Rhus Cotinus, Lytlirum Salicaria, Hhus Coriaria,

Dianthus Armeria, Asclepias Vincetoxicunx. 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 the specific name should begin with
a small letter. The specific name was called by Linnaus the

trivial name; thus, in the particular kind of Violet called Viola

palustris, Viola is the generic, and palustris the specific or trivial

name.
Abbreviations and Symbols. — It is usual in botanical

works to use certain abbreviations and symbols. A few of the

more important can alone be mentioned here. Thus the names
of authors, when of more than one syllable, arc commonly ab-

breviated by writing the first letter or syllabic, &c., as follows :

—

Z. or Linn, means Linnreus ; Jttss. is the abbreviation for

Jussieu ; JJ. C. or De Caiid. for De Candolle ; Br. for Brown ;

Lindl. for Lindley ; liich. for Kichard ; Willd. for Willdenow
;

Hook, for Hooker ; With, for Withering ; Endl. for Endlicher ;

Bab. for Babington ; Berk, for Berkeley, &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 Eriucaulon, L. indicates that the genus Eriocaukm was
first dcscril)cd by Linnanis ; Miltonia, Lindl. is the genus Mil-
tonia as defined by Lindley ; Nuphar pumila, D. C. is the

species of Nuphar defined by De Candolle, &c. &c.
Other al)breviations in common use arc. Had. for root ; Caul.

for stem ; Fl. for flower ; Cal. for calyx ; Cor. for corolla

;

f^er. for perianth ; Fr. for fruit ; Ord. for order ; Gen. for
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genus ; Sp. or Spec, for species ; Var. for variety ; Herb, for

herbarium, &c. Again,

—

V. V. c. ( Vidi vivam cultani) 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 siccam cultani) indicates that a dried specimen of

the cultivated plant has been examined.

V. s. s. ( Vidi siccam spontaneam) indicates that a dried speci-

men of the wild plant has been examined.

The more important symbols are as follows :
—

0> 0> (i)' or A, signifies an annual plant.

O O, 0, or B, means a biennial plant.

2^ , A , or P, signifies a perennial.

'h or Sh., means a shrub.

T. signifies a tree.

( twining to the right
; ) twining to the left.

i a staminate flower.

$ a pistillate flower.

$ a hermaphrodite flower.

i - $ a monoecious plant.

i : ^ a dioecious species.

$ i $ a polygamous species.

0= signifies that the cotyledons are accumbent, and the

radicle lateral.

O II
Cotyledons incumbent, radicle dorsal.

O ^ Cotyledons conduplicate, radicle dorsal.

O II II
Cotyledons twice folded, radicle dorsal.

II II II
Cotyledons three times folded, radicle dorsal.

? The note" of inten-ogation is used to indicate doubt or un-
certainty as to the genus, species, locality, &c.

1 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.

CHAPTEK 2.

STSTE3I8 OF CLASSIFICATION.

We have 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 those names, and get

an insight into their relations and general properties. All

systems that have been devised for the arrangement of plants
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do not comprise all the above points ; for, while some 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,

while the latter, if perfect, should comprise all the points

which come within the scope 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

Linnaeus 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. Linnaeus 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, wbeu tlie 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 Linnaeus may still be used with advantage

as an index to the Natural System. Its merits liave 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 sUghtingly think of the Linnaean

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 Linnajus undertook to make its ti*easures

consultable. The understanding 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 Linnaeus give when he put forth

the artificial system. The scientific systcmatist, surrounded by
the stores of his herbarium, should not forget that tliose 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 pliilosophy. 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 Linnaean 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
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information is a great help to the workmen of science ; and no
department has gained more thereby than Botany, which, through

the facihties atiforded by the artificial method devised by Lin-

naeus, 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
hung up in the temple than thrown aside with ignominy. The
traveller, returning from his adventurous and perilous journey

of discovery, hangs up his knapsack with aifection 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 they are

grouped into orders and classes. Thus in the Linnaean and
other artificial systems, one, or at most a few characters are

arbitrarily selected, and the whole plants in the Vegetable

Kingdom are distributed under classes and orders according to

the con-espondence 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 necessaiy 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 Avords 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. While 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 Linnaean System, and find that such a plant is

the Menyanihes 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
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GentianacecB, we ascertain at once from its affinities, that it

must have the tonic and other properties Avhich are possessed

by the plants generally of that ordei', 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-
tianacea;, but this arises from tlie present imperfection of our

systems, and can only be remedied as our knowledge of plants

extends ; even a system, devised as perfectly as possible one day,

may be deficient the next, in consequence 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 Cresalpinus in 1583. Only
1520 i)lants were then known, which were distributed into

fifteen classes, the characters of which were chiefly derived from
the fruit. The next systematic arrangement of an artificial

character was that of Morison, about the year 1670. He divided

plants into eighteen classes, Avhich were constructed accord-

ing to the nature of the flower and fruit, and the external ap-

pearance of the plant. The systems of Hcrmami, Knaut,
and others, were also constructed upon somewhat similar

principk's, while that of Camcllus was framed from the cha-

racters presented by the valves of tlic pericarp, and their

number. In the system of Rivinus, which was pronuilgated

in the year 1690, plants were divided into eiglitccn classes,

which were founded entirely uj)on the corolla— its regu-
larity or irreguhirity, and the number of its parts being

taken into consideration. The system of Christian Knaut
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•was but a slight alteration of that of Eivinus. That of

Tournefort, which was promulgated about the rear 1695, was
for a considerable time the favourite system of all botanists

;

but it was ultimately superseded hj that of Linnaeus. About
8000 species of plants were then known to botanists ; these

were distributed hj Tournefort into twentv-two classes. He
first diA'ided plants into two di-s-isions ; one of which comprised
herbs and under-shruhs, and the other trees and shrubs; each of

these divisions was then divided into classes, which were charac-

terised chiefly according to the form of the corolla. Many other

systems were devised which were simply alterations of the fore-

going, as that of Pontedera. Magnolius, 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.
LiXNiEAN System. — This celebrated system was first pro-

mulgated by Linnaeus in his " Systema Naturae," published in the

year 1735. It has been somewhat altered by subsequent

botanists ; but, in all its essential characters, the Linnaean

system, as now adopted, is the same as de^^sed 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 Linnieus had just before clearly estabhshed ; hence
this artificial scheme is commonly termed the Sexual System.

Classes. — In this system plants are at first 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, position, relative length, and connection of the stamens
;

while those of the other thi-ee are derived from the imisexual

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 Avhich 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 andria (from a.vi]p, a man or male), in

reference to their oflSce in the process of fertilization. Thus :
—
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Class 1. Monandria, includes all such plants which have but

one stamen to the flower, as Hippuris, Centranthus,

&c. (Fig. 481.)

Class 2. Diandria, those plants which have two stamens in the

flower, as the Ash, Lilac, Privet, &c. (Fig- 426.)

Class 3. Triandria^ those with three stamens, as most Grasses,

Valerian, Iris, &c. {Fig. 488.)

Class 4. Tetrandria, those with four stamens, as the Holly,

Plantain, AlcheviiUa, &c. (Fig. 846.)

Class 5. Pentandria, those with five stamens, as the Cowslip,

Convolvulus, Campanula, Nightshade, &c. (Fig.

506.) This is a very extensive class.

Class 6. Hexandria, those with six stamens, as the Lily Order
of the Natural System, &c. {Fig. 510.)

Class 7. Heptandria, tliose with seven stamens, as the Horse-
chestnut, Trientalis, &c. {Fig. 888.)

Class 8. Octandria, those with eight stamens, as the Heath,
Ivy, Paris, &c. (Fig. 564.)

Class 9. Enneandria, those with nine stamens, as the Flower-
ing Rush, Rhubarb, &c. {Fig. 575.)

Class 10. Deccwdria, those with ten stamens, as the Pink,
Saxifrage, &c. {Fig. 872.)

Class 11. Dodecandria. This class includes all plants possessing

the characters above described, which have flowers

containing from twelve to nineteen stamens, as

the Asarabacca, Mignonette, &c.

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 pcrigynous,

as in the Rose Order, &c. {Fig. 448.)

Class 13. Po/j/a7?(/r/a, (literally many stamens), those which have

twenty or more stamens inserted on the thalamus

or receptacle— that is hypogijnous ; as in the But-

tercup, Poppy, Anemone, &c. {Fig. 883.)

The characters of the two succeeding classes depend upon the

relative length of the stamens, the flowers being also lierma-

phroditc; thus:—
Class 14. Didt/vawia, includes ])lants with four stamens to the

flower, two of which are long and two short, — or,

in other words, didyuamons, as in the Snapdragon,

Dead-nettle, &c. {Fig. 547.)



THE CLASSIFICATION OF PLANTS. 409

Class 15, Tetradynamia, includes plants -w-ith six stamens, of

which four are long and two short — or, in other

words, tetradynamous ; as in the Wallflower and
Cruciferous Plants generally. {Fig. 546.) This

class corresponds to the natural order Cruciferte.

The names of the two latter classes are derived fi-om 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.

The three next classes are characterised by the connection of

the stamens into one or more bundTes. Their names are derived

from the combination of the Greek numeral expressing the

number of bundles, with the termination adelphia or brother-

hood, which is used metaphorically for a bundle or parcel
;

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,

Geranium, &c. {Fig. 537.)

Class 17. Diadelphia, those with the filaments united into two

bundles or brotherhoods, as in the Pea and many
other Papilionaceous flowers. Fumitory, &c. {Fig.

540.)

Class 18. PolyadeJphia, those with the stamens united into

more than two bundles or brotherhoods, as in the

St. John's-wort, Castor Oil Plant, Orange, &c.

{Figs. 541, 542.)

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. Syngenesia, 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. 536.)

The character of the next class is founded on the union of the

stamens to the pistil.

Class 20. Gynandria. This includes all plants in which the

stamens and pistil are united together into one

column, as in the Orchis Order, &c. {Fig. 534.)

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

stamens and pistil. In the three foDowing classes the stamens
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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. Monoecia, includes plants where the stamens and pistil

are in separate flowers, but on the same individual,

as in the Euphorbia, Oak, Arum, &c. {Fig. 488.)

The name is derived from the Greek, and signifies

one household.

Class 22. Dicecia, includes plants in which the stamens and
pistil are in separate flowers, situated on different

individuals of the same species, as in the Willow,

Hop, Hemp, &c. {Figs. 392, 393.) The name
signifies literally two households.

Class 23. Polygamia, includes plants which have stamens and
pistil, separate in some flowers and united in others,

either on the same or on two or three different in-

dividuals of the same species, as in some Palms, &c.

{Fig. 394.) 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 Ferns {Figs. 158,

159), Mosses {Figs. 154, 155), Liverworts {Figs.

808 & 810). Liclicns, {Figs. 818, 819), Fungi {Figs.

150—152), and Alga {Fig. 153), all of which are

flowerless, and have concealed organs of reproduc-

tion.

Orders.—The above Classes are subdivided into Orders as

follows :
—

The orders in the first thirteen classes, from IMonandria 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 Avhich 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, Avhich have but one style to each

flower, as the Privet, Speedwell, Primrose, Arbutus,

&c. {Fig. 567.)

Order 2. Digynia, includes those with two styles, as in most
Grasses, JJianthus, &c. {Fig. 587.)

Order 3. Trigynia, includes those Avith three styles, as Silcne,

Jiiwtcx, &c. {Fig. 636.)
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Order 4. Tetragynia, those with four styles, as the Holly,

Sagina, Radiola, &c.

Order 5. Pentagynia, those with five styles, as Flax, Helle-

bore, Columbine, Larkspur, Monkshood, &c. {Fig.

427.)

Order 6. Hexagynia, those with six styles, as Actinocarpus,

Butomus, Drosera, &c. {Fig. 577.)

Order 7. Heptagi,nia, those with seven styles. No examples

among British Plants.

Order 8. Octogynia, those with eight styles. No examples

among British Plants.

Order 9. Enneagynia, those with nine styles. No examples

among British 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. Polygynia, those with more than twelve styles, as in

the Rose, Buttercup, Strawberry, Anemone, Cle-

matis, &c. {Fig. 590.)

The 14th Class, Didynamia, is divided into two orders, the

characters of which are derived from the structure of the seed-

vessel, namely:

Order 1. Gymnospermia. This term is derived from the Greek,

and signifies naked seeds, because the single-seeded

fruits were mistaken by Linnaeus for seeds. This

order includes those plants in which the fruit con-

sists of achania, of which there are commonly
four, as in the Dead Nettle, and otherLabiate Plants.

{Fig. 594, 595.)

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 Foxglove, Snapdragon, &c. {Figs. 611

& 693). The name is derived from the Greek, and
means seeds in a vessel.

The 15th Class, Tetradynamia, is also divided into two
orders, which are in like manner characterised by the fruit :

—
Order 1. Siliculosa; the fruit a Silicula or short pod, as in the

Shepherd's Purse, Sea Kale, Scurvy-grass, &c.
{Fig. 864.)

Order 2. Siliquosa ; the fruit a Siliqua or long pod, as in Mus-
tard, Stock, Wallflower, &c. {Fig. 666.)

The orders of the 16th, 17th, and 18th Classes are distin-

guished by the number of stamens, and have names, therefore,
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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, &c.
Order 2. Pentundria, with five stamens, as in Erodium, Passi-

flora.

Order 3. Hexandria, with six stamens, as in Fumitory.
Order 4. Heptandria, with seven stamens, as in Pelargonium.
Order 5. Octandria, with eight stamens, as in Poli/guh.

Order 6. Decandria, with ten stamens, as in the Pea, Vetch,
and many other Papilionaceous flowers.

Order 7. Dodecandria, with twelve to nineteen stamens, as in

the Orange, &c.
Order 8. Pob/andiia, with twenty or more stamens, as in the

Mallow, St John's-wort, &c.

In the 19th Class, Si/ngene.sio, we have five orders. The
flowers in all are compound. By Linnaius a sixth order was in-

cluded in this class, under the name of Monogamia, which em-
braced all solitary flowers tliat had united anthers, as Lobelia,
Violet, &c.; but this order was afterwards abolished, so tliatthe

class Syngenesia, as it now stands, is essentially a natural one,

and corresponds to the order Composite of the Natm-al Systems.
The names and characters of the orders are as follows:

—

Order 1. Polygamia cequalis. This includes all plants in which
the flowers or florets of the capitula are all perfect

or hermaphrodite, as in Lettuce. Cliicory, Dan-
delion, &c.

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, Chamomile, &c.

Order 3. Polygamia frustrajiea, where the florets of the disk are

hermaphrodite, while those of the ray arc neuter,

as in Centanrea, the only British genus which
presents this structure.

Order 4, Polygamia necessaria, where the florets of the disk

are staminate and sterile, while those of the ray
arc ])istillate and fertile, as in the Marigold (^Calen-

didii).

Order 5. Polygamia segregata, wliere each flower or floret of the

capitulum has an involucre of its own, as in the

(Jlobc-thistle (Er/iinops). The last two orders do
not include any British Plants.

The Orders in tlic 20th, 21st, and 22nd Classes, arc founded
on the number and union of the stamens; as such characters
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are not taken into consideration in the definition of those Classes.

Thus :
—

Order" 1. Monandria, Avith one stamen, as in the genus Orchis,

and many other Orchidaceous Plants.

Order 2. Diundria, with two stamens, as in the Venus' Shpper

( Cypripedium).

Order 3. Triandria, with three stamens, as in the plants of the

genus Carex, Typha, &c.

Order 4. Tetrandria, with four stamens, as in the Box, Alder,

Nettle, &c.

Order 5. Pentandria, with five stamens, as in the common Hop,
Bryony (Bryonia'), &c.

Order 6. Hexandria, with six stamens, as in the Birthwort,

Black Bryony (Tamus), &c.

Order 7. Octandria, with eight stamens, as in the Poplar.

Order 8. Enneandria, with nine stamens, as in Mercurialis,

Prog-bit, &c.

Order 9. Decandria, with ten stamens.

Order 10. Dodecandria, with twelve stamens, as Stratiotes.

Order 11. Poh/andria, with numerous stamens, as in Poterium,

Sagitfaria, &c.

Order 12. Monadelphia, with the stamens united into one
bundle, as in the Yew, Juniper, Fir, &c.

Order 13. Polyadelphia, with the stamens in several bundles, as

in the Castor Oil Plant.

The Orders in the 23rd Class, PoJygamia, are three, namely:

Order 1. Moncecia, with staminate, pistillate, and hermaphro-
dite flowers on the same plant, as in Atriplex, the

only British genus comprii^ed in this Class.

Order 2. Dioecia, with hermaphrodite flowers on one plant, and
staminate and pistillate flowers on another plant, as

in Hippopha'e.

Order 3. Trioecia, where 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. {Figs. 158, 159.)

Order 2. Musci, the Mosses. {Figs. 154, 155.)

Order 3, Hepaticce, the Liverworts. {Figs. 808, 810.)

Order 4. Lichens, tha Lichens. {Figs. 818, 819.)

Order 5. Fungi, the Mushrooms. {Figs. 150—152.)
Order 6. Alg(£, the Seaweeds. {Fig. 153.)

The following table of the Classes and Orders of the Linnasan

System, will show at a glance their distinctive peculiarities.
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Section 2

—

Natural Systems of Classification.

The object of all natural systems, as already noticed (see

page 405), 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 at-

tempted 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 im-
portant natural systems, to make some remarks upon this

subject. The observations of Dr. Lindley upon this head are

so much to the point, that we cannot do better than quote them,

although it Avill be afterwards seen, that we venture, in accord-

ance with the views of many other botanists, to differ in some
particulars from that celebrated 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
essential to the life of the plant itself; placing next in order

those with which the plant cannot dispense if its race is to be

preserved; assigning a still lower station to such organs as may
be absent without considerable disturbance of the ordinary func-

tions 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 organised 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

provided for their pro])er 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 tlie power of feeding must come before that of propa-

gating, it miglit be conjectured beforehand, that the organs

destined for the former operation would aff'ord 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 i)lants, while, on the contrary, the act

of pro])agation 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 pecuharities 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 aU 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 former 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

Avhich 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 the 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 venation,

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 Phaenogamous,

the latter Cryptogamous. The stamens and pistil 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
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Monocotyledonous Plants, and quinary or quarternary in
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 vegetable 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
afiinities, 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

tlie best devised natural systems there must be (at least at pre-

sent) much that is artificial, so that all that we mean by the

Natural System is, that it expresses, as far as is possible only, the

an-angement of plants according to their natural affinities. (See
p. 406.) This imperfection of our natural systems necessarily

arises from our incomplete knowledge of existing plants, foras 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, Ave should be still unable
to place them in a linear series, for " Different groups touch each
other at several different points, and must be consideredas alliances

connected with certain great centres. We find also that it is by
no means easy to fix the limits of groups. There are constantly

abcn-ant 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 tlic characters of the groups, and allowances must be
made for constant anomaUcs, in as far as man's definitions arc

concerned."

Natdral Systems.—Wc now ])roceed to give an abstract of

the more important natural systems. The first attempt at

arranging phvuts according to their natural affinities was by
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our celebrated countryman, John Eay, in the year 1682 ; and
imperfect as any scheme must necessarily have been 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.

Ray 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, Filices, Coniferse, Labiatse, Compositse, Umbelliferae,

LeguminosEe, &c.

Next in order was the celebrated author of the most perfect

artificial system ever devised for the arrangement of plants,

namely, Linnaus, Avho, 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 Linnseus are identical

with natural orders as at present defined, among which we may
mention Orchidese, Gramina, Compositas nearly, Umbellatse,

Asperifolite, Papilionace!», Filices, Musci, Fungi, &c. Some of

these groups had been previously recognised by Eay and other

botanists who had preceded him ; while others were then pro-

mulgated by himself. No characters, however, were given by
Linnteus to the above Fragments. These examples of Linncean

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 primum et ultimum in botanicis

desideratum.

JussiEu's Natural System. — To Antoine Laurent de

Jussieu, however, belongs the great merit of having first

devised a comprehensive natural system. His method was
first made known in the year 1789. It was founded upon the

systems of Ray and Touruefort, to which he made some im-

portant additions, more especially, in considering the position

of the stamens with respect to the ovary. The following table

which requires no explanation, represents his arrangement :
—

Class

Acotyledones 1. Acotyledones.

{Stamens hypogynous. 2. Monohypogjmae.
Stamens perigynous. 3. Monoperigynas.

Stamens epigynous. 4. Monoepigynae.

£ E 2
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'Apetalas

c
MonopetalflB

Polypetalse

^Stamens epifrynous.

< Stamens perigynous.

^Stamens hypogynous.

'Corolla hypogynous.
Corolla perigynous.

.Corolla epigynous.

5. Epistaminese.

6. Peristaminese.

7. Hypostamineae.

8. Hypocorollse.

9. Pericorollae.

[-10. Epicorollis Syn-
antherte (an-

thers coherent).

11. Epicorolla; Coris-

antherae (an-

thers distinct),

12. Epipetalae.

13. Hypopetalse.

14. Peripetalae.

^Diclines irregulares 1 5. Diclines.

Under these fifteen classes he arranged 100 natural orders

or families, which we shall enumerate at full, because Jussieu's

was the first natural arrangement in which an attempt was

made to assign characters to natural orders, and because 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.

.Petals epigynous.

Petals hypogynoui
-Petals perigynous.

Class

Order 1. Fungi.

2. Algai.

3. Hepaticae.

4. Musci.

5. Eilices.

6. Naiades.

Class 2.

7. Aroideae.

8. Typhae.

9. Cyperoideae.

10. Gramineae.

Class 3.

11. Palmae.

12. Asparagi.

13. Junci.

14. l.ilia.

15 Bromeliae.

16. Asphodeli.

17. Narcissi.

18 Irides.

Class 4.

19. Musae.

Order 20. Cannse.

21. Orchides.

22. Hydrocharides.

Class 5.

23. Aristolochiae.

Class 6.

24. Elaeagni.

25. ThymeleaB.

26. Proteae.

27. Lauri.

28. Polygoneae.

29. Atriplices.

Class 7.

30. Amaranthi.
31. Plantagines.

32. Nyctagines.

33. Plumbagines.

Class 8.

34. Lysimachiie.

35. Pedicnlarcs.

36. Acanthi.

37. Jasmiueae.
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Order 38. Vitices.

39. Labiate.

40. Scrophularise.

41. Solaneae.

42. Boragineae.

43. Convolvuli.

44. Polemonia.

45. Bignoniee.

46. Gentianeas.

47. Apocyneae.

48. Sapotae.

Class 9.

49. Guaiacanae.

50. Khododendra.
51. Ericag.

62. Campanulaceae.

Class 10.

53. Cichoraceae.

54. Cynarocephalte.

55. Corymbiferae.

Class 1 1

.

66. Dipsaceas.

57. Rubiaceae.

58. Caprifolia.

Class 12.

69. Araliae.

60. Umbelliferae.

Class 13.

61. Ranunculaceas.

62. Papaveraceae.

63. Cruciferag.

64. Capparideee.

65 Sapindi.

66. Accra.

67. Malpighiae.

Order 68. Hyperica.

69. Guttifer^e

70. Aurautia.

71. Meli«.

72. Vites.

73. Gerania.

74. ^lalvaccae.

75. Magnolise.

76. Anonae.

77. Menisperma.

78. Berberides.

79. Tiliaceae.

80. Cisti.

81. Rutaceae.

82. Caryophylleae,

Class 14.

83. Sempervivae.

84. Saxifragae.

85. Cacti.

86. Portuliceae.

87. Ficoideae.

88. Onagrae.

89. Myrti.

90. Melastomae.

91. Salicariae.

92. Ro?acc£P.

93. Leguminosse.

94. Tercbiiitaceae.

95. Rhamni.

Class 15

96. Euphorbias.

97. Cucnrbitaceae.

98. Urticse.

99. Amentaceae
100. Coniferae.

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, m 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 Cotyledoneic, and Cellulares or Acotyledoneae, the

characters of which are as follows :
—

E E 3
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Division 1. Vasculares, or Cotyledonece ; that is, plants possessing

both celhilar tissue and vessels ; and having an
embryo with one or more cotyledons.

Division 2. Cellulares, or Acotyledoneoe ; 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

Exogenre or Dicotyledonea, and Endogen£B or Monocotyledoneae,

the essential characters of -which may be thus stated :
—

Class 1. Exogena, ox DicotyledoneoE ; that is, plants whose vessels

are arranged in concentric layers, of which the

youngest are the outermost and the softest ; and
having an embryo with opposite or whorled coty-

ledons.

Class 2. EndogencE, or MonocotyledonecB ; that is, plants whose
vessels are aiTanged in bundles, the youngest being

in the middle of the trunk ; and having an embryo
with solitary or alternate cotyledons.

These classes w^re again divided into sub-classes or groups.

Thus, under the Dicotyledoneaj were placed four groups, named
Thalamiflorae, Calyciflorai, Corolliflorte, and Monochlamydei».
Under Monocotyledoneoe two groups, called Phanerogamsc and
Cryptogamoe. The latter group, which included the higher

Cryptogamia, was placed under Monocotyledonete from a mis-

taken idea of the plants included in it possessing an embryo, of

a somewhat analogous character to the plants in that class of

plants. The Acotyledoneas were also divided into two groups,

called Foliosre and Aphyllte.

The following is a tabular view of De Candolle's system.

Sub-kingdom 1. Vasculares, or Cotyledonece.

Class 1. ExogencB, or Dicotyledoneoe,

{Petals distinct, inserted with

the stamens on the tha-

lamus.

{Petals distinct, or more or

less united, and inserted

on the calyx.

3. Corollijlorce. f Petals united, and inserted,

\ on the tbalamus.

^ n/r 1.7 J f Having only a single circle
4. MonochlamydecB.

| of floral envelopes, or none.

Class 2. Endogena, or Monocotyledonccr.

Sub-class 1. Phanerogam<., |
i>|;;;,tification visible, rcgu-

„ ^ , f Fructification hidden, un-
2. Cryptogam^,,

| ^^^^^^^^ ^^ in'cgular.
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Sub-kingdom 2. Cellulares, or Acottledone^.

Sub-class 1 . Foliosc^. | ^""'"'W
^^^^'^'^^ expansions,

(_ and known sexes.

o A 7, jj
/Having no leaf-like expan-

"' P y '
y^ 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 of

ThalamiJlorcE,—Cruciferje. Caryophyllere, and Malvaceae; of Caly-

ciflorce,— Rosacete, Umbelliferae, and Compositae; of CorolUjlorce,

— Convolvulaceag, Solaneae, and Labiatce ; of Monochlamydea,
— Polygoneae, Urticese, and Amentaceae : of Phanerogamce,—
Orchidese, Iridese, and Gramine£e ; of Cryptogamce,— Filices,

Equisetacese, and Lycopodinese : of Foliosce,— Musci, and He-
paticse ; and of Aphyllce,— Lichenes, Fungi, and Algte.

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
wdth the latter, and proceeded by the Monocotyledons to Acoty-
ledons. The reason for taking this course is thus explained :

—
" I place Dicotyledons iirst because they have the greatest

number of distinct and separate organs. Then, as I find

famihes 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

aiTangement 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, EndUcher.
and many others. As all these systems, with the exception of

those of Lindley and Endhcher, were never much used, and are not

adopted in great systematic works of the present day, it will be
unnecessary for us to allude to them any further. A full account

of them all may be found in Lindley's valuable work on the Vege-
table Ivingdom. The systems of Endlicher and Lindley, however,

being now used in important systematic works, it will be ad-

visable for us to give a general sketch of their leading characters.

Endlicher's Natural System. — The system of Endlicher

E E 4
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is adopted in his Genera Plantarum, published between the years

1836— 1840. The followino: is a sketch of this system. He
divides plants into two great divisions, which he has denominated
Eegions, and named Thallophyta and Cormophyta. These
were again divided into Sections and Cohorts, as follows :

—
Region 1. Thallophyta. Plants with no opposition of stem and

root; with no vessels and no sexual organs; and
with germinating spores lengthening in all direc-

tions.

Section 1. Pro^ophyta. 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. Hyaterophyta. Plants formed on languid or de-

caying organisms; nourished from a matrix ; all

the organs developing at once, and perishing in

a definite manner ; as in Fungi.

Region 2. Cormophyta. Plants with stem and root in opposite

directions ; spiral vessels and sexual organs dis-

tinct in the more perfect.

Section 3. Acrnhrya. 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-cases. Examples,
Hepaticae and Musci.

Cohort 2. Proiophyta. Having vascular bundles more or

less perfect ; male sex absent ; spores free in

one or many-celled spore- cases. Examples,

Filices and Equisetaceoe.

Cohorts. Hysterophyta. Having perfect sexual organs;

seeds without an embryo, polysporous; para-

sitic. Example, Rhizanthese.

Section 4. Awphibrya. Stem growing at the circumference.

Examples, Gramincaj, Lihaccaj, Iridaceai, Orchi-

daceas, and Palmacea.

Section 5. Acramphibrya. Stem growing at both the apex

and circumference.

Cohort 1. Gymnosperma. Ovules naked, receiving impreg-

nation immediately by the micropyle ; as in

Con i ferae.

Cohort 2. ApetalcE. Calyx absent, rudimentary or simple,

calycine or coloured, free or united to the

ovary. Examples, Cupuliferae, Urticaccaj, and
Polygoneai.

Cohort 3. Ganwpetalcr. Both floral envelopes present, the

outer calycine, the inner corolline, the latter
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being monopetalous ; rarely abortive. Ex-
amples, Compositae, Labiatse, Scrophularinege,

and Ericaceffi.

Cohort 4. DialypetaJce. 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 hypogynons insertion; rarely

abortive. Examples, Umbelliferse, Eanuncu-
laceas, Cruciferse, Caryophylleae, Rosaceae, and
LeguminosEe.

Under these divisions Endlicher included 277 Natural Orders.

After Jussieu, he commenced with the simplest plants and
gradually proceeded to the more complicated, placing those of

the Leguminosas at the highest point of the series.

Lindley's Natural System.— To Dr. Lindley especially,

belongs the merit of having been the first botanist who made
any serious attempts to introduce a natural an-angement of

plants into use in this country. The first system proposed by
him in 1830 was but a slight modification of that of De
CandoUe's, and Avas as follows : —
Class 1.

—

Vasculares, or Flowering Plants.
Sub-class 1. Exogens, or Dicotyledons.

Tribe 1. Angiospermte.

§ 1. Polypetalous, Apetalous, and Achlamydeous Plants.

§ 2. Monopetalous Plants.

Tribe 2. Gymnospermie.
Sub -class 2. Endogens, or Monocotyledons.

Tribe 1. Petaloideae.

Tribe 2. Glumacese.

Class 2.

—

Cellulares, or Flowerless Plants.
Tribe 1. Filicoidege, or Fern-like plants.

Tribe 2. Muscoidese, or Moss-like plants.

Tribe 3. Aphyllae, 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 in groups subordinate to

the higher divisions, which were called Nixus (tendencies).

The following was the arrangement then proposed :
—

Classes.{ri. Exogenge, Angiospermae.
Vasculares . .-12. Exogenae, Gymnospermae.

1^3. Endogense.

Evasculares . 4. Rhizanthese

5. Esexuales.
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These primary divisions were again divided into Sub-classes,

Cohorts, and Nixus or groups of nearly allied Natural Orders.

In 1838, Lindley modified his views so far as regarded Exo-
gens, and proposed the following divisions for that class of

plants:

—

ExoGENS, OR Dicotyledons.

Albumen extremely abundant ; embryo
minute 1. Albuminosse.

Albumen absent, or in small quantity.

Sexes in the same flower.

Ovary inferior 2. Epigynosae.

Ovary superior.

Flowers, if monopetalous, not with

a dicarpous ovary . . .3. Polycarposse.

Flowers monopetalous, Avitli a di-

carpous ovary ... 4. Dicarposae.

Sexes in different flowers . . .5. DichnosjK,

In the year 1839, Lindley proposed to increase the number

of the primary classes of plants to eight, in the following

manner :
—
State 1. Sexual, or Flowering Plants.

, ^ , {Class 1. Exogens.

Division 1. Exogens .

^^^^ogens.
\qy^^^^^ Gymnogens.

i Class 3. Homogens.

, Spermogens. \
Class 4. Dictyogens.

^. . . ^ ^ ^ Class 5. Endogens
Division 2. Endogens

j
^^^^^ ^ Sporogens, or

V llhizanths.

State 2. EsExuAL, or Flowerless Plants.

Class 7. Cormogens
(distinct

stem).

Class 8. Thallogens

(no distinct

stem).

Lindley finally, in the year 1845, modified his views again,

and proi)Oscd the following scheme, which is that adopted by

him in " The Veffetable lungdom."

LINDLEY'S NATURAL SYSTEM, 1846.

1. Asexual, or Flowerless Plants.

Stem and leaves undistinguisliablc . Class 1. Tliallogens.

Stem and leaves distinguishable . Class 2. Acrogcns.

Division 3. Acrogens
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2. Sexual, ok 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 ofthe stem always confrised 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. Diclinous 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. Epigynous Exogens, or those with hermaphrodite

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, fom' 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 furnished with a true calyx and corolla, adherent to

the ovaiy; hermaphrodite.

4. Flowers furnished with a true calyx and corolla, free from
the ovary; hermaphrodite.

Under the above classes Lindley has included 303 Natural

Orders, which he has arranged in groups subordinate to the
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sections, sub-classes, and classes, and to which he has given the

name of Alliances. These groups are fiity-six in number, and
are thus distributed in the different classes :

—

Class 1. Thallogens

Alliances. Examples of Natural Orders.

1. Algales.

2. Fun gales

3. Lichenales

4. Muscales
5. Lycopodales
6. Eilicales

No alliances

7. Glumales

8. Arales .

9. Palmales

10. Hvdrales

11. Narcissales

12. Amomales
13 Orchidales

. Diatomaceae.

. Agaricaceae.

. Parmeliaceae.

Class 2 ACROGENS.

. Equisetaceae, and Bryaceae.

. Lycopodiaceae.

. Polypodiaceae.

Class 3 Rhizogens.

~ Rafflesiaceae.

Class 4. Endogens.

Section 1.

. Graminaceae.

Section 2.

Araceae.

rahnaceae.

Naiadaceae.

Section 3.

Iridaceae.

Zingiberaceae.

Orchidaccae.

Section 4.

. Xyridaccae.

. Juncaceae.

, Liliaecre.

. Alismaceae.

Class 5. DlCTYOGENS.

. Smilaceae.

Class 6. Gymnogens.

. Pinaccac.

Class 7. ExoGENS.

Sub-class 1. Diclinous Exogcns.

18. Amentalcs . . Salicaccac.

14. Xyridales

15. Juncales

16. Li bales

17. Alisniales

No alliances

No alliances
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Alliances.
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Natural System adopted in this Manual.—The natural

arrangement adopted in this volume, which is founded upon
those of Jussieu, De Candolle, and Lindley,—that of De Candolle
being the basis, is as follows :

—
The Vegetable Kingdom isdi-vdded into two sub-kingdoms:

—

Phanerogamia, Flowering, or Cotyledonous Plants; and Cryp-
togamia, Flowerless, or Acotyledonous Plants.

1. The Phanerogamia, includes plants which have evident

flowers ; and which are propagated by seeds containing an em-
bryo with one or more cotyledons.

2. The Cryptogamia, are those plants which have no flowers
;

and which are propagated by spores, and are therefore acotyle-

donous.

The Phanerogamia is divided into two classes, and other sub-
divisions, thus:—
Class 1. Dicottledones, 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

division we have four sub-classes:—
Sub-class 1. Thalamiflorce, that is, plants with flowers usu-

ally furnished with both a calyx and corolla;

the latter composed of distinct petals in-

serted on the thalamus ; stamens hypo-
gynous, or adherent to the sides of the ovary.

Sub-class 2. CulyciflorcB.— 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. PerigyncE, in which the calyx is free, or nearly so; the

stamens usually perigynous ; and the ovary superior.

2. EpiyynoB, in which the calyx is more or less adherent;

and the ovary inferior.

Sub-class 3. CoroUiflorce.— 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. EpigynoE, in which the calyx is adherent; and the

ovary consequently inferior.
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2. Hyposfaminece, in which the stamens are inserted into

the thalamus, and do not adhere to the corolla;

ovary superior.

3. Epipetalce or Epicorollce, in which the corolla arises

from the thalamus, and has the stamens attached to

it; ovary superior.

Sub-class 4. MonochlamydecE or Apetalce.'— Flowers either

having a calyx only, or Avithout 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
endogenous; the leaves usually with a parallel vena-

tion ; and the flowers with a ternary arrangement.

In this class we have three sub-classes:—
Sub-class 1. Dictyogence.— Leaves with a reticulated vena-

tion, deciduous; rhizome and root with the

/ wood arranged in a concentric manner; floral

envelopes verticillate.

^

Sub-class 2. Petaloidece or FloridcB.—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:—
I

1. Epigt/nce, in which the flowers are usually herma-
phrodite ; the perianth adherent ; and the ovary

inferior.

f 2. HypogyncE, in which the flowers are usually herma^

/ phroditc; the perianth free ; and the ovary superior.

3. Diclines, in which the flowers are usually unisexual;

the perianth either absent, or consisting of a few

scales.

Sub-class 3. GlumacecE.— Leaves parallel-veined, perma-

nent; flowers glumaceous, that is, having no
proper perianth, but consisting of imbricated

bracts.

The Cryptogamia constitutes a class by itself, thus :
—

Class 3. AcoTYLEDONES, are those plants which arc ])ropagatcd

by s])orcs, and are therefore acotylcdonous, and have
an indefinite or vague germination; the stem is pre-

sent or absent, in the former case, whcu woody, it is
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acrogenous ; the leaves are also either absent or

pi-esent, inAvhich latter case the veins are forked; they
have no true floAvers. This has two sub-classes:—

Sub-class 1. Acrogena.— Plants with the stems and leaves

distinguishable; and possessing stomata.

Sub-class 2. ThallogencE. — Vlams 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. DiCOTTLEDONES.

Division 1. Angiospermia.

Sub-class 1. Thalamiflora.

2. Calyciflorse.

1. Perigynai.

2. Epigyu£e.

3. Corolliflorffi

1. Epigynce.

2. Hypostaminea.
3. Epipetaloe.

4. Monochlamydese.

Division 2. Gymnospermia.

Class 2. MONOCOTTLEDOXES.

Sub-class 1. DictyogeuK.

2. Petaloidese or Floridie.

1. Epigynse.

2. Hypogynre.
3. Diclines.

3. Glumacece.

Sub-kingdom 2. Cryptogamia, Acotyledones, or Flowerless

Plants.

Class 3. ACOTTLEDONESc

Sub-class 1. Acrogenffi.

2. Thallosence.
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CHAPTER 3.

ARRANGEMENT, CHARACTERS, DISTRIBUTION, PROPERTIES, AND
USES OF THE NATURAL ORDERS.

Having now given a general sketch of the various Natural
Systems ; more especially of that one which we propose to

follow in this volume, and described the characters of its

essential divisions, we 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

Avork 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 Kay and De Candolle,

take an opposite course, and proceed from the most complicated

to the simplest forms. We have adopted the latter plan here,

because the more highly developed plants arc much better known
than the lower, and will be moreover of more general interest to

the majority of our readers.

Sub-kingdom I.

PHANEROGAMIA, COTYLEDONES, OR FLOW-
ERING PLANTS.

Class L DICOTYLEDONES.

Division I. Angiospermia.

Sub-class I. Thalanvflora;.

Natural Order 1 . Ranuxculace^e, the Crowfoot or But-
tercup Order {figs. 840—845).— General Character,

—

Herbs, or rarely climbing shrubs, witli an acrid watery juice.

Leaves alternate or oi)posite, generally much divided {fig. 348),

sometimes entire, with usually dilated and sheathing ])etioles.

Stipules sometimes ])re?ent, but always united to the base of

the petiole. Caly.v of 3—6 {fig. 840), usually 5, distinct sepals,
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regular or irregular, green or rarelj petaloid, deciduous or
A'ery rarely jDersistent ; sestivation generally imbricate, some-

Fig 840. Fig. MX.

Fig. 840. Diagram of the Flower of a species of Eammculus. Fig. 841. Vertical
section of the flower ot Ranunculus acris. c. Calyx, pe. Petals, e. Stamens.
p, Carpels Fig. 842. Adnate anther of a Ranunculaceous plant Fig.
843. Numerous follicles of Trollius europceus Fig. 844. Vertical section of
the seed of the Monkshood (J co?i/«i«7n). sp. Coverings of the seed. ew6. Embryo.
a7b. Albumen Fig. 845. Vertical section of a carpel of Ranunculus acris. o.
Ovary, g. Ovule, s. Stigma.

times valvate or induplicate. Corolla of 3—15 distinct petals,

regular or irregular, sometimes absent. Stamens numerous
(Jigs. 840 and 841), or very rarely few, hypogynous (Jig.

841, e); anthers adnate (Jig. 842), bursting longitudinaUr.
Carpels numerous (Jig. 840), distinct, one-celled (Jig. 845)
or united below so as to form a compound many-celled
ovary ; ovary with one (Jig. 845, g) or many ovules ; ovules
anatropal, attached to tlie ventral suture (Jig. 845) ; styles

simple. Fruit various, either consisting of a number of ach^enia

(Jig. 841,/?), or of several follicles (Jig. 843), or a one or more
seeded berry. Seeds solitary or numerous, when solitary erect or
pendulous; embryo minute (Jig. 844, emb), at the base of homoge-
neous horny albumen.

F F 2
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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
aestivation. Anthers adnate, bursting longitudinally. Carpels
always more or less distinct. Seeds without an aril, and M'ith

horny albumen, anatropal.

Division of the Order, and Examples of the Genera.— The
order is divided into five tribes :

—
Tribe 1. Clematidece. Calyx valvate or induplicate. 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 achasnia. Seed pendulous. Ex-
amples :— Anemone, Thalictrum.

Tribe 3. Ranunculi'cb. Calyx imbricated. Fruit consisting of

a number of achania. Seed erect. Example :—Kanunculus.
Tribe 4. Helleborece. Calyx imbricated. Fruit consisting of

one or more whorls of many-seeded follicles. Examples:—
Helleborus, Aquilegia, Aconitum, Paionia.

Tribe 5. Actaece of Lindley. Calyx coloured, imbricated.

Fruit succulent, indehiscent, one or many seeded. Examples:
— Aetata, Podophyllum.

Distribution and Numbers.— The plants of this order occur
chiefly in cojd damp climates, and are almost unknown in the

tropics, except on mountains. Thus Europe contains more than
ith of the order; North America about yth ; South America only

yyth; and in Africa there are but very few species, except upon
the shores of the MediteiTanean. According to Lindley, the

order includes 47 genera, and 1000 species.

Properties and Uses.— The plants of this order generally

abound in an acrid principle, which in some is even caustic.

This acridity is, however, very volatile, so that in most cases it

is dissipated by drying, or by infusion in boiling or even cold

water ; it varies also in different parts of tlie same plant, and
even in the same parts at diftcrent seasons. Some plants

contain in addition a narcotic principle. When these principles

are in excess they are virulent poisons. Generally the plants

of this order are to be regarded with suspicion, although some
arc simply bitter and tonic. The following arc tlie more im.

portant plants of the order, and the uses to which they are

applied :—
Clentatiserccta and Flainmula —The leaves have been used as rubefacients

and vesicants. Some other species possess analogous properties.
llt/drastis canadensis.—The root has a very hitter taste, and is used as a tonic

in North America, wliere it is called Yellow-Hoot.
lianunculus scccratns, and R. Flamtnula, are very acrid, which property

is also possessed to a certain extent by many other species. li. Ficaria has
thickened roots wiiicli contain a good deal of starch, hence they have been
used a> food.

Aconitum .— Some species of this genus arc very virulent poisons. The
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root of Aconitum ferox, has been usually considered as the sole source of the
celebrated Inciian poison, " Bikh or Bish," but Dr. Hooker states that this is

also obtained indifferently from A, Napellus, lun'dwn, and palmatum. Aconi-
tum Xapellus, a European species, commonly called Monkshood, is the officinal
plant of our pharmacopoeia. The leaves and root are very 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-radish *

The other European species are almost inert. The properties of the above
species are due to a very powerful alkaloid, called aconitina. This alkaloid
has heen much used externally in Neuralgia, and occasionally internally in
Acute Rheumatism and Diseases of the Heart. The Aconitum ferox contains
the largest amount of aconitina of any known species. The root or rhizome
of Aconitum heterophyllum is said to possess no poisonous properties. Ac-
cording to Thomson it has a great reputation in India as a febrifuge and
antiperiodic medicine.

Helleborus officinalis.—The rhizome and roots of this species constituted
the Black Hellebore of the ancients, which was much used by them as a
drastic purgative. Helleborus niner is still occasionally employed in this
country, and possesses similar properties. Helleboius viridis &\\d'H. foetidus
are also of a like nature, and may be used as efficient substitutes.
Delphinium Staphysagria.—The seeds of this plant are sometimes employed;

they are commonly known under the name of Staves-acre seeds. They con-
tain an alkaloid, called Delphinia. They have been chiefly used for destroy-
ing vermin. Delphinia has also been used externally in Neuralgia and
Rheumatism.

Coptis trifoliata. Gold Thread.— The root of this plant, 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.

Nigella saliva.—The seeds were formerly employed instead of pepper. It

is supposed that these seeds, or those of another species used by the Aflfghans
for flavouring curries, is the Black Cummin of Scripture (Isaiah xxviii. 25,27).
Xanthorrhiza apiifolia.—The wood and bark, as well as a gum and resin

which may be obtained from them, have a pure bitter taste, and tonic pro-
perties.

Podophyllum peltatum, May-apple. — The fruit is acid, hence its name
"Wild Lemon ; it is sometimes eaten. The leaves possess poisonous properties,
but when used in nroper doses, ihey act as a cathartic, and are thus sometimes
employed in North America.
Many plants of the order are commonly cultivated in our gardens; as

various species of Cletnatis, Anemone, Ranunculus, Eranihis (Winter Aco-
nite), Helleborus (Christmas Rose), Aquilegia (Columbines), Delphinium
(Larkspurs), Aconitum (Monkshoods), /'^o«;« (Paeonies), &c. The Moutan
officinalis is the Tree Paeony of Chin^, which is remarkable for its very
large showy flowers, and tor the number of its blossoms ; thus. Fortune
mentions a plant in the neighbourhood of Shanghae which yearly produced
from 300 to 400 flowers.

Natural Order 2. Dillexiace^,— The Dillenia Order.—
General Character — Trees, shrubs, or rarely kerbs. Leaves
usually alternate, very rarely opposite, generally exstipulate.

Sepals 5, persistent, in two rows. Petals 5, deciduous, hypo-
gynous, imbi'icated. Stamens numerous, hypogynous. Carpels
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 ; embryo minute.

'

Diagnosis.— Stipules absent, except in rare cases. Sepals
and petals 5 each, hypogynous, the former persistent in two

* See paper by the Author, in the PharmaceuticalJournal, vol. 15, p. 449.

F F 3
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rows, the lattei* -with an imbricated aestivation. Carpels more
or less distinct. Seeds arillate ; albumen fleshy, homogeneous.

Distribution, Examples of the Genera, and Numbers. — The
plants of this order occur chiefly in Australia, India, and equi-

noctial America ; a few species have been also found in equi-

noctial Africa ; none occur in Europe. Examples:— Dillenia,

Hibbertia, Candollea, Hemistemma, Delima, Tetracera. There
are above 26 genera, and 200 species of plants known belonging

to tills order.

Properties and Uses.—The plants of the order have nsually

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

for the beauty of their flowers. They are sometimes cultivated

as stove or greenhouse plants in this country.

Natural Order 3. Magxoliacea:.—The Magnolia Order.

—

General C li a r a c t e r Trees or shrubs, with alternate leathery

leaves {jig. 313, b), and with usmilly large convolute stipules,

which enclose the leaf-bud and fall oft" as it expands. Sepals

usually three to six, deciduous. Petals three or more, hypo-

gynous, in two or more rows. Stamens numerous, hypogynous
(jic/. 589, e). Carpels several, one-celled, often arranged upon
an elongated thalanms (Jig. 589, c). Fruit consisting of nu-

merous, dry or succulent, dehiscent (Jig. 652), or indehiscent

carpels, distinct or somewhat coherent. Seeds anatropal, with

or without an aril, solitary or several, often suspended from
the fruit by a long funiculus (Jig. 652). Embryo minute

;

albumen fleshy, homogeneous.
Diagnosis.— 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 jiarts, hypogynous, the former deciduous, the latter with an
imbricated i\2stivation. Carpels distinct. Albumen homogeneous.

Division of the Order, and Examples of the Genera.— The
order is divided irito two tribes:—

Tribe 1. Magnoliea'.—Carpels arranged u])on an elongated

thalamus in a cone -like manner. Leaves not dotted, or scarcely

so, Exaviples :— IMagnolia, Iviriodendron

.

Tribe 2. Winterecr.— Carpels forming but one whorl. Leaves
dotted, and often exstipulate. Examples:— Driniys, Illicium,

Tasmanni:!.

Distribution and Numbers.— The majority of the order are

found in North America. Some also occur iu the West Indies,
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Japan, China, India, South America, Australia, iAud New
Zealand. None have been found in Africa or any of the ad-

joining islands, or in Europe. There are 12 genera, and
168 species.

Properties and Uses.— The plants of the order are chiefly

remarkable for bitter, tonic, aromatic properties. The following

are the more important:—
Magnolia glauca. Swamp Sassafras or Beaver Tree The bark is tonic

and aromatic, resembling: Cinchona in its action. The unripe fruits of other
species, as ^fagnoliii Fraxeri AnA M. acuminata, have similar properties.

Liriodendron tulipifera. Tulip-tree. — The bark possesses bitter and tonic
properties, and is used in similar cases to the preceding.

Tcismannia aromatica,— The fruit is used in New Holland as a substitute

for pepper.
Driniys IVinteri or aromatica. — The bark, which is commonly known

under the name of Winter's Bark, has tonic, aromatic, and stimulant proper-
ties. It is often confounded with Canella Bark, which has been termed
Spurious Winter's Bark. It was formerly much employed in this country, but
at present, it is seldom used. Diititys gninatensis, possesses similar properties.

Illicium anisatum. Star-anise. — The whole plant, particularly the fruit, has
the flavour and odour of Aniseed It is used by the Chinese hs an aromatic
and carminative, and as a spice. The oil obtained from the seeds is said to be
sometimes substituted for oil of Anise.
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 country, either as hardy plants, such as several Magnolias, and the
Tulip-tree ; or as stove or greenhouse plants.

Natural Order 4. Axonace^.—The Custard-Apple Order.

—

General Character.— Trees or shrubs. Leaves alternate, sim-

ple, exstipulate. Calyx of three sepals, generally coherent at the

base, persistent. Corolla of six petals, in two whorls, leather}^;

cestivation 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, Avhich are distinct, or

united so as to form a fleshy mass. Seeds one or more, ana-

tropal; embryo minwte; albumen rnminsite.

Diagnosis.— Trees or shrubs. Leaves alternate. No stipules.

Calyx of 3 sepals, deciduous. Petals 6, in two rows, hypogy-
nous, usually valvate. Anthers with an enlarged 4-cornered

connective. Albumen ruminate.

Distribution, Examples of the Genera, and Numbers.— The
plants of this order are almost entirely confined to the tropical

regions of Asia, Africa, and America. None are found in

Europe. Examples :— Xylopia, Uvaria, Duguetia, Anona, Mo-
nodora. There are about 20 known genera, containing 300
species.

Properties and Uses.— Generally aromatic and fragrant in all

their parts. Some are useful, as—
Xylopia aromatica {Habzelia Mthiopica), De C, commonly known as Piper

.a^thiopicum. The dry fruit of this plant is used by the African negroes on

f f 4
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nccount of its stimulant and carminative elTects, and also as a condiment.
Xylopia undulala has nearly similar properties. Xi/lopia glabra yields the Bitter
wood of the West Indies, which has tonic properties.

Uvariafebrifuga—The fruit of this species is supposed to be the one which
is used as a febrifupe by the Indians on the Orinoco ; according to Martius
however, that is obtained from the Xylopia grandiflora.

Ccelocline ( Unona) polt/carpa, D. C.—The Berberine or Yellow-dye tree
of Soudan. — The bark of this tree yields a beautiful yellow colour, which
is much used as a dyeing material in certain parts of Africa. When reduced
to a coarse powder, it is also a topical remedy of great repute, in the treatment
of indolent ulcers, and chronic leprous sores of the extremities. It contains
Berberine. to which its medicinal virtues are probably due.
Duguftia quitarensis

.

—According to Schomburgh, the strong elastic wood
called Lance-wood, chiefly used by coachmakers, is furnished by this plant,

which is a native of Guiana.
Anona squamosa and miiricata, yield the delicious succulent fruits of the

East and West Indies, called Custard Apples ; that of A. squamosa is called

Sweet-sop ; that of A. muricata. Sour- sop. Other species are also esteemed
for their fruirs, as ^«ow« reticulata, which yields the netted Custard-apple,
and A. Cherimolia, w hich produces the Cherimnyer of Peru. Another species,

namely A.palustris, is the source of West Indian Cork-wood, so called from
itselnsticity and lightness.

Monodora Myristica, the Calabash Nutmeg, has similar aromatic qualities

to the true Nutmeg of commerce.

Natural Order 5. Lardizabalaceje.—The Larclizabala Order.

— General 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 G, opposite

the petals, usually monadelphous, sometimes distinct. Rudimen'
taty ovaries 2 or 3. Fertileflower

:

— Calyx and corolla as before,

but larger, hypogynous. Stamens 6, very imperfect and sterile.

Carpels distinct, generally .3, rarely 6 or 9, 1 -celled; ovules 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 lai'ge 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, Sfc,—There are but 7 genera, and 15 species, be-

longing to this order ; of which, according to Lindley, two
genera inhabit the cooler parts of South America, one is a tro-

pical form, and the remainder arc from the temperate parts of

China. Examples

:

— Burasaia, Ilolboelliji, 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. SciiizANDRACEyE.— The Schizandra Order.
— Crcncral Cliuracter.— Trailing shrubs. Leaves alternate,

exstipulate, simple, often dotted. Flowers unisexual. Calyx and
corolla with a ternary arrangement of their jiarts, hypogynous,

imbricated. Barren floiver

:

—Stamens numerous, monadelphous
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or distinct, hypogynous ; anthers 2-cellecl, extrorse, with a

thickened connective. Fertile flower:— Carpels numerous, 1-

celled, 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, Sfc. — This small order only contains .5 genera,

and 12 species. They occur in India, Japan, and the southern

parts of North America. Examples:—Kadsura, Schizandra,

Hortonia.

Properties and Uses.—The plants of this order are insipid and

mucilaginous. Some have edible fruits. A species of Schi-

zandra and Sphcerostema are cultivated in our greenhouses and

stoves.

Natural Order 7. Menisper»iace^.—The Moon-Seed Order.

— General Character.— Climbing or trailing sArw^s. Leaves

alternate, simple, exstipulate, usually entire. Flowers generally

dioecious, but sometimes imperfectly unisexual, rarely perfect or

polygamous. Barren flower :— Calyx and corolla with a ternary

an-angement of their pai-ts, generally in two whorls, imbricate

or vaivate. Stamens usually distinct, sometimes monadelphous.

Ovaria rudimentary or wanting. Fertile flower

:

— Sepals oxid

petals usually resembling those of the barren flower. Stamens

imperfectly developed, or Avanting. 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,— Trailing or climbing shrubs. Leaves alternate,

simple, exstipulate. Flowers usually dioecious. Sepals, petals,

stamens, and carpels, with a ternary an-angement, hypo-

gynous. Carpels placed on a gynophore, distinct. Fruits 1-

celled, curved. Seed solitary, curved ; embryo curved ; albumen

absent, or usually small in amount, and then either homogeneous
or divided.

fliers remarks, " that there is probably no family so completely

heteromorphous as the Menispermacese, or presents such extreme

and aberrant features at variance with its normal structure."

Hence there is great difficulty in draM'ing up a satisfactory

diagnosis of this order.

Distribution, ^c.— The plants of this order are chiefly found

in the forests of the tropical parts of Asia and America. None
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occur in Europe. Examples :—Coscinium, Anamirta, Jateorhiza,

Meuispermum, Cissampelos, Cocculus. There are 44 genera,
and 302 species.

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;—

Coscinium fenestratuyn.-' According to Ainslie, the wood and bark possess
stomachic properties. The wood has been imported into tliis country from
Ceylon, and sold as true Calumba-root ; it contains much Berberine.
Anatnirtapaniculata ( Cucculus indicus).—The fruit of this plant 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 impart a bitter taste to malt liquor, and to increase its intoxicating
effects. 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
crystalline alkaloid contained in the seed, called Picrotoxine. The pericarp
also contains two other alkaloids in minute quantity, which have been named
Menispermine and Paramenispermine, of which but little is known.
Jateorhiza palmatn ( Cocculus palmatus).— The root of this plant furnishes

the Calumba of the Materia Medica, which is extensively used as a tonic. It

would appear also to possess to a certain extent narcotic properties. Its active
properties are due to a crystalline alkaloid chilled Calumbine.

Cissampelos Pareira The root is an article of the Materia Medica, and
is commonly known under the name of Pareira br:tva. It possesses bitter
tonic, and diuretic properties. It would appear probable, however, that Cis-
sampelos glaberrima, and perhaps other allied species, and even other plants
of the same order, may also furnish a portion of the Pareira hrava of com-
merce. Tlie stem possesses similar but less powerful properties ; it is how-
ever frequently mixed with the root. Pareira brava contains an uncrystal-
lizable alkaloid named Cissampeline or Pelosine.

Natural Order 8. BERBERiDACEiE.— The Barberry Order

(^fiys, 846— 849).—General Character

—

Shrubs ov herbaceous

pereimial plants. Leaves alternate (fg. 360), compound, usu-

ally exstipulate. The leaves are frequently apparently simple,

but in such cases it will be found that, the blade is articulated to

the petiole, which is evidence of their compound nature. (See

p. 156.) The stem is generally free from hairs and other

appendages of a similar character, but it is often spiny (Jig.

360). 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 (Jig.

767). Petals equal to the sepals in number and opposite to

them, or twice as many, hypogynous (Jig. 767). Stamens
hypogynous (Jig. 848), equal to the petals in number, and oppo-
site to them; anthers 2-celled, each opening by a valve from the

bottom to the toj) (Jigs. 848 and 528). Carpel solitary, free,

1-cclled (Jig. 848) ; style somewhat lateral ; stigma orbicular

(Jig. 848); ot?M/t'A' anatropal, attached to a sutural placenta (Jigs.

847 and 848). Fruit baccate, or dry and cai)sular. Seeds (Jig.

849) usually with a minute embryo; albumen between fleshy and
hairy.

Diagnosis.— Leaves alternate, compound, very often spiny.



Fig. 846. Diagram of the flower of
Eijimedium. Fig. 84". Vertical
section of the fiovrer of Epimedium.
. Fig. 848. Vertical section of the
ovary of Berheris Fig. 849. Ver-
tical section of the seed of Berberi.o,

with tlie embryo in the axis sur-
rounded by albuineu.

Flowers regular and symmetrical. Sepals 3, 4, or 6, deciduous.

Petals hypogynous, and opposite to the sepals. Stamens defi-

nite, hypogynous, opposite to the petals; anthers 2-celled, each

opening by a recurved vah-e. Carpel solitary; placenta sutural;

ovules anatropal. Seeds with albumen.
Distribution, ^c.— 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. Examples :—Berberis,

Epimedium, Leontice. There are 12 genera, and 100 species.

Properties and Uses.— The plants of the order are acid,

astringent, and bitter. Their acid properties are due to the

presence of oxalic acid. The only plant of particular interest is

the

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. This plant, as well as other species, some of which from
their distinctly pinnate leaves, have been supposed improperly to constitute a
new genus, called Mahonin. are shrubs which are frequently cultivated in our
gardens. The Lycium of Dioscorides has been ascertained by Dr. Royle to

have been obtained from one or more species of Betberis. The Bai berry
contains a yellow cr3-stalline matter, named Berberine.

Natural Order 9. Cabombace^.— The Water-Shield Order.

—

General Character.

—

Aquatic plants, with floating peltate
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leaves. Sepals and petals 3 or 4, alternating with each other.

Stamens definite or niimerous. Thalamus flattened, small. Car-
pels 2 or more, distinct. i^rwiYindehiscent. Seeds few; embryo

minute, enclosed in a vitellus, and outside of abundant fleshy

albumen.
Diagnosis.—The only orders likely to be confounded with this,

are the Nymph£eacese, and Nelumbiacese. The plants belonging

to the Cabombacece are distinguished from the Nymphseacese,

by having distinct carpels, sutural placenta, few seeds, no evident

thalamus, and by the presence offleshy instead of farinaceous

albumen ; and from the Nelumbiacese, by their small thalamus,

by having more than one seed in each carpel, by their minute

erpbryo, and abundant albumen.

Distribution, ^c. — There are only 2 genera, and 3 species

belonging to this order. They occur in America, Australia, and
India. Examples :— Cabomba, Hydropeltis.

Properties.—They have no important properties. Hydropeltis

purpurea is said to be nutritious.

Natural Order 10. Nymph.^ace^. — The Water-Lily Order

(figs. 850—852). — General Character. — Aquatic herbs.

Fig. 850.

Fig. 851. Fig. 852.

Fig. 8.'>0 Flower of Yellow Water-Lily {ytiphar lutea) Fig. 8.51. Ovary

of Nvj)har with numerous radiating stigmas Fig. 852. Vertical section of

the seed of Kymiiltmi alba, showing the embryo euclosed in a viteUus, and on

the outside of albumen.

Leaves floating, peltate or cordate. Flowers solitary, large and

showy. Sepals usually 4 (fig. 438, c, c, c, c), persistent, generally

petaloid on their inside. Petals numerous (fig. 438, p), deciduous,

often passing by gradual transition into the stamens (fig. 438, p,

1, 2), in the same way as the sepals pass into the petals ; inserted

on a fleshy thalamus below the stamens (fig 509). Stamens

numerous, placed upon the thalamus; filaments petaloid (figs.

438, e, 1, 2, 3, 4, 5, and 850). Thalamus large, and forming a

disk-like expansion, more or less surrounding the ovary, and
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having inserted npon it the petals and stamens (fig. 850).
Carpels numerous, united so as to form a compound pistil {fig.
851); oi?ar^ many-celled (y?^. 768); s/?//es absent ; 5%?Ha« radi-

ating on the top {fig. 851), 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. 852).

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 pistil; stigmas radiating on the top, and alternate

with the dissepiments; ovules numerous, attached all over the

dissepiments. Embryo minute, on the outside of farinaceous

albumen, enclosed in a vitellus.

Distribution, ^c.— The plants of this order are chiefly found
in quiet Avaters, throughout the whole of the northern hemisphere;
they are, generally speaking, rare in the soutliern hemisphere.
Examples:— Euryale, Victoria, Nymphaea, Nuphar, Barclaya.
There are 5 genera, and 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 Avhich their parts exhibit from the

sepals to the petals and stamens. The most remarkable plant

of the order is the

Victoria regia.—This is a native of Equatorial America, and has been in-
troduced recently into this country, where it has excited much interest, both
from the beauty and size of its flowers, and from its enormous singularly con-
structed leaves. The flowers when fully expanded are more than a foot in
diameter; and the leaves, which are turned up at their edges, vary from four to
eight feet in diameter. The plant is commonly known in this country as tlie

Victoria V/ater-lily, and in South America unaer the name of Water-maize, as
the seeds are there used for food, for which purpose they are commonly roasted
with Maize or Indian Corn.

Natural Order 1 1 . Nelumbtace^.— The Water-Bean Order.
—General Character.

—

Aquatic he)-bs. Leaves peltate, rising

above the water. Flowers large and showy. Sepals 4 or 5.

Petals numerous, in several whorls. Stamens numerous, in se-

veral Avhorls; 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 soHtary, or rarely 2 ; with-
out albumen ; embryo large, enclosed in a membrane* with two
fleshy cotyledons, and a much developed plumule.

Diagnosis. — Aquatic herbs with peltate leaves. Thalamus
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very larc^c, flattened at the to]), and excavated so ns to ])rcsent

a nnniber of liollows. Caqjcls distinct, and jjartially imbedded
in tlic large honey-combed tlialamns. Fruit of numerous 1 or

2-seeded, nut-like bodies. Albumen none; plumule very large.

Distributicrn, Sfc.— These ])eautiful water ])lants arc natives

of stagnant or (juiet waters of tcmi)erate and tropical regions in

the northern hemisi)here ; most abundant in the East Indies.

There is but 1 genus Nchimbinm, which includes 3 si)ecies.

Properties and Uses. — (/iiielly remarkable for their large

beautiful Howers and leaves. The nut-like fruits of all the

species arc edible, as well as their rhizomes, which contain starch

like those of the Nymphreas. The most interesting i)lant is the

Nelumhium sprn'nsian. -The fruit of this plant is commonly considered to

have been the Kpyptian Hean of Pythaporas; and the Hower the Lotus so

often represented on the monuments of Egypt and India. The plant however
is no lonfjer found in Egypt, but it is common in India. The leaf and flower-

stalks contain a hirge nmnber of spiral vessels, which, when extracted, are

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 12. SAuuACENiACEiK. — The Sarracenia,

Water-ritcher, or Side-Saddle Flower Order. — General
Character.— 7Vcw?uVi/ herbs, growing in boggy places, with

radical hollow leaves, which arc jtitclier or trumpet-slia])ed

(Jigs. 308 and 309). Sepals 4—0, usually 5, ])ersistent, im-

bricated. Petals 5, hypogynous, sometimes absent. Stamens

numerous, hypogynous; anthers adnate, 2-cellcd. Carpels 3

—

5, united so as to form a compound 3— r)-celled ovary; ovules

numerous ;
placentas axilc ; stt/le simple and truncate, or ex-

panded at its top into a large shield-like angular process, with

one stigma beneath each of its angles. Capsvle 3—5-celled,

dehiscing loculicidally. Seeds numerous, attached to large

axilc placentas ; albumen abundant.

Diagnosis.— Perennial boggy idants,with pitcher or trumpet-

shai)cd leaves. Calyx permanent, imbricated. Carpels united

so as to form a compound ovary, and a 3—5-celled dehiscing

fruit, Avith lai'ge axilc i)laccntas; albumen abundant.

Distribution, S^c.— There arc 3 genera, and 8 species, of

which are confined to the bogs of North America, 1, Heliam-

phora nutans, occurs in Guiana, and 1 is found in California.

Examples : — Sarracenia, lIeliami)hora, J)arlingtonia.

Properties and Uses. — Unknown. The i)itehers arc lined

by hairv or glandular api)cndages, which appear to secrete

the peculiar fluid always found in them ; but this is by no

means ascertained. The use of this secretion is also imknown.

Natural Order 13. I'ai'avkrack^c— The roi)i)y Order {Jigs.

853_8r)5).— General Chara cter.— //er/^or shrubs, usually

with a milky juice (white or coloured). Leaves alternate, ex-

stiindatc. Sepals usually 2 (/?r/. 853), or rarely 3, deciduous

ijig- 457). Petals 4 (>?>. 853"and 854), or rarely 6, or some
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Fig. 853. Fig. 854.

44:

Fig. 853. Diagram of the flower of the Poppy, with two sepals, four!

crumpled petals, numerous stamens, and a compound pistil with several!

parietal placentas Fig. 854. Flower of Celandine iChelidoniumr
tnajus). sti. 2 stigmas on the apex of a lengthened or pod-like ovary.

Fig.Hoo. fciliquae-form or pod- shaped capsule of Celandine.

multiple of 4, or very rarely wanting, usually crumpled in

aestivation (fg. 853), hypogynous. Stamens generally nume-
rous, hypogynous (Jigs. 853 and 854); anthers 2-celled, innate

(fig. 428). Ovary 1-celled, with 2 (fig. 855) or more (fig. 853)

parietal placentas, Avhich project more or less from the walls

into its cavity, and in Romneya actually adhere in the axis
;

styles absent (fig. 428), or very short; stigmas 2 (fig. 854, sti), (or

many (fig. 428, .sit), opposite to the placenta, processes ; when
numerous, they form a star-like process on the top of the ovary

{fig. 428); ovules numerous. Fruit 1-celled, and either pod-

shaped, with 2 parietal placentas (fig. 855), or capsular, with

several placentas (fig. 428); dehiscing by valves or pores, or

sometimes indehiscent. Seeds usually numerous ; embryo in

fleshy-oily albumen (fig. 753).

Diagnosis. — Usually herbs with a milky juice. Leaves
alternate and exstipulate. Peduncles 1 -flowered; flowers regular

and symmetrical. Calyx and corolla with a binary or ternary

arrangement of their parts, deciduous, hypogynous. Stamens
numerous, hypogynous. Ovary compound, 1-celled, with

parietal placentas, stigmas opposite to the placentas. Fruit

1-celled. Seeds numerous, albuminous.

Distribution, Sfc. — 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:—
Sanguinaria, Argemone, Chehdonium, Papaver, Glaucium,
Eschscholtzia. There are 1 8 genera, and 1 30 species.

Properties and Uses. — The plants of this order are in almost
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all cases characterised bv well-marked narcotic properties.

Some are acrid, while others are i)urgative. In a medical ])oint

of view, this order must be regarded as the most important in

the Vegetable Ivingdom, from its yielding Opium, undoubtedly
the most valuable drug of the Materia Medica. The more im-
portant plants are the following :

—
Snnguinaria canadensis, or Puccoon.—The roit of this plant, which is a

native of North America, contains a red juice, from which circumstance it is

termed Blood-root. It is used internally m large doses, as an emetic and
purgative, and in smaller quantities, it is reputed stimulant, diaphoretic, and
expectorant. 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 growths.
From recent trials in this country, however, it would appear, that it possesses

to no evident extent any such qualities.

Chelidonium vtajus. 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 used successfully in opacities of the cornea. It has been
also administered internally, and is reputed aperient, diuretic, and stimulant.
Argemone mexicana, Mexican or Gamboge Tiiistle. — The seeds possess

narcotico acrid properties. An oil may be obtained from them by expression,

which possesses aperient and other qualities, and has been recommended
as a cure for Cholera. In the West Indies, the seeds are also used as a substi-

tute for Ipecacuanha,
Papaver sovmijerum. Opium Poppy.— The valuable drug Opium is ob-

tained by making incisions into the unripe capsules of this plant, and inspis-

sating the juice which under such circumstances exudes Irom them. It has
been known from early times, having been alluded to by Hippocrates, Dia-
goras, and Dioscorides. Various kinds of opium have been described under
the names of Turkey or Smyrna, Constantinople, Egyptian, Persian, Euro-
pean, 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 even much greater at the present time. In

India the quantity of opium produced annually is probably not much less than
8,000,000 pounds, yielding a revenue of about 4^ millions sterling to the East
Indian Government. Of this enormous quantity, at least five millions ot

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 do.ses it is a narcotic poison. It is also regarded as anodyne, stimulant,

and diaphoretic, according to circumstances. Its properties are chiefly due to

a peculiar alkaloid called Morphia, which is combined with mec<niic acid.

Its properties are also due. to some extent at least, to other peculiar prin-

ciples which it contains, as Codeia, Narcotine, Narceine, Meconine, and
IVIeconic acid, as well as some others occasionally found, and of which but

little is known. While the juice of the pericarp has been thus stated to

possess such active properties, the seeds of the Opium Poppy are bland and
wliolesome. They yield by expression an oil which is much used on the

Continent, and also in this" country, as a substitute for olive oil, and lor

other purposes. It is one of the oils employed for adu'terating olive oil.

The cake left after the oil has been extracted may be used forfattenitig cattle.

Fapavcr Rhwas, the Common Red or Corn Poppy, h.as scarlet or rod petals,

as its name implies." A syrup prepared ••pm these petals is used as a

colouring ingredient by the medical pract. .jner. The fresh petals are also

supposed to possess slight narcotic properties.
"

Many genera belonging to this order arc commonly cultivated in our gardens,

as Papaver, Ainemune, Rtcnieiia, Plalyst^vtun, Esc/isc/ioltxia , &c. Tlie latter

plant 18 remarkable for its enlarged hollow thalamus. Irom which the calyx

.separates by transverse dehiscence in the form of a conical cap, resembling

the extingui»hcr of a candle.

Natural Order 14. Fumariace-^.—The Fumitory Order (figs.

85G—859), — Gcucral Character. — Snwut/i Herbs with a
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watery juice. Leaves alternate, much divided, exstipulate
Sepals 2 (Jig. 856), deciduous. Petals 4, cruciate, very irre-

Fig. 856. Fig. 857. Fig. 858.

Fig. 859

Fig. 8.56. Diagram of the flower of Coryddlis, with two sepals, four petals, six
stamens in two bundles, and a one-celled pistil Fig. 857. Vertical section of
the flower of Hypecoum Fig. 85S. Upper or posterior petal of Corydalis,
and a bundle of three stamens Fig. 859. Vertical section of the seed oi Fumaria.

gular, in two whorls {jig. 856); one or both of the outer petals

saccate or spurred {fig. 858), the two inner frequently united at

the apex. Stamens hypogynous, usually 6, diadelphous, the two
bundles being opposite the outer petals, and containing an equal
number of stamens {figs. 856 and 858), the middle stamen of

each bundle having a 2-celled anther {fig. 856), the two outer

with 1-celled anthers ; rarely 4 stamens, which are then distinct

and opposite the petals. Ovary superior {fig. 857), 1-celled

{fig. 856) ; style filiform; stigma with two or more points; ovules

amphitropal. Fruit either indehiscent and 1 or 2-seeded ; or

two-valved, dehiscent {fig. 857), or a succulent indehiscent pod-
like fruit; in the two latter cases containing a number of seeds.

Seeds shining, crested ; embryo abaxial, minute {fig. 859)

;

albumen fleshy

Diagnosis. — Smooth herbs, with a watery juice, and alter-

nate, exstipulate, much divided leaves. Flowers very irregular

and unsymmetrical, 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^'i ''^s horizontal, amphitropal. Em-
bryo minute, abaxial, in fle'-uy albumen.

Distribution, Sfc,— The plants of this order principally occur
in thickets and waste places in the temperate latitudes of the

northern hemisphere. Examples:—Hypecoum, Dicentra, Cory-
dalis, Fumaria, There are 15 genera, including 110 species.

Properties and Uses. — They, possess slightly bitter, acrid,

astringent, diaphoretic, emmenagogue, and aperient properties
;
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but these are unimportant, and require no special notice. Some
species are cultivated in our gardens and greenhouses. The
most important of these is Dicentra {Dielytrd) spectabilis, which
has very showy flowers, but, like all other plants of the order, it

is scentless.

Natural Order 1 5. Crucifer^ or BRASSiCACEiE. — The
Cruciferous or Cabbage Order (figs. 860—867). — General
Character.— Herbs, or very rarely shrubby plants. Leaves
alternate, exstipulate. Floioers usually yellow or white, rarely

purple, or some mixture of these colours ; inflorescence racemose

\fig. 861), or corymbose; usually ebracteated. Sepals 4 (fiy,

860), deciduous; cestivation imbricate or rarely valvate. Petals

4 (fiys. 421 p, and 860), hypogynous, arranged in the form of a
Maltese cross, alternate with the sepals, deciduous. Stamens 6,

tetradynamous (fig. 862, ec), hypogynous. Thalamus furnished

Avith small green glands (figs. 422 and 862 gl), placed between
the stamens. Ovary superior (fig. 862), with two parietal pla-

centas (fig. 860), 1-celled, or more usually 2-celled (fig. 860),

from the formation of a spurious dissepiment called the replum

{figs. 600 c/, and 863) ; style none (fig. 862) ; stigmas 2 (fig
864), opposite the placentas. Fruit a siliqua (figs. 666 and
863), or silicula (figs. 864 and 865), 1 or 2-celled, 1 or many-
seeded. Seeds stalked, generally pendulous (fig. 863); embryo

with the radicle variously folded upon the cotyledons (figs, 755,

756, 866, and 867); albumen none.

Diagnosis.— Herbs. Bracts generally absent. Sepals and
petals 4, deciduous, regular, the latter cruciate. Stigmas 2,

opposite to the placentas. Stamens tetradynamous. Fruit a
siliqua or silicula. Seed without albumen, and with the radicle

variously folded upon the cotyledons. No other order is likely

to be confounded with this if ordinary care be taken, as tetradyna~

mous stamens only occur here, except in a veryfew plants belong-

ing to the natural order Capparidacece. (See Capparidace^.)
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. Siliquosce. Fruit a siliqua (fig. 863), opening by
valves longitudinally (fig. 666). Examples:— Cheiranthus,

Brass ica.

Sub-order 2. Siliculosa: latiseptce. Fruit a silicula opening by
valves; the replum in its broader diameter (fig. 865). Ex-
amples :— Cochlearia, Armoracia.

Bub-ordcr 3. Siliculosce angustiseptce. Fruit a silicula opening
by valves; the replum in its narrower diameter (fig. 864),

Examples :— Thlaspi, Iberis.

6iib-order 4. Nucumentacea. Fruit an indchiscent silicula,
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Fig. 860. Fiq. 861.

Fig. 866

Fig. 860. Diagram of a Cruciferous flower Fig. 861. Portion of the flowering
brand! of the Wallflower Fig. 862. Essential organs of the ^Taliaower {Chei-
ranthus Cheiri). r. Receptacle or thalamus, gl. Glands, e, c. Tetradynamous
stamens, sti. Stigma. Fig. 863. Siliqua of the Wallflower, v^ith one of the
valves removed to show the replum, and the seeds attached by funiculi Fig.

864. The silicula of Shepherd's Purse {Thlaspi Bursa Paston'a} io tlie act of
dehiscing. Fig. 865. Silicula of the Scurvy-grass (Cochlearia officiivalis') in the
act of dehiscing. Fig. 866. The embryo oi Bunias or^ntalis Fig 86". The
embryoof the Cabbage (B?-as5icaoferacea). J, Undivided. 2. Horizontal section.

r. Radicle, c Cotjiedona.

G G 2
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often 1 -celled, owing to the absence of the replum. Ex-
ample :— Isatis.

Sub-order 5. SeptulatcE. — The valves of the fruit opening

longitudinally, and bearing transverse septa in their interior.

No examples among British plants.

Sub-order 6. Lomentacece. — 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, accord-

ing to the mode of folding of the embryo.

The sub-orders founded on the mode in which the embryo
is folded, which was first adopted by De Candolle, and which

is more generally used, is as follows:—
Sub-order 1. Pleurorhizece (O =) (fg- 756). — Cotyledons

accumbent, flat ; radicle lateral. Examples:— Cheiranthus,

Nasturtium, Arabis.

Sub-order 2. Notorhizeoe (O II) (fig- 755).— Cotyledons incum-

bent, flat; radicle dorsal. Examples ;—Hesperis, Sisymbrium,

Isatis.

Sub-order 3. Orthophcea (O ^) (fig 867).—Cotyledons con-

duplicate, longitudinally folded in the middle ; radicle dorsal,

within the fold. Examples :— Brassica, Sinapis, Kaphanus.

Sub-order 4. SpirolobecB (O II II) (fig^- 754 and 866).— Coty-

ledons twice folded, linear, incumbent. Examples : — Bunias,

Erucaria.

Sub-order 5. Diplecolohece (Q 1| ||
||). — 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 moun-
tains. Lindley enumerates 195 genera, including about 1600

species.

Properties and Uses.— This order is generally characterised

by antiscorbutic and pungent properties, frequently combined

with acridity. Tlie order is one of tlie most natural in the

Vegetable Kingdom, and does not contain a single poisonous

plant. The seeds fi-cquently contain a fixed oil. Many of our

commonest culinary vegetables are derived from it. The Cruci-

fera; are also interesting in a clicmical point of view, as many
of thorn contain much nitrogen and sul|)hur, and, according

to Mulder, the common Water-cress {Nasturtium officinale)

contains iodine. The more interesting plants are the follow-

ing:—
Nasturtium officinale—Tins plant is the common Water-cress, so well known

as an excellent and wholesome salad.

Cardamine pratensis, Cuckoo-flower. — The flowers were formerly much
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used for their stimulant and diaphoretic properties, and have long been a
popular remedy for epilepsy in children.

Cochlearia officinalis. Scurvy-grass This plant was long esteemed for
its antiscorbutic properties.
Armoracia rusticana {Cochlenria Armoracia) The root is the common

hor.'e-radish, so mucli used as a condiment. Some lamentable cases of poison-
ing have occurred from the substitution of Aconite or Monk's-hood root for that
of Horse-radish, which it is supposed to resemble. (See Pharmaceutical
Journal, vol. xv. p. 419.) Fresh Horse-radish is also used in medical prac-
tice : externally, as an irritant, rubefacient, and vesicant ; and internally, 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 fresh state.

Anastatica hierochuntina. Rose of Jericho This plant, which is found
wild in I he deserts of Egypt and Syria, is remarkable for possessing hygro-
metric pro)aerties. Thus, when 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 hy the winds from plice to place ; but if it be then
exposed to moisture, it uncoils, and the branches expand' again, a.s if the life

of the plant was renewed. " Some superstitious tales are told of it, among
which, it is said to have first bloomed on Christmas Eve to salute the birth of
the Redeemer, and paid homage to His resurrection by remaining expanded
till Easter."

Camelina sativa. Gold of Pleasure The seeds contain much fixed oil.

Lepidmm sativum. Garden Cress.—This is well known as a pungent salad;
it is commonly used with the young herb of the Mustard plants.

Isatis tinctoria, Woad. —This herb yields a dark-blue dye, which was for-

merly much used in this country and other parts of Europe, but it is now rarely
or ever employed, its use having been superseded by Indigo. In China also,

a blue dye is obtained from the fruits of Isatis indi'^otica

Brassica.—Thisgenuscontains several specieswhich are commonly cultivated
as food lor man and cattle. T\\y\%:—Brassica liapa. is the common Turnip.
The Swedish Turnip is probably a hybrid between Brassica campestris and
B. Rnpa, or Napjts ; according to others, it is derived from B. campa^tris.
B. ^apus, yields Rape, Cole, or Colza-seeds, from which may be expressed a
large quantity of bland fixed oil, which is now much used for burning and other
purposes. 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. oleracea is supposed to be the orijiinal species from which
have been derived by cultivation, all the varieties of Cabbages. Kohl-Rabi,
Greens, Brocoli, and "Cauliflowers. Tiie Kohl-Rabi is produced by the stem
enlarging above the ground into a fleshy knob, resembling a turnip. Brocoli
and Cauliflowers are deforiDcd inflorescences.

Sinapis i'he seeds of two species of this genus are in common use in medi-
cine and for culinary purposes, and the young herbs are also employed as

salads. These species are, Sinapis nigra and S. alba. The seeds of the
former are dark-coloured, and are known as Black Mustard seeds; those of

the latter are of a yellowish colour, and are termed White Mustard seeds.

It was formerly supposed, that flour of mustard, so extensively used as a condi-
ment, was prepared solely from black mustard seeds, but it is now ascertained
that it is derived from a mixture of commonly two parts of black and three of
white mustard seeds. Both the black and white mustards seeds contain a large

quantity of fixed oil, which is readily obtained by submittmg them to pressure;

this expressed oil is called fixed oil of mustard. It is remarkable that we do not
find in either the bl.ack or white seeds the pimgent acrid principle for which
mustard is distinguished. But when black mustard seeds are distilled with water,

they yield a very acrid and pungent volatile oil, on which their virtues depend.
The elements of this oil only, exist in the seed, in the forms of Myronic acid,

and Myrosyne. These substances, when mixed through the medium of water,
form the volatile oil of black mustard. The active properties of white mus.
lard-seeds are not due to the presence of a volatile oil, as no such oil can be
obtained from them by distillation 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 Sinapin or Sinap'sin, and a substance
resembling vegetable albumen or emulsin. These, when brought together un-
der the influence of water, produce the fixed acridprinciple of white mustard
seeds. Internally, flour of mustard is used as a stimulant, diuretic, and emetic

;
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and externally applied, it is irritant, rubefacient, &c. White mustard seeds are
also taken in an entire state as stimulants in dyspepsia.
Crambe maritima, Sea-Kale. — The stem and leaf-stalks of this plant by

cultivation, form a delicious vegetable. In the wild state the plant possesses a
good deal of acridity, whi^ h is almost entirely removed by cultivation.
Raphanus sativus.— This is the common Radish so much employed as a

salad, (Src.

Many plants of the order are favourite objects of culture in our gardens,
such as the Stock {Matthiola), Wall-flower {Cheiranthus Cheiri), Candy Tuft
{Iberfs umbellata). Honesty {Lunaria biennis), &c.

Natural Order 16. Capparidace^.— The Caper Order.

—

General Character.

—

Herbs, shrubs, or rarely t?-ees. Leaves
alternate, exstipulate, or rarely with spiny stipulate appendages.
Sepals 4 (fig. 642, col), sometimes coliering more or less; estiva-

tion imbricate or valvate, equal or unequal. Petals usually 4 ( fig.

642, cor), cruciate, imbi'icate, generally unequal and unguiculate,

rarely 8, or sometimes none. Stamens numerous, or definite,

if 6, very rarely tetradynamous, placed upon a prolonged thala-

mus or stalk by which they are raised above the corolla (Jig.

642, St). Ovary placed on a gynophore (Jig. 642. ov), or sessile,

1 -celled; placentas 2 or more, parietal; sti/le filiform or wanting;
ovules amphitropal or campylotropal. Fruit 1 -celled, usually

many-seeded, very rarely 1 -seeded, either pod-shaped and
dehiscent, or baccate and indehiscent. Seeds generally reniform,

without albumen ; embryo curved ; cotyledons leafy.

Diagnosis.— Herbs, shrubs, or trees, with alternate leaves.

Sepals and petals 4 each, the latter cruciate, and generally

unequal Stamens usually numerous, very rarely tetradyna-

mous, inserted on a stalk, which raises them above the corolla.

Ovary 1 -celled, placentas parietal. Fruit dehiscent or indehiscent,

1-celled. Seeds generally reniform; embryo curved; no albumen.
Division oj" 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. Cleomece.—Fruit capsular. Examples:—Gynan-
dropsis, Cleome, Physostemon.

Sub-order 2. Capparece.—Fruit baccate. Examples:—Cadada,
Capparis.

Distribution and Numbers.— The plants of the order Cappari-

dacca; are chiefly found in tropical and sub-tropical regions of

the globe. In Africa they are especially abundant. The com-
mon Caper (Capparis spinosa), which inhabits rocky places in

the soutli of Europe, is the only European species of this order,

and also that one which is found farthest north. There are 28
genera, and 340 species.

Properties and Uses.— In their properties the plants of this

order resemble in many respects ihe Crucifera\ being generally

])ungont, stimulant, and antiscorbutic. Some are aperient,

diuretic, and antlu-lniintic. In some plants the ]iungent jirin-

ciple is so concentrated, or probably is in itself deleterious, that
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they are very poisonous. The more important plants are as

follows:—
Cleome.— Some species are very pungent, and are used as condiments like

our mustard.
Polanixia— Some species of this genus are also employed like mustard.

The root of P. icosandra is used internally as a vermifuge, andexternally as a
rubefacient, &c.
Cadaba indica.—The root is reputed to he aperient and anthelmintic
Capparis.—The flower-buds of various species of this genus are used to form

the well-known pickle called Capers. Thus : Capparis spinosa, is that em-
ployed in the South of Europe, C Fowte7«mMn Barbary, and C.tegyptiaca
in Egypt. C. ceoyptiaca 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. pulcherrima, and which is found in the neighbourhood of Car-
thagena, is extremely poisonous.

Natural Order 1 7. Resedace^.— The Mignonette Order.

—

General 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

(^^- 484), unequal. Z>MAfleshy,hypogynous, one-sided. Stamens
definite, inserted on the disk. Ovary sessile, 1-celled (Jig. 606);
placentas 3 (Jig. 606,;?/), or 6, parietal; stigmas 3, sessile. Fruit

opening at the apex long before the seeds are ripe (Jig. 650),

1-celled, and with 3 or 6 parietal placentas; or consisting 'of

empty carpels surrounding a central placenta. Seeds usually

numerous, reniform; embryo without albumen.
Diagnosis.— Usually herbs, with alternate leaves and unsym-

metrical flowers. Disk large, hypogynous, one-sided. Stamens
definite, not tetradynamous. Ovary sessile, 1 -celled; placentas
3—6, parietal; stigmas 3, sessile. Fruit usually opening early at

its apex. Seeds usually numerous, reniform, exalbuminous.
Distribution, Sfc.—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. Example:— Re-
seda. There are 6 genera, and 41 species.

Properties and Uses.— But little is known of their properties.

They are generally somewhat acrid, and were formerly supposed
to be sedative. The only genus of importance is:—
Reseda.—Thus 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 1 8. Cistace^.— The Rock-Rose Order (Jigs.

868 and 869).—General Character,

—

Shrubs or herbs, often

viscid- Leaves opposite or alternate, entire, stipulate or exsti-

pulate. Flowers showy. iSepa^usually 5 (7?<7. 868), sometimes

3, persistent, unequal ; estivation of the three inner twisted.

Petals usually 5 (Jig. 868), very rarely 3, caducous, hypogynous,
frequently corrugated in the bud, and twisted in a reverse way
to that of the sepals. Stamens (Jig. 868) distinct, hypogynous,
definite or indefinite. Ovary 1 (Jig. 868) or many-celled; style

single ; stigma simple. Fruit capsular, usually 1-celled, witli
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3—5, or rarely 10 valves; or imperfectly 3—5—10-celled; pla-
centas parietal (Jig. 868). Seeds definite or numerous, albumi-
nous (Jig. 869); embryo (Jig. 869) curved or spiral, with the
radicle remote from the hilum.

Fig. 868. Fig. 869.

Fio- 8(JS. Diagram of the flower of a spenies of IMlanthemum Fig. 8(50.

Section of the seed of a species oi Cistus, tlie pointed end being its upcx.

Diagnosis.—JjesLves entire. Sepals and petals with a ternary

or quinary arrangement, twisted in estivation; 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,

curved or spiral.

Distribution, 8fc.— These plants are most abundant in the

south of Europe and the nortli of Africa. Some few are found

in other parts of the globe. Examples:— Cistnii, Helianthemum.
There are 7 genera, and 185 species.

Properties and Uses.— These plants have generally resinous

and balsamic properties. Some are regarded as stimulant and
emmenagogue. The more important plants of the order are:—

Cistus creticus.—The fragrant resinous substance called Ladanum is obtained
from the above plant in the Levant, and also from C. Ladanifervs, C. Ledoti,

&c. It has been useii as a stimulant, expectorant, and emmenagogue. It is

also much esteemed by the J'urks as a perfume, and for fumigation.

Cochlospermum Gossypium. — Accordmg to Royle, the trunk of this plant

yields the gum Kuteera, which in the north-western provinces of India &c., is

substituted for Tragacanth.

Natural Order 19. Bixace^ or Flacodrtiace^.— The
Annatto or Arnatto Order.—G e n e r al C h a r a c t e r.

—

Shrubs or

small trees. Leaves alternate, exstipuhite, usually entire and

leathery, and very often dotted. Sepals 4—7, somewhat united

at the base. Petals hypogynous, distinct, equal in number to

the sepals and alternate with tliein, sometimes absent. Star/iens

hypogynous, of the same number as the petals, or some multii)lc

of tluiiii. Ovan/ 1 or more' celled, sessile or slightly stalked
;

placentas 2 oi' more, parietal, sometimes branched so as to form
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a network over the inner surface of the ovaiy 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; albumen fleshy-oily; e?w6r?/o straight, axial;

radicle turned to the hilum.

Diagnosis.— Shrubs or small trees, with alternate exstipulate

leaves, dotless, or with round dots. Flowers polypetalous or

apetalous
;
petals hypogynous. Stamens bypogynous, equal in

number to the petals, or some multiple of them. Fruit dehiscent

or indehiscent; placentas parietal, and sometimes forming a net-

work over the inner surface of the fruit. 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 :— Bixa, Oncoba, Aphloia, Flacourtia, Erythro-

sperraum. There are 34 genera, and about 90 species.

Properties and Uses.— Many plants of the order are feebly

bitter and astringent, and have been used as stomachics. The
bark of Aphluia is said to be emetic. The fruits of Oncoba and
of some of the Flacourtias are edible and wholesome The
most important plant of the order is

Bixa Orellana.—1 he seeds of this plant are covered by a reddish pulp, from
which Arnatto or Annatto.ismade. This is used as a red dye, and for colour-
ing cheese and chocolate. The seeds are said to be cordial, astringent and
febrifugal.

Natural Order 20. Violace^.— The Violet Order {figs. 870
and 871).— General Character.— Herbs or shrubs. Leaves
simple, stipulate (fig. 356), v/ith an involute vernation, alter-

nate, or sometimes op-
posite. Sepals 5 (fig.

775), persistent, imbri-

cate, usually prolonged
at the base. Petals 5

(fig. 775), hypogynous,
equal or unequal, one
usually spurred. Sta-

mens equal in number
to the petals (y?^. 775),

and usually alternate

with them, or rarely

opposite, inserted on a
hypogynous disk, often

unequal ; anthers 2-

celled, sometimes uni-

ted (fig. 870), burst-

ing inwards; filaments short and broad (fig. 870), and elon-

gated, so as to project beyond the anthers (fig 514); when
the flowers are irregular, two of the anthers are spurred at the

Fig. 870. Fig. 871.

Fi(/. 870. Essential organs of the Pansy (Viola
tricolor), st. Obliquely hooded stigma, a. United
anthers, two having long appendages below
Fig. 871. Vertical section of the seed of the Pansy.
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base ifig. 870). Ovary 1-celled, with 3 parietal placentas {fig,
775); style single, usually declinate {fig. 429); stigma capitate,

oblique, hooded {fig. 870, st) ; ovules usually numerous ( fig.

429, 0, o). Fruit capsular, 3-valved {fig. 665), dehiscence loculi-

cidal
;
placentas on the middle of the valves. Seeds usually nu-

merous {fig. 665), sometimes definite ; embryo straight, erect, iu

the axis of fleshy albumen {fig. 871).
Diagnosis.— Herbs or shrubs. Leaves simple, stipulate, and

with involute vernation. Flowers regular or irregular. Sepals,

petals, and stamens, 5 each, hypogynous. Stamens all perfect;

anthers introrse with the filaments prolonged beyond them.
Ovary 1-celled, with 3 parietal placentas opposite the 3 outer

sepals; 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 ofthe Genera,—The order

has been divided into two sub-orders as follows: —
Sub-order 1. Violece.— Having irregular flowers, and appen-

daged anthers. Examples:— Viola, lonidium.

Sub-order 2. Alsodece.—With regular flowers, and anthers not fur-

nished with appendages. Examples : — Alsodeia, Pentaloba.

Distribution and Numbers.—The herbaceous plants of the sub-

order Violeai are chiefly natives of Europe, Siberia, and North
America; the shrubby mostly of South America. The AlsodejB

are exclusively natives of South America, Africa, and Malacca.

There are 1 5 genera, and about 300 species belonging to the

order Violacete.

Properties and Uses.— The plants of this order are chiefly

remarkable for emetic and purgative properties. A few also are

mucilaginous, and others have been rc])uted anodyne. The
emetic property is due to a peculiar alkaloid named violine, which

greatly resembles, if it be not identical with, emetine, the active

principle of the true Ipecacuanha root. This principle is more
especially found in some of the shrubby South American species,

but 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 iu this country. The following are the

more important :
—

Viola odorata, the March or Sweet Violet.— The flowers of this plant

have been always liighly esteemed for their fragrance. An infusion or syrup
of the petals is a nseiiil chemical test, as the violet or purplish colour is

chanf^ed into red by acids, and green by alkalies. The syrup is officinal, and
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 contain violine. Viola canina, the Dog Violet, is said to be very ettica-

cious in cutaneous diseases. Viula tricolor, a common indigenous plant, is the
origin of all our cultivated varieties of Pansies or Ileart's-ease. The Violets

generally, have been used on the Continent, as demulcent expectorants.

lonidium Ipecacuanha, Woody Ipecacujinha The root of this plant was
supposed by Linnaus to be the source of the true Ipecacuanha. It is the false
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Ipecacuanha of Brazil, and is employed as an emetic intliat region. It con-
tains emetine. Other species of lohidium. as I.parvtflorujn, I. Ituhu, &c.,
possess similar properties. The roots of/, parvflormn (7. microphylluw,
Humb. & Dec.) constitute the Cuchunchuliy de Cuenga, which is much used
in the province of Venezuela a&a remedy for elephantiasis.

Natural Order 21. Sauvagesiace^.—The Sauvagesia Order.
— General Character. — This order is by some botanists

considered as merely a sub-order of Violaceae. 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
appendages. The fruit also burst septicidaUy, and hence each
valve bears the placentas at its edges.

Distribution, ^c. — They are natives chiefly of South Ame-
rica and the West Indies. Examples :— Sauvagesia, Lavradia.

Lindley enumerates 3 genera, and 15 species.

Properties and Uses. — But little is known of the properties

of this order. The Sauvagesia erecta contains a good deal of

mucilaginous matter, and has been used internally as a diuretic,

and in inflammation of the bowels, and also externally, in diseases

of the eye.

Natural Order 22. Droserace^. — The Sun-dew Order.—
General Character.— Herbaceous plants growing in boggy or

marshy places, frequently glandular. Leaves alternate, fringed at

their base {fig. 352), and with a circinate vernation. Peduncles

when young, circinate. Sepals and petals 5, hypogynous, equal,

imbricated, persistent. Stamens as many as the petals and alter-

nate with them, or twice, thrice, or four times as many, distinct,

withering, hypogynous ; anthers extrorse. Ovary 1 -celled, supe-

rior ; styles 3—5, distinct, or connected at the base ; ovules nume -

rous, anatropal. Fruit capsular, 1-celled, bursting by 3 or 5

valves, which bear the placentas in their middle or 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, frequently furnished with

glands, and with alternate exstipulate leaves, with a circinate

vernation. Peduncles when young, circinate. Flowers regular

and symmetrical, hypogynous, with a quinary arrangement of

their parts, which are also persistent and imbricate. Anthers
extrorse. Styles several

;
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. They
inhabit bogs or marshy districts. Examples :— Drosera, Aldro-
vanda, Dionaea. According to Lindley, there are 7 genera, and
90 species, but Planchon, who has written a memoir upon this

order, only enumerates 6 genera, and 90 species.

Properties and Uses. — They possess shghtly acid and acrid
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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 some of the Droseras would yieki

valuable dyes, because they communicate a brilliant purple
stain to the paper upon Avhich they are dried, and also from
the circumstance of yielding a yellow colour when treated with
ammonia. The plants of the order are, however, chiefly inte-

resting from the peculiar ii'ritability of the hairs on their leaves.

Thus the Sun-dews (Z>/-ose/-rts), are fringed with beautiful glan-

dular hairs, which close more or less in different species when
insects alight upon them ; while Dioncea muscipula (Jig. 352), a
native of North America, has two-lobed leaves, each of which
is furnished on its upper surface with three stiff hairs, Avhich,

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 A^enus's

Fly-trap.

Natural Order 2.3 Frankeniace^.—The Frankenia Order.—
General Character.— Herbs or undershrubs, much branched.

Leaves opposite, exstipulate. with a membranous sheathing

base. Flowers sessile. Calyx tubular, with 4 or 5 divisions,

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, superior ; style 2, 3, or 4-fid ; ovules

numerous, anatropal
;

placentas parietal. Fruit capsular,

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.
Diagnosis.— Herbs or undershrubs, 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 occur in the south of Europe and north of Africa. Ex-
amples :— Frankenia, Beatsonia. There are 4 genera, and 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^. — Tlic Tamarisk Order.

General Character. — Shrubs or herbs. Leaves alternate,

scaly, entire, usually pitted. Flowers in spikes or racemes. Calyx

4 or 5 ])artcd, ])ersistent, imbricate. Petals distinct, adherent to
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the calyx, -withering, imbricate. Stamens hypogynous, as many as

the petals, or twice as numerous, distinct or united ; anthers in-

tTorse. Ovary superior ; styles 3 ; ovules numerous. Fruit
'

1 -celled, dehiscing by 3 valves in a locuhcidal manner ; hence
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-hke

leaves. Calyx 4— 5, parted, imbricate, persistent. Petals

distinct, and attached to the calyx, withering, imbricate. Stamens
hypogynous ; anthers introrse. Ovary superior with distinct

styles. Fruit dehiscing by 3 valves, each of which bears a
placenta at its middle or base. Seeds numerous, comose, with-

out 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 noi'thern hemisphere of the Old
World. Examples

:

— Tamarix, Myricaria. There are 3 genera,
and 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 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. Several
species of Tamarix are liable to the attack of insects, which produce galls on
their surface. These galls are astringent, and are used in those cases where
astringent substances are required, in medicine, and in dyeing, ^tlyricaria
jiermanica, is a common ornamental shrub in our gardens; and Tamarix gal-
lica is also commonly seen in our gardens, and growing apparently wild on
the souih-west coast of this country.

Natural Order 25. Elatinace^. — The "Water-Pepper
Order.— General Character. — Little annual marsh plants,

with hollow creeping stems. Leaves opposite, with interpetiolar

membranaceous stipules. Flowers minute, axillary. Sepals

and petals 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.

Oyary superior, 3— 5-celled; styles 3—5; stigmas capitaxe; ovules

numerous, anatropal. Fruit capsular, 3—5-celled, 3— 5-valved,

dehiscence loculicidal; placentas a^ile. A^eec^s 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-

centation axile. Styles 3—5 ; stigmas capitate. Seeds nu-
merous, exalbuminous ; embryo straight.
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Distribution, 8fc. — The plants of this small order are scat-

tered all over the world. Examples :—Elatine, Bergia, Merimea.
Lindley. enumerates 6 genera, and 22 species.

Properties and Uses. — They are generally considered acrid,

hence the English name of the order.

Natural Order 26. CARYOPHYLLACEiE.—The Pink or Clove-

wort Order (Jigs. 872—876).— General Character.— Herbs.

Stems swollen at the joints. Leaves opposite, entire, exstipulate

,

often united at their base. Lijlorescence various, cymose (Jig.

411). Flowers hermaphrodite, or rarely unisexual. Sepals 4 or 5

(Jig. 872), distinct, or coherent into a tube (Jig. 445), persistent.

Petals equal in number to the sepals (Jig. 872), hypogynous, un-

Fig. 872. Fig. 873.

Fig. 872. Diagram of the flower of a species of Dinnthi^.— Fig. 873. V«'t|c*^

action of the flower of a specie, of DianUir.s.-—Fig.m. Essential orRans of

Stellaria. Fig. Sir,. Capsule of Diantltus, dehiscing by four valves at the apex.

/.,{/. »76. Vertical section of the seed of Chickweed (.SUllana).

guiculate (Jig. 461), often deeply divided (Jig. 460), sometimes

absent, frequently raised above the calyx on a stalk (Jig- 873).

Stamens ecpuil in number to the sepals, and then either alternate

or opposite to them, or usually twice as numerous (Jigs. 872 and

874), or rarely fewer, frequently attached witli the petals on a

stalk above the calyx ('Jig. 873) ;
Jilamcnts generally distinct

(Jig. 874), sometimes united at the base, subulate ;
anthers m-

natc. ^' Otary sessile (Jig. 874), or supported with the petals

and stamens on a short gynoi)hore (Jigs. 587, g, and 873), 1-

cclled generally (Jigs. 618 and 619), or rarely 2- 5-celled (Jigs.
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617 and 872); styles 2 (Jig. 587) to 5 (fig. 618), papillose on
their inner surface (fig. 587), and hence should properly be
regarded as stigmas ; ovules few or numerous, amphitropal.

Fruit a l-celled capsule, opening by 2—5 valves (fig. 875), or

by 4—10 teeth, at the apex (fig. 648), and having a free

central placenta (fig. 618, pi), or rarely 2—5-celled w-ith a
loculicidal dehiscence, and with the placentas shghtly attached

to the dissepiments. Seeds usually numerous (fig. 618), rarely

few ; embryo curved round the albumen which is of a mealy
character (figs. 760 and 876).

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 l-celled ; styles

2—5. Capsule l-celled, or rarely 2—5-celled; placenta usually
free central, sometimes in the 2—5-celled fruit sUghtly attached

to the dissepiments. Seeds with the embryo curved round
mealy albumen.

Division of the Order, Sfc.— The order is divided into three

sub-orders, as follows :
—

Sub-order 1. Alsinece, the Chickweed Sub-order.—Sepals dis-

tinct, and opposite the stamens, when the latter are equal to

them in number. Examples :—Alsine, Arenaria, Stellaria,

Cerastium.

Sub-order 2. Silenece, the Pink Sub-order.— Sepals cohering

into a tube, and opposite the stamens, when the latter are

equal to them in number. Examples

:

— Dianthus, Saponaria,

Silene, Lychnis.

Sub-order 3. Molluginece, 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. Examples :— MoUugo, Cselanthum.

Distribution, 8fc.—They are natives chiefly of temperate and
cold climates. When found in tropical regions they are gene-
rally on the sides and summits of mountains, commonly reach-

ing the hmits of eternal snow. According to Lindley, there are

59 genera, and 1055 species.

Properties 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 vulgaris. Saponaria officinalis has been used in syphilis.

It contains a peculiar principle called saponitie. This principle

has also been found in species of Lychnis, Silene, Cucubalus,
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and especially so in Gypsophila Struthium, to which latter plant

it communicates well-marked saponaceous properties, hence that

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 Picotees, Bizarres, and Flakes. In the

Carnation the petals are entire and marked with coloured stripes

only, there is no break in the colour of the stripes, and they

have no dots or small lines on their surface. In the Picotee the

petals are slightly serrated, and have a number of small lines or

dots placed on a white or yellow ground. Bizarres are

Carnations with a white ground, marked with two or more
colours. Flakes are Carnations with but one colour.

Natural Order 27. ViviANiACEiE. — The Viviania Order.

—

General Character. — Herbs or undershrubs. Leaves opposite

or whorled, exstipulate. Flowers regular, white, red, or pink.

Calyx with 5 divisions and 10 ribs; cestivation waWsite. Petals

5. hypogynous, unguiculate, persistent ; aestivation twisted.

Stamens twice as many as the petals, hypogynous; filaments dis-

tinct; anthers 2-celled, bursting longitudinally. Ovary supe-

rior, 3-celled ; stigmas 3. Fruit capsular, 3-celled, with a

loculicidal dehiscence. Seeds 2 in each cell ; embryo curved

in fleshy albumen ; radicle next the hilum.

Diagnosis, ^c.— The plants of this order are readily known
among the Thalamifloral Exogens by their regular flowers,

valvate 10-ribbed calyx, permanent withering corollii, 10 hypo-
gynous stamens with distinct filaments, 2-cellcd anthers with

longitudinal dehiscence, 3-ccllcd capsule with loculicidal dehis-

cence, and albuminous seeds, with a curved embryo, and radicle

next tlie hilum.

Distribution, Sfc.— They inhabit Chili and South Brazil.

Examples : — Ca3sarea, Viviania. There are 4 genera, and 15

species.

Properties and Uses. — Apparently unimportant. Lindley

says the Vivianias would be pretty greenhouse plants if they

could be procured.

Natural Order 28. Malvace^..— The Mallow Order (figs.

877—880).—General Character.— Herbs, shrubs, or trees.

Leaves alternate, more or less divided in a palmate manner, sti-

pulate {fig. 303). Flowers regular, usually axillary, and often sur-

rounded by an involucre or epicalyx {figs. 456 and 877). Sepals
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usually 5 {figs. 456 and 877), rarely 3 or 4; more or less coherent

at their base {fig. 456) ; (estivation valvate. Petals hypogynous,
equal in number to the divisions of the calyx (fig. 877), with a

twisted sestivation, either attached to the column formed by the

united stamens
(fig.^ 878), or free. Stamens hypogynous, nume-

rous, monadelphous (figs. 537 and 878); anthers 1-celled, reni-

form, with a transverse dehiscence (fig. 523). Ovary consisting

of several carpels (figs. 877 and 879), which are apocarpous

(fig. 879), or united so as to form a compound ovary, with as.

many cells as there are carpels ; placentas attached to the ventral

sutures or axile (fig. 880 pt) styles equalling the carpels in

number (fig. 879), united or distinct. Fruit either consisting

Fig. 877. Fia. 878.

Fig. 879. Fig. 880.

Fig.STT. Diagram of the flower of a species of Mallow. The three external lines
represent bracts, and form an epiealyx or involucre Fig. 87(<. Vertical sec-
tion of the flower of a Mallow Fig. 879. Pistil ofMallow Fig. 880. Hori -

zontal section of the fruit of Malva sylvestris. a. Axis. pi. Placenta. ?. An
empty cell. c. Embryo.

of a number of 1-celled, indehiscent (figs. 689 and 880), 1 or

many-seeded carpels ; or a capsule with loculicidal (fig. 657) or

septicidal dehiscence, and numerous seeds. Seeds sometimes
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hairy; albumen none, or in small quantity ; embryo curved ;

cotyledons much twisted {fig. 880, c).

Diagnosis. — Leaves alternate, simple, stipulate. Regular

flowers. Calyx valvate in aestivation. Petals twisted in aestiva-

tion. Stamens hypogynous, numerous ; anthers 1 -celled, reni-

form, opening transversely; filaments united so as to form a
column. Carpels distinct or united. Seeds with very little, or

no albumen ; embryo curved ; cotyledons twisted.

Division of the Order, &c. — The order has been divided by
Dr. Asa Gray into four tribes :— MalopejE, Malveae, Ureneae,

and Hibisceas. The simplest division, however, for the young
student is as follows :

—
Tribe 1. Malvece. — Flowers furnished with an involucre or

epicalyx {fig 877). Fruit consisting of separate carpels,

apocarpous {figs. 689 and 880). Examples

:

— Malva, Althaea,

Lavatera.

Tribe 2. Hibiscece. — Flowers furnished with an involucre {fig.

456). Fruit formed by the union of several carpels, syncarpous

{fig. 657). Examples:— Hibiscus, Gossypium.

Tribe 3. Sidece. Flowers without an involucre. Fruit apo-

carpous or syncarpous. Example:— Sida.

Distribution, ^c.— 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 ai-e altogether

absent in the frigid zone. There are 39 genera, which contain

about 1000 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 seed of certain species constitute cotton. Among the

more important plants of the order, we may mention more parti-

cularly the following:—
Al'.hcea officinaiis, Marsh-Mallow—The root nnd leaves of this plant abound

in mucilage, particularly the root, and hence all preparations from them are
demulcent, and therefore useful in diseases of the mucous membranes, &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 mu<-ilage of Althaea, gum arable, sugar, and white of egg. Allhcea
rosea, the Hollyhock of our gardens, has similar properties, and the flowers
are on that account officinal in Greece. From the leaves, a blue colouring
matter resembling indigo, is obtained. Strong fibres have been also obtained
from the bark, and used in the manufacture of good cordage.
Malvn si/lvrxtris, the Common Mallow.—This plant has similar properties

to the M irsh Mallow. Its bark also yields strong fil)res. Malva Alcea.—The
petals of this plant have astringent properties, and yield a black dye.

Alirlinoschiis ticulrtifiis.—'l'hti unripe fruit of this plant, 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 muciiageit contaii's, to thicken soups.
.ihchnoschus moschatus, derives its specific name, from the musky odour of
Us seeds, which are regarded as cordial and stomachic, and are sometimes
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mijied with 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.

Abutilon esculentum Bengao de Deos, is another malvaceous plant which
furnishes an article of diet, the boiled flowers being used in Brazil as a vege-
table.

Malachra capitata.—The leaves are reputed to be anthelmintic, and are era-
ployed for that purpose in Panama.
Pavonia diuretica, derives its specific name from its supposed diuretic pro-

perty, for which purpose it is used in Brazil.
Hibiscus cannabinus, yields the valuable fibre, known under the name of

Sunnee 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 Sunn is obtained from Crotalaria juncea. a'plant belonging to the
Leguminosae. The seeds of H. cannabinus yield a fixed oil. 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. {?>te I.anetta.) Hi-
biscus Rosa-sinensis, has astringent petals, which are used by the Chinese to

blacken their eyebrows, and the leather of their shoes. Various other species

of Hibiscus, as H. striaius, H.tiliaceus, &c.,a.\so yield \a.\ua.ble fibres, usefal

for textile fabrics, or for paper-making.
Gossypium.— Several species of this genus furnish cotton, which is the hairy

covering of their seeds. ( See p. 49.) From the importance of the raw material
obtainable from this genus, it must be regarded as one of the mo^t valuable to

man in the whole Vegetable Kingdom ; indeed it is questionable whether, there
is any genus with which he would find it more difficult to do without at the pre-
sent time, tiian the genus Gossypium. Several species have been said to yield

cotton, but many of these so-called species are probably only varieties. There
appear, however, to be three species especially, from which our commercial
cotton IS obtained, viz.: — 1. Gossypium herbaceum (or indicurn), which
yields the common cotton of the East Indies. A variety of this furnishes the
Chinese or Nankin Cotton, remarkable for its yellowish-brown colour ; this

colour was formerly thought to be artificial, and produced by dyeing, but it is

now known to be natural to it. 2. G. barbadense is the species which yields all

our best cotton. It is called in India, Bourbon 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

acuminatum, furnishes the South American varieties of cotton, as Pernam-
buco, Peruvian, Brazilian Cotton, &c. Another species, Gossypium arboreum,
is the Tree-Cotton of India, and yields a variety of a very fine, soft, and silky

nature. This is used by the natives of India for making turbans. The
amount of cotton employed for manufacturing purposes in this and other

countries has been, and is at the present time, rapidly increasing ; hence the cul-

tivation in the East Indies, Africa, &c., of the plants yielding it, is now occupy-

ing the serious attention of our Government.This increase in the consumption
may be at once judged of by the following statement. In 1800, the amount of

cotton imported, was 50,010,7^2 lbs. ; in 1810, it had increased to 132,48x,93.51bs
;

in 1820, to 151,672,65.5 lbs.; in 1830. to 263,961,452 Hjs.; in 1840, to592,488,0001bs.;

and in 1850, to about 772,000,000 lbs. This latter amount is equivalent to about

2,000,000 bales, each of which averages 336 lbs. in weight, making altogether

about 340,000 tons. It has been computed that, the value 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 30,000,000/. worth were
exported from the United Kingdom, and 60,000,000/. worth consumed in this

country. In the United Kingdom there were at the same period, about

2000 cotton factories, employing a motive power equivalent to that of 90,000

horses, and employing 3.50,000 human beings. The above interesting statistical

record will exhibit in a prominent manner the immense importance of cotton

to the inhabitants of this country. Since 1850, the consumption of cotton has
enormously increased.

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 other purposes. The cake left after the expression

of the oil might be used for feeding cattle.

Sida micranthn, and other species, supply fibres useful in the manufacture

of cordage, &c. Rocket-sticks are also obtained from the stems of S. micrantba.

H H 2
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Sida cordifolia and S. 7nauritiatia have demulcent and emollient properties.
S. Innceolata has a very bitter root, which is reputed to be a valuable stomachic.
Many plants of the order have showy flowers, and are cultivated in our

gardens and stoves ; for example, the Allhcea rosea. (Hollyhocks), Abutilon,
Hibiscus, Sifia, &c. Hibiscus mutabilis, 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. Sterculiace^.—The Silk-Cotton Order.
— General Character.— Trees or shrubs. Leaves alter-

nate, simple or compound, with deciduous stipules. Flowers
usually perfect, sometimes by abortion unisexual, regular or
irregular, often surrounded by an involucre. Calyx and corolla

resembling the Malvace£e, always, however, having five parts;

the petals are, moreover, sometimes absent. Stamens united
by their filaments into a column, or monadelphous, indefinite

;

anthers 2-celled, extrorse. Carpels 3 or 5, either distinct, or
united so as to form a compound ovary, often stalked ; sti/les

equal in number to the carpels, distinct or united ; ovules

usually definite, sometimes indefinite. Fruit either composed
of a number of follicles, or capsular (Ji(/. 69 1), or rarely baccate.

Seeds with fleshy oily albumen, or none ; embi-yo straight or
curved ; cotyledons plicate, or rolled round the plumule.

Diagnosis.—The plants of this order are at once known
among the Thalamifloral Exogens, by their valvate 5-parted
calyx ; contorted corolla consisting of 5 distinct petals ; nu-
merous 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 Malvaceaj and Byttneriacese,

which in many other respects they closely resemble. It should
also be observed, that the flowers of some of the Sterculiaceae

are unisexual by abortion.

Division of the Order, ^c.— This order has been divided into

three tribes as follows :
—

Tril)e 1. Bombacece.—Leaves palmate or digitate, flowers perfect.

Examples :— Adansonia, Eriodendron, Bombax, Cheiroste-

mon, Durio, Ochroma.
Tribe 2. Helicterece.—Leaves simple, flowers perfect. Examples

:

— Matisia, Helicteres.

Tribe 3. StercuHea.-'Lea.ycR simple or palmate, flowers uni-

sexual by abortion. Examples :— Heriiicra, Sterculia, Bra-
chychiton.

Distribution, 8fc.— Natives of the tropics, or of very warm
regions. The Bombacece arc chiefly found in America, the

Sterculicfc mostly in India and Africa. None of the Helictercce

occur in Africa. Lindloy enumerates 37 genera, and 128 ^
species as belonging to tliis order.

Properties and Uses.— In their properties the plants of this

order resemble the INIalvacciB, thus, they are generally muci-
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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 Malvaceffi. 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 digitata, the Baobab-tree The fruit commonly known as

Monkey-bread or Ethiopian Sour-gourd, has its seeds surrounded by a large

quantity of a starchy pulp, with an acid flavour much resembling cream of
tartar. This forms a wholesome and agreeable article ot 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 with their daily food
to check excessive perspiration. This property is owing to the presence of an
astringentmatter, hence they have been found serviceable in diarrhoea, &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 va.ious articles

of dress, cordage, &c. The Baobab-tree is also remarkable for its enormous
size, and the great age to which it attains, in some cases reputed to be many
thousand years. One tree of this species has been found to have a trunk from
SO to 100 feet in circumference. Their height, however, does not bear the
usual proportion to their thickness, as that is generally but little more than their

diameter. 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 com-
munion with evil spirits.

Chorisia speciosa has its seeds covered with silky hairs, which are used for

stuffing cushions, &c. It is termed Vegetable Silk.

Eriodtndron Samatima, 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

oi Eriodendron is employed for stuffing cushions and similar purposes.

Bombax Ceiba, the Silk-Cotton Tree of South America, and B. pentandrum

,

the Silk-Cotton-tree of India, are also remarkable for their size and height.
The seeds of these plants are covered by long silky hairs; henct- their common
names. These hairs cannot be used like those of ordinary cotton for manufac-
turing 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

stuffing cushions, &c. The bark of ^. pentandrum is reported to be emetic.
Sahnalia. —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.
Durio zibethinus—This tree, which is about the size of the ordinary pear-

tree, yields the 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 smeil, which renders it disagreeable at first to those un-
accustomed to it, but this quality is soon forgotten after the palate has become
familiar with it.

Ochroma Lagoptis, a West Indian tree, has an antisyphilitic bark, and a
spongy wood, which is sometimes used as a sulistitute for cork.

Cheirostemon 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 arranged as to resemble a hand furnished with long
ClrtWS.

Sterculia acuminata.—The seeds of this plant, as well as those of S. tonien-

^J,osa, contain a good deal of mucilage. They constitute the Kola-nuts, which
are used in Africa to sweeten water which has become more or less putrid.

The seeds of several species of Sterculia are eaten in different parts of the
gloce. 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 yielding a gum resembling flaky Tragacanth. S. urem,
H H 3
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a native of Corotnandel, yields a gum of a similar nature, which is called Gum
Kutteera. (See also Cochlo$,permum Gosstjpium, p. 456.) The 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. villosa and S. guttata yield fibres, from which ropes of excellent
quality, and cloth are made.

Natural Order 30. Byttneriace^.—The Chocolate Order.

—General Character.— Trees, shrubs, or undershrubs, some-
times climbing. Leaves simple, alternate, with usually deciduous

stipules. Calyx A— 5-lobed, valvate. Coro//a absent, or having

as many petals as there ai*e lobes to the calyx, either twisted or

induphcate in aestivation, permanent or deciduous. Stamens
hypogynous, equal in number to the petals and opposite to

them, or twice as numerous, or indefinite ; when the stamens
are more numerous than the petals some are always sterile ;

filaments 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 curved ; cotyledons plaited or spiral.

Diagnosis.—The only orders likely to be confounded with

this, are the Sterculiaceae, Malvacese, and Tiliaceoe. 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 Malvacece, 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

Tiliaceoe, it is distinguished readily by its monadelphous stamens,

and by the absence of a disk.

Distribution, ^c.—They are chiefly tropical plants, but some
species of the order are found scattered in almost every quarter

of the globe, except Europe. Examples : — Lasiopctalum,

Abroma, Byttneria, Theobroma, Guazuma, Hermannia, Dom-
bcya, Eriolaena. There are 45 genera, and 400 species.

Properties and Uses.—The plants have properties resembling

the Malvacc£c and Sterculiaceaj : thus, some are mucilaginous,

as the Waltheria Douradinha, the species of Pterospermums,

the young bark of Guazuma nlmifulia, and the bark of Abroma
angustum, Dombcya spectabilis, &c. The fruit of Guazuma
vlmifi)lia contains a sweetish, mucilaginous, agreeable pulp, Avliich

is eaten in Brazil. By far the most important plant of the

order is

Theobroma Cacao, the Cacao or Cocoa Tree.— This tree is a native of
Demerara and Mexico, and it is extensively cultivated in the West Indies, &c.
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From its seeds.Cacaoor Cocoa.and Chocolate are prepared. In the manufacture
of Chocolate, the seeds are divested of their husks, roasted, and ground, and
afterwards triturated in a mortar with an equal quantity of Sugar, to which is

added some Vanilla and Cinnamon for a flavouring, and a small quantity of

Arnatto as a colouring agent. All the finer qualities are thus prepared, but the
flavouring is sometimes produced by adding Sassafras nuts, or some other aro-

matics. Chocolate derives its name Irom the Indian term (chocolat). Cocoa or
Caraois.either prepared by grinding up the roasted seeds with their outer 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 divested of their husks, are broken into small fragments, in

which state they form cocoa nibs, the purest stnle of Cocoa. The husks of the
Cocoa-seeds are used by the poorer classes of Italy and Ireland in the prepa-
ration of a wholesome and agreeable beverage : they are imported from
Italy under the name of "miserable." Both Cocoa and Chocolate are used
for the preparation of agreeable and nutritious beverages. These beve-

rages are not so stimulating as Tea and Coffee, but they disagree with many
persons on account of their oily nature. The generic name, Theobroma,
was given to this tree by Linnaeus, signifying " food of the gods," to mark
his opinion of the nutritious and agreeable nature f the beverages prepared
from its seeds; but Beizoni, a traveller of the 16th century, regarded them in

a very different light, lor 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

theobromine, which resemblt-s theine. the alkaloid contained in China Tea
(see p. 476), &c.; and to a fatty or oily matter called Butter of Cocoa, which
constitutes about half their weight. It has been computed by Johnston, that

Cocoa and Chocolate form the common unfermented beverages of about fifty

millions 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; thus' in 1852, 6,268,525 lbs. were imported, and of

this, about one half was retained for home consumption. From the pulp
which surrounds the seeds a peculiar kind of spirit is distilled.

Natural Order 31. Tiliace.1:. — The Lime Tree or Linden

Order.—General Character.— Trees, shrubs, or rarely herbs.

Fig. 881.

Diagram of the flower of the Lime Fig. 882. Vertical section of the
flower of the Lime (,Tilia europcea).

Leaves simple, alternate (Jig. 267), with deciduous stipules.

Sepals 4 or .5 (Jigs. 881 and 883), distinct or coherent, valvate in

aestivation (fig. 883), deciduous. Petals equal in number to the

sepals (fig. 881), or rarely wanting, imbricated. Stamens hyipo-

gynous, usually numerous (figs. 881—883), distinct (fig. 883), or

polyadelphous (fig. 545); anthers 2-celled (figs. 512 and 881—
u H 4
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Fig. 8S3. Peduncle of the Lime, bearing two
flower-buds, and a fully expanded flower.

Fig. 883. 883), opening longitudi-

nally, or by pores at the

apex. Disk glandular, liy-

pogynous. Carpels 2— 10

{fig.%9>\), which are gene-

rally united so as to form
a compound many-celled

ovary, sometimes disu-

nited ;
placentas axile (Jig.

881) ; style 1 {figs. 882 and
883) ; 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 of fleshy

albumen ; cotyledons^oX and
leafy {fig. 741 c.) ; radicle

next the hilura.

Diagnosis. — This order
resembles in many respects, the Malvaceie, Sterculiaceae, and
Byttneriaceae. It may be at once distinguished from them, by
having a glandular disk, by the stamens not being monadelphous,
and by the anthers being 2-cclled. From all other Thal^mi-
floral Exogens the plants of this order may be known by their

alternate, entire, stipulate leaves ; valvate aestivation of calyx,

which is also deciduous ; floral envelopes in 4 or 5 divisions
;

stamens hypogynous, either distinct or polyadelphous ; anthers

2-celled ; hypogynous glandular disk ; many-celled fniit with
axile placentas ; and embryo erect, straight, in the axis of fleshy

albumen.
Divisions of the Order, Sfc.— The order has been divided into

two tribes as follows:—
Tribe 1. Tiliece.— Corolla with entire petals, or wanting;

anthers dehiscing longitudinally. E.tamples :— Liihea, Cor-
cliorus, Triumfctta, Tilia, Grewia, Aristotclia.

Tribe 2. Elaocarpece. — Petals lacerated, anthers opening at the

apex. Examples ;— Elajocarpus, Monoccra, Vallea.

Distribution, 8fc.—A few are found in the northern parts of
the world, where they form large trees, but the plants of the
order arc chiefly tn^pical, and occur in such parts, as herbs,

shrubs, or trees. There arc 38 genera, and 350 species.

Properties and Uses.—In their jtropertics, the Tihaceae re-

semble the IVIalvacea.'. They are altogether innocuous, and are
generally inucilaginous, emollient, and demulcent. Many of
them also yield fibres, which are much used for manufacturing
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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 :

—

Liihea grand'Jiora.—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-stocks, &c.

Corchorus capsularis, the Jute Plant— The fibres obtained from the bark
of this plant, are commonly known under tlie name of Jute or Jute-hemp.
This fibre is of a very valuable nature, and is now imported in enormous
quantiiies into this country, where it is used chiefly in the manufacture of
coarse bags, and as a foundation for inferior carpets, &c. It is also frequently
mixed with silk in the manufacture of cheap satin fabrics. It does not appear
to be well adapted for cordage, because it will not bear exposure to wet. In
India it is used chiefly for the purpose of making coarse canvass, called

GM«wy, which is the material employed there for bags, &c., which are employed
for packing raw produce. CorcAorws o/jVor/w*, commonly called Jews' Mallow,
is used in some parts of the world as a pot-herb. In Panama, the leaves

of C. ynompoxensis are infused in boiling water, and the infusion is then
taken as a substitute for tea.

Triumfetta— Several species of this genus have astringent and mucilaginous
leaves and fruits, and are employed in Brazil for making injections, which are
reputed to be useful in gonorrhoea.

Tilia europcea. Common Lime or Linden Tree—The inner bark is used
in the northern parts of Europe, more particularly in Russia, in tlie manu-
facture of mats, which are commonly known as Russian, Bast, or Bass-mats.
This Bast is one of the substances employed by gardeners for tying up plants.

The flowers 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 species of Tilia is very white and smooth, and is em-
ployed for various purposes, as for carving, wainscoting, &c.
Grcwia sapida. asiatica, Sec, have pleasant acid fruits, and are used in the

East for making Sherbet. Grewia elastica affords valuable timber.
Aristotelia Maqui has an edible fruit, and from it a kind of wine has been

also made. The fibres of the bark and the wood, have been used in the manu-
facture of musical instruments.
Eloiocarpus serratus.—The fruit of this plant is commonly known under the

name of Molucca Berries. When divested of its pulp, the endocarp, which is

hard and bony, and beautifully furrowed, is used for making necklaces. Tiiese
are frequently brought as presents from India, and are also occasionally sold
in this country. The fruits of some species are eaten, while others are used
in the preparation of Indian curries.

Vallea cordtfolia.—The leaves are employed for the purpose ofdyeing yellow.

Natural Order 32. Dipterace^.—The Sumatra-Camphor
Order.—General Character.—Large ^rees with resinous juice.

Leaves alternate, involute, feather-veined, with large convolute

deciduous stipules. Calyx 5-lobed, tubular, unequal, persistent

imbricated, ultimately enlarged into wing-like expansions.

Petals 5, hypogynous, often coherent at the base ; (Estivation

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-

hiscent, surrounded by the enlarged permanent calyx. Seed

soHtary, exalbuminous ; radicle superior.

Diagnosis.—Large trees with simple alternate involute leaves,

and large deciduous convolute stipules. Flowers perfect and
symmetrical. Calyx and corolla each with five divisions; the

former, unequal, permanent, imbricated in gestivation, and ulti-
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tnately enlarged so as to form Aving-like expansions crowning
the fruit; the latter with equal petals, and twisted in aestivation.

Stamens hypogynous, numerous, with beaked anthers. Fruit
1 -celled, 1 -seeded. Seed without albumen; radicle superior.

Distribution, Sfc.—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 Dipteraceaj,

and placed in an order by itself under the name of Lophiraceaj.

The chief characters of distinction are, its I -celled ovary with
numerous ovules on a free central placenta, and its inferior

radicle. Examples:— Dipterocarpus, Dryobalanops, Valeria,

Shorea. There are 8 genera (or 7, if we exclude Lophira), and
48 species.

Properties 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.— Se\ora\ species of this genus, as D. turbinatus, D. cos-
tatus, D. alatus, ;uid D. incanus, yield an oleo-resinous substance, called
Wood-oil, or Gurjun Balsam. In its properties it resembles the so-called
Balsam of Copaii)a, and is used for similar purposes, and has been even
sold in England for that drug. Wood-oil is also used in India for painting
houses, &c.
Dryobalanops 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 obtained. 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 Cajeput-oil, camphor, and cardamoms. It has been used
in the preparation of scented soap. The Solid Sumatra Camphor is found in
fissures and cavities in the interior of the trunk, and can only be extracted
from the tree by cutting it down and dividing it into pieces. It generally
occurs only in small pieces, but occasionally, masses weighing 10 or l'2lb.s.

have been removed. This camphor resembles in its properties the ordinary
officinal or Laurel Camphor. It is not, however, a commercial article in this

country, or in Europe, because it is so highly esteemed by the Chinese, 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 country, and
which is believed by us to be equally beneficial. Tlie solid camphor can only
be obtained from the mature trees, while the liquid oil is obtainable also from
the young; hence it is probable that, the liquid oil becomes convertea into the
solid camphor as the trees increase in age.

I'ateria indica.—This plant yields an oleo-resinous substance, which is

known in Indii< under tl)e name of Piney Kesin, or Piney Dammar. It is

used as a varnish, and for making candles. It has been imported in small
quantities into this country under the name of Pmey Tallow. It has some
resemblance to Indian Copal or Gum Anime, and has been sometimes con-
founded with thnt substance, which is supposed to be the produce of Hymetitea
Courbaril, a plant belonging to the Leguminosffi. (See Ilymencca.)
Shorea robusta is a valuable timber-tree ; it is a native of India, and its wood

is there extensively use! under the name of Sal. A balsamic resin is also
obtained from the plant called Ilal, Dhoona, or Dammar-pitch, which is prin-
cipally employed for incense. S. Tumbugaia yields a similar resin in India.

Natural Order 33. CnL;ENACi:;E Tlie Sarcohuna Order.—
General Charactc r.— IVees or shnihs. Leaves entire, alter-

nate, with large deciduous convolute stipules. Flowers regular,
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unsjmmetrical, furnished with an involucre ; the involucre sur-

rounding 1—2 flowers, and persistent. Sepals 3, imbricated.

Petals 5, convolute, sometimes coherent at the base. Stame7is

generally very numerous, rarely but 10, monadelphous; anthers

roundish, 2-celled. Ovary 3-celIed; style 1; stigma trifid.

Fruit capsular, 3-celled, or rarely 1 -celled
;

placentas axile.

Seeds solitary or numerous, suspended; embryo in the axis of

fleshy albumen ; cotyledons leafy ; radicle superior.

Diagnosis.—Readily distinguished among Thalamifloral Ex-
ogens, by their alternate, simple, stipulate leaves ; and involucrate

flowers, which are regular and unsymmetrical,— that is, with

3 sepals, 5 petals, stamens frequently some multiple of five,

and 3 carpels to the ovary. The calyx is also imbricated, the

stamens monadephous, and the seed has abundant albumen.
Distribution, Sfc.—There are but 4 genera, and 8 species in-

cluded in this order, all of which are natives of Madagascar,
Examples :— Sarcolsena, Leptolsena, Schizolaena, Rhodolaena.

Properties and Uses.—Altogether unknown.
Natural Order 34. Ternstrcemiace^ or Camelliace^.—

The Tea or Camellia Order.—General Character.— Trees or

shrubs. Leaves leathery, alternate, usually exstipulate, and some-
times dotted. Flowers regular, and generally very sho^^7•, rarely

polygamous. 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 fihform, 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

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, Sfc.—The plants of this order, which are mostly
ornamental trees or shrubs, are chiefly natives of South America,
but a few are found in the East Indies, China, and North
America. One only occurs in Africa. There are no European
species, although a few are cultivated in Europe; these are prin-

cipally from China and North America. Examples :— Ternstroe-

mia, Cleyera, Freziera, Stuartia, Gordonia, Camellia, Thea. The
order, as defined by Lindley, contains 37 genera, and about 1 30
species.

Properties and Uses.—Generally speaking, we know but little

of the properties of the plants of this order; but some, as those
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from which China Tea is prepared, are moderately stimulant and
astringent, slightly soothing and sedative, and indirectly nutritive.

The following are the more important plants belonging to the

order :

—

Frext'era theotdes—The leaves of this shrub are used as a kind of tea in

Panama.
Kielmeyera speciosa—The leaves of this plant, which is a native of Brazil,

contain much mucilage, and are employed on that account for fomentations.
Gordonia.—The bark is astringent 'and is therefore useful in tanning, for

which it is sometimes used in the United States.

Caynellia japonica.—Numerious varieties of this species, which 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. Tiie seeds of C. oleijcra

yield by expression a good salad-oil. C. Sasanqua has fragrant flowers, which
are said to be used in some districts to give flavour and odour to Chinese Tea.
Thea—From the leaves of two or more species or varieties of this genus,

the tea which is so extensively used in this and some other countries is pre-
pared. Two species are natives of China, namely, Thea Bohca and T. viridis,

from which Ciiina Tea is obtained. Another species, Thea assaniica, fur-

nishes 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. 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 depei.ding, partly, on the species

or variety of plant from which the leaves have been obtained, but more paiti-

cularly from the time of gathering, and mode of preparation. Tluis, Green
Teas, are generally prepared by drying the young leaves as quickly as passible

after they are gathered; then slightly heating them, after which they are
rolled separately or in small heaps, and then dried as quickly as possible:
while Black Teas are usually made from the older 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 (or a short time ; then rolled in masses
to get rid of the moisture, and to give them a twi>ted character ; alter which
they are again exposed to the air, and finally dried slowly over a fire. Thus,
Green Tea consists of the young leaves quickly dried after gathering, so that
their colour, &c., is preserved, and Black Tea is the older leaves dried some
lime after being gathered, and after they have undergone a kind of fermenta-
tion, by which their original green colour is changed to black, as well as other
important changes produced. 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, somewhat resembling the flowers of the
common Cowslip ; this is produced by mixing with them the dried flowers
of the sweet-scented olive (Oka fragrans). Other teas are scented with
the dried flowers of Chloranthus incoiispicuus, Aglaiu od irata, \c.
The cultivation of the Tea-plant is now being carried on with success by

the East- Indian Government in certain districts of the Himalayas. A large
quantity of Black Tea is also now obtained from Assam. China, however, is

the great tea-producing country; in that part of the world, 3,')00,0 acres of
ground are devoted to it alone, and the total produce in 185-.', according to
Johnston, was 1,000,000 tons, or 2,240 millions of pounds. In the United
Kingdom, the consumption of Tea annually is nearly 60,000 millions of pounds,
or about 2G.000 tons, being at the rate of about 2 lbs. per head of the popula-
tion. Tea owes its chief properties to the presence of a volatile oil, tannin,
and an alkaloid called iheine; which is identical with caffiinc, the alkaloid
contained in Coff'ee. and nuaraiiine, the alkaloid of Guarana (seep. 4H3)

;

and closely allied to theobroniiue, the alkaloid of cocoa seeds (seep. 471).
Tea-leaves also contain about per cent of gluten, but this is scarcely ex-
tracted in any amount by the ordinary mode of making Tea. It has bei-n

recently proved that Tea, besides its stimulating and soothing eftects, is indi-

rectly nutritive, — that is to say, the theine it contains has the effect of pre-
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venting the waste and decay of the body, and any substance that does this
necessarily saves food, and is thus indirectly nutritive.

Natural Order 35. Guttifer^ or Clusiace^. — The
Gamboge or Mangosteen Order.—General Character.

—

Trees or shrubs, sometimes parasitical, with a resinous juice.

Leaves coriaceous, entire, simple, opposite (fig. 884), exstipulate.

Flowers usually perfect, sometimes unisexual by abortion. Sepals

2, 4, 5, 6, or 8, imbricated, usually persistent, frequently unequal
and petaloid. Petals hypogynous, equal in number to {fig. 884),

or a multiple of the sepals, sometimes passing by imperceptible

gradations into them. Stamens usually numerous, rarely few,

hypogynous, distinct, or monadelphous, or polyadelphous ;

ardhers adnate, not beaked, introrse or extrorse, opening by a
pore or transverse slit, 2-celled, or sometimes 1-celled. Disk
fleshy, or rarely with 5 lobes. Ovary superior (fig. 884), 1 or

many-celled ; style absent ; stigmas peltate or radiate (fig. 884) ;

placentas axile. Fruit dehiscent or indehiscent, dry or fleshy, I

or many-celled. Seeds solitary ornumerous, frequently arillate,

without albumen ; embryo straight.

Diagnosis. — Trees or

shrubs with a resinous

juice, and opposite, sim-

ple, coriaceous, exstipu-

late leaves. Sepals and
petals usually having a

binary arrangement of

their parts ; the foi'mer

imbricated and frequently

unequal ; the latter equal

and hypogynous. Sta-

mens almost always nu-
merous ; anthers adnate,

without a beak, opening

by a pore, or transversely. Fig. 884. Flowering stem and fruit of the Man-

Disk fleshy, or lobed. gosteen Plant (GarcmiaJ/an^ostana).

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:—Clusia, Mam-
mea, Garcinia, Xanthochymus, Cambogia, Calophyllum. There
are 32 genera, and 150 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for yielding a yellow gum-resin of an acrid and
purgative 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 ;
—
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Clusiaflava —This species, as well as 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. flava is called in Jamaica the Balsam-tree. In Nevis and St. Kitt's
the three species are known indifferently under the names of Fat Pork, Monkey
Apple, and Mountain or Wild Mango. The flowers of C. insignis also yield a
resinous substance in Brazil.
Mammea a9nericana.—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 spirit and a kind of wine may be also obtained from this plant,—thus, from
the flowers a kind of spirit, and from the sap a wine.

Garcinia.—One or more species of this genus are supposed to yield our
commercial and officinal Gamboge, which comes from Siara. It w-as at one
time thought that it was obtained from G. cochin- chinensis. but the investi-
gations of Dr. Christison have led to the belief, that the species yielding
it is nearly allied to G. elliptica; but at present that plant has not been de-
scribed. Two kinds of Gamboge are known to pharmacologists, viz., Siam and
Ceylon, which are so named from the countries in which they are respectively
produced. The Siam is the finest and only commercial kind in Europe. It

occurs in two forms :— 1st. In the form of cylinders, which are either solid or
hollow, and commonly named pipe or rollGamboge. 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 hydragogue 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. G. elliptica, a native of Silhet and Tavoy, alsoyields a kind of Gam-
boge, and G. pictoria is supposed to produce a kind called Coorg or Wynaad
Gamboge. These kinds are unknown in commerce, as well as the Ceylon kind
already mentioned. This latter is obtained from Hebradendron cambogioides
of Graham. Ceylon Gamboge is used in India both as a medicine and as a
pigment, but it is inferior to Siam Gamboge in both those particulars. Its in-
feriority may probably arise from want of care in its preparation.
The Mangosteen, which is reputed to he the most delicious of all fruits, is

obtained from G. Mannostana {Fig-SSi), a native of Malacca This plant
has recently produced fruit in stoves in this country The rind is astringent.
G. 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. A good deal
has been recently imported into this country.
Mesun—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 Mesuaferrea, occur in the
bazaars of India under tlie name of Nag-kassar ; they are highly esteemed for
their fragrance, and are also used in Bengal, as well as the leaves of the same
plant, as antidotes to snake-poisons. Nag-kassar was imported into England
a few years since. The flower-buds are a'tout the size of pepper-corns, of a
cinnamon-brown colour, and have a very fragrant odour somewhat resembling
that of violets. Nac-kassar would be probably useful in perfumery.

Calophyllurn Calabra This is said to yield the resinous substance known as
East Indian Tacamahaca. It has a fragrant odour. C. inopht/tlum and C.
brazilicnse also yield similar resins. From the seeds of the former also, an
oil may be obtained. C. angustifolium , the Piney-tree, furnishes valuable
timber.

Pentadesinabulyracea 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. Hvpericace^. — The St. Jolm's Wort
Order(/^s.885—887). -General Char act cr.—i/e/-6s,5/irM6*,

or trees. Leave.*; opposite or rarely alternate, exstipulate,

simple, often dotted, and bordered with black glands. Fluwers
regular. Sepals 4 or 5 {Jig. 885), persistent, unequal, distinct

or united at the base, imbricated. Fetals (Jig. 885) equal in
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Fig. 885. Fig. 886.

Fig. 887.

Diagram of the flower of a speciea of St. John's Wort {HypericunOFig. 88.5,

Fig. 886. Vertical section of the flower of a species of HypeiHcum.
Vertical section of the seed of a species of Hypericum-

-Fig. 887

number to the sepals, hypogynous, unequal-sided, frequently

bordered with black glands ; cestivation twisted. Stamensf

usually numerous, rarely few, hypogynous (Jig. 886), mostly
polyadelphous (fig. 542), or rarely distinct, or monadelphous,
sometimes having fleshy glands alternating with the bundles of

stamens
; filaments filiform ; anthers 2-celled, with longitudi-

nal 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 dissepiments in the centre (fig.

885) ; styles equal in number to the carpels ; stigmas usually

capitate or truncate, rarely 2-lobed. Fruit capsular, usually

S—5-celled, sometimes 1 -celled
; placentas axile or parietal,

dehiscence septicidal. Seeds minute, numerous ; embryo straight

or curved, exalbuminous (fig. 887).

Diagnosis.— Leaves usually opposite, simple, exstipulate.

Flowers regular. Sepals and petals hypogynous, with a quater-

nary or quinary distribution ; the former with an imbricated
estivation ; the latter unequal- sided, commonly marked with
black glands, and having a contorted aestivation. Stamens
hypogynous, usually numerous and polyadelphous, rarely few,

and then distinct or monadelphous ; anthers 2-celled, opening
longitudinally. Styles several, long. Fruit 1- celled, or 3—5-

celled. Seeds numerous, naked, exalbuminous.
Distribution, Sfc.— The plants are generally distributed over

the globe, inhabiting both temperate and hot regions, and
almost all varieties of soil. Examples:— Ascyrum, Hypericum,
Vismia. There are 16 genera, and 276 species.

Properties and Uses. — They abound generally in a resinous

yellow juice, which is frequently purgative ; as in Vismia
guianensisy micrantha, &c. Other plants of the order, as

Hypericum perforatum, Androscemum officinale^ &c, have tonic
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and astringent properties, and Cratoxylon Hornschuchia is slightly

astringent and diuretic.

Natural Order 37. Reaumiiriaceje.—The Reaumuria Order.
— This small order was first instituted by Ehrenberg. The
plants belonging to it do not differ in any essential characters

from Hypericaceae, except that they have a pair of appendages
at the bases of the petals, and shaggy seeds with a small quantity

of mealy albumen.
Distribution, Sfc.—Natives of the coast of the Mediterranean

and the salt plains of Northern Asia. Examples

:

— Hololachna,
Reaumuria, Eichwaldia. There are 3 genera, and 4 species.

Properties and Uses. — The plants contain much saline

matter. A decoction of the leaves of Reaumuria vermiculata

is used internally, and the bruised leaves as an external appli-

cation, for the cm-e of scabies.

Natural Order 38. Makcgraviace^. — The Marcgravia
Order. — This is a small order of plants which is generally

regarded as being allied to Clusiaceae and Hypericaceae. The
species belonging to it are chiefly distinguished from Clusiaceae,

by their alternate leaves, unsymmetrical flowers, versatile anthers,

and very numerous minute seeds. Some genera of the order

are remarkable for their peculiar bracts, which become hooded,
pouched, or spurred. They are distinguished from Hypericaceae,

chiefly by their alternate leaves, unsymmetrical flowers, equal-

sided petals, distinct stamens, and sessile stigmas.

Distribution, ^c.— Generally natives of equinoctial America.
Examples :— Ruyschia, Norantea, Marcgravia. There are 4
genera, and 26 species.

Properties and Uses.— Scarcely anything is known of their

properties. Marcgravia umbellata is reputed to be diuretic and
antisyphilitic. The order is chiefly interesting for the curious

pitcher-like bracts which some of their genera exhibit.

Natural Order 39. Rhizobolace^.— The Souari-nut Order.
— General Character.—Large trees. Leaves opposite, coria-

ceous, digitate, 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 hypogynous disk ; anthers 2-celled with longitudinal de-

hiscence. Ovary 4, 5, 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, indehisccnt,

1-seedcd nuts. -SeeJ reniform, exalbuminous, with the funiculus

expanded so as to form a spongy excrescence ; radicle very
largo, forming nearly the whole of the nucleus ; cotyledons very

small (fig. 749).

Diagnosis — Large trees, with opposite, digitate, exstipulate

leaves, with an articulated stalk. Flowers regular, hypogynous.
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Petals equal-sided, and inserted with the numerous stamens into

a hypogynous disk. Styles very short. Seed solitary, exal-

buminous, Avith a very large radicle, and two small cotyledons.

Distribution, ^c.— The order contains but 2 genera, including
8 species, all of which are large trees, natives of the forests in

the hottest parts of South America. Examples :— Caryocar,
Anthodiscus.

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 butyrosum (Pekea tuberculosa or butyrosa); this is much esteemed
for its timber, which is used iu ship-buildingand for other purposes. The sepa-
rated 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. Thev are occasionally imported into this country. An excellent oil (it

is said, not inferior to Olive), may be also extracted from them.

Natural Order 40. Sapindace^. — The Soapwort Order.
— General Character (^ys. 888—890).— Usually large trees

or twining shrubs, or rarely climbing herbs. Leaves generally

Fig. 888. Fig. 889. Fig. 890.

Fig. 888. Diagram of the flower of the Horse-chestnut (.^sculus Hippocastanum'\.
Fig. 889. Vertical section of the flower of the Horse-chestnut Fig. 890.

Vertical section of the seed of the Horse-chestnut.

compound C^ig. 345), rarely simple, alternate or sometimes
opposite, often dotted, stipulate or exstipulate. Flowers (Figs.

888 and 889), mostly perfect and unsymmetrical, sometimes
polygamous. Sepals 4—5, {Fig. 888), either distinct, or coherent

at base, imbricated. Petals 4— 5, rarely 0, hypogynous, alternate

with the sepals, imbricated, {Fig. 888 ), naked, or furnished with

an appendage on the inside. Stamens 8—10, Ysn:e\y 5—6—

7

(Fig. 888), or very rarely 20, inserted into the disk, or into the

thalamus
; filaments distinct or shghtly monadelphous ; anthers

introrse, bursting longitudinally. Disk fleshy or glandular.

Ovary usually 3-celled {Fig. 888), rarely 2 or 4-celled, each cell

containing 1, 2 (Fig. 714), 3, or rarely more ovules ; style un-

divided, or 2—3 cleft. JFruit either fleshy and indehiscent ;

1 1
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or capsular, or samaroid, with 2— 3 valves. Seeds (Fig. 890),

usually arillate, exalbuminous; embryo rarely straight, usually

curved (fg. 890), or twisted in a spiral direction ; cotyledons

sometimes very large ; radicle next the hilum.

Diagnosis. — Flowers unsymmetrical, hypogynous. Sepals

and petals 4—5, imbricated, the latter commonly with an ap-

pendage. 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 spkally twisted.

Division of the Order, 8fc.— This order is divided into 4

sub-orders, as follows :
—

Sub-order 1. Sapindece. Leaves alternate. Ovules usually

solitary. Embryo generally cui-ved, or sometimes straight.

Examples:— Paullinia, Sapindus, Nephelium.

Sub-order 2. Hippocastanece.—Leaves opposite. OatiIcs 2 in a

cell, of which one is ascending, and the others suspended,

(Fig. 714). Embryo curved (Fig. 890), with a small radicle

and large fleshy consolidated cotyledons. Examples :
—

JEsculus, Pavia.

Sub-order 3. Dudonece.—Leaves alternate. Ovules 2 or 3 in a

cell. Embryo spiral. Examples :— Koclreuteria, Dodona^a,

Ophiocaryon.

Sub-order 4. Meliosmece.— Leaves alternate. Flowers very

irregular. Stamens 5, 3 of which are abortive, and only 2

therefore, fertile. Ovules 2 in a cell, both of which are sus-

pended. Fruit a drupe. Embryo folded up. Example :—
Meliosma.

Distribution, 8fc.— Chiefly found in tropical regions, espe-

cially those of South America and Lidia; some occur in tem-

])erate climates, but none inhabit the cold northern parts of

the globe. There are no native i)lants of this order in Europe.

The Horse-chestnut, now so well known in Europe, is only

naturalised amongst us. There are about 73 genera, and
400 species.

Properties and Uses One of the most prominent properties

of the order is the presence of a sajjonaccous principle, from
which its name is derived. Many arc 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

(liH'uscd throuiiliout their succulent fruits as to render them
innocuous, or in other cases, even vahiabic articles of dessert. It

sometimes even happens that while tlic pericarp is wholesome,

the seeds are dangerous. Some plants of the order arc

astringent and aromatic; others are diaphoretic, diuretic, and
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aperient; and some are valuable timber-trees. A few of the

more important plants are the following :
—

Cardiospermutn Halicacabum.- The root is described as diuretic, diapho-
retic, and aperient. Its leaves when boiled, are eaten as a vegetable in the
Moluccas.
Paullinia sorbilis. Guarana, or Brazilian Cocoa— The seeds of this plant

are used in Brazil in the preparation of a kind of food, and in the cure of
many diseases. The food is known as Guarana 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 drank. This
beverage is largely consumed in Brazil, both on account of its nutritive
qualities, and for its stomachic, febrifugal, and aphrodisiac effects. It contains
a bitter crystalline principle called Guaranine, which appears to be identical
with theine and caffeine (see p. 476), the active principles of tea and coffee,

and hence, Guarana breaii has asimilar effect upon the system to that produced
by those two beverages. ( See Tea and Coffee.) In many species of PauUhiia,
the narcotic property, which is but slightly evident in P. sorbilis, is very evident.
Thus, the leaves, bark, and fruit of P. piymata 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 efficacious in
hydrophobia and insanity. P. cururu and P. australis have similar poisonous
properties.

Sapindus Saponaria,—The fruits of this species, as well as those of S. irue-
qualis and others, contain a saponaceous principle, so that when mixed with
water, they form an abundant lather ; hence they are used in 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 thrown into water in which fish are
contained, will produce upon them a kind of intoxication. The pericarp of
S. senegalensis, is eaten, but tlie seeds act as a narcotico-acrid poison. The
fruit of Sapindus esculcntus and others are also edible.

Schmidelia serraia has an astringent root, which has been used in India
for diarrhoea.

Cupania (Blighia) sapida,—The distilled water of the flowers is used by
negro-women as a cosmetic. The succulent, slightly acid arillus 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 be'-n used in diarrhoea.

Nep/ieiiuvt {Euphoria).—This genus yields the delicious fruits of China and
the Indian Archipelago, known under the names of Litchi, Longan, and Ram-
butan. Nephelium i/fcA2 produces the Litchi; iV. Longan, the Longan-.
and NepheliuTU Ranibutan, the Rambutan-fruit. A few of the Litchi fruits

are occasionally imported. It should be noticed, that the seeds of all these
fruits are very bitter, and are probably poisonous.

jEscuIus Hippocastanum. The Horse-chestnut.—The bark 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 excel-
lent food for sheep in Switzerland, and have been also recommended as a sub-
stitute for Coffee. They also contain a saponaceou.s principle like the fruits of
certain species of Sapindus, already noticed. They contain, moreover, a large
quantity of starch, and they are now much used in France, instead of potatoes
and cereals, for the production of that substance. This must be regarded as
a most important application of a seed hitherto generally considered in most
parts ot Euiope as useless, as by its employment m the manufacture of starch,
a large amount of food will be rendered available from potatoes and cereals,
which was formerly lost to man &c., to the extent in which these substances
were used for that purpose. The roots, leaves, and fruits of the Msculus
ohiotensis, the Buck-eye or American Horse-chestnut, are generally regarded
as poisonous, both to man and animals.
Di'doncea Some of the species of this genus are aromatic. The wood of

/>. dioica is carminative. Others are reputed slightly purgative and
febrifugal

Ophiocaryon paradoxum. The Snake-nut Tree of Demerara.— This is so

I I 2
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called, from the large embryo of its seed resembling in a remarkable degree a
coiled-up snake.
The truit of many plants belonging to this order, besides those already

named, are edible, as that of Pierardia saliva and dulcfs, 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 ; Pappea capensis at the Cape of Good Hope, &c. also yield

edible fruits.

Natural Order 41. Polygalaceje.— The Milkwort Order

{figs^^\—896). — General Character.— Shrubs or herbs.

Leaves alternate (Jig. 891) or opposite, exstipulate, and usually

simple. Pedicels with 3 bracts. Flowers irregular, unsym-
metrical (figs. 891 and 892), and apparently papilionaceous

(fig. 891), but only falsely so, as here the wings belong to the

calyx, whereas in the true papilionaceous flower, which is only

found in the Leguminosse, they belong to the corolla. Sepals

5 (fig. 892, 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, and form the

wings to the flower. Petals hypogynous, usually 3, more or

less coherent, of which 1, forming the keel, is larger than the

rest, and placed at the anterior part of the flower (fig. 892);

the keel is either naked, crested, (fig. 891), or 3-lobed; the

other 2 petals are posterior (fig. 892), and alternate with the

wings and posterior sepal of the calyx, and are often united

to tlie keel: sometimes there are 5 petals, (fig. 892J, and then

the 2 additional ones, pr, pr, are of small size, and alternate

with the wings and anterior sepals. Stamens hypogynous, 8

(figs. 892, e, and 896), usually combined into a tube, unequal,

the tube split on the side next to the posterior sepal (fig. 896);

anthers clavate, innate, usually 1-celled (fig. 896), rarely 2-

celled, opening by a pore at their apex (fig. 896). Ovary
superior (figs. 892, c and 893, ov), 2— 3-celled, one cell is fre-

quently abortive; oy«/e.s solitary or twin, susiDcnded; s/y/e simple

(fig. 893, sti/l) curved, sometimes hooded at the apex ; stigma

simple (fig. 896, stig.) Fruit varying in its nature and texture

(fig. 894), indehiscent, or opening in a loculicidal manner, occa-

sionally winged. Seeds pendulous (fig. 894, gr), smooth or

liairy, with a caruncula next the hilum (figs. 894, r and 895, ar);

embryo straight or nearly so, in copious fleshy albumen, and
Avith the radicle towards the hilum (fig. 895, pi).

Diagnosis.— Herbs or shrubs with exstipulate leaves. Flowers
complete, hypogynous, irregular, unsymmetrical. Sepals and
petals imbricated, not commonly corresponding in number, and
usually arranged so as to form a faUely 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-cellcd, and 2-

secdod. Seeds with abundant fleshy albumen, and with a

caruncula next the hilum.

Distribution, Sfc.— Some genera of the order arc found in
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Fig. 891. Fig. 892.

Fig, 893. Fig. 894.

Fig. 895.

7. 896.

/^i^. 891. A portion of the stem of the common Milkwort (.Polygala vulgaris),
with simple, alternate, exstipulate leave8; and irregular flowers Fig- 892.
Diagram of the flower of the ahove plant, s. Sepals, p s, p s, p s. Posterior
and anterior large petals, pr, pr. Lateral petals e. Stamens, c. Carpels
Fig. 893. Pistil of the above, ov. Ovary, sti/l. Style, stig. Stigma Fig.
894. Fruit with one cell opened, per. Pericarp, gr. Seed. r. Aril or caruncula.

Fig. 895. Section of seed. te. Testa, ar. Aril or caruncula. al. Albumen.
pi. Embryo Fig. 896. Androecium of the same, with one-celled anthers
dehiscing at their apex.

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
II 3
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warm and temperate regions. Examples :—Polygala, Mundia,
Monnina, Xanthopyllum, Soulamea. There are about 20 genera,

and 490 species.

Properties and 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, sudoritic, or expectorant. A few species have

edible fruits, and others abound in a saponaceous principle.

The following are the more important plants of the order:—
Poll/gala.—Many sfiecies of this genus have bitter properties, as P. amara,

rubella, vulgaris, and major; they have been used as tonics, stimulants, dia-

phoretics, &c. Polygala Senega, the Senega Snake-root. — The root of this

species wa<! first introduced into medicine as an antidote to the bites of snakes.

Various other species of Polygala have been reputed to possess similar proper-
ties, but they are general!} considered as altogether useless in such cases. Tiie

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 sialologue, 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 a.x\A purpurea, m North America; P. Serpen,
taria at the Cape; P. Charticebuxus in Europe; P. crolalarioides 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
concentrated a state, as to render it poisonous P.tinctoria, an Arabian
species, is used for dyeing.
Monnina polystachya and salicifolia—The bark of the root of these plants

is especially remaikable for the presence ot a saponaceous principle; it is used
in Peru as a substitute for soap, and for cleaning and polishing silver. It is

moreover reputed to be a valuable medicine in diarrhoea and similar diseases.

Soulamea amara, a native of Molucca, is intensely bitter, and is said to be a

valuable febrifuge, and also a medicine, which has been employed with very
great success in cholera and pleurisy.

Natural Order 42. KRAMERiACEiE. — The Rhatany Order.

— Diagnosis. — This natural order comprises but the single

genus Krameria. Lindley and some other botanists still retain

it in the order Polygalaceoe, 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 Polygalacea 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 PoIygalacecB 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 exafbuminous seeds.

By Brauii and some other botanists, the genus Krameria has
been referred to Leguminos^e.

Distribution, Sfc.— Found in the warm and temperate regions

of Central America and South America. Krameria is the only
genus; it contains 14 species.

Properties and Uses. — The roots of the different species of

Krameria arc intensely astringent ; those of Krameria triandra

are officinal in our ])harmacopceias. They are commonly known
under tlie name of Rliatany-roots. But little, if any, however, of

the root of this species is now imported into Europe, our supplies
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at present being chiefly derived from an unknown species, a

native of New Granada, and which is called Savanilla Rhatany,

to distinguish it from that obtained from the Krameria triandra,

which is named Peruvian or Payta Rhatany. In France a
kind of Rhatany is used, which is procured from the Antilles;

this is known as West Indian Rhatany. Rhatany-root is used
in medicine as an astringent, and is well adapted to 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. Tremakdrace^e.—The Porewort Order.

—General Character.—Heath-like shrubs, with hairs usually

glandular. Leaves exstipulate, alternate or whorled. Flowers

axillary, solitary, pedicellate. Sepals 4 or 5, equal, slightly

coherent, deciduous, and with a valvate aestivation. Petals cor-

responding in number to the sepals, deciduous, and with an in-

volute asstivation. Stamens distinct, hypogynous, 8— 10, 2

being placed before each petal; anthers 2 or 4-celled, with porous

dehiscence {Jig. 526). Ovary 2-celled; ovules 1—Sin each cell,

pendulous; styles 1 or 2; stigmas 1—2. /'ru2Y 2-celled, a cap-

sule, 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; aestivation of calyx val-

vate, of the corolla involute. Stamens distinct, hypogynous, 2

opposite to each petal; anthers 2 or 4-ceUed, with porous dehis-

cence. Fruit capsular, 2-celled. Seeds pendulous, hooked at

their apex; embryo straight, in the axis of fleshy albumen.

Distribution, Sfc.—All are natives of New Holland. Ex-
amples

:

— Tetratheca, Tremandra, Platytheca. There are 3

genera, including 16 species.

Properties and Uses.—Altogether unknown.
Natural Order 44. Acerace^.—The Maple Order.— Gene-

ral Character. — Trees. Leaves opposite, simple, without

stipules; venation usually radiate, rarely pinnate. Flowers often

polygamous. Calyx with an imbricated aestivation, usually 5-

partite, occasionally 4 or 9 partite. Petals imbricated, corre-

ponding 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. 688).

Seeds 1 or 2 in each cell, -udthout an aril, exalbuminous ; embryo
curved, with leafy wrinkled cotyledons, and an inferior radicle.

Diagnosis.—Trees with opposite, simple, exstipulate leaves.
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Flowers regular, unsymmetrical. Sepals and petals imbricated,

the latter without any appendages on their inside. Stamens
hypogynous, on a fleshy disk ; anthers bursting longitudinally

;

ovary superior, 2-celled. Fruit a samara, 2-celled, each cell

containing 1 or 2 seeds. Seeds without an aril, exalbuminous ;

embryo, curved with an inferior radicle.

Distribution, S^c.—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 :— Acer, Negundo, Dobinea. There are 3 genera, and
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,

&c. ; and their bark is astringent, and is employed in different

districts by the dyer, in the production of yellow, reddish-brown,

and blue colours. The most important genus is

Acer Thus A. sacckarinu?}?, 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 45 millions
of pounds of Ma|)le Sugar were annually produced in North America, but
the quantity diminishes yearly, in consequence of the destruction of the
native forests. A. dasycarpum and other species also yield sugar. The bark
of .<4. saccharimim 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.— General Character.

—

Shrubs, frequently with a climb-

ing habit, and generally smooth. Leaves opposite, simple, with

small deciduous stipules. Calyx 5-lobed, very small, persistent,

imbricated. Petals 5, hypogynous, imbricated. Stamens 3,

monadelphous; the coherent filaments forming a disc-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 de-

finite, attached to axile placentas, exalbuminous ; embryo straight

;

cotyledons flat, and of a somewhat fleshy nature ; radicle inferior.

Diagnosis.—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; style 1. Fruit baccate,

or consisting of 3 samaroid carpels. Seeds definite, exalbumi-
nous; embryo straight; radicle inferior.

Distribution, Sfc.—lL\\(iy abound principally in South America;
some are also found in Africa and the East Indies. Examples :—
Hippocratea, Tontelca, Diplesthes. There are 6 genera, and
86 species.
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Properties and Uses.—Yevj little is known generally of the

plants of this order. Some have edible fruits; this is the case with

that of several species of Tontelea in Brazil, and in Sierra Leone
with the fruit of T. piriformis, which is described as very pleasant.

Hippocratea comosa yields nuts of an oily and sweet nature.

Natural Order 46. MALPiGHiACE^.-rTheMalpighia Order.

—

General Character.

—

Trees or- shrubs, often cUmbing. Leaves

usually opposite or whorled, rarely alternate; stipules generally

short and deciduous, sometimes larger and interpetiolar ; the

leaves are sometimes furnished with hairs, which are fixed by
their middle, that is, pehate (fiy. 128). Flowers perfect, or

polygamous. Calyx 5-partite, persistent, frequently with glands

at the base of one or all the divisions, imbricated, or rarely val-

vate. Petals 5, hypogynous, unguiculate; cestivation convolute.

Stamens usually 10, monadelphous or distinct; connective fleshy,

and elongated beyond the anther-lobes. Ovary generally con-

sisting of 3 carpels, (rarely 2 or 4), partially or wholly com-
bined; 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, exal-

buminous {fig. 747); embryo straight, or variously curved.

Diagnosis.—Trees or shrubs, Avith simple stipulate leaves.

Flowers perfect or polygamous. Calyx and corolla with 5 parts;

the sepals having usually large glands at the base, and imbricated

or very rarely valvate ; the petals unguiculate, without append-

ages, hypogynous, convolute. Stamens usually 10, sometimes

15, with a fleshy prolonged connective. Ovary usually com-
posed 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, ^c. — They are almost exclusively natives of

tropical regions. Examples:—Malpighia, Byrsonima, Bunchosia,

Nitraria, Hiraea, Gaudichaudia. Lindley enumerates 43 genera,

and 556 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 :

—

'Malpighia glabra and punicifolia have edible fruits, which are used in the
West Indies as a dessert, under the name of Barbadoes Cherries. Some Mal-
pighias, and other plants of this order, have hai^s which sting severely.

Byrsonima. — Some species have edible fruits. The fruit of B. spicata

{BoiS'tan) is used in dysentery. The Byrsonimas are however, principally re-
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m;irkable for their a<?tringency. Thus, the bark of B. crassifolia is astringent,
and is used internally as an antidote to the bite of the rattlesnake, and for
other purposes where astringent medicines are desirable. The bark of other
species is employed for tannmg in Brazil. American Alcornoque bark, which
is now imported into this country for the use of the tanner, is said to be the
produce o\ B. laurifolia, rhopalcefolia, and cocculobcefuNa.

Nitraria— This genus is by some put into an order by itself called Nitra-
riaceae. According to Munby, N. tridentata is the true Lotus-tree of the
ancients. This is a native of the desert of SousSa, near Tunis, and its fruit is

of a somewhat intoxicating nature.
Bunchoiia armeniaca, a native of Peru, is said to have poisonous seeds.

Natural Order 47. Erythroxylace^.—The Erythroxyloii

Order.

—

Diagnosis.—This order is closely allied to Malpighia-

ceae, and, in fact, it scarcely presents characters sufficient

to warrant its separation from that order. Its distinctive

characters, 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 arc capitate;

the ovules are sessile and truly anatropal; and the eml)ryo is

straight. In all other respects, the Erythroxylacese resemble the

Malpighiacea3.

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

warmer regions of the globe. There is but one genus, Ery-
throxylon, belonging to tiie order, which includes 75 species.

Properties and Uses.—Some of the Erythroxylacere are tonic,

others purgative, and others stimulant and sedative. The wood
of E. hypericifoUum, and the bark of E. suberosuin 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 only important plant of the order is

Ertjthrnxylon Coca. — The leaves of this plant are much used by the na-
tives of Peru, and .some other parts of South America as a masticatory ; for

which purpose they are always taken with a very small quantity of an alkaline

paste prepared from the ashes of different plants ; or in some cases, lime is

substituted. 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 Ipadu (the

native name for coca of the Indians of tiie Rio Negro) in his cheek, will go two or
three days without food, and without feeling any desire to sleep. Dr. Weddell,
however, speaks far less highly of the virtues of coca. He states that it does
not satisfy the appetite, but it merely enal)les those who 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 stee]) mountanis. Us excessive use is also

stated to be very injurious, producing analogous etfects to those occa>ioned by
the immodei ate consumption of opium and fermented licpiors. It has been
computed by Johnston, that the annual consumption of coca is 30.00(),(;00lbs.,

and that its chewing is indulged in by about l(>,0(K),(t()() of the human race. The
nature of the constituents, which thus give ri«e to the peculiar stimulating,

hunger-allaying, and narcotic effects of coca, have not been satisfactorily deter-

rained.
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Natural Order 48. Cedrelace^.—The Mahogany Order.

—

General Character.

—

Trees. Leaves alternate, pinnate, ex-

stipulate. Calyx 4— 5-cleft, imbricated. Petals hypogynous,
of the same number as the divisions of the calyx, imbricated.

Stamens XvncQ as many as the petals and divisions of the calyx,

either united below into a tube, or distinct, and inserted into an
annular hypogynous 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 ; ovules 4, or

more, in two rows, anatropal; style and stigma simple. Fruit cap-

sular (fig. 662J, dehiscence usually septifragal. Seeds (fig. 662, g),

flat, winged, attached to placentas in the axis ; albumen thin or

none ; embryo straight, erect, with the radicle next the hilum.

Diagnosis.—Trees with alternate, pinnate, exstipulate leaves.

Flowers hypogynous, symmetrical. Calyx and corolla with 4

or .5 divisions ; both imbricated in aestivation. Stamens double

the number of the petals ; with united or distinct filaments,

and inserted on a hypogynous disk. Ovary usually 4 or 5-

celled, with 4 or more ovules ; style simple. Fruit capsular ;

placentas axile. Seeds usually numerous, flat, winged ; albumen
thin or none ; embryo straight, erect.

Distribution, ^c.—Chiefly natives of the tropical parts of

America and India ; they are very rare in Africa. Examples :—
Swietenia, Soymida, Chloroxylon, Flindersia. There are 9

genera, and 25 species.

Properties 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 :

—
Swietenia 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 Indian Islands. Its bark possesses febrifugal pro-
perties.

Soi/midafebrifuga. The Rohuna, or Red-wood Tree— The bark is tonic,

febrifugal, and astringent.
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. Accord-
ing toRoyle, this plant is one of those that yields the Wood-oil of India. (See

p. 474).

Oileya xanthoxyla furnishes the Yellow-wood of New South Wales.
Cedrela The bark of the plants of this genus is generally fragrant. C

febiifuga, C. Toona, and other species, have febrifugal and astringent barks ;

they have been used as su'^stitutesfor Cinchona. C. Toona furnishes a wood
resembling mahogany, which is much used in the East Indies, and is occa-
sionally imported into this country. It is termed Toon, Tunga, Poma, or
Jeea-wood.

Natural Order 49. Meliace^s.—The Melia Order.—General
Characte r.— Trees or shrubs. Leaves alternate, or rarely some-
what opposite, simple or pinnate, exstipulate. Flowers occa-

sionally unisexual by abortion. Calyx 3, 4, or 5-partite.

Petals equal in number to the, divisions of the calyx, hypo-
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gynous, sometimes coherent at the base ; imbricated or valvate.
Stamens twice as many as the petals, monadelphous ; hnthers
sessile, placed within the orifice of the tube formed by the co-
lierent filaments. Disk hypogynous, sometimes large and cup-
like. Ovary compound, usually 2, 3, 4, or .5-celled, rarely 10
or 12-celled; stylfi 1 ; stigmas separate or combined; ovules 1, 2,

or rarely 4 in each cell. Fruit 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 Meliaceae
is chiefly distinguished from Cedi-elaceje by having more com-
pletely monadelphous stamens, by the possession of fewer seeds,

and in those seeds being without wings.

Distribution, Sfc.—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 : Melia, Aglaia, Lansium, Trichilia, Guarea, Carapa.
There are 33 genera, and 150 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.
purgans, G. spicijlora, 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
interesting plants are the following :

—
Melia Azedarachta. — This is the Neem-tree or Priiie of India ; it is also

called the Margosa-tree. It possesses febrifugal properties. The pericarp
yields by expression a fixed oil, which is used for burning, and is reputed
antispasmodic. The tree also yields a kind of toddy, which is employed
as a stomachic. The root of M. Axedarach is used in North America as an
anthelmintic.
Aglaia odorata— The flowers of this species are sometimes used to give a

pertume to certain varieties of Tea.
Lansium. — 'l\\\s is a genus of plants inhabiting the East Indian Archi-

pelago. They yield fruits which are much esteemed, and known under the
names of Langsat or I>anseh, and Ayer-Ayer.
Milnra ednlis also produces an agreeable fruit, which is eaten.
Carann friiinccrixis, or Touloucuuna.— The seeds of this )<lant yield a fatty

oil, called Kundab or Tallicoonah, which is purgative and anthelmintic; it

is also adapted for burning in lampg,^nd for other purposes. The seeds of
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C. guianensis also yield a somewhat similar oil, which possesses analogous
properties. The bark of these species possesses febrifugal properties.

Natural Order 50. Aurantiace^.
897—899).—General Character.-

- The Orange Order (Jigs.

Trees or shr^bs. Leaves

Fig. 897. Fig. 898. Fig. 899.

Fig. 897. Diagram of the flower of the Orange (Citrus Auraniium) Fig.S98.
Vertical section of the ovary, showing a portion of the disk at its base, and a
solitary hypogynous stamen Fig. 899. Pistil of the Orange, with disk at its

base, and the calyx : the petals and other stamens have been removed.

alternate, commonly smooth, exstipulate, dotted, and with the

blade articulated to the petiole (Jig. 300), which latter is

usually winged. Flowers regular, fragrant. Calyx short (Jig.

899), urn-shaped or campanulate, 3— 5-toothed (Jigs. 897
and 899), withering. Petals equal in number to the divisions

of the calyx (Jig. 897), distinct or slightly coherent at the base,

imbricated, inserted on a hypogynous disk. Stamens equal in

number to the petals, or some multiple of them (Jig. 897) ; Jita-

ments flattened at the base, either distinct, or coherent into one
or several bundles (Jig. 541) ; inserted along with the petals on
the disk. Disk hypogynous, annular (Jigs. 898 and 899). Ovary
many-celled (Jig. 897); style 1 (Jigs. 898 and 899); stigvia

enlarged (Jig. 899), and slightly divided ; ovules solitary or
numerous. Fruit indehiscent (Jig. 695), constituting what has
been termed a hesperidium, 1 or many-celled ; occasionally its

component carpels become more or less separated, and form what
have been termed fingered Citrons and horned Oranges ; or the

number of carpels becomes increased (fg. 696), so that one fruit is

produced within another. Seeds soUtary or numerous
; placentas

axile (Jigs. 695 and 898), sometimes containing more than one
embryo; the raphe and chalaza generally very evident, ex-
albuminous ; embryo straight, with thick fleshy cotyledons, and
a short radicle next the hilum.

Diagnosis.—Trees or shrubs with alternate, dotted, exstipulate

leaves, having the blade articulated to the petiole. Flowers
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regular. Calyx and corolla with from 3— 5 divisions, the latter

slightly imbricated and deciduous. Stamens hypogynous, equal
in number to the petals or some multiple of them, with flat

filaments, w-hich are either distinct, or slightly coherent into one
or more bundles. Disk hypogynous, and bearing the petals

and stamens. Ovary many-celled; style 1. Fruit succulent.

Seeds solitary or numerous
;
placentas axile ; exalbuminous

;

embryo straight ; radicle short ; cotyledons thick and fleshy.

Distribution, ^c.—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-
amples :— Cookia, Feronia, -^gle, Citrus. There are 23 genera,

and about 95 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 :
—

Cookia punctata. — This plant produces the Wampee-fniit, which is much
esteemed in the islands of the Indian Archipelago, and in China.

Casimura cdulis— The fruit of this species is said by Seemann to be deli-
cious, and also to produce a soporific effect.

Ferunia 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 country
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-
native efifects. The fruit is known unaei the name of the Elephant or Wood-
apple.

Oigle Mar7nelos. Indian Bael. — The bark of the root of this plant, as well

as the dried unripe fruit, are astringent, and have been lately introduced into

this country as remedies for diarrhoea and dysentery. Its leaves are also

reputed useful in asthmatic complaints. The rind of the ripe fruit also yields

a pleasant perfume, and its pulp is described as being very nutritious, and
most pleasant to the taste ; it possesses, moreover, laxative properties.

Citrus This is by far the most important genus of the order ; the fruits

yielded by the different species and varieiies being higlily valued for dessert

and other purposes. The Orantie, Lemon, Lime, Shaddock. Po^npelmoose,
Forbidden Fruit, Kumquat, and Citron, are all well known, although the
species from which tiiev are derived are not in all cases well defined. Citrus
Aurantium The fruit of this plant is the Common Sweet Orange. Of this

there are a great many varieties ; the most important of which are the Com-
mon Orange, the Blooil Red, the Maltese, ;uid St. Michael's. The imports in

I85i from the Azores, Lisbon, Malta, and Sicily, were 300,500packaKes, weigh-
ing 3.i,000 tons. Other varieties are sometimes imported from the Brazils, &c.
as the Navel, and Tangerine Oranges. The Orange-tree is remarkable for

the enormous number of fruits it is capable of yielding ; thus, one tree will

sometimes produce as many as 20,(11)0 good oranges. Thelsmall 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 the shops. The leaves of the Sweet
Orange, as well av those of the Bitter Orange, by distillation with water, yield

a volatile oil, which is called Oil of Orange-leaf or Essence de petit graiii; that

from the Bitter Orange is considered to be of the fuiest quality. From tho
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rind of the ripe fruit by distillation w ith water, a fragrant oil, named Essential

Oil of Sweet Orange, is obtained. The flowers of this species, as well as those

of tiie Bitter Orange, yield 0// o/JN>>o//; that from the latter is preferred.

The distilled water of these two species is named Ora7ie.e-flower Water. It is

to the presence of Oil of Neroli that the odour of Eau de Cologne is more par-
ticularly due. The rind of the Sweet Orange is an aromatic stimulant and
tonic ; and its juice is very extensively used as a refreshing and agreeable
beverage at table ; and also medicinally as a refrigerant. Citrus Bigaradia
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 olitained from analogous parts of the Sweet Orange. (See
above.) The distilled water of the leaves is railed eau de naphre. Orange-
flower Water is generally prepared from the fluwers of the Bitter orange, as

it is considered more fragrant than that obtained from the Sweet Orange.
The unripe fruits (as already noticed), like those of the Sweet Orange, are
called Orange-berries, and aire used liliewise for making issue peas, and for

flavouring Curagoa. The rind of tlie 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
Ionic and stomachic, and is more valuable in these respects than that of the

Sweet Orange. The rind is also used for flavouring Cura^oa and other sub-
stances ; and in the preparation of candied omnge-peel. Citrus Limonum.
The Lemon Of this we have several varieties; the more important of
which 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 purposes ; the former as an aromatic and stomachic, and for flavouring;

the latt*"r as an agreeable and refreshing beverage, and also for its refrigerant

and antiscorbutic effects. The juice contains a large quantity of citric acid.

Candied Lemon-ptel is employed in confectionary, and as a dessert. The juice

of Lemons, as well as that of the Lime, is largely imporied, and used in the pre-

paration of citric acid. Therindcontainsalargequantity 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 used as a flavouring agent in confectionary, and in medicine; and also

in perfumery. Citrus Linietta is the source of the Lime. It is chiefly imported
into this country in a preserved state, and in that condition it foims a most
agreeable dessert. Its juice is also imported and largely employed with that of

Lemons, in the preparation of citric acid, as already noticed. Citrus Bergamia
is sometimes considered as only a variety o( Citrus Limetta. 1 his is the source
of the Bergamot Orange. The rind, by expression or by distillation, like that

of the Lemon, yields an essential oil, called Oil or Essettce ofBergamot, which
is largely used "in perfumery. Citrus midica—The fruit of this is the Citron.

This is supposed 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 used in confectionary. Its pulp is less acid and juicy than tne 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. AnA 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 posse'ssionof a more or less prominent protuberance at their apex.
Besides the above fruits obtained from the gexivxs, Citrus, we have also, the Shad-
dock, from C. Decumana; the t orbidden Fruit, from C. Paradisi; the Pom-
pelmoose, from C. Patnpelmus ; and the Kumquat of China from C.japonica.

Natural Order 51. Vitace^ or Ampelide^. — The Vine
Order. — General Character.— Usually climbing shrubs

{fig. 210), with a watery juice, the joints swollen and separable

from each other. Leaves simple {fig. 210), or compound,
opposite below, alternate above, stipulate or exstipulate. Flowers

regular, small, green, stalked {fig. 403); peduncles sometimes

cirrhose. Caly.v minute, with the limb generally wanting.

Petals 4 or 5, sometimes united at the base; cestivation in-
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duplicate ; inserted on a disk which surrounds the ovary,
caducous. Stamens corresponding in number to the petals and
opposite to them, also inserted on the disk {fig. 506); filaments
distinct, or somewhat coherent at the base ; anthers versatile,

bursting longitudinally (^^. 506). Ovary superior, 2— 6-celled,

usually 2 ; style very short, simple ; stigma simple {fig. 506).
Fruit succulent {fig. 700), commonly termed a nuculanium,
usually 2-celled. Seeds erect, few, usually 2 in each cell;

festo bony; albumen haxdi-, embryo erect; rarfic/e 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 ; estivation of petals induplicate ; anthers
opening longitudinally. Ovary superior, with a very short
simple style and stigma

;
placentas axile. Fruit a nuculanium.

Seeds few ; testa bony ; embryo erect in horny albumen.
Distribution, ^c. — 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 :—Cissus, Vitis, Ampelopsis, Leea. Some
of the genera are not well defined. There are probably 8
genera, including 260 species.

Properties and Uses.—The leaves, stems, and unripe fniits 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 fruits of some species, as C. setosa, C. cordata, &c.,

are acrid. A blue dye is obtained in Brazil from tiie leaves and fruit of
C. tinctoria.

Ampelopsis (Cissus)—Tiie sppcies of this genus constitute the well-known
climbing shrubs called Virginian Creepers. They are remarkable for their
foliage assuming a crimson colour in the autumn, and from their peculiarly
constructed tendrils.

Fitis viuifera. — This plant, commonly known as the Grape Vine, has fol-
lowed the steps of man into almost every region of the globe where the climate
is at all adapted to its growth. The varieties of the Vine are exceedingly
numerous, being more than 3(i0. The fruits, under the name of Grapes, are
too well known to need any particular description. They have been in use
for more than 4000 years for the making of wine, &c. Grapes when dried are
called raisins. Of raisins we iiave several commercial varieties, the more
important of which are Valentias, Malagas, Muscatels, Sultanas, and Smvrnas.
The Muscatels or Kaisins of the Sun, are considered the finest. The Sultanas
are remarkable for the absence of seeds. About 12,000 tons of the al.ove
varieties are annually imported. Besides the above kinds, there is also a
small variety of raisin, commonly known under the name of Currants; this
name is a corruption of Corinth, where they were originally grown, but they
are now obtained from Zante,and several other of the Greek Islands. About
20,000 tons are annually imported.
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The leaf of the Vine is astringent, and has been used in diarrhoea ; and the
sap has been employed in France in chronic ophthalmia, litis vulpina and
Labrusca, of North America, yield fruits which are known as Fox-grapes.
These are similar, although inferior in their properties, to those of the Common
Grape.

Natural Order 52. Pittosporace^. — The Pittospomm
Order.— General Character.— Trees or shrubs. Leaves simiple,

alternate, exstipulate. Flowers regular. Sepals 4 or 5, distinct

or somewhat coherent, deciduous, imbricated. Petals hypo-
gynous, corresponding in number to the sepals, sometimes
slightly coherent, imbricated. Stamens 5, distinct, hypogynous,
alternate with the petals ; anthers 2 -celled, with longitudinal

or porous dehiscence. Ovary superioi-, 2—5-celled
;
placentas

axile or parietal ; style single ; stigmas equal in number to the

placentas ; ovules numerous, horizontal or ascending. Fruit

baccate, or capsular, with loculicidal dehiscence. Seeds nume-
rous ; embryo minute, in a large quantity of fleshy albumen.

Diagnosis.— Trees or shrubs, with simple, alternate, ex-

stipulate leaves. Flowers regular. Sepals and petals 4 or 5,

hypogynous, 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 ; ovules anatropal,

horizontal or ascending. Seeds numerous, with a minute em-
bryo in copious fleshy albumen.

Distribution, ^c. — They are chiefly Australian plants ; but

are occasionally found in Africa and some other parts of

the globe. None, however, occur in Europe or America.
Examples :— Pittosporum, Cheiranthera, Sollya, Billardiera.

Lindley enumerates in his Vegetable Ivingdom 12 genera, in-

cluding 78 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. Canellace^.— The Canella Order.—
General Character.—"This name has been given to a sup-

posed order of plants represented by Canella alba, a common
West Indian aromatic shrub, with evergreen, coriaceous, obovate,

alternate, stalked leaves, no stipules, and corymbs of purple

flowers. The calyx is leathery, and consists of 3 blunt, tough
permanent, 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 touch each other. Its ovary is ovate, and
tapers into a stitF style, whose end is emarginate. According
to Botanical writers, the stigma is permanent, and 2-lobed, while
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the ovary is 3-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 figuredwhat purports to be the fruit of this plant, representing

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 cyhn-
drical embryo, lying obliquely, with the radicle turned towards

the rostrum."

—

Lindley.

Diagnosis.—By some authors the genus Canella is placed in

the Gutti ferae, by others in Meliacese. This order is, however, at

once distinguished from the GutHfercB, by its general appear-

ance; alternate leaves; longitudinal dehiscence of its anthers;

absence of disk
;
presence of a style ; and albuminous seeds

:

from the Meliacece, by its unsymmetrical flowers; twisted aesti-

vation of its petals; absence of disk; and horny albimien.

Distribution, Sfc.— The order is said to contain 2 genera, and
3 species. They are natives of the West Indies and continent

of North America. Examples :—Canella, Cinnamodendron.
Properties and Uses.— The plants of the order have aromatic,

stimulant, and tonic properties. One plant is officinal in the

British Pharmacopoeias, 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 al-

ready noticed, p. 439), with Winter's Bark, and hence has been called Spurious
Winter's Bark. It may be at once distinguished from it by the paler colour
of its inner surface, &c., and by its chemical characteristics. In its properties

it is a warm aromatic stimulant and tonic. In America it has been employed
as an antiscorbutic. In the West Indies, and in some parts of Europe, it is

used as a spice It has an odour intermediate between cloves and cinnamon.
By distillation it yields a volatile oil, which is said to be sometimes mixed
•with, or substituted for. Oil of Cloves.

Cinnamodendron axillare, a native of the Brazils, and the other species of
the genus, have aromatic barks, which possess similar properties to that of
Canella alba.

Natural Order 54. Brexiaceje. — The Brexia Order.

—

Diagnosis.— Trees, with coriaceous, alternate, simple leaves,

and small deciduous stipules. Flowers green, in axillary

umbels. Calyx 5-parted, persistent, imbricate. Petals 5,

hypogynous, twisted. Stamens hypogynous, equal in number to

the petals and alternate with them, arising from a toothed disk
;

anthers 2-celled, with longitudinal dehiscence. Ovary superior,

5-cellcd ; ovules numerous; placentas axile ; style 1. Fruit

drupaceous, 5-cornered, 5-celled, rough. Seeds numerous,
horizontal, smootli ; embryo straight; albumen (?) fleshy.

Distribution, Sfc, — Principally natives of Madagascar. Ex~
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amples

:

—Ixerba, Brexia, Argophyllum, Roussea. There are 4
genera, and 6 species, according to Lindley.

Properties and Uses. — Altogether unknown.
Natural Order 55. Olacace^e.—The Olax Order.—General

Character.— Trees or shrubs. Leaves alternate, exstipulate,

simple, entire, coriaceous. Flowers small, generally fragrant.

Calyx smaE, monosepalous ; limb either obsolete, or existing in

the form of little teeth, persistent, often becoming finally en-

larged ; (Estivation imbricated. Petals 5 or 6, hypogynous,
valvate in aestivation, distinct, or adhering in pairs by means of

the stamens, frequently hairy on their inside. Stamens hypo-
gynous, 5— 1 0, tisually 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 to 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, pendulous, 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 integuments ; 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 aestivation. Stamens
definite, 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,

sohtary, pendulous ; embryo minute ; albumen fleshy.

Distribution, Sfc. — Natives of tropical or of sub-tropical re-

gions. Examples

:

— Opilia, Olax, liriosma, Heisteria, Ximenia,
Cathedra. According to Miers, there are 23 genera; the number
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 zeylanica are used in salads, and the wood
in putrid fevers. The wood of Heisteria coccinea is considered

by some, to furnish the Partridge-wood of cabinet-makers, but
Lindley says, that this is certainly a mistake.

Natural Order 56. Icacinace^.— The Icacina Order.—
Diagnosis. — This is an order of plants consisting of evergreen

trees and shrubs, and formerly included in the order Olacaceae

;

but, as shown by Miers, they are clearly distinguished from
that order. " They differ most essentially in the calyx being

K K 2
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always small, persistent and unchanged, 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, S^c.
—"They are natives of tropical or nearly

tropical countries ; chiefly the East Indies, Africa, and South

America, a single species being found each in New Holland, Nor-

folk Island, and New Zealand." Examples :— Icacina, Mappia,

Stemonurus, Sarcostigma. There are 13 genera, and 65 species.

Properties and Uses.— Unknown.
Natural Order 57. Cyrillace^. — The Cyrilla Order.—

Diagnosis. — Evergreen shrubs, with alternate, exstipulate

leaves, nearly related to Olacacece, 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.

Distribution, 8fc.— They are all natives of North America.

Examples

:

— Cyrilla, Mylocaryum, Elliottia. There are 3 genera,

and 5 species.

Properties and Uses Nothing is known of their properties

and uses.

Natural Order 58. Humiriace^.— The Humirium Order.

— Diagnosis. — Trees or shrubs witli a balsamic juice. Leaves

alternate, simple, coriaceous, exstipulate. Calyx 5-parted,

imbricated. Petals 5, 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; stigma 5-lobcd. Fruit drupaceous, 5-cellcd, or fewer

celled by abortion. Seed with a narrow ettibryo lying in fleshy

albumen, orthotropal.

Distribution, 8fr.— Natives of tropical America. Examples :

— Saccoglottis, Humirium, Vantanea. There are but 3 genera,

and 18 species.

Properties and Uses. — A balsamic yellow liquid called

Balsam of Umiri, is obtained from the incised stem of Humirium

floribundum ; this is reputed to resemble in its properties Copaiba

and Balsam of Peru. Other species arc 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 olco-resin

resembling Wood Oil and Copaiba.
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The Rue Order {figs. 900 and
Trees, shrubs, or rarely herbs.

Fig. 900. Fig. 901.

Natural Order 59. Rutaceje
901).—General Character.
Leaves exstipulate, oppo-

site or alternate, simple or

pinnated, dotted. Flowers

perfect {fig. 564), regular

or irregular. Calyx hav-

ing 4—5 segments {fig.

900), imbricated. Petals

equal in number to the

divisions of the calyx {fig.

900), or wanting, rarely

combined so as to form
a monopetalous corolla;

(estivation usually twisted,

rarely valvate. Stamens Fig. 900. Diagram of the flower of the Common
1 . , , • Rue iButa graveolens') Fig. 901. Vertical

equal m number, or twice gection of the seed of the same.

(^(75.564,596,and900),or

thrice as many as the petals, or rarely fewer by abortion, inserted

on the outside of a cup-shaped, hypogynous disk {fig. 564).

Ovary sessile {fig. 564), or supported on a stalk {fig. 609) ; it is

composed of from 2 to 5 carpels, which are either distinct, or

united so as to form a compound ovary having as many cells as

there are component carpels ; style simple {fi^. 564), or divided

towards the base ; ovules 2, 4, or rarely more, in each carpel.

Fruit capsular, its carpels either coherent, or more or less distinct.

Seeds solitary or in pairs ; albumen present or absent ; radicle

superior {fig. 901).

Diagnosis.—Herbs, shrubs, or trees, with exstipulate dotted

leaves. Flowers perfect. Calyx and corolla with a quaternary

or quinary distribution of their parts; the former with an im-

bricated aestivation, the latter twisted or valvate, and sometimes
wanting. Stamens equal in number, or twice, or thrice as many
as the petals, or fewer, inserted 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 Avith a superior radicle. Albumen present or absent.

Division of the Order, Sfc — The Rutacese have been divided

into 2 sub-orders, as follows :
—

Sub-order 1. RutecE.— Seeds containing albumen. Fruit with

the sarcocarp and endocarp combined. Examples :—Ruta,

Haplophyllum.
Sub-order 2. Diosmece. — Seeds exalbuminous. Fruit having

the sarcocarp separate from the endocarp when ripe. Ex-
amples :— Barosma, Diosma.

These sub-orders are by no means well established.

Distribution, ^c.— The Rutese are found chiefly in the

K K 3
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southern part of the temperate zone ; the genera Diosma,

Barosma, &c., abound at the Cape of Good Hope ; other genera

are found in Australia ; and others in equinoctial America.
There are 52 genera, and about 400 species.

Properties and Uses.— The plants of this order are generally-

characterised by a poMxrful penetrating odour, and bitter

taste. In medicine they are employed as antispasmodics, tonics,

febrifuges, diuretics, &c. The more important plants are as

follows :
—

Galipea officinalis and Cusparia Both these species appear to supply the
Cusparia or Angustura Bark of the shops. This is imported directly or in-

directly 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 disrepute on the Continent, in consequence
of the substitution for it of a very poisonous bark obtained from the Strychnos
Nux-voviica. At one time the substitution was so common, that the importa-
tion of Angustura Bark into Austria w as 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.

Mclambo Bark, which has somewhat similar properties to Angustura, is

supposed to be also derived from a species of Cusparia.
Ticorea lebrtjuga, and Esenbeckia fcbrifuga are both natives of South Ame-

rica, and have febrifugal barks, which are used in some districts as substitutes

for Peruvian Bark.
Correa alba, and other species.—The leaves are sometimes employed as a

substitute for tea in Australia.

Barosma.—The leaves of several species of this genus, such as B. crenata,

crenulata, serratifolia, &c., are used in medicine for their aromatic stimulant,

antispasmodic, and diuretic properties. They seem also to have a specific in-

fluence over the urniary organs. They are commonly known 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 bitter principle called Diosmin
or Barosmin, and a powerfully scented volatile oil. Buchu leaves are officinal

in the British Pharmacopoeias, but the exact species from which they are de-
rived is by means well ascertained.

Dictamnus Frnxinelln. 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 employed.
It contains such a large amount of volatile oil as to render, it is said, the
atmosphere around it inflammable in hot weather; we have, however, never
succeeded in producing such an effect.

Ruta graveolens. Common Hue.—This plant, which is a native of Europe,
has a very powerful, disagreeable, peculiar odour, which it owes to the pre-

sence of a volatile oil. It' 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. 42.).

Rula muntana possesses very acrid properties; so much so, indeed, as to

blister the hands of those who gather it.

Natural Order 60. XANTHOXYLACE.a:.— The Prickly Ash
Order.— Diagnosis. — The plants of this order are trees or

shrubs, resembUng, in almost all their characters, the Kutacea,
with which they were formerly united. The only good cha-

racter, indeed, by which tlicXanthoxylacese may be distinguished

from the liutacca;, is in tlicir having constantly polygamous
flowers. The fruit of Xantlioxylaceaj is also sometimes baccate

and indeliisccnt, 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 case in

the Butacese.
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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 :— Xanthoxylon, Toddaha, Ptelea. There are 21
genera, and about 110 species included in this order.

Properties and Uses.— This order is almost universally cha-

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 :
—

Xanthoxylon The species of this genus possess in a remarkable degree pun-
gent and aromatic properties, hence they are popularly known under the name
of Peppers in their native coimtries. In America they are also commonly
known under the name of Prickly Ash. The fruit oi X. piperitum \s em-
ployed by the Chinese and Japanese as a condiment, and as an antidote against
all poisons. It is commonly termed in commerce, Japanese Pepper. The aro-
matic pungent properties appear to he confined to the pericarp. ytenh<-use has
recently described two peculiar principles which he obtained from what he
believed to be the true Japanese Pepper, viz., an oil and a stearopten j the
former is a pure hydrocarbon, to which the aromatic odour of the pepper is

due, and to which he has given the name oi Xanthoxylene; the latter is a crys-
talline solid body consisting of carbon, oxygen, and hydrogen, but devoid of
nitrogen when pure ; this principle he has called Xanthoxylin,* The root
of X. nitidum is used as a sudorific, stimulant, febrifuge and emmenagogue,
by the Chinese. X. Clava and. fraxineum are alio employed in Amciicaas
sudorifics, &c., and are said to possess extraordinary power in exciting sali-

vation. X. caribceum is reputed to be a good febrifuge. X. Budrunga has
aromatic fragrant seeds resembling Lemon-peel ; and the unripe fruit and
seeds of X. Rhetsa have a taste like that of Orange-peel. The fruit and seeds
ofX. An5<?7e are sometimes employed in India for the purpose of st i|pifying fish.

Toddalia acideata The bark of the root is said to be febrifugal.

Ptelea,—The fruit is very bitter and aromatic, and has been used, according
to Wight, as a substitute for Hops, and as a pickle.

Natural Order 61. OcHKACE.a:. — The Ochna Order.—
General Character.— Undershrubs, or smooth trees, with a
watery 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, imbricated. Stamens equal in number to the sepals

and opposite to them, or twice as many, or more numerous

;

filaments persistent and inserted on a hypogynous disk ; anthers

2 -celled, with longitudinal or porous dehiscence. Carpels cor-

responding in number to the petals, inserted on a large fleshy

disk, or gynophore, 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.

* Mr. Daniel Hanbury informs me that, the so-called Japanese Pepper, from
which Dr. Stenhouse obtained the above principles, was not in reality that sub-
stance at all, but an analogous pepper, which was forwarded to him from
China, and which he has proved to be the produce of X. alatum, a native of
China and Nepaul. He also informs me that he thinks the pungency is due
to a resinous substance, which is contained in the pepper, in addition to the
Xanthoxylene and Xanthoxylin alluded to above.

K K 4
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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, imbricated,

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, 8fc.— Natives chiefly of the tropical parts of

India, Africa, and America. Examples : — Gomphia, Ochna,
Godoya. There are 6 genera, and 82 species.

Properties and Uses.—The plants are generally remarkable
for their bitterness. Some have been used as tonics and
astringents. Some, as Gomphia parvijlora, yield oil, which is

used in Brazil for salads. In their properties generally, the

Ochnaccifi much resemble the Simarubacese.

Natural Order 62. Cokiarieace^.—The Coriaria Order.

—

Diagnosis.—This name is given to an order which includes

but 1 genus, and 8 species ; its afiinities are by no means
understood. It appears to be most nearly related to Ochnaceas,

in which it agrees in having its carpels distinct, and placed on
an enlarged disk, or gynophore : 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, 8fc.—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 eflects.

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

eaten, the seeds being poisonous. The fruits of C. myrtifolia and
ruscifolia are very poisonous ; these plants have been employed
by dyers in tlie production of a black dye. The leaves of C.

myrtifolia have been used on the Continent to adulterate Senna
This is a most serious adul.tcration, as such leaves are poisonous.

They may be at once distinguished from Senna-leaves by their

two sides being equal and symmetrical at tlie base, while those

of Senna are unequal. Chemically they are also distinguished

from Senna, by their infusion producing a very abundant blue

precipitate on the addition of sulphate of iron.
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Natural Ordei* 63. Simarubace^e.—The Quassia or Simaruba
Order.—General Character.

—

Shrubs or trees. Leaves with-

out dots, alternate, compound or sometimes simple, exstipulate.

Flowers regular and symmetrical, axillary or terminal, perfect,

or unisexual by abortion. Calyx imbricated, in 4 or 5 divisions.

Petals equal in number to the di^^sions of the calyx, Avith an
imbricated aestivation, sometimes united 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

carpels, arranged round a common axis. Seed pendulous, -oath

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 stamens, with a

quaternary or quinary distribution of their parts ; each of the

latter arising from a hypogynous scale, and with anthers burst-

ing longitudinally. Ovary stalked, 4 or 5-celled ; style simple ;

stigma 4 or 5-lobed. Fruit of 4 or 5 indehiscent, 1-seeded

drupes, placed round a common axis. Seeds pendulous, exal-

buminous, radicle superior.

Distribution, 8fc.—With the exception of one plant, which is

a native of Nepaul, they are all found in the tropical parts of

India, America, and Africa. Examples:— Quassia, Simaba,

Simaruba, Ailanthus, Brucea, Spatheha. There are 17 genera,

and about 50 species.

Properties 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 foUows :
—

Qu'issia amara.—The wood of this plant is intensely bitter. It is a native
of SurinMn, &c., and was formerly much used as a febrifuge and tonic ; the
flowers a'-e also stomachic. It is the original Quassia of the shops, but it is no
longer impi>rt'>d ; that now sold under the name of Quassia being derived from
Pioasnm or Picrcena excelsa, a native of Jamaica, &c. ; hence the latter may
be called Jamaica Quassia, and the former Surinam Quassia. (See below.)"

Picrasina (PteicB'.a) excels", yields the officinal Quassia-wood of the
Materia Medica. (See Quassia.) it is much used as a tonic, febrifuge, and
stomachic, and it also po>sesses anthelmintic properties. An infusion of Quassia
sweetened with sugar acts as a powerful 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 pres^-rve 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
Quassite. In Jamaica this plant is known under the name of Bitter Ash or
Bitter Wood.
Simaba Cedron—The 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 lately in this country for the latter

purpose, but without any sensible effect.

, Simariiba amara is a native of South America, and the West Indian Islands,
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particularly Jamaica, where it is known under the name of Mountain Damson
The bark of the root acts as a tonic, and has been used in diarrhoea, dysen-
tery, &c. It contains Quassine, the same principle which has been found in
Jamaica Quassia-wood. (See above.)
Many other plants belonging to the Simarubaceae have analogous properties

to the above, and are used, accordingly, in similar cases.

Natural Order 64. ZYGOPHYLLACEiE.— The Bean-Caper or

Guaiacum Order.— General Character.

—

Herbs, shrubs, or

trees. Leaves opposite, stipulate, without dots, usually impari-

pinnate, rarely simple. Flowers perfect, regular, and symmetri-

cal. Calyx 4 or 5 -parted, convolute. Petals unguiculate, 4 or 5,

imbricated in estivation, hypogynous. Stamens 8— 10, hypo-
gynous, usually arising from the back of small scales

;
filaments

dilated at the base. Ovary 4—5-celled, surrounded by glands,

or a toothed disk ; style simple ; ovules 2 or more in each cell

(Jigs. 643 and 644), 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, 8fc.— They are generally distributed throughout

the warm regions of the globe, but chiefly beyond the tropics.

Examples :— Tribulus, Peganum. Fagonia, Zygophyllum, Guai-

acum, Melianthus. There are 9 genera, and 100 species.

Melianthus is by some botanists separated from the Zygophyl-

lacese, and taken as the type of a new order, to which the name
Melianthcaa has been apphed. Meliantheas is supposed to be

allied to Geraniaceai and Sapindaceae.

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

Bpccics is remarkable for its hardness and durability. The fol-

lowing are the more important plants :—
Tribulus terrestrix is a prickly plant, which is abundant in dry barren places

in the F-a»t. It is considered to be the Thistle mentioned in Malt. vii. 16., and
Heh. vi. 8.

Peganum liarmala The seeds are used by the Turks as a spice, and to
produce a red dv<'.

Zi/g(>p/it/flu7n Fahnno. Bean-Caper.— It derives its common name from 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. Z. simplex has a very fetid odour.
Larrea mericann.—This plant is remarkable for having an odour resembling

creasote, hence it is commonly known as the Creasote Plant.
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Melianthus major.—The flowers of this species contain a larpe amount of
saccharine matter, which is used for food by the natives of the Cape of Good
Hope, where the plant abounds.
Guaiacum officinale The wood, and a resinous substance obtained from it

are officinal in our pharmacopoeias. They are commonly known in the shops
as Guaiacum-wood, and Guaiacum Resin. The resin is generallv procured by
heating the wood, either by boiling its chips in salt water, or more commonly
by burning it in the foim of hollow billets 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 re-in are used as stimulants,

diaphoretics, and alteratives, chiefly in gout and rheumatism, and also in syphi-

litic and various cutaneous affections. The wood is known in commerce as

Lignum Vita. It is remarkable for 'ts hardness, toughness, and durability,

which qualities render it very valuable for many purposes. The foliage of

Guaiacum officinale is also used in the West Indies, on account of its detersive

qualities, for scouring and whitening floors. G. sanctum has similar medicinal

properties to the above, and yields an analogous resin.

Natural Order 65. LiNACEiE.— The Flax Order {fig. 902

and 903).— General Character.

—

Herbs, or rarely shrubs.

Fig. 902. Fig. 903.

Firj. 902. Diagram of the flower of the Flax Plant (.Linum usitattssimum).——
Fig. 903. Essential organs of the same, showing the monadelphous stamens sur-
rounding the pistil.

Leaves alternate or opposite, or rarely verticillate, entire, ex-

stipulate. Flowers hypogynous, regular {fig. 902), symmetrical,

generally very showy and fugacious. Calyx imbricated, with

3, 4, or 5 sepals {fig. 902), persistent. Petals 3, 4, or 5 {fig.

902), ungiiiculate, very deciduous, twisted in aestivation.

Stamens 3, 4, or 5, coherent at the base so as to form a hypo-
gynous ring {fig. 903), 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. 903). Ovary
compound {figs. 902 and 603), its cells usually corresponding

in number to the sepals ; styles 3—5 ; stigmas capitate {fig. 903).

Fruit capsular, many- celled, each cell more or less perfectly

divided into two by a spurious dissepiment proceeding from the
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dorsal suture, and having a single seed in each division {fiy. 603).
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—4—5 each ; the sepals

persistent and imbricate ; the petals deciduous and twisted in

aestivation ; the stamens united at their base, and having little

tooth-like abortive stamens alternating with them. Ovary
3—4—5-celled, styles distinct, stigmas capitate. Fruit cap-
sular, 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, ^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:—Linum, Reinwardtia, Clio-

cocca, Radiola. There are 4 genera, and 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 are

emollient and demulcent. A few are bitter and purgative. The
most important genus is

Lmum— The liber-fibres of Linum usitatissimuin, when prepared in a
part'cular way, cox\&t\Ku\.eflax, of which linen fabrics are made. Linen, when
scraped, forms lint, which is so much used for surgical dressings. The short
fibres of flax which are separated in the course of iis preparation, constitute
tow, which is rriuch employed in pharmacy, surgery, 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-coat contains 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 remarkable for drying readily when
applied to the surface of any body ex|)osed to the air, and thus forming a hard
transparent varnish. This peculiarity is much accelerated if the oil be pre-
viously boiled, either alone, or with some preparations of lea I. The cake left

after the expression of the oil is known as Oil-cahc&nd is emploj-ed as Ibod for
"cattle ; and when powdered it is commonly sold as Linseed Meal, which is much
used for making poultices, and for other purposes. The Linseed Meal, however,
as directed to be used in the London Pharmacopoeia, is merely Linseed pow-
dered ; hence it contains the oil, which is not present in the ordinary meal. An
infusion of Linseed is largely employed medicinally for its demulcent and emol-
lient properties. The oil is extensively used in the arts, &c. ; and is fbinid to be
a valuable application to burnt or scalded parts, eitli. r alone, or combined with
an equal quantity of Lime-water ; this mixture is commonly known under
the name of Carron-oil, a name derived from its having been extensively em-
ployed in the Carron Iron-foundry. Some patents have been taken out of late
years lor the manufacture of what has been called Flax-cotton, which it was
believed could be used in manufacture in the same way as ordinary cotton,
but the process, (which consisted essentiallv 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), does not appear
to have answered in a commercial point of view. Linum cathnrticum, com-
monly railed Purging-flax, is a common indigenous i)laiit. It possesses active
KurKative properties, an<l might be much more employed as a medicine than

I the case at present. This, like many other of our na'live plants, is probably
but little esteemed, on account of the facility with which it can be obtained.
Linum telaginoidei, a Peruvian species, is reputed to be bitter and aperient.
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Natural Order 66. Oxalidace^.— The Wood-Sorrel Order

{figs. 904—906).— General Character. — Herbs, or rarely

Fig. 904. Fig. 905. Fig. 906.

Fig. 904. Diagram of the flower of Oxalis Fig. 905. Vertical section of the
flower of the same Fig. 906. Vertical section of the seed.

shrubs, or trees, generally with an acid juice. Leaves alternate,

or rarely opposite, usually compound, or occasionally simple ;

generally with stipules, or rarely exstipulate. Flowers regular

and symmetrical. Sepals 5 (fig. 904), persistent, imbricate,

occasionally slightly coherent at the base. Petals 5 (Jig. 904),

hypogynous (fig. 905), rarely wanting, unguiculate ; cestivation

twisted. Stamens double the number of the petals and sepals

(fig. 904), arranged in two rows alternating with each other,

the inner row longer than the outer (fig. 905) and opposite to

the petals ; anthers 2-celled, innate. Ovary superior (fig. 905),
3—5-celled, with as many distinct styles as there are cells j

stigmas capitate, or somewhat bifid. Fruit usually capsular

and 3—5-ceIled, and 5— 10-valved, occasionally drupaceous and
indehiscent

;
placentas axile (fig. 905). Seeds few, sometimes

provided with a fleshy integument, which bursts with elasticity

when the fruit is ripe, and expels the seeds ; embryo (fig. 906)
straight, in cartilaginous fleshy albumen ; radicle 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 imbricated ; the petals

twisted in sestivation ; the stamens commonly somewhat mona-
delphous, with 2-celled anthers. Styles filiform, distinct. Fruit

3—5-celled, without a beak. Seeds few, with abundant
albumen, and a straight embryo.

Distribution, ^c. — These plants are generally distributed

throughout both the hot and temperate regions of the globe

;
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the shrubby species are, however, confined to the former. They
are most abundant at the Cape of Good Hope, and in tropical

America. Examples

:

—Oxalis, Averrhoa, Ledocarpum, Hugonia.
There are 9 genera, and about 328 species enumerated by
Lindley as belonging to the order.

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 certain parts of the East
Indies, but they are too acid to be acceptable to Europeans,

who, however, use them as pickles. Some are remarkable for

their sensitive leaves, and others have phyllodes.

Oxalis acetosella. Common Wood-Sorrel—This plant is a common indi-

genous plant, abounding in woods. It has ternate 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 drmk in fevers.

The leaves, taken as a salad, are antiscorbutic. 0. crenatn, a plant which is

called Arracacha, together with others, as 0. Deppet, 0. esculefitn, &c. have
edible tubers, which are used as substitutes tor potatoes in some districts. 0.

anthelminlica, the Mitchamitcho of Abyssinia, has very acrid tubers. These
are much employed for their anthelmintic properties in that country, being
frequently prelerred to Kousso (Brayera anthelmintica), a plant belonging to

the Rosacea?, and which is also largely used in Abyssinia for a similar purpose.
(See Brayera anthehnintica).
Averrhon BilimbiAwd Carambola yield acid fruits, known respectively under

the names of Blimbing and Carambole. They are eaten by the natives of the
East Indies, but are too acidulous for Europeans, who nevertheless used them
for pickles.

Natural Order 67. Balsaminace^e. — The Balsam Order. —
General Character.

—

Herbaceous plants with succulent stems

and a watery juice. Leaves alternate or opposite, simple, ex-

stipulate. Flowers hypogynous, very irregular. Sepals 3—5,

very irregular, deciduous, with an imbricated sestivation, the odd
one spurred (Jig. 11'J). Petals usually 4, 1 being abortive, distinct

or irregularly coherent, deciduous, alternate
Fig. 907. vf'xXh the sepals ; (Estivation convolute.

Stamens 5, alternate with the petals, and
somewhat united. Ovary composed of 5

carpels, united so as to form a .5-celled com-
pound body ; style simple ; stigma more or

less divided into 5 lobes. Fruit usually

capsular, 5-celled, and dehiscing in a

septifragal manner by 5 elastic valves,

which become coiled up {fig. 907) ;
pla-

centas axile; sometimes succulent and in-

dehiscent. Seeds solitary or numerous, sus-

pended, exalbuminous ; embryo straight.

Diagnosis.— Succulent herbaceous plants,

Fiff. 807. Capsule of with simple cxstii)ulatc leaves. Stems con-
Touch-me-not. dm- ^. 1

,
^' .• 1 . , ^ .1 • • ^

ptttuns Tioii-ync-tuu- tinuous and not articulated at the jomts.
gerc) with recurved Flowcrs liypogyuous, vcrv irrcgular. Sepals
coiled-up valvc«. _ . ^ -^

' ^^
.,

'
, -, .

^
, , ,3—6 ;

petals usually 4 ; both irregular and de-
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ciduous ; aestivation of sepals imbricated ; that of the petals con-

volute. Stamens 5. Ovary 5-celled ; style simple. Fruit 5-

celled, usually bursting with elasticity, without a beak. Seeds

suspended, exalbuminous.
Distribution, 8fc. — 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.

Examples :—Impatiens, Hydrocera. There are but 2 genera,

which include 110 species.

Properties and Uses.— They are said by De Candolle to be

diuretic, but they may be generally considered as possessing

properties of no importance.

Natural Order 68. Gekaniace^. — The Crane's-bill Order

i^figs. 908—911).— General Character.— Herbs or shrubs

Fig. 908. Fig. 909. Fig. 910.

Fig. 911.

Fid. 908. A portion of the flowering stem of Geranium sylvaticuni Fig. 909.

The stamens and pistil of the same Fig. 910. The pistil partially matured,

surrounded by the cali x Fig. 911. Transverse section of the seed.

with articulated swollen joints. Leaves simple, opposite or

alternate, with membranous stipules. Sepals 5 {fig. 908), per-

sistent, more or less unequal ; estivation imbricated. Petals

5 (fig. 908), or rarely 4 from abortion, unguiculate, hypogynous

or perigynous ; (estivation twisted {fig. 908). Stamens usually

twice or thrice as many as the petals {fig. 909) ; some are, how-

ever, frequently abortive, hypogynous {fig. 909), and generally

monadelphous, the alternate ones shorter and sometimes barren.

Carpels 5, arranged around an elongated axis or carpophore

{fig. 910); styles corresponding in number to the carpels, and

adhering to the carpophore. Fruit consisting of 5 1-seeded

carpels, which ultimately separate from the carpophore from

below upwards by the curhng up of the styles, which remain

adherent at the summit (fig. 626). Seeds without albumen;

cotyledons foliaceous, convolute {fig. 911).
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Diagnosis. — Hei'bs, or shrubs, with simple leaves, mem-
branous stipules, and articulated swollen joints. Flowers

usually symmetrical. Sepals 5, imbricated. Petals twisted ia
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 curUng-up of the

styles. Seeds 1 in each carpel, exalbuminous ; embryo con-

voluted.

Distribution, ^c. — Some are distributed over various parts

of the world, but they abound at the Cape of Good Hope.
Examples

:

—Erodium, Geranium, Pelargonium. Lindley enu-

merates 4 genera, and 500 species.

Properties 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.
Geranium maculalum.—The root of this plant is a powerful astringent, for

which purpose it is much used in North America, where it is called Ahim-root.
It contains much tannin. G. parviflorujn produces edible tubers, which are

known in Van Diemans Land under the name of native carrots.

PelargoniU7n.—The species of this genus are favourite objects of culture by
the gardener, on account of the beauty of their flowers. They are chiefly

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 astringent, but P. triste yields tubers which
are eaten at the Cape of Good Hope.

Natural Order 69. Trop^olace^. — The Indian Cress

Order.— General Character.— Smooth twining or trailing

herbaceous plants, with an acrid juice. Leaves alternate, ex-

stipulate. Flowers axillary. Sepals 3—5 {fig. 778), the upper

one spurred ifig. 454); valvate, or very slightly imbricated in

estivation. Petals {Jig. 11%), I to 5, hypogynous, more or less

unequal; cestivation convolute. Stamens {fig. 778) 6— 10,

somewhat perigynous, distinct ; anthers 2-celled. Ovary of 3

{fig. 11%) or 5 carpels; style\ ; stigmas 3 or 5. Fruit inde-

hiscent, usually consisting of 3 carpels arranged round a com-
mon axis, from which they ultimately separate, each carpel

containing one seed. Seeds large, exalbuminous ; embryo large;

radicle next the hilum.

Diagnosis. — Smooth trailing or twining herbs, with alter-

nate cxstipulatc leaves, and axillary flowers. Flowers irregular

and unsyramctrical. Sepals more or less valvate in aestivation,

upper one .-ipurrcd. ^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. Fruit

without a beak, usually composed of three pieces, which are

indehiscent, and each contains 1 seed. Seeds large, exal-

buminous.
Distribution, ^-c.— Chiefly natives of South America. Ex-
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amples :— Tropaeolum, Chymocarpus. There are 4 genera, and
about 40 species.

Properties and Uses.— Generally acrid, pungent, and anti-

scorbutic, resembling the Cruciferse. The unripe fruit of

Tropcpolum majus, Avhich is commonly known as the Indian
Cress or Garden Nasturtium, is frequently pickled, and em-
ployed by housekeepers as a substitute for Capers. Most
of the Tropceolums have tuberous roots, some of which are

edible, as T. tuberosum.

Natural Order 70. Liivinanthace^.— The Limnanthes
Order. — Diagnosis.— This is a small order of plants included

by Lindley in the Tropaeolaceae, Avith which it agrees in its

general characters ; but it is at once distinguished from that

order by having regular flowers ; 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, Sfc — Natives of North America. Examples:
Limnanthes, Florkea. There are but 2 genera, and 3 species.

Properties and Uses.— In these they resemble the Tropaeo-

laceae.

We conclude our notice of the Natural Orders included

under the Sub-class Thalamiflor£e, by the following Artificial

Analysis. It is founded upon that given by Lindley in

his Vegetable Kingdom. 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 des-

cription of that order as numbered below, he will find a more
complete account, and be enabled to gain a perfect knowledge
of it. 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

Thalamifl or^-e.

(The numbers refer to the Orders in the present work.)

1. Flowers Polyandrous—Stamens more than 20.

A. Leaves without stipules.

a. Carpels more or less'distinct, {at least as to the styles), or solitary.

1. Stamens distinct.

Carpels immersed in a fleshy tabular
thalamus Nelumbiace<s. 11.

Carpels not immersed in a thalamus.
Embryo in a vitellus . . . . Cabombacece. 9.

Embryo naked, very minute.
Seeds arillnte . ' .

'
. . . Dilleniacece. 2.

Seeds exarillate. Albumen fleshy and
homogeneous.

Flowers hermaphrodite . . Ranunculacece. 1.

Flowers unisexual .
*

. . . Schizandracea . 6.

LL
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Seeds usually exarillate. Albumen
ruminate Anonacece. A.

2. Stamens united in one or more parcels.

Calvx much imbricated.
Seeds smooth Hypericaceee. 36.

Seeds shaggy ReaumuriacecE. 37.

b. Carpels wholly combined into a solid pistil,

with more than one placenta.
Placentas parietal, in distinct lines.

Anthers versatile. Juice watery . . Capparidaceee . 16.

Anthers innate. Juice milky . . . Papaveracece. 13.

Placentas parietal, spread over the lining of

the fruit Tlacourtiaceee. 19.

Placentas covering the dissepiments . . liymphceacecB. 10,

Placentas in the axis.

Stigma large, broad, and p«»taloid . . Sarraceniacece. 12.

Stigma simple. Calyx much imbricated.
Leaves compound Rhixobolacece. 39.

Leaves simple.
Petals equal in number to the sepals.

Seeds few Clusinceee. 35.

Seeds numerous. Petals flat . . MarcgraviacecB. 38.

Seeds numerous. Petals crumpled Cislacece. 18.

Petals not equal in number to the
sepals. Styles not perfectly com-
bined Ternstromiacea. 34.

Stigma 6-lobed. Stamens monadelphous Humiriacece. 58.

B. Leaves with stipules.

a. Carpels more or less distinct, (at least as

to the sti/les).

Carpels numerous Magnoliacece. 3.

b. Carpels wholly combined into a solid pistil,

with inore than one placenta.
Placentas parietal Flacourtiacece . 19.

Placentas in the axis.

Calvx with an imbricated aestivation.

Flowers in vol iterate Chlcenaca. 33.

Flowers not involucrate .... Cistacece. 18.

Calyx with a valvate aestivation.

Stamens monadelphous. Anthers 2-celled.

Filaments united into a column. Sta-
mens all perfect SterculiacecB . 29.

Filaments not united into a column.
Stamens partly sterile . . . ByttneriacetE. 30.

Stamens m nadelphous. Anthers 1-celled Malvacece. 28.

Stamens monadelphous. Calyx irregular,

and enlarged in the fruit ' . . . Dipteracece. 32.

Stamens quite distinct .... Tiliacete. 31.

2. Flowers Oligandrous Stamens less than 20.

A. Leaves vnihoul stipules.

a. Carpels more or less distinct, or solitary.
Anthers with recurved valves . . , , Bcrbcridacece . 8.

Anthers with longitudinal dehisc<'nce
Albumen abundant, embryo minute.

Flower;! unisexual. Seeds usually nume-
rous L.ardizahalacea. S.

Flowers polycamous. Seeds solitary or twin Xanthoxylacea. 60.

Flowers perfect.
Kmbryo in a vitelluc Cabombacete. 9.

Embryo not in a vit( llus.

Albumen homogeneous.
Sepals 2 Fumariacece. 14.

Sepals more than 2 . , . . Jianuncuiacetg. 1,
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Albumen ruminate. Shrubs . . • Anonacece. 4.

Albumen in small quantity, or altogether want-
ing.

Flowers unisexual MenisperviacecB. 7.

b. Carpels combined into a solid pistil or ovary.
Placentas parietal.

Stamens tetradynamous CrucifercB. 15,

Stamens not tetradynamous.
Large hypogynous disk.

Flowers tetraraerous. Fruit closed at the
apex Capparidaceee. 16.

Flowers not tetramerous. Fruit usually
open at the apex Resedacece. 17.

Small hypogynous disk, or none.
Albumen abundant.
Flowers irregular Fmnariaceee. 14.

Flowers reguiiir. Sap milky. Fruit
without central pulp .... Papaverace<B. 13.

Fruit with central' pulp, or fleshy.
Sap watery Flacourtiacece. 19.

Albumen in small quantity, or wanting.
Calyx tubular, furrowed . . . FrankeniacecB. 23.

Placentas covering the dissepiments . . . Nymphceacece. 10.

Placentas axile.

Styles distinct to the base.
Calyx valvale Vivianiacece. 27.

Calyx much imbricated.
Seeds smooth. Petals unequal-sided,
without appendages .... IlypericacecB. 36.

Seeds shaggy. Petals unequal-sided, usu-
ally with appendages at the base . . Reaumuriaceee. 37.

Seeds smooth. I'etals equal . . . Linacece. 65.

Calyx slightly imbricated.
Petals not twisted in aestivation. Ovary
with a free central placenta . . . Caryopkyllacece. 26.

Styles more or less combined.
Fruit gynobasic.
Stamens arising from scales . . . Simarubacece. 63.

Stamens not arising from scales.
Styles wholly combined.
Flowers hermai)hrodlte . . . Rutacece. 59.

Flowers unisexual, or polygamous . Xanthoxylacece. 60.

Styles divided at the apex.
Flowers irregular. Fruit usually with

elastic valves. Balsaminacece. 67.

Fruit not gynobasic.
Calyx much imbricated, in an irregular
broken whorl.
Flowers symmetrical . . . ClusiacecE. 35.

Flowers unsymmetrical.
Flowers regular.

Petals with appendages at their
base. Leaves alternate . . SapindacCiS. 40.

Petals without appendages at

their base. Leaves opposite . Aceracece. 44.
Flowers irregular.
Flowers falsely papilionaceous.
Ovary 2—3-celled . . . Polygalacea. 41.

Flowers not papilionaceous in ap-
pearance. Ovary 1 -celled . Krameriacea. 42.

Calyx but little imbricated, in a complete
whorl.

Carpels 4 or more.
Seeds winged Cedrelaceec. 48.
Seeds wingless.
Stamens united into a long tube . Meliaceie. 49.
Stamens distinct, or nearly so

LL 2
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Leaves dotted. Seeds amygdaloid Aurantiacece. 50.

Leaves without dots. Seeds minute Brexiacece, 54.

Carpels less than 4.

Seeds comose Tamaricacete, 24.
Seeds not comose.
Ovules pendulous. Petals twisted

in aestivation Canellacece. 53.

Ovules ascending, or horizontal.
Petals imbricated in aestivation . Pittosporacee. .')2.

Ovules pendulous. Petals imbri-
cated in aestivation . . . Cyrillacece. 57.

Calyx valvate, or but very slightly imbri-
cated.

Anthers opening by pores . . . Tremandracece. 43.

Anthers with longitudinal dehiscence.
Calyx generally enlarging with the fruit Olacacea. 55.

Calyx small, not enlarging with the
fruit Icacinacece. 56.

Stamens more or less perigynous.
Flowers irregular. Ovules pendulous Tropceoiacece. 69.

Flowers regular. Ovules erect . . Limnanthacece. 70.

B. Leaves with stipules.

a. Carpels distinct, or solitary.

Anthers with recurved valves. Carpel solitary Berberidaceee, 8.

Carpels several Coriarieacece. 62.

b. Carpels wholly combined; with more placentas
than one.

Placentas parietal.

Leaves with circinate vernation . . . Droseracea:. 22.

Leaves witli involute vernation. Anthers
crested, and turned inwards . . . Violacecs. 20.

Stamens opposite to the petals. Anthers
naked, and turned outwards . . . Sauvagesiacece. 21.

Placentas axile.

Styles distinct to the base.
Calyx much imbricated, in an irregular

l)roken whorl.
Petals small, sessile Elatinaceee. 25.

Calyx but little imbricated, in a complete
whorl.

Petals conspicuous, stalked . . . Malpi^hiacece. 46.

Calyx valvate Tiliacece. 31.

Styles' more or less combined.Fruit gynobasic.
Gynobase fleshy .... , . Ochnacece. 61.

Gynobase dry.
Leaves regularly opposite . . . Zygophyllacea. 64.

Leaves more or less alternate.
Fruit beaked , . . . . Geraniaceee. 68.

J"niit not beaked Oxalidacece. 66.

Styles more or less combined. Fruit not gy-
nobasic.

Calyx much imbricated, in an irregular
broken whorl.

Flowers surrounded by an involucre . Chhsnacece, 33.

Flowers not surrounded by an involucre Sapindacece. 40.

Calyx but little imbricated, in a complete
whorl.

Stamens 3. Sepals and petals pentamerous Hippocrateaccce. 45.

Stamens more than 3.

Calyx Rlandular. Petate without appen-
dages Malpighiacete, 4G.

Calyx not glandular. Petals with ap-
dagos Erythroxylacece . 47.

Calyx valvate.
Stamens united by their filaments into a
column Sterculiacett. 29.
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Stamens not united into a column.
Stamens opposite to the petals if equal to

them in number- Anthers versatile . . Vitacece. 51.

Stamens alternate with the petals if equal to

them in number. Anthers not versatile . Tiliacete. 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 TlMlamifloras is to have dichlamy-
deous flowers and polypetalous corollas, yet exceptions do occur o-.-casionally

to both those characters. Thus, we find apetaloiis genera and species in
Ranuncutacecc, Menispermacece, Papaverace<s, Flarourtiaccce, Caryophyl-
lacecE, SterculiacetE, Byttneriacea; TdiacecB, Malpightacea, Rutacece. Xan-
thoxylacecB, and Geraniacece. Again, in the order> Anonacece and RutacetB,
we iSnd some monopetaious species and genera. In TropaeoiaccEe and Lim-
nanihaceae the stamens are more or less perigynous, instead of hypogynous, as
is commonly the case in the ThalamiflorEe. Perigynous stamens are also oc-
casionally found in other Tbalamifioral orders.

Sub-class II.— CalyciflorcB,

1. Perigynje.

Natural Order 71. Celastraceje.—The Spindle-Tree Order.

—General Character.

—

Shrubs ox small trees. Zeares simple,

generally alternate, or rarely opposite, with small deciduous

stipules. Sepals 4— 5, imbricated. Petals equal in number to

the sepals, inserted on a large disk which sun-ounds the ovary
;

in (Estivation imbricated, sometimes wanting. Stamens as many
as the petals and alternate with them, inserted on the disk

;

anthers innate. Disk 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 dnipaceous and indehiscent,

or capsular with locuhcidal dehiscence. Seeds ascending, with

(Jig. 735), or without an aril ; albumen fleshy ; embryo straight;

radicle short, inferior; cotyledons flat.

Diagnosis.—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, arillate or exarillate, albuminous

;

embryo straight, radicle inferior.

Distribution, Sfc.—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 :

—Euonymus, Catha, Celastrus, Ptelidium, Elseodendron, Caryo-
spermum. There are 30 genera, and 260 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 :

—
LL 3
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Euonymus eurojiceus, is the common Spindle-tree of our hedp^es. In
France, the charcoal which is prepared from the wood, is used in the manu-
facture of gunpowder ; while the young shoots, in a charred 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 ofsome other species have
similar properties. The bark of E. tingens has a beautiful yellow colour on
its inside, which may be used as a dye.

Catha ednlis and spinosa.— 'Vhe young slender shoots with the leaves at-

tached, of these plants, constitute the Arabian drug called Kat, Khat, or
Cafca. 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 al.«o

made from it, and used as a beverage like our tea ; its effects are described as

being somewhat similar to those produced by strong green tea, but the excite-

ment of a more pleasing and agreeable nature. By some writers the term Kat
is applied to the drug in its unprepared state, and Cafta to a preparation
made from it.

Celnstrus pan'culatus or nutans.—The seeds of this plant yield an oil of a
stimulaUng nature, which is sometimes used as a medicine in India. C. scan-
dens and senag-'lensis, have purgative and emetic barks.
Elceodendron Kubu.—The drupaceous fruits of this species are eaten at the

Cape of Good Hope.

Natural Order 72. Stackhousiace^. — The Stackhousia

Order.

—

Herbs or rarely shrubs, with simple, entire, alternate

minutely stipulate leaves. Calyx 5-cleft, with itstube in-

flated. Petals 5, united below into a tube, arising from the

top of the tube of the calvx, and having a narrow stellate

limb. Stamens 5, distinct, of unequal length, perigyuous.

Ovary superior, 3 or 5- celled, each cell containing one erect

ovule ; styles 3 or 5, distinct, or combined at the base. Fruit

consisting of from 3—5 indehiscent carpels, attached to a
central persistent column. Seeds with fleshy albumen; embryo

erect; radicle inferior.

Distribution, Sfc.— Natives of New Holland. Examples :—
Stackhousia, Tripterococcus. There are but 2 genera, and 10

gpecies.

Properties and Uses.—Unknown.
Natural Order 73. Staphyleace^.—The Bladder-Nut Order.—Shrubs, with opposite or rarely alternate, pinnate leaves

which are furnisl\ed with deciduous stipules and stipels.

Calyx 5- parted (fig. 766), coloured, imbricated. Petals 5 (Jig.

766), alternate with the divisions of the calyx, imbricated.

Stameris 5 (Jig. 766), alternate with the petals, and inserted

with them on a large disk. Ovary superior, composed of 2 (fig.

766), or 3 carpels, which are more or less distinct; ovules nume-
rous; styles 2 or 3, coherent at the base. Frtiit fleshy or

membranous. Seeds ascending, with a bony testa ; albumen
little or none.

Distribution, ^r.—They are scattered irregularly over the

globe. Examples

:

—Turpinia, Euscaphis, Staphylea. There are
but 3 genera, and 14 species.

Properties and Uses.—The bark of some species is bitter and
astringent, as that of Euscaphis staphyleoides. Others havo
oily and somewhat purgative seeds, as Staphylea pinnata, Sfc.
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Natural Order 74. VocHTSiACEiE.—The Vochysia Order.

—

Trees or shrubs, with entire, usually opposite leaves, which are

furnished at the base with glands or stipules. Floivers, very
irregular, and unsynimetrieal. Sepals 4— 5, coherent at the

base, very unequal, the upper one spurred, imbricated in

aestivation. Petals 1, 2, 3, or 5, unequal, inserted upon the

calyx, imbricated in sestivation. 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; placentas axil-; style and
stigma 1. Fruit usually capsular, 3-cornered, 3-celled, with locu-

licidal dehiscence, rarely indehiscent and 1 -celled. S^eds usually

winged, without albumen, erect.

This order is generally placed near Comhretacece, but it is

readily distinguished from it, by its superior or nearly superior

ovary, for which reason we place it near Stapliyleacece. Lindley
considers it most nearly allied to the Viulacece and the Polyga-

lacece.

Distribution, 8fc — Natives of equinoctial America. Ex-
amples :— Qualea, Vochysia, Salvertia. According to Lindley,

there are 8 genera, and 51 species.

Properties and Uses.— Generally unimportant, although some
are said to form useful timber..

Natural Order 75. Rhamnace^.—The Buckthorn Order.

—

General Character.— Shrubs or small trees, which are often

spiny. Leaves simple, alternate, or rarely opposite ; stipules small,

or wanting. Flowers small, usually perfect (Jig. 771), sometimes
unisexual. Calyx 4—5-cleft, with a valvate sestivation (fig.

771). Petals equal in number to the divisions of the calyx

(fig. 771), and inserted into its throat, cucullate or convolute,

sometimes wanting. Stamens equal in number to the petals

(fig. 771), and opposite to them when present, and alternate to

the divisions of the calyx. Disk fleshy. Ovary (fig. 771)
superior or half superior, immersed in the disk, 2, 3, or 4-

celled; ovules 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.

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; the stamens alternate with the divi-

sions of the calyx, and opposite the petals when these are pre-

sent. Ovary more or less superior, surrounded by a fleshy disk.

Fruit dehiscent or indehiscent, 2, 3, or 4-celled, with one erect

seed in each cell. Seed usually albuminous, without an aril.

Distribution, Sfc.—Generally distributed over the globe except
L L 4



520 SYSTEMATIC BOTAJfY.

in the very coldest regions. Examples:— Paliurus, Zizyphus,

Hovenia, Ehamnus, Ceanothus, Discaria. There are 42 genera,

and 250 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 :

—

Ventilago Maderaspatana.—TapU—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. Jvjuhii, and others, yield the fruit, known under the name of
jujube. Z. Lotus 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 the
ancients is sujiposed to be the Nilraria trideniata. (See Nat. Ord. Malpi-
ghiaceffi, p. 490.) The berries, or seeds ol some species of Zizyphus are re-
garded as sf dative, while those of Z. Boclei are reputed to be poisonous.

Sagerelia iheezans, is a native of Chma, where its leaves are used as a sub-
stitute for tea by the poorer inhabitants.

Hovenia dulcis 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.

Rhainnus .—This genus is the most important in the order. Thus, R.
catharticus, commonly called Buckthorn, produces a fruit which has been used
for ages as a cathartic'; it is. however, but rarely employed at the present day,

on account of its violent and unpleasant operation. The bark of li. F)a7igtila,

the Black Alder, possesses purgative and alterative properties. It is reputed
to be efficacious in various cutaneous aflFectiDus, rheumatism, secondary
syphilis, &c.; a greenish or yellowish green dye is made from the leaves. The
colour called Sap-green, is prepared by evaporating; to dryness, the juice of the
Buckthorn berries previously mixed with lime. The unripe fruits of li. infec-

torius, are known in commerce under the name of French Berries (Graines
d'Avignon of the French); while those of R. amygdalinus, constitute the
berries called yellow berries, or Persian berries. Some authors say, that

both the French and Persian bprries are the produce of one species, the ff.

infectorius, and that the only difference between them is in size,—those called

French or Avignon berries, being smaller, and not of such good quality as

the Persian berries, which are obtained from the Levant. These berries

f)roduce a beautiful yellow colour, which is chiefly used for dyeing morocco
eather. R. saxatilis produces a fruit, which may be also employed for dyeing
yellow. This plant is said by some authors to be the source of Persian berries.

In Abyssinia, the leaves of R. pauciflorus, and the fruit of R. Sladdo, both of

which possess bitter properties, are employed as a substitute for hops in the
preparation of beer. From R. alaternus a blue dye may be prepared. The
Chinese green dye [T.o-kao), now much used in Europe, is prepared from R.
chlorophorus (globosus) and R. utilis.

Ceanothus americanus.—The young shoots are employed as an astringent

;

and in New Jersey the leaves are dried and used as a substitute for tea ; hence
thev are commonly known as New Jersey Tea.

Discaria Jebrifuga The root of this plant is used in Brazil as a febrifuge
and tonic.

Goiiania domingensis is reputed stomachic, and a few other plants ofthe order
are regarded as possessing somewhat analogous properties.

Natural Order 76. Anacakdiace.e.—The Cashew-Nut or

Sumach Order.— Trees or shrubs, with alternate, simple or

compound leaves, which are exstipulate, and without dots.

Flouers regular, small, and frequently unisexual. Cali/x per-

sistent, with usually 5, or sometimes 3, 4, or 7 lobes. Petals

equal in number to the divisions of the calyx, pcrigynous,

imbricated; sometimes absent. Stamens alternate with the
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petals, and of the same niunber ; 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 hypogynoiis, 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 sohtary,

attached to a long funiculus which arises from the base of the

cell. Fruit indehiscent, drupaceous or nut-like. Seed •without

albumen.
Distribution Sfc.—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

:

—Pistacia, Rhus, Melanorrhoea, Mangifera, Anacar-

dium, Semecarpus, Spondias. There are 49 genera, and about

100 species.

Properties and Uses.—Thej 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 certain parts of the world.

Many plants of this order furnish varnishes. The more important

plants are as follows:

—

Pistacia Lentiscus, is the source of the concrete resin called mastic or
mastich. This is chiefly employed dissolved in spirit of wine, or oil of tur-

pentine, as a varnish and cement. It is principally obtained from the island of

Chio, where this plant is much cultivated. P. Terebinthus is the source of the

liquid oleo resinous matter, called Chwn 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 Coniferje. This also, as its

name indicates, is chiefly obtained from the island of Scio or Chio. Pistacia

vera produces the fruit known as Pistachio or IMstacia-nut, the kernels of

•nhich are of a green colour, and have a very agreeable flavour. They are
highly esteemed by the Turks and Greeks, and are occasionally imported into

this country. P. Khinjuk and P. Cabulica, natives of Scinde, yield concrete
resins resembling masnc.
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 irom some of them ex-
cite violent erysipelatous inflammation upon certain individuals who are

brought within their influence. R. Toxicodendron is the Poison-oak of North
America. The leaves contain a peculiar acrid pnnciple, upon which their

medicinal properties appear to be due. They have been thought to be useful

in old paralytic cases, and in chronic rheumatism. This plant is by some
authors considered as merely a variety of R. radicans, which has similar

properties to it. R. venenata is the Poison-ash or Poison-elder, and like the

two former, has very poisonous properties. The above plants in a fresh state,

ought to be very carefully handled, as their juices frequently cause violent

erysipelatous inflammation. The bark of R. Coriaria is a powerful astringent,

and IS used in tanning ; other species have similar propertves. The Iruit of

R. Coriaria is acidulous, and is eaten by the Turks. The leaves of R. Cotinus,

when dried and powdered, constitute the material called Shumac or Sumach,
which has been employed in tanning and dyeing for ages. The woou is also

known in commerce as Young Fustic or Zante Fustic. It is used for dyeing,

and produces a rich vellow colour. This must not be confounded with Old
Fustic, which is obtained from an entirely different ploUt (see Madura
tinctoria). R. Metoptum, a native of Jamaica, furnishes the Hog-tum of
that island, which is 5aidto have astringent, diuretic, and purgative properties

when given internally, and to act as a vulnerary when applied externally
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to wounds, &c. From the fruits of R. succedaneum, and probably other species,
Japanese Wax is obtained, which is now largely used in this country for
candles, &c. (See Pharmaceutical Journal, vol. i. New Series, page 170).

Melavorrhcen usitatissimn furnishes the va-iiish of Martaban.
Stagmaria verniciflua. is the source of a valuable hard black varnish, known

in the Indian Archipelago under the name ai Japan Lacquer.
Holigarna longifolia.—The fruits of this plant and those of Semecarpus

Anacaidium, furnish the black varnish of Sylhet, which is much used in
India.

Mangifera indica— The fruit 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.

Anacardiurn occidentale, the Cashew-nut, is remark.able for its enlarged
fleshy peduncle, which is eaten as a fruit ; and its ju'ce when fermented,
produces a kind of wine in the West Indies. Each peduncle bears a small
kidney-shaped nut, the pericarp of which is very acrid, but the seeds are
edible. By ro.isting the nut, the acridity is destroyed, and the seed then
possesses a fine flavour.

Semecarpus Aiiacardium, is the source of the Marking Nut. These nuts
are used extensivelv in the preparation of a black varnish. The seeds are
edible like those of the Cashew. These nuts and the fruit of Holigarua Inngi'

folia (as belore noticed), furnish the black varnish of Sylhet, used in the East
Indies, (or varnishing lacquer-work, and for marking linen, hence their com-
mon name.

Spoudias purpurea, S. Momhin, and others, have edible fruits, called Hog-
plums in the Brazils and West Indies. The fruit of S. ci/therea or dulcis, a
native of the Society Islands, is said to rival the Pine- Apple in flavour and
fragrance.

Natural Order 77. Sabiace^—The Sabia Order.—This is

a small order of plants, containing but 2 genera and 9 species,

which were formerly placed as doubtful genera of the Anacar-
diacese : but the Sabiacece 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

Sabiacea; as related to Menispermaceoe and Lardizabalaceaj.

Distribution, Sfc.— Natives of the East Indies. Examples :—
Sabia, E.xitelia (?). Their properties are altogether unknown.

Natural Order 78. Connarace.!:.—The Connarus Order.

—

Trees or shubs. Leaves alternate, without dots, compound,
and generally exstipulate. Flov)ers usually perfect, rarely

unisexual. Calyx 5-parted, imbricate or valvate in assti-

vation. Petals 5, inserted on the calyx, imbricate or val-

vate. Stamens 10, usually monadelphous, nearly or quite hypo-
gynous. Carpels 1 or more ; ovules 2, sessile, collateral,

ascending, orthotropal. Fruit follicular. Seeds with or with-
out albumen, arillate or exarillatc; radicle superior, at the ex-
tremity most remote from the hilum.

Distribution, Sfc.— Natives of the tropics, and most common
in tropical America. Examples:— Coiniarus, Omphalobiuni,
Cnestis. There are 5 genera, and 41 species.

Properties and Uses.—Some have oily seeds; others have an
edible aril, as some species of Omphalobium. The zebra-wood
of the caljiiict-niiikers, is said to be furnished by a very large

Guiaua tree, — the Omphalobium Lamberti,
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Natural Order 79. Amyridaceje.—The M}Trh and Frankin-

cense Order.— Trees or shrubs, abounding in a fragrant

gum-resinous, or resinous juice. Leaves compound, frequently

dotted. Flowers perfect, or rarely unisexual. Calyx per-

sistent, with 2—5 divisions. Petals 3—5, arising from the

calyx below a 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 supe-

rior, turned towards the hilum.

Distribution, ^c.—They have been only found in the tropical

regions of America, Africa, and India. Examples :— Boswellia,

Balsamodendron, Elaphrium, Icica, Bursera, Canarium, Amyris.

Lindley enumerates 25 genera, including about 50 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;

others bitter, purgative, and anthelmintic; and a few furnish

useful timber. The more important plants are as follows :

—

BosveUia thurifera (serrata), supplies the gum-resin known as Indian
Olibanum. The name Olibanum appears to be derived from the Greek
Xi^otvoi. It is the Lehovah of 'he Hebrews, and the Incense or Frankincense
of the Bible. B. glabra supplies a somewhat analogous gum-resiu. The
gum-resjii known in commerce as African or Arnbian Olibanum, appears to

be also derived from a species oi Bosivellia; according to Royle. the plant yield-

ing it, is B.floribuiida. Olibanum is chiefly usedas a fumigation. B. pupyri-

fera a native of Abyssinia, also yields a fragrant gum-resin. This tree is also

remarkable on account of its inner bark, wliich peels oflF in thin white layers,

which may be used as paper.
Balsamudendron Myrrha, is generally regarded as supplying the gum-

resin known in commerce und-r the came of Myrrh. It is called in Hebrew
mor or wur, and is mentioned in the Old Testament for the fiist time, in

Gen. xxxvii. 25 , hence it must have been in use for more than 3500 years.

The plant or plants yieldmg Myrrh, for it is not yet altogether certain from
whence it is derived, are natives of Africa and the adjoining parts of Arabia.

Medicinally, myrih is regarded as tonic, stimulant, expectorant, and antispas-

modic, when taken in'ernally ; 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 Ihihn of the Old Testament, is said to be
procured from B'tlsfimnienriron Gilemiense. although some authors say, that

it is the produce of B. Opobalsamum. The gum-resin known as Indian
Bdellium or false myrrh, (the B' elliuin of Scripture), is also nrobably de-

rived from species of Bnlsam dendron, namely, B. mukvl and B. pubescens.

Bdellium is the Googul or Guggur of the Beloochees, and the Mokul of the

Persians. It is very similar to myrrh. African Bdellium is said to be the

produce of jB.fl//7CfmM/«. The inner bark ]of B. pubescens peels off in thin

white laver«i like that of Boswellia papyrfera, (see above).

Elaphrium elemiferum, yields a conciete resinous substance, known as

Mexican Elemi. E. tomentosum also produces one of the resinous substances

called Tacamahac.
Icica Icicariha is supposed to yield Brazilian Elemi. Other species produce

somewhat analogous fragrant resins, as /. Carana. the source of American
Balm of Gilead, /. aracouchini, &c. /. allissima furnishes the Cedar-wcod of

Guiana, of which there are several varieties. It is chiefly used for making
canoes.
Bursera gummifera and B. acuminata, also yield fragrant resinous sub-
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stances,— that from the former, is termed Chibou or Cachibou resin,—-that
from the latter, Resin of Carana.
Canarium commune {C. xephyrinum of Rumph), is the probable source of

Manilla Elemi. C. balsaryiiferum of Ceylon, and C. album, a native of the
Philippine Islands, also yield fragrant resinous substances resembling ElemL
Amyris xeylajiicum, hexandra, and Plumieri, have been also stated to yield

a portion ot the Elemi of commerce, but there is no proof whatever of this

being the case. A. balsamifera 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 xachun in Egypt, where the plant
is cultivated.

Natural Order 80.

minous Order {Jigs.

Leguminosje or Fabace^.—The Legu-
912 — 915)..— General Character —

Fig. 912. Fig. 913. Fig. 914.

. 915.

Fig. 912. Diagram of the flower of the garden pea (,PifU7n sativum), s. Se-
pals, ps. Superior petal, pi, pi. Inferior petals, pl.pl. Lateral petals.
e, ct. Stamens, c. Carpel. Fi(/. 013. A flower of the above, et. Standard or
vexillum. at. Wings or alas. car. Carina or keel enclosing the essential
organs, c. Calyx Fiff. <H4. The essential organs of the same surroinided
bythecalyxc. c«. Bundle of nine stamens. eZ. Solitary stamen. s(. Style
and stigma Fig. 915. The fruit of the same with one valve removed.

Herbs, shrubs, or trees. Leaves alternate, stipulate, usually com-
pound (Jigs. 256 and 354). Calt/x (Jigs. 912 s and 913 c),

monoscpalous, inferior, more or less deeply divided into 5 parts,
the odd division bcin<^ anterior. Petals usually 5 (Jig. 912), or
sometimes by abortion 4, 3, 2, 1, or none, inserted into the
base of the calyx, equal or unequal, often papilionaceous (Jig.

913); the odd ])etal, if any, posterior, (Jig. 912). Stamens definite

(Jig^. 912 and 914), or indefinite, usually peri<2:ynous, rarely
hypoprynous, distinct, or coherent in 1, 2 (Jig. 540), or rarely 3
bundles

; anthers versatile. Oinr?/ superior, usually formed o'f 1

carpel (Jigs. 588 and 914), although rarely of 2 or 5; 1-cclled,
with I, 2, or many ovules; sti/le and stigma simi)le (Jig. 588).
Fruit usually a legume (Jigs. 653, and 673—675), sometimes
a lomeutum (Jigs. 670 and G76), and rarely a drupe. Seeds



CALTCIFLOR^. 525

1 or more, sometimes arillate, attached to the upper or ventral

suture {figs. 653, and 915) ;' albumen absent or present; embryo

(fg. 160) straight, or with the radicle folded upon the cotyle-

dons; cotyledons leafy or fleshy, and either hypogeal, or epigeal.

Diagnosis.—Herbs, shrubs, or trees. Leaves nearly always

alternate and stipulate, and usually compound. Flowers

regular or in-egular, often papilionaceous. Calyx inferior,

5-parted; odd division anterior. Petals 5, or fewer by abor-

tion, or none, perigynous, odd one when present, posterior.

Stamens 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 lomen-

tum, and rarely a drupe. Seeds 1 or more, with or without

albumen. This order may be usually distinguished by having

papilionaceous flowers, or leguminous fruit.

Division of the Order, ^c—The, order has been divided into

three sub-orders as follows :—
Sub -Order 1. Papilionace^.—Petals papilionaceous, im-

bricated in aestivation, and the upper or odd petal exterior.

Examples of the Genera:— Baptisia, Gompholobium, Pulten£ea,

Leptosema, Liparia, Hovea, Heylandia, Lupinus, Dichilus, Ulex,
Trifolium, Indigofera, Amorpha, Glycyn-hiza, Brongniartia,

Astragalus, Vicia, Arachis, Ornithopus, Onobrychis, Amphi-
carpsea, Kennedya, Glycine, Dioclea, Mucuna, Phaseolus, Fa-
gelia, Eriosema, Abrus, Dipteryx, Sophora.

Sub-Order 2. C^salpinie^.—Petals not papilionaceous,

imbricated in aestivation, and the upper or odd petal inside the

lateral petals. Examples of the Genera:—Leptolobium, Csesal-

pinia. Cassia, Swartzia, Tamarindus, Bauhinia, Copaifera, Ce-
ratonia,

Sub-Order 3. Mimose^.—Petals equal, and valvate in aesti-

vation. Examples of the Genera:— Parkia, Mimosa, Acacia.
Distribution, ^c.—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
general rule, the Papilionacece are universally distributed,

although most abundant in warm regions ; while the Ccesal-

piniecB and Mimosece are most common in tropical regions, but
many of the latter are also to be found in Australia. There are
about 520 genera, and 6650 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 pnr-
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poses. The Cercis, which renders the gardens of Turkey re-

splendent with its myriads of purple flowers; the Acacia, not
less vahied for its airy foliage and elegant blossoms, than for its

hard and durable wood; the Braziletto, Logwood, and Rose-
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 farmer,

are so many Leguminous species. The gums Arabic and
Senegal, Kino, Senna, Tragacanth, and various other drugs, not

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

quahties of the order in 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-

jurious, 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. PAPiLioNACEiE.—In tliis 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, Scarlet-runners, and
haricots (P/inseolus), Lentils {Ervnm), Chick-peas (Cicer), Pigeon-peas
(Cajanus, 8ic.) The seeds of the above plants, and many others, are com-
monly known under the name of pulse, and are t o well knr wn to need any de-
tailed description. Lucerne and Medick (Medicago\ M Mint (Melilotus)
Clover (7'r//b//M»n), Tares and Vetches (^7-VMW, Vicia), Saintfoin (Onobry-
c/it's), and many others which are comm(m 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-O'-der are however poisonous, ag
the roots of the Scarlet-runner (Phaxeolnsmultiflorus), the roots of Phaseolus
radintus, the seeds o<" Lnthi/rus Aphaca, the seeds atid bark of Laburnums
(Cytisus alpinus and C. Laburnum), the seeds of Anagyris fcetida, and it is

also sail! by some, (although denied by Macfadgen), the seeds of Abrus pre-
catorms, also the seeds of the Bitter Vetch (Kmum Ervilia), the juice of
Coronilla varia, the leaves of some Gutnpholob'Ufns, the leaves and young
branches ofTephrosia toxicnria, the bark of the root of Piscidia Erythrina, &c.
Perhaps the most virulently poisonous plant of the sub-order, is an unknown
species, su))posed to be allied to the genus Dolicfios, the seeds of which are
known under the name of the Ordeal-beans of Old Calabar, from their being
used in that district for trials by ordeal.
The plants of the sub-order which require a more particular notice, are as

follows: —
Jiaptisia tincloria This plant is the Wild Indigo of the United States. It

receives its common name from yielding a blue dye resembling indigo, al-
though of far inferior quality to that substance. The root and other parts
are reputed to be emetic and purgative.

Crotalaiajuncen, is an Indian plant which furnishes a coarse fibre called
Sunn, Sun, Shnnum, Taa<i, or Beneal Hemp. This is sometimes confounded
with Sunnrr, a fibre ohtainvd from Ilibiscus cannubinus. ( See H. cannabinus,
p. 407.) Crotalarin teuuifo/ia Anolhar Indian plant, is the source from whence
Juhhulpore Hemp is prepared.

Sarot/iamnus (Cyiiius) »coparius,h the common Broom. The seeds and
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tops in small doses are diuretic and laxative, and in large doses purpative and
emetic. They appear to owe their properties to a peculiar alkaloid discovered
by Dr. Stenhouse, and called hy him Spartiine. Saroikamnus junceus, the
Spanish Broom, has similar properties.
Melilotus officinalis.—The flowers and seeds of this and other species possess

a peculiar tragrancy, which is due to the presence of Cor/marine. They are
used to give the flavour to Gruyere and other kinds of Cneese.
Genista tirictoria, the Dyer's Broom, yields a good yellow dye, or when

mixed with Woad (Isntis lincloria). a green. (See p. 453.)
Trigonella Fcenum Grcecutn,— The seeds of this plant are used in veteri-

nary medicine under the name of Fenugreek.
hiritgofera tincturia, coendea, and probably some other species, when sub-

jected to a peculiar process yield commercial indigo, one of the most im-
portant of dyeing materials, and of which nearly 4' 00 tons are annually im-
ported into this country. It is very poisonous, but in proper doses it has
been employed in epilepsy and erysipelas, but its value in such diseases is by
no means well established.
Psoralea g/andulosa.— The leaves are used in Chili as a substitute for

Paraguay tea.

Glycyrrhiza glabra. Common Liquorice The roots or under-ground stems
of this plant, as well as those of other species, particularly G. echinata and
glandiihfera, possess a remarkably sweet taste, which is due to the presence
of an uncrystallizable sugar which is not susceptible of vinous feimentation,
and to which the names of Glt/cyrrkizin, Glycion, or Liquorice sugar, have
been given. Extract of liquorice root is imported in very large quantities
into this country under the name ot liquorice juice, or Spanish or Italian
juice from the countries whence it is obtained. The Spanish juice is prepared
from G. glabra; the Italian juii e from G. echinata. The root and the extract
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,
Ponfrfract lozenges, extract of liquorice, Solazzijuice, %c.

Tephrosia ApoUinea and toxicaria are used in Alrica for the preparation of
a blue dye resembling indigo. S-veral species of Tephrosia, particularly T.
toxicaria are used as fish poisons. They stupify the fish which are then
readily taken by thp hand. It has been thought by some, that T. toxicaria
would act on the hinn^n system like D gitalis, 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 empl yed in Egypt to adulterate
Alexandrian Senna. They m ly be readily distmguished from Senna leaflets

by their silky or silvery appearance, and by being equal.sided at the base
Robinia Pseud-acacia is the Locust tree. It is frequently cultivated in

Britain, on account of its flowers and its hard and durable wood.
Colutta arburescens. Bladder- Senna.—The leaflets of this plant have been

used on the continent to adulterate Alexandrian Senna. They are at once
distinguished from it by their regularity at the base.
Astragalus verus, gummifer, Creiicus, and other species, furnish Gum

Tragacanth. or as it is fi equt-ntly termed in the shops—^«7« dragon. It is used
by our manufacturers for stiflTening ci ape, &c. ; in medicine it is employed for
its demulcent and emollient properties, and as a vehicle lor the exhibition of
more active substances. Tragacanth exudes naturally, or from wounds made
in the st^ms of the above mentioned plants. The seeds of A. bceticus are used
as a substitute for coffee in some parts of Germany.
Orobus tuberosum— The roots are occasionally eaten in the Highlands of

Scotland, and in Holland
Arachis hypogcea. — This plant is remarkable for ripening its legumes

under the surface of the ground, hence it is commonly known under the
name of Ground Kut. The seeds are used as food in various parts of the
world, and are occasionally 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 Katchnng 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 much employed for watches and other delicate machi-
nery ; also for burning and other purposes.

Coronilla Emerus has cathartic leaves. They have been used to adulterate
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Senna on the continent. They form the Sent Sauvage, or Wild Senna of

France.
JEschynomene paludosa.—The stems of this plant furnish Indian rice paper,

the Sho/a of India. This must not be confounded with the Chinese rice

paper. (See Aralia). They are remarkably light and spongy, and hence are
commonly used for making floats and buoys for fishermen, and at Singapore,
for the manufacture of very light hats. A fibre called Duchai Hemp, is ob-
tained from JEschynomene cannahina.
Alhagi Mauroriim, Camel's Thorn—This plant and other species related

to it, secrete in Persia and Affuhanistan, a kind of manna. This substance is

obtained by simply shaking the branches. It is highly esteemed by the Aff-

ghans as a food for cattle. It has been supposed to have been the manna upon
which the Israelites were fed in the wilderness, but such an idea is undoubtedly
incorrect.

Soja hispida.—The legumes of this plant are used in India, &c., in the pre-
paration of a sauce called Soy. It is imported from thence in large quan-
tities.

Mncuna pruriens The hairs covering the legumes of this species and
those of M. prurita, are sometimes used as a mechanical anthelmintic, under
the name of Coivhage or Cow-iich. An infusion of the root of M. pruriens is

also used in India as a remedy for cholera. M. urens and altissitfia furnish a
black dye.

Buteafrondosu.—This plant is a native of India. It yields an astringent gum
called hutea gum, which resembles Kino in its properties, and is sometimes
forward.d to tliis country under that name. It is used in India n diarrhoeas

and similar diseases, and also for tanning. &c. The dried flowers of this

species, and those of B. superba, are known 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 l)een imported into this country.
The fibres of the inner bark of B. frondosa are known under the name of
Fulas cordage.

Voandzea.— The seeds of this plant resemble those of the Arachis hypngcea
in being edible. They are boiled and eaten as peas. Their native name in

Surinam is Gobbc.
Abrui precatorins.—The seeds are used as beads, for making rosaries, neck-

laces, 6cc., hence their common name of prayer-beads. They are of a scarlet

colour with a black mark on one s'de. They are reputed to be poisonous.
The roots resemble those of the Liquorice plant, and hence the name of
JVild Liquorice by whicli this plant is sometimes known.
Pterucarpus P. Marsupium is the source of the officinal Kino of our

Pharmacopoeias, which is known under the names of East Indian, Amhoyna,
or Malabar Kino, or in the shops as Gum Kino. It is a powerful astringent.

p. erinuceus, a native of West Africa, yields a similar astringent sni)StMnce,

c-ilied African Kino. East Indian Kino is that commonlv met with in this

country. Some other species appear to yield similar products. Red Sandal
or Jied Sander's Wood is obtained from P. santalinus. It is used in medi-
cine as a colouring agent, and also by the dyer for the production of red and
scarlet dyes. It contains a peculiar colouring matter, f a lesinous nature called

Santaline. P. dalhergioides is said to yield the Andamm Red Wood. It is

a valuable timber tree, and is also useful as a dyeing material. The bark of

P.fldviis is used in China for dyeing yellow. P. Draco is one of the plants

from which the Dragon's Blood ofcommerce is obtained. This is sometimes,
but improperly, called Gum Dragon. The true Gum Dragon of the shops is

yielded by a .species of Astragalus. (See Astragalus, p. ."527.)

Ditlbi-rgia. Several species of this genus are good timber trees. The most
valuable of them all is D. Sissoo. In India its wood is called sissoo and
Sheeslinm. East Indian Ebony or Black Wood, is obtained from D. latifolia.

(Sfe a.\st> Diospy/os )

Triplo/omcea The Rose-wood of the cabinet-makers is said to be obtained
from several species of this genus, natives of South America.
Andirn inrrmis ; The Cabbage-Bark Tree—The bark of this tree, known

as CabiiaKe-bark or Worm-bark, was formerly much used as an anthelmintic.

It possesses cathartic, emetic, and narcotic proiierties. In large doses it is

poisonous. The wood is said by some authors to furnish the Partridi/e-wood

of the cabinet-makers. By others this is said to be produced by Ileis/cria

voccinea (Olacacra-). (See p. 499. ) A. retusa yields a bark with similar pro-
perties, which is known under the mine of Surinam Bark.
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Geoffroya vermifuga, spinulosa, and other species possess barks which have
similar properties to those from the species oi Andira.
Dipteryx oduraia— The seeds of this platit, which is a native of Guiana,

have a very powerful and agreeable odour, which is due to the presence of a
volatile oil containing Coumarine. They are used for scenting snuflF and in
perfumery, and ate comtnonly known under the name of Tonquin or Tonka
Beans. Coumarine is also present in other plants of this Sub-order, as in the
seeds and flowers of Melilotus officinalis and ccerulea, as already noticed.
Fragrant seeds are also obtained from D. oleifera. They are the Eboe-Nuts
of the Mosquito shore.
Sophora japunica—The dried flower-buds are extensivfly used in China,

for dyeing yellow. They are known under the name of Wai-fa.
Bowd'chia virgiVoides.— The bark of this plant, with that of one or more

species oi Bijrsonima (Malpighiaceae), is said to form the American Alcornoco
or Alcornoque Bark of commerce. (See Byrsonima,^. 489 and 490.) It is

used by the tanners.
Myrospermicm toluiferum.—Balsam of Tolu is obtained by making incisions

into the bark of this plant. Balsam of Peru is also obtained from a species of
Myrospernium, called by Pereira Myrospennum of Sonwnate. as it grows on
the Sonsonate coast of San Salvador ; from which district our supplies of
Balsam of Peru are now obtained. Sinre the lamented death of Dr'. Pereira
the tree has been called by Dr. Royle M. Pereira, a name which, out of com-
pliment to the memory of that distinguished man it is desirable to retain. By
some authors M. Peruiferum, a native of Peru, is considered to be the source
of the commercial Balsam ^ but this must be incorrect, as no supplies of
Balsam are now obtained from Peru. Balsam of Peru is known in com-
merce under the names of Sonsonate or St. Salvador Black Balsam. Two
other medicinal products are also derived from 3/. Pereira, namely. White
Balsam, which is obtained by pressing without heat the interior of "the fruit
and seed; and Balsamito, or Essence or Tincture of Virgin Balsam, which is

made by digesting the fruit (deprived of its winged appendages) in rum. A
peculiar crystalline substance has been obtained by Stenhouse from White
Balsam, to which he has given the name of JMyroxocarpine.
Caslanospermum australe—The seeds when roasted are said to resemble in

flavour the chestnut. The plant is a native of New South Wales.
Sub-Order 2. Cesalpixie.e.— 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 of this sub-order.
The fruits of some again are edible, and none possess any evident poisonous
properties. The more important are the following : —

HcematCKcylon campechianum.—The wood is employed in dyeing, and as an
astringent and tonic in medicine. It is commonly known under the name of
Logwood. It contains cry^Uine colouring principles called hcematin and
hcematoxylin.

Parkinsonia acuUata.— Useful fibres are obtained from the stems of this
plant.

Guilandina Bonduc, the Nicker Tree— The seeds are reputed to be
emetic and tonic. They are very bitter. The bark also possesses bitter and
tonic properties.
Poinciana pulcherrima.— The roots are said to be tonic, and the leaves

to have purgative properties.

CcEsalpiJiia. — The twisted legumes of C. coriaria are powerfully astringent,
and are extensively used in tanning under the name of Divi-divi or Libi-dibi.
The legumes of C. 'Papai&re employed for a similar purpose, but they are very
inferior to them. They are caWed Pi-pi. 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. C. echinata fur-
nishes Nicaragua, Lima, or Peach-wood, which is very extensively used in
dyeing red and peach-colour. C- crista is the plant from which Brazil-wood is

obtained. It is used for dyeing yellow, rose-colour, and red. C. Brasiliensis
furnishes another dye-wood, 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 specie's 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. Sorre imcertaiuty, however, still prevails

M M
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as to the source of some of the commercial kinds. That varietj- known com-
monly as Alexandrian Senna is generally considered to be derived from Cassia
officinalis, var. lanceolata (the Cassia acutifolia of Home and some other
authors), anA C.obovaia. Pereira also thought that it sometimes contained
the leaflets ot C'. cethiopica, but we have never succeeded in finding any
in Alexandrian Senna. This is the kind generally most esteemed in this

country, but it is frequently adulterated with the leaves of other plants, as

those of SolenostcDwia Argei, Tepkrosta Apollinea, &c., from which it is

readily distinguished by the inequality of its leaflets at the base. The Com-
mon East Indian, Mecca, or Bombay Senna is supposed by Royle to be the
produce of C. officinalis, var. acutifolia j according to Pereira it is derived
from C. elongaia of Lemaire, while Forskiil states it to be from C. lanceolaUt
of Forskiil and Lindley. Tinnivelly Senna is furnished by C. officinalis,

var. elongaia (C. lanceolata of Royle). It is a very fine kind. The above
three varieties are those generally used in England, and are officinal In oiir

Pharmacopoeias. Other commercial varieties are Tripoli Senna, from C. cethio-

pica i Aleppo Senna, from C. obovaia ; and American Senna, from C. 7nari-

landica. Cassia Fistula {Cathartocarpns Fistula).—The fruit, which is. inde-
hiscent, and divided into a number of cells by spurious dissepiments (^fig.

699), contains a reddish-black pulp with a sweetish taste, which possesses
laxative and purgative properties. C. braziliana, probably only a variety of
the preceding, has a larger longer and rougher fruit, which also possesses pur-
gative properties. It is commonly used in veterinary medicine, and is known
as Horse Cassia. The bark of C. auriculnta is saicT by Roxburgh to be em-
ployed for tanning and dyeing leather. The flowers are also used for dyeing
yellow. The seeds of C. absus, under the name of Chichon or Cismatan,
are used in Egypt as a remedy in ophthalmia.

Tumarindus indica The fruit of this plant is the well-known Tamarind.
It contains an agreeable acidulous, sweet, and reddish-brown pulp, which is em-
ployed medicinally in the preparation of a cooling laxative drink. When the
pulp is mixed with sugar, it is frequently employed as a preserve.
Hymenaoa Courbaril, the West-Indian Locust-tree, is supposed to furnish

<ium Anime or Eas-t-lndian Copal. Some of the East- Indian Copal is, how-
ever, probably obtained from H. verrucosa. This, and other kinds of Copal,
are extensively used in the preparation of varnishes. Brazilian Copal is

considered to be furnished by several species of Hyniencca, and by Trachy-
lobium martianum. At least three kinds of Copal are also obtained from
Africa, under the respective names of African Copal. African Yellow -gum,
and African Red-gum. Some of these are also, probably, derived from species

of Hyniencea, and from Guibourtia copalUfera. Mexican Copal is also supposed
to he derived from a species o{ Hymencea, 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 ferment-
ation, an intoxicating beverage is obtained. This tree grows to a large size,

and its timber under the name of Locust-wood, is used by ship-carpenters.
BauMnia J'ahlii, raceniosa, and parviflora furnish fibres which are used in

making ropes. B. retusa produces a kind of gum. B. variegata has an as-
tringent bark, which is used in medicine, and for tanning and dyeing leather.

Tiie buds and dried flowers of B. tomentosa are also astringent, and are
employed in dysentery, &c. Other species oi Bauhinia are used in Brazil for

their mucilaginous properties.
t'o/)rt;/(;«.— Several species of this genus, as C. multijuga, C. officinalis,

C. l.angsdorjii, C. coriacca, kc, yield the oleo-resin, commonly known under
the name of Balsam of Copaiba. This is obtained by making incisions into the
fitems of the trees. C. pubijiora, and probably C. bracteata also, furnish the
Purple Heart or Purple Wood of Guiana, which is largely employed for making
musket-ramrods, &c.

Dinliitni indicum yields a fruit called the Tamarind Plum," the pulp of
which has au agreeable slightly acidulous taste, somewhat resembling that of
the common Tamarind.

Codarium anUiJolium and obtusifoliutn yield fruits which are known under
the names of Biow n and Velvet Tamarinds. They are both natives of Sierra
Lei'iie. The pulp of both species is eaten, and has an agreeable taste.
Morn rxri-lsa.— This jilant, which is a large tree, a native of Guiana, fur-

nishes the Mora Wood employed largely for ship-building.
Ceratonia Siliqua.—Thv ripe fruit of this plant is known under the names
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of Carob, Locust, St. John's Bread, and Algaroba Bean. Its pulp has a very
sweet taste, and is supposed to have been the food of St. John in the wilder-
ness. It is now largely imported into this country as a food for cattle.

Baphia nitida, a native of Sierra Leone and other parts of Africa, furnishes
the dye-wood known under the name of Barwood or Camwood. It produces
a brilliant red colour.

Sub-Order 3. Mimose^.—The plants of this sub-order are chiefly remark-
able for yielding gum and astringent principles. Some few are reputed to be
poisonous, as the Acacia varians, the root of a Brazilian species of Mimosa,
the leaves and branches of Prosopis uil/flora, the bark of Erythrophlceurn
guineense, Sec.

Erythrophlceurn 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.

Adenanthera pavonina, 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 Santalinus. (Seep. -528.)

The seeds, under the name of Barricarri Seeds, are used in the northern
parts of South America for making necklaces, &c. They are perfectly smooth,
and have a bright red colour.
Prosopis pallida The legumes of this and some other species are very as-

tringent, and have been used in tanning under the names of Algaroba or
Algarobilla. In South America, a drink called Chica is prepared from the
irnit oi Prosopis Algaroba. The name of Chica was at first given to a fer.

mented liquor of the Maize, but is now commonly applied in South America
to several fermented drinks.

Acacia. — Various species of this genus yield gum. Thus, A. vera and
nilotica of Delile, are the chief sources of Gum Arabic ; A. gummifern, of
Barbary or Morocco Gum ; A. Verek, vera, Seyal, and others, of Gum
Senegal : A. arabica and speciosa, of East Indian Gum ; A. Karoo, of Cape
Gum; and A. decurrens, viollissima, and affinis,oi South Australian Gum.
The extract prepared from the duramen or inner wood of Acacia Catechu,
furnishes a kind of Catechu or Cutch, a powerfully 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 Gambir.) The
dried legumes of ^. nilotica are imported under the names of Neb-neb, Nib-
nib, or Bablah, and are also used by tanners on account of their astringent
properties. The barks of A. arabica and A Catechu possess similar pro-
perties, and are used extensively in India under the'name of Bdbool. The
extract of the bark of A. melanoxylon, an Australian species, is also a valuable
tanning principle, and is frequently imported into this country for that purpose.
The bark is also sometimes imported under the name of Acacia Bark. A.for-
mosa, 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 construc-
ting the stairs of the Crystal Palace in Hyde Park, at the Great Exhibition in

1«5], and which upon removal was found to be but little worn. The flowers
of A. Farnesiana are very fragrant, and when distilled with water or spirit,

yield a delicious perfume. 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 correct.

Natural Order 81. Moringace^.—The Moringa or Ben-Nut
Order,

—

Trees with bi- or tri-pinnate leaves, and deciduous

-

coloured stipules. Flowers white, irregular. Sepals and petal-:

5 each; the former deciduous, petaloid, and furnished with a
fleshy disk; cestivation 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 pariental placentas. Fruit,

long, pod-shaped, capsular, 1-celled, 3-valved, with loculicidal

dehiscence. Seeds numerous, without albumen.
M m2
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Fig. 916. Fig. 917.

Fig. 918. Fig. 919.

/'ifl'. 91C. Diagram of the flower of a species of Rose, •with five sepals, five
petals, numerous stamens, and many carpels Fig- 917. Vertical section
of the flower of the Rose Fiy. 918. Vertical section of the flower of the
Peach. Fig. 919. Vertical section of the flower of the Quince {Cydonia
vulgaris).

Distribution, §-c.— Natives of the East Indies and Arabia,
There is only one genus {Moringd), and 4 species.

Properties and Uses.—Pungent and slightly aromatic pro-
perties more or less prevail in plants of the order, hence they
liavc been employed as stimulants.

Moringa plcri/f^ospcrma.—The root resembles that of Horse-radish in its

taste and odour, and has been used as a stimuUnt and rubefacient. A kind of
jrum somewhat ri'scmbling Trapacanth exudes from the bark when woinided.
Its Bfi'ds are called in France Pois Qiihiiques 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 perfumers and match-makers.
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Natural Order 82. Rosacea.—The Rose Order.—General
Character.— Trees, shrubs, or herbs. Leaves simple (Jig. 288),

or compound (Jig. 355). alternate (Jig. 266), usually stipulate

(Jigs. 288 and 355). Flowers regular, generally hermaphro-
dite (Jigs. 916— 919), rarely unisexual. Calyx monosepalous

(Jigs, 462 and 917), with a disk either lining the tube or

surrounding the orifice, 4- or 5-lobed, when 5, the odd lobe

posterior (Jig. 916), sometimes surrounded by a whorl of bracts

forming an involucre or epicalyx (Jig. 441). Petals 5 (Jigs.

462/). and 916), perigynous, rarely none (Jig. 921). Stamens
definite (Jig. 921), or numerous, perigynous (^ys. 916—918);
anthers (Jig. 920) 2-celled, innate, dehiscing longitudinally

Ovaries 1 (Jig. 921), 2 (Jig. 532), 5, or numerous (Jigs. 916
and 917); 1-ceUed (Jigs. 921—924), usually apocarpous and
superior (Jigs. 916, 917) ; or sometimes more or less combined
together, and with the tube of the calyx, and thus becoming in-

ferior (Jig. 919); styles basilar (Jigs. 624 and 921), lateral (^^.
623), or terminal (Jig. 918) ; ovules 1 (Jigs. 923 and 924), or

few (Jig. 919). Fruit various, either a drupe (Jigs. 677 and 678),

an acheenium (Jig. 921), a folUcle, a dry or succulent etoerio

(Jigs. 591 and 645), a cynarrhodum (Jig. 439), or a pome (Jigs.

459 and 702). Seeds 1 or few, exalbuminous ; embryo (Jig. 922),

straight, with flat cotyledons.

Diagnosis.—Trees, shrubs, or herbs, with alternate leaves

Fig. 921.

Fig. 920. Anther with part of the filament of a species of Huhu.s Fig. 921.
Vertical section of the flower of Alchemill

a

Fig. 922. Vertical section
of the fruit of the Cherry (Cera*w«). ep. Epicarp. we. Mesocarp. en. En-
docarp, within which is the seed and embryo Fig. 923. Vertical section
of an achaenium of the Rose Fig. 924. Vertical section of the ovary o,

of a species of Jiubzis, with the ovule, ov.

Flowers regular. Calyx 4—5-lobed; when 5, the odd lobe pos-

terior. Petals 5 or none. Stamens perigynous, distinct ; an-
thers 2-celled. Carpels one or more, usually distinct, or some-

M M 3
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times united, generally superior, or occasionally more or less

inferior. Seeds 1 or few, exalbuminous ; embryo straight.

Division of the Order, Sfc.— The order Rosacese as above
defined, may be divided into five sub-orders, which are by
some botanists considered as distinct orders. They are as

follows :
—

Sub-order 1. Chrysohalanea.— Trees or shrubs, with simple

leaves, and free stipules. Cai'pel solitary, cohering more or

less on one side with the calyx; ovules 2, erect; style basilar.

Fruit a drupe. Seed erect. Examples : Chrysobalanus, Mo-
quilea.

Sub-order 2. Amygdalece or Drupacea.— 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,
Cerasus.

Sub-order 3. Rosea.—Shrubs 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. Fruit

either an etsDrio, or consisting of several folhcles. Seed usually

suspended, or rarely ascending. Examples: Rosa, Rubus,
Fragaria, Spiraea, Brayera, Quillaia, Lindleya, Neurada.

Sub-order 4. Sanguisorbece.— Herbs or undershrubs. Flowers
often unisexual. Petals frequently absent. Carpel solitary

;

style terminal or lateral. Fruit an achsenium inclosed in the

' tube of the calyx, which is often indurated. Seed sohtary,

suspended or ascending. Examples : Alchemilla, Sangui-
sorba, Poterium.

Sub-order 5. Pomeoe.— 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 be-

coming inferior; styles terminal. Fruit a pome, 1—5-celled,

or rarely spuriously 10-celled. Seeds ascending. Examples

:

— Cydonia, Pyrus, Mespilus, Cotoneaster, Cratsegus.

Distribution, Sec.—The Chrysobalanea: are principally natives

of the tropical i)arts of America and Africa. The AmygdalecB

are almost exclusively found in the cold and temperate regions

of the northern hen)isphere. The Rosece and Sanguisorbece are

also chiefly natives of cold and temperate climates, although a
few are found within the tropics. The Pomece occur only in

the cold and temperate regions of the northern hemisphere.

The order Kosaoeaj comprises about 90 genera, and 1000 species,

of which about one half belong to the sub-order Roseaj.

Properties and Uses.—The 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
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the AmygdahcB and Pomece, when moistened with water yield

Hydrocyanic acid; hence the parts of such plants are some-
times poisonous. All other Rosaceae are entirely devoid of any
poisonous properties.

Sub-Order 1. Chrysobalane^— Many plants of this sub-order produce
edible drupaceous fruits. Thus, that of
Chrysobalantis Icaco is known in the West Indies under the name of the

Cocoa-plum, and that of C. luteus is eaten in Sierra Leone. The root, bark,
and leaves of C. Icaco are employed in Brazil as a remedy in diarrhoea and
similar diseases.
Parinaritun excelsuyn also yields an edible fruit, which is known in Sierra

Leone under the name of the Rough-skinned or Gray Plum. The kernels of
P. campestre and monlanum are also reputed to resemble the Almond in
flavour.

Sub- Order 2. Amygdale.e or Drupace^ This sub-order is remarkable
from the parts of many of its plants yielding when moistened with water,
hydrocyanic acid. Theirbarksalsofrequently possess astringent and febrifugal
properties, and }-ield a kind of gum : while many again, have edible fruits

and seeds.
Amygdalus communis is the Almond-tree, of which there are two varieties,

namely, the A. communis, var, dulcis. and the A. communis, var. amnra. The
seeds of the former are known as Sweet Almonds ; those of the latter, as
Bitter Almonds. The Almond-tree is a native of Syria and many other parts
of Asia, and also of Barbary and Northern Africa ; it is also extensively cul-
tivated 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 ex-
pression. They also contain Emulsin, and in addition to the other ordinary
constituents of Sweet Almonds, a nitrogenous substance called Amygdaline.
When bitter almonds are moistened with water, the Emulsin and Amygdaline
mutually react upon each other and form 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 from it : this may be done by distilling it with a mixture
of protochloride of iron, peroxide of mercury, lime, and water. Bitter Al-
monds and their essential oil are extensively employed for flavouring by the
cook and confectioner, and also for scenting soap and for other purposes by
the perfumer. 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 vermifuge, and the leaves for
flavouring, and as a vermifuge. The kernels may be used for the same pur-
poses as the Bitter Almond. All these parts, as well as the bark, possess
poisonous properties owing to the formation of hydrocyanic acid.

Prunus 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. in-
stitia. the Bullace. P. Armeniaca is the Apricot. The barks of P. spinosa
and Coccomilia have febrifugal properties. The leaves of P. spinosa are
sometimes used for adulterating the black tea of China. A mixture con-
sisting of the leaves of P. spinosa and those of Fragnria collina, or F. vesca,
in the proportion of one-third of the former to two-thirds of the latter, are
said to form a good substitute for China Tea.

Cerasus.—Several species or varieties of this genus produce the fruits called
Cherries : thus, C. serotina is the Black Cherry : C. avium theWild Cherry

;

C. ParfM* the Bird Cherry; andC. virginiana the Choke Cherry or Choke-berry.
The latter is one of the fruits which is commonly mixed with Pemican. (See
Amelanchier, p. -^SG). Some species have astringent and febrifugal properties,
as the barks of C- virginiana, Capollim, capricida, &c. The leaves, bark, and
fruit of the Cerasus Lauro- cerasus, the Common Laurel or Cherrylaurel,
are poisonous. 'J'heir poisonous properties 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

M M 4
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in all cases where hydrocyanic acid has been used. It is, however, very liable
to vary in its strength. It is commonly prepared by the distillation of the leaves
with water. C.lvsitanica is the Portugal Laurel of our shrubberies. The
kernels of C. occidenlalis and other species are used for flavouring liqueurs, as
Noyeaii, Cherry-brandy, Maraschino, &c. A gummy exudation somewhat re-
sembling tragacanth takes place more or less from the stems of the different
species of Cerasus.
Sub-Order 3.—llosE^. The Roseae are chiefly remarkable for their astrin-

gent properties.

Rosa.—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 K, canina, the Dog-Rose, is em-
ployed in medicine as a refrigerant and astringent. The dried petals of the
unexpanded flowers of R. gallica constitute the red-rose leaves of the shops.
They are used in medicine as mild astringents and tonics. The flowers when
full blown are slightly laxative. The petals of R. centifolia, the Hundred-
leaved or Cabbage-rose, and of some of its varieties, are remarkable for their
fragrancy. Rose water is prepared by distilling the fresh petals with water to
which a little spirit of wine has been added. From the petals of R. centifolia,

R. moschnta, and R. Damascena, the volatile oil known as Attar or Otto of
Roses is obtained. This may be procured either by distillation, or by macer-
ating ttie petals in water and exposing the mixture to the sun, when the oil

floats out. Heber says, that it requires 20,000 roses to yield attar equal in
weight to that of a rupee. This quantity is worth about ten poiuids. It is

imported from Smyrna and Constantinople. Otto of Roses is rarely or ever
pure when imported into this country. It is commonly adulterated with
spermaceti, and a volatile oil which appears to be derived from one or more
species oi AndropagoH (see Andropagon), and which is called in London, Oil
of Ginger-grass, or Geranium. The petals of R. centifolia are also employed
in medicine as a mild laxative.

Rubus. — Several species of this genus yield edible fruits : thus, the fruit of
Ruhus IdcEus is the Raspberry ; x.\\z.K.o{ R.fruticosus, the Blackberry ; that of
R. ccesius, the Dewberry ; and that of ii. Chanucmonis, the Cloudberry. The
root of R. villosus is much employed as an astringent in some parts of North
America.
Fragaria elatior, vesca, 8(C, furnish the different kinds of Strawberries,
Potentilla Tormentilia.—The rhizome and root possess astringent and tonic

properties. They are employed in the Orkney and Feroe Islands to tan leather ;

and in Lapland in the preparation of a red dye. Many other species possess
somewhat analogous properties.

Agrimouin Eupatorin, has been used as a vermifuge and astringent.
Getim urhnnuni and rivale are reputed to possess aromatic, tonic, and as-

trintjent proi)erties. The root of G. urbanum was at one time officinal in the
Dul)lln Pharmacopoeia.

Spircea filipcndula and Vlmaria.— The roots of these plants have tonic pro-
pen ies. S. Ulniaria is called Meadow-sweet from the fragrance of its flowers.

Seemann says, that in Kamtschatka, a strong liquor is prepared from the root
of S. Kamtschnika.

Gillenia irifoUata and stipuJacea—The roots of both these species are used
In the United States as medicinal agents. In small doses they are tonic, and
in larger doses emetic. They are commonly known under the names of Indian
l)hysic, and American Ipecacuanha.
Rraycra anthelmintica is a native of Abyssinia. It is called Kosso or

Koussoo. 'I'he flowers and other parts of the plant 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,

(iuitlaia snponaria.—The bark of this and other species contain a large
amount <>( sapimine. It is employed in some parts of America as a substitute
fir soap. It has been also much used in this country lately as a detergent,
in ca*(K of scurfiness and baldness of the head.

Siil)-Ordcr 4

—

Sangiisohue/K The plants of this sub-order have generally
aslrinxent properties like the Roseee.

Alc/ir/iiilla 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.
Aricva Sanguisorba— The leaves are used iu New Holland as a substitute

for tea.
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Sub-Ordor 5. Pomeje. — Many plants of this sub-order yield edible fruits,

and from their seeds hydrocyanic acid may be frequently obtained. The flowers
of several are celebrated for their beauty.
Cydonia vulgaris, the Common Quince— The fruit is frequently 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. In the rind,
cenanthic ether has been found by Wohler, to which its peculiar fragrance is

due. The seeds contain much mucilage, which is nutritive, emollient, and
demulcent. The seeds are said to yield hydrocyanic acid.

Pyrus.—Some species of this genus produce edible fruits. Pyrus Malus
and its varieties produce the different kinds of Apples. P. conununis is the
Pear-Tree. The wood of the latter is sometimes used by wood-engravers in-

stead of box. P. Aucuparia is the Mountain Ash or Rowan-Tree. Its

flowers, root, and bark, yield hydrocyanic acid, and therefore, probably possess
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. tormi7talis the Wild Service Tree.

Mespilus germanica yields the fruit called the Medlar, of which there are
several varieties.

Amelanchier canadensis.—The fruit is known in Rupert's Land, &c., under
the name of Shad-berry or Service-berry. It is used for mixing with Pemi-
can. an article of Arctic diet. (See p. 535. Cerasus.)
Eriobotrya japonica produces a fruit called the Loquat.
CratcFgus Oxyacantha is tiie Whitethorn or Hawthorn Tree, so well known

for the beauty of its flowers. Sec. In some places the name of May is given to

it, from its usually flowering in that month.

Natural Order 83. Caltcanthace^.— The Calycanthus
Order.

—

Diagnosis.—These are shrubby plants resembling the

Bosacece, 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, Sfc.—They are natives of Japan and North
America. Exaviples

:

—Calycanthus, Chimonanthus. These are

the only 2 genera, which include 6 species.

Properties and Uses.—The flowers are fragrant and aromatic.

The bark of Calycanthus Jloridus, Carolina Allspice, is some-
times used in the United States as a substitute for Cinnamon
bark.

Natural Order 84. LTTHRACE.a:.—The Loosestrife Order.

—

General Character.

—

Herbs or rarely shrubs, frequently 4-

sided. Leaves opposite, or rarely alternate, entire and exstipulate.

Flowers regular or irregular. Calyx {fig. 926) persistent, ribbed,

tubular below, the lobes with a valvate or distant aestivation,

sometimes with intermediate teeth (^fig. 926). Petals inserted

between the lobes of the calyx and alternate with them {fig.

925), sometimes wanting, very deciduous. Stamens perigynous,

'inserted below the petals (fig. 925), to which they are equal in

number, or twice as many, or even more numerous; anthers

adnate, 2-celled (fig. 925), opening longitudinally. Ovary
superior (fig. 925), 1, 2, or 6-celled; ovules numerous, or rarely

few; style 1, filiform (fig. 925); stigma capitate, or rarely 2-

lobed. Fruit capsular, membranous, dehiscent, surrounded by
the non-adherent calyx. Seeds numerous, with or without
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wings, exalbuminous
;
placentation axile {fig- 925) ; embryo

straight, with flat leafy cotyledons, and the radicle towards the

hilum.

Fig. 925.

Fig. 926.

Fig. 925. Vertical section of the flower of Purple Loosestrife {Lythrum Sali-

carki). Fig. 926. Calyx of the same.

Diagnosis. — Herbs or shrubs, with entire, exstipulate, 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, (Sfc—The greater number are tropical plants, but

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 :
—

Peplis, Lythrum, Cuphea, Lawsonia, Physocalymma, Lager-

stromia. There are 35 known genera, and 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.

Lythrum Salicaria, Purple Loosestrife, is a common British plant, and is said

to l)e useful as an astringent in diarrhoea, &c. Other species probably possess
similar properties.

Cuphea.—Many species of this genus are cultivated for the beauty of their

flowers. They are remarkable for the curious manner in which the placenta
bursts throuRh its coverings, and by so doing forms an external process upon
wl)ich the 8ci'ds arc borne.

Grislca to)n>nlosa In India, the flowers are employed in dyeing, mixed
with spf'cics of Morinda ( CiTtchonace:e). (See Moriiida.)

Latrsonia inermis is the plant from which the Henna or Alkanna of Egypt
&c., is derived. It is used by the women in the East to dye the nails, palms
of the hand, and soles of the feet, of an orange-brown colour. It is likewise
employed for dyciuK skins and morocco leiither reddish-yellow.

Laiicrstriimia Jicginu has narcotic seeds, and its leaves and bark are reputed
to be purgative and hydrugogue.
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Natural Order 85. Saxifragace-i:.—The Saxifrage Order.—

General Character.—i/^ez-is with alternate leaves {Jig. 927),

which are entire or lobed, stipulate or exstipulate. Calyx of 4

or 5 sepals more or less united at the base (fgs. 610 and 928),

inferior, or more or less superior (^figs. 610 and 928). Petals 4

or 5, perig\Tious, alternate with the lobes of the calyx (fig. 928),

sometimes wanting. Stamens 5— 10, perigynous {fig. 928) or

hypogynous ; anthers 2 -celled, with longitudinal dehiscence.

Dink 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 (figs. 610 and 928),

usually composed of 2 carpels, coherent below, but more or less

distinct towards the apex ; 1 or 2-celled ; styles equal in number

to the carpels, distinct, diverging. Fruit capsular, 1— 2-celIed,

usually membranous. Seeds small, numerous (fig. 928); embryo

Fig. 927. Fig. 928.

Fig. 927. Saxifraga tridacti/Utcs. The leaves are trifld and wedge-shaped,

and the flowers arranged in a racemose cyme Fig. 928. Vertical section

of the flower Fig. 929. Vertical section of the seed.

(fig. 929) in the axis of fleshy albumen, with the radicle towards

the hilum.

Diagnosis.— Herbs with alternate leaves. Flowers unsym-
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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 albumen.
Distribution, ^c.—They are exclusively natives of the northern

parts of the world, where they chiefly inhabit mountainous dis-

tricts, and sometimes grow as high as 16,000 feet above the

level of the sea. Examples:—Vahlia, Saxifraga, Chrysosple-

nium, Heuchera. There are 19 genera, and 310 species.

Properties and Uses. —The plants ot the order are all more or

less astringent. This is remarkably the case with 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. Hydrangeace;e.—The Hydrangea Order
— Diagnosis.— This order is frequently regarded as a sub-order

of Saxifragaceas, Avith which it agrees in many important parti-

culars ; but it diffei's 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 floAvers ; and in

having frequently more than 2 carpels with a corresponding in-

crease in the number of styles and cells to the ovary.

Distribution, Sfc.—Natives chiefly of the temperate regions of

Asia and America. About one-half of the species are natives

of China and Japan. Examples :— Hydrangea, Platycrater,

Bauera. There are 9 genera, and 45 species.

Properties and Uses.—Unimportant. The leaves of Hydrangea
Thunbergii are used in Japan as tea, and this tea is so highly

valued by the Japanese, that they call it Ama-tsjd or the Tea of

Heaven. The Hydrangeas are familiar cultivated plants. The
root ofH 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. Hensloviace^.—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 Hydrangeaceie. 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. Cunoniace^.— The Cunonia Order.

—

Diagnosis.— Nearly allied to Saxifragaceai, but differing from
them in lieing trees or shrubs, with opposite leaves, and large

intcr[)cti()lar stii)ulcs. The latter character will also distinguish

them readily from Hydrangeacea?, which are exstipulate.

Distribution, §-c.— Natives of South America, the Cape, the
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East Indies, and Australia. Examples:—Weinmaunia, Cuno-
nia, Ealeighia. There are 22 genera, and 100 species.

Properties and Uses.—Astringent. Some have been used for

tanning ; others exude a gummy secretion.

Natural Order 89. Crassulace^.—The Houseleek or Stone-
crop Order.—G eneral Characte r.— Succulent herbs or shrubs.

Leaves entire or pinnatifid, exstipulate. Flowers usually c}Tnose

{fig. 413"), symmetrical {figs. 763 and 764). Calyx generally

composed of 5 sepals, but varying in number from 3—20, more
or less combined at the base, inferior {fig. 763), persistent.

Petals equal in number to the divisions of the calyx {fig. 763,

p), with which they are alternate, either distinct or cohering,

and inserted into the bottom of the calyx; cestivation imbricated.

Stamens inserted with the petals {fig. 763, e), either equal to

them in number and alternate with them {fig. 763), or twice as

many {fig. 764), 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.

763, 0, o), each having frequently a scale on the outside at the

base {fig. 763, a), distinct or more or less united; styles distinct.

Fruit either consisting of a whorl of follicles {fig. 566), or a
capsule with locuhcidal 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 exstipulate.

Flowers perfectly symmeti'ical, the sepals, petals, and carpels

being equal in number (3—20), and the stamens being also equal
to them, or twice as many. Petals and stamens almost, or quite

hypogynous. Corolla monopetalous or polypetalous. Fruit

either apocarpous and folhcular, or a many- celled capsule with
loculicidal dehiscence. Seeds small ; embryo in the axis of fleshy

albumen.
Division of the Order, Sfc.— The order has been divided into

two sub-orders as follows :—
Sub-order 1. Crassulece.— ^ruit consisting of a whorl of fol-

licles. Examples :— Crassula, Bryophyllum, Cotyledon, Eche-
veria, Sedum.

Sub-order 2. Diamorphece.— Fruit a many-celled capsule with
locuhcidal dehiscence. Examples :—Diamorpha, Penthorum.

Distribution, ^c.—They are found in very dry situations in all

parts of the world : a large number occur at the Cape of Good
Hope. There are 25 genera, and 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.
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Cotyledon umbilicus This plant, which is a common native in the West of
England, has long been in use as a popular remedy in hysteria, and as an
external application to destroy corns and warts. It has been frequently used
of late years as a remedy for epilepsy. C. orbiculata, a native of the Cape of
Good Hope, is employed in similar cases.

Sedum 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 Tclephium is astringent. Lindley says,

that in Ireland, the leaves of Sedum dasyphyllum, rubbed among oats, are re-

garded as a certain cure for worms in horses.
Rhodiula esculenia is eaten by the Greenlanders.

Natural Order 90. Erancoace^.— The Francoa Order.—
Stemless herbs. Leaves exstipulate. Calyx 4-partite. Petals

4, persistent. Stamens hypogynoiis, or nearly so, four times as

many as the petals, the alternate ones sterile. Ovary superior,

4-celled ; ovules numerous ; stiyma 4-lobed; style none. Fruit a
membranous 4-celled, 4-valved capsule, with locuhcidal or

septicidal dehiscence. Seeds minute, indefinite; embryo very
minute, at the base of a large quantity of fleshy albumen.

Distribution, ^c.— Natives of Chili. There are but 2 genera,

and 5 species. Examples :— Francoa, Tetilla.

Properties and Uses,— The Francoas are reputed to be
cooling and sedative. Tetilla is astringent, and is employed as

a remedy for dysentery.

Natural Order 91. Parontchiace^ or lLLECEBRACE.aE.
— The Knotwort Order. — Herbs or shrubs, with entire, simple,

sti]julate leaves. Flowers minute. Sepals 5, or rarely 3 or

4, distinct, or more or less coherent. Petals small, 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 farinaceous
;

embryo curved.

Distribution, 8fc. — Natives chiefly of barren places in the

south of Europe and the north of Africa. Examples :—
Corrigiola, Herniaria, Polycarpon, Spergula. There are 24
genera, and about 100 species.

Properties and Uses. — Slightly astringent, but none of the

plants are of any particular importance.

Natural Order 92. roRTULACACE.E. — The Purslane Order.
— 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-ccllcd, versatile. Ovary superior, or rarely

partially adlicrent. Fruit capsular, usually dehiscing trans-

versely, or by valves ; sometimes indehiscent; placenta free

central. Seeds numerous or solitary; embryo curved round
farinaceous albumen.
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Distribution, 8fc.— Natives of waste dry places iu various
parts of the world, but chiefly at the Cape of Good Hope and
in South America. Examples

:

—Portulaca, Tahnum, Claytonia,

Montia. There are 12 genera, and 184 species.

Properties and Uses.—The fleshy root of Claytonia tuberosa is

edible. Portulaca oleracea has been used from the earliest times
as a pot-herb, and in salads. It possesses cooHng and antiscor-

butic properties. Many of the plants have large showy flowers.

Natural Order 93. Mese3ibrtace^ or FicoiDEiE. —The Ice-

Plant or Fig-Marigold Order.— GeneralCharacte r.— Suc-
culent herbs or shrubs, with opposite or alternate, simple leaves.

Calyx 3—8-partite, either free, or partially adherent to the
ovary. Petals either numerous and sho-^y, 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 ; ovules 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 indehiscent. Seeds few or numerous, or rarely soli-

tary ; embryo curved or spiral, on the outside of mealy albumen.
Diagnosis.— Succulent herbs or shrubs, with simple ex-

stipulate 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 central, or parietal. Fruit capsular, or

indehiscent. Seeds with a curved or spiral embryo on the

outside of mealy albumen.
Division of the Order, ^c.— The Mesembryaceag may be

divided into three sub-orders as follows :—
Sub-order 1. Mesembryece. — Leaves opposite. Petals nume-

rous, consiDicuous. Stamens numerous. Fruit capsular, de-
hiscent. Examples :— Mesembryanthemum, Glinus, Lewisia.

Sub-order 2. Telragonece.—Leaves alternate. Petals absent.

Stamens definite. Fruit woody and indehiscent. Examples :— Tetragonia, Aizoon.

Sub-order 3. Sesuveoe.—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 ]\Iesembryace£E, 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.

Distribution, Sfc. — Natives exclusively of warm and tropical
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regions. A large number are found at the Cape of Good Hope.
There are 16 genera, and 440 species.

Properties and Uses. — Several are edible ; others yield an
abundance of soda when burned, but generally the plants of the

order are of little importance.

Mesembryanthemum crystallinum is the Ice-plant. It is so called from its

surface being studded with little watery vesicles of an ice-like appearance. Its

juice is reputed to be diuretic. The ashes of this species, as well as those of

M. copticum, nodiflorum, and others, contain soda. M. genicuUflorum is

employed as a pot-herb in Africa, and its seeds are edible. M. edule is calied

the Hottentot's- Fig ; its leaves are eaten. The fruit of M. ccquilaterale (Pig-

faces, or Canagong), is eaten in Australia.

Lewisia rediviva.— The root is eaten in Oregon. It is sometimes 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 amire of the Canadian Voya-
geurs ; it forms a very agreeable and wholesome food when cooked.

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.

Natural Order 94. PASsiFLORACEiE. — The Passion-Flower

Order.— Herbs or shrubs, usually climbing by tendrils {fig.

209). Zeayes alternate, with foliaceous stipules, jp/owers perfect,

or very rarely unisexual. Sepals 5, united below into a tube, the

throat of which bears a number of filamentous processes
;
petals

5, inserted in the throat of the calyx on the outside of the

filamentous processes, with an imbricated cestivation; some-

times wanting. Stamens usually 5, monadelphous, rarely nume-
rous, sun-ounding the stalk of the ovary. Ovary stalked, supe-

rior, 1 -celled; styles 3, clavate; placentas parietal. Fruit 1-

celled, stalked, generally succulent. Seeds numerous, arillate
;

embryo in thin fleshy albumen.

Distribution, Sfc.—They are chiefly found in tropical America,

but a few also occur in North America and the East Indies,

and several in Africa. Examples :— Paropsis, Passiflora, Tac-

sonia, Barteria. There are 13 genera, and 211 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 fruit. It is a native of Madagascar.
Passiflura.—The fruits of several species of this genus are eaten under the

name of Granadillas. The root of P. quadrangularis is said to be narcotic.

The flowers of P. rubra are also narcotic. Other species are reputed to be
anthelmintic, emmenagogue, emetic, carminative, &c.

Tacsonia.—The pulpy fruits of T. speciosa, ?nollissit?ia, tripartita, and
others, arc edible.

Natural Order 95. Malasherbiace^— The Crownwort
Order.

—

Diagnosis. — This is a small order of herbaceous, or

somewhat shrubby plants, resembling Passijloracete, but differ-

ing in never being climbers; in tlie want of stipules; in the

filamentous processes of tliat order being reduced to a sliort

membranous rim or coronet iu this; in the insertion of their
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Styles at the back instead of the apex of the ovary; and in the

seeds not being arillate.

Distribution, Sfc. — They are all natives of Chili and Peru.

Examples :— Malasherbia, Gynopleura. These are the only

genera, which include but 5 species.

Properties and Uses.— Altogether unknown.
Natural Order 96. Turnerace^. — The Turnera Order.

— Herbaceous or somewhat shrubby plants. Leaves alternate,

exstipulate, hairy. Flowers axillary. Calyx inferior, 5-lobed,

imbricated in aestivation. Petals 5, equal, twisted in aestivation,

perigynous. Stamens 5, alternate with the petals, perigynous
;

filaments distinct. Ovary 1-celled, superior, with 3 parietal

placentas; styles 3, more or less coherent at the base, and un-

divided, or forked, or branched above. Fruit capsular, 1-celled,

3-A'alved, partially dehiscing in a loculicidal manner. Seeds

with a strophiole on one side, with a shghtly curved embryo
in the midst of fleshy albumen.

Distribution, 8fc.— Natives exclusively of South America
and the West Indies. Examples:—Turnera, Piriqueta. These
are the only genera according to Lindley; they include about

60 species.

Properties and Uses. — Some are said to be astringent, others

tonic and expectorant, and a few aromatic.

Natural Order 97. Papatace^. — The Papaw Order. —
Trees or shrubs, sometimes with an acrid milky juice. Leaves

alternate, on long stalks, lobed. Flowers unisexual. Calyx

inferior, minute, 5-toothed. Corolla monopetalous, without

scales in the fertile flowers, 5-lobed. The barren flower has a

few stamens inserted on the corolla. The fertileflower has a 1-

celled superior ovary, with 3—5 parietal placentas. Fruit

succulent, or dehiscent. Seeds numerous, albuminous, with the

radicle towards the hilum.

Distribution, ^c. — Natives of South America and of the

warmer parts of the Old World. Examples

:

— Carica, Modecca.
There are 8 genera, and 25 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 fruit, however, when cooked, is eaten. This plant is said to

have the property of rendering meat tender. It is stated that

newly -killed meat hung among the leaves soon becomes tender,

and even that the flesh of old hogs and old poultry fed on its

leaves or fruit becomes tender. The leaves are also used in some
districts as a substitute for soap. The juice according to

Vauquelin, is a highly animahsed substance, resembling animal
albumen in its characters and reactions.

Natural Order 98. Pangiace^.— The Pangium Order.

—

Diagnosis.—This is a small order of arborescent unisexual plants

nearly alhed to Papayacece, but differing principally in being
N N
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polypetalous ; and in the fertile flowers having as many scales as

there are petals, and placed opposite to them.

Distribution, ^c.— Exclusively natives of the hotter parts of

India, Examples :— Pangium, Hydnocarpus. There are 3
genera, and 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 that the poisonous properties may, in some cases,

be got rid of, as in the seeds of Pangium edule, the kernels of

which are used as a condiment, and for mixing in curry, &c.
Even these, however, according to Horsfield, act as a cathartic

upon those unaccustomed to their use.

hydnocarpus venenatus has a poisonous fruit, which is used in Ceylon for
poisoning fisli. The seeds of H. ndoratus, termed Chaulmoogra, sire said
to be very useful in some cutaneous affections, for which purpose they are
much employed in India. Other plants of the order have similar properties.

2. Epigynae.

Natural Order 99. Cdcurbitace^.—The Gourd or Cucumber
Order.—G cneralCharacte r.—Herbs, generally of a succulent

nature, and either prostrate, or climbing by means of tendrils.

Leaves succulent, alternate, with a radiate venation (Jig 289),

more or less scabrous. Flowers unisexual (figs. 930 and 931),
monoecious or dioecious. Calyx monosepalous, 5-toothed (fig.

930), the limb sometimes obsolete, superior in the female flowers.

Coro//a monopetalous(^^s. 930 and 931), 4—5 -parted, sometimes
fringed, with evident reticulated veins, perigynous. Barren
flower:—Stamens usually 5, epipetalous (fig. 931), either distinct,

or monadelphous, or triadelphous in such a way that two of the

Fig. 930. Fig. 931.

Fig. OfU). Female or pistilliferous flower of the cucumber (Cucumii gntinus).
CO. Calyx adherent to the ovary, the limb is seen above, with five divisions.

p. Corolla. «. Stigmog. i-Yj/. ail. Male or staminiferous flower of the
same, the floral envelopes of which have been divided in a longitudinal
manner. From Jussleu. c. Calyx, p. Corolla, st. Stamens.
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Fig. 932

bundles contain each 2 stamens, and the other but 1 stamen (fig.

931 si), rarely there are but 2 or 3 stamens present ; anthers

2-celled, usually long and sinuous ( figs. 519 /, and 931 st\ rarely

straight. Fertile Flower;— Ovary inferior {^fig. 930), 1-

celled, or spuriously S-celled from the projection inwards of

the placentas
;
placentas parietal {fig. 701 pi), usually 3 ; ovules

indefinite, or sometimes solitary ; style short ; stigmas thickened,

ifigs. 634 and 930 s), papillose, lobed or fringed. Fruit a pepo

(figs. 701 and 932), 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.

This order is sometimes placed amongst the corolliflorge on
account of its monopetalous flowers, but its affinities are so

essentially with the epigynous calyciflora, that we have placed

it here in accordance with De Candolie's views.

Diagnosis.— Herbs, usually of a succulent nature. Leaves
rough, alternate, radiate-veined. Flowers unisexual. Calyx
5- toothed or obsolete, superior. Co-
rolla monopetalous, perigynous. Sterile

Flower with usually 5 stamens, which are

distinct, or monadelphous, or triadclphous,

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, 8fc.— This order

has been divided into three sub-orders as

follows :
—

Sub-order 1. Nhandirobece.—Anthers not

sinuous. Placentas projecting so as to

meet in the centre of the fruit. Seeds
numerous. Examples

:

— Telfairia, Feu-
illaea, Zanonia.

Sub-order 2. Cucurhitece.—Anthers sinu-

ous. Placentas projecting so as to meet
in the centre of the fruit. Seeds nume-
rous. Examples : —Bryonia, Citrullus,

Ecbalium, LufFa, Lagenaria, Cucumis,
Cucurbita, Trichosanthes.

Sub-order 3. Sicece.— Placentas not pro-

jecting. Seed solitary, pendulous. Ex-
amples

:

— Sicyos, Sechium.

Distribution, 8fc.— Natives principally ^jp- 932. Pepoof the wild

of hot chmates in almost every part of the (L^/^m "°o#«'^^5'
world, but especially abundant in the East «i"charging its seeds.

N N 2
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Indies. One species occurs in the British Isles, the Bryonia
dioica. There are about 65 genera, and more than 300
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

especially 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 diffused

that their fruit becomes edible. As a general rule the plants of

this order should be regarded with suspicion.

Telfairia pednta The seeds of this plant yield by expression a very good
oil, resembling that obtained from Olives, They have a flavour like almonds,
and are eaten in Africa.

Feuillcea cordifulia has intensely bitter seeds, which are violently purgative
and emetic ; thus forming a striking exception to the generally harmless pro-
perties of Cucurbitaceous seeds.
Brt/onia dioica.—The fresh root is sold by herbalists under the names of

White Bryony and Mandrake root. (The true Mandrake root is, however,
derived from 7nandrago)a officinalis. (See mandragora.) It acts violently
as an emetic and purgative. In large doses it is poisonous. The root is

also employed as an external application to bruised parts. The young shoots
when boiled are eaten as Asparagus. B. alba, americana, and aj'iicana, have
similar properties.

Citrullus (Cucu7tiis) Colocynthis. The Bitter Cucumber or the Bitter
Apple—This plant is supposed to be the wild vine of the Old Testament, the
fruit of which is translated in our version wild gourd {'l 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 or coloquintidn. It owes its

properties to a neutral bitter principle called coloci/nthin. Two kinds of
colocynth are known in commerce, viz.: Turkey or Petled Colocynth, which
is imported from the Levant, the north of .Africa, and Spain, and Mogadore,
or Unpeeled Colocynth, which comes from Mogadore. Tlie former is the best,

and is ihe one generally employed in medicine; the latter being principally
used by chemists for their show-bottles. The seeds possess the purgative pro-
perty to a slight extent, but the pidp is by far the most active part of the fruit.

Ecbalium officinarum or ogreste ( Mcmordica Elaterium), is commonly called
the Squirting Cucumber, from the fruit separating when ripe from its stalk,

and expelling its seeds and juice with much violence (7?g^. 93'2). The feculence
deposited from the juice of the fruit, when dried, constitutes the Elaterium,
or Extract of Elaterium of the Materia Medica. In doses of from J_ to Ith of

a grain, when pure, it is a powerful hydragogue cathartic. It owes its pro-
perties to a white crystalline, extremely bitter principle, called Elaterin, In
improper doses Elaterium is an irritant poison.

Ltiffa purgans and drastica—The fmit of these plants is violently pur-
gative. It is commonly called American Colocynth. That of other species has
similar properties. The fruit oi LnJ^fafcrtida is termed the Sponge Gourd, as
it consists of a mass of fibres entangled together, and is used for cleaning
guns, &c.
Lagrnaria vulgaris is commonly called the Bottle Gourd, from the hard

inte)juments of the fruit being used as a receptacle for containing fluid.

Cucumis.—The fnut of Cucumis sativus is the Cucumber; that of C. Melo
is the common Melon.

Cucurbita—The fruits of several species of this genus are employed as
articles of food. Thus the fruit of C. Citrullus is the Water-Melon, that of
C repo is the White (Jourd, that of C maxima the Red Gourd or Pumpkin,
and that of a variety of C. ovijera is the vegetable marrow. The fruit of some
other species or varieties of Cucurbita are also eaten. An oil called Eguse by
the inhabitants of Vj)rrnha in Africa, and which is largely used by them for
dietetic purposes, and also as a medicine, is supposed to be derived from one
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or more species of Cucurbita. Some samples of this oil brought to this

country by Dr. Daniell, have been examined by Mr. Wilson the Manager of
Price's Patent Candle Company, who states that it is well adapted for burning,
for the lubrication of machinery and other analogous appliances.

Trichosanthes anguinea is the Snake Gourd—The fruits of this and other
species are eaten in India mixed witii curries.

Sechium edule.—The green fruit is commonly eaten in hot countries. It is

called Chocho or Chacha.

Natural Order 100. LoASACEiE.— The Chili-Nettle Order.

—

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 pla-

centas, or 1 axile placenta ; style 1 ; ovules pendulous, anatropal.

Fruit capsular, or succulent. Seeds having an embryo lying in

the axis of fleshy albumen.
Distribution, Sfc — They are all natives of North and South

America. Examples:— Mentzeha, Bartonia, Loasa. There are

18 genera, and 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. Homaliace^.—The Homalium Order.

—

Trees or shrubs with alternate leaves. Calyx superior, funnel-

shaped, with from 5— 15 divisions. Petals equal in number
to the divisions of the calyx, 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 :— Homalium, Tri-

meria, Nisa. There are 8 genera, and 30 species.

Properties 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

Eig Order.— Succulent plants, which are usually spiny, and
leafless. Stems globular, columnar, flattened, or 3 or more
angled, and altogether presenting a peculiar appearance.

Flowers sessile. Sepals and petals usually numerous, {fig. 934),

and scarcely distinguishable from each other; or rarely 4

;

epigynous. Stamens numerous, with long filaments, and versatile

anthers {figs. 933 and 934). Ovary inferior {fig. 933), fleshy,

1 -celled, with parietal placentas {fig. 616); style 1; stigmas

N N 3
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several. Fruit succulent. Seeds numerous, parietal, or im-

bedded in the pulp, without albumen.

Fig. 933. Fig. 934.

Fig. 933. Vertical section of the flower
of the Prickly Pear (O/JUntia vul-
garis) Fig. 934. Diagram of the
flower of Opuntia vulgaris.

Distribution, Sfc.—Natives exclusively of the tropical regions

of J^merica. Examples:— Melocactus, Mammillaria, Echino-

cactus, Pilocereus, Cereus, Ei)iphyllum, Khipsalis, Opuntia,

Pereskia. There are 18 genera, and about 800 supposed

species.

Properties and Uses.—The fruit of many species is somewhat
acid and agreeable, and is useiul 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, Epiphyllum, Phyilocactus,

Sec, are cultivated on account of their showy flowers. Some
species of Cereus open their flowers at night; some of the flowers

have been measured 1 foot in diameter.

Opuntia vulgaris The fruit of this pl.int is the Prickly Pear, which is

miRli eaten in Americiiand the South of Europe, and has been lately imported
into this country. Tlie fruit of (). Tuna is of a carmine colour, and has been
employed as a water-colour. O. cochinilUJera, the Nopal Plant, is cultivated

in Mexico, kc, for llie nourishment of the Cochineal Insect (Coccus Cacti).

^Natural Order 103, GROSSDLARiACE.a:. — The Gooseberry or

Currant Order.— Shrubs, with {Jig. 361), or without spines

or prickles. Leaves alternate, lobcd, radiate-veined. Flowers

axillary, racemose, perfect or rarely unisexual. Calt/x su])erior,

4— 5 lobed. Petals 5, minute, and inserted on the calyx.

Stamens 5, inserted on the calyx, and alternate with the

petals. Ofary inferior, 1 -celled with 2 parietal placentas (yigr.
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698 pi). Fruit pulpy (figs. 698 and 699). Seeds numerous
;

embryo minute, in horny albumen.
Distribution, ^c— Natives of the temperate regions of Europe,

Asia, and North America. Examples :— Ribes, Polyosma.
There are but 2 genera, and 95 species.

Properties and Uses. — Some are showy garden plants, as

Hibes fuchsioides, sanuuineum, aureum, coccineum, 8fc., but they

are chiefly remarkable for their agreeable acid fruits. Thus,
Hibes Grossularia is the Gooseberry; i?. rMftrwrn yields both Red
and White Currants, and R. nigrum is the Black Currant.

Natural Order ] 04. Escalloniace^.—The Escallonia Order.
— 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, and arising from it. Stamens 5, alternate with the petals,

and inserted on the calyx. Ox^ary inferior, 2—5-celled, crowned
by a cone-shaped disk

;
placentas axile ; style simple ; stigma

2—5-lobed. Fruit capsular or baccate, crowned by the per-

sistent style and calyx. Seeds very numerous, minute ; embryo

minute, in a mass of oily albumen.
Distribution, Sfc. — They are chiefly natives of the mountains

of South America. Examples:— Escallonia, Forgesia, Itea.

There are 7 genera, and 60 species.

Properties and Uses.—Unknown.
Natural Order 105. PhiladelphaceJ3.—The Syringa Order.

— Shrubs. Leaves opposite, deciduous, exstipulate. Calyx
superior, persistent, 4— 10-lobed, with a valvate aestivation.

Petals equal in number to the divisions of the calyx, and alter-

nate with them. Stamens numerous, arising from the calyx.

Ovary inferior ; styles united or distinct ; stigmas several.

Capsule half-inferior, 4— 10-celled, placentas axile. Seeds

numerous, with fleshy albumen.
Distribution, ^c. — Natives of the South of Europe, North

America, Japan, and India. Examples:—Philadelphus, Deutzia.

There are 4 genera, and 25 species.

Properties and Uses.— Of little importance. The leaves of

some species of Deutzia, especially those of D. scabra, are

covered with beautiful scales, hence from their roughness,

they are used in Japan for polishing purposes. Philadelphus

coronarius is commonly cultivated in our shrubberies. It is a

native of the south of Europe. 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

powerful 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 resembling

the cucumber.
N N 4
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Natural Order 106.

Fig. 935.

Myrtace^.—The Myrtle Order.—
Trees or shrubs. Leaves oppo-

site or alternate, entire, exsti-

pulate ifig. 935), usually dotted,

and having a vein running

just within the margin. Calyx

superior {fig. 448), 4 or 5 -cleft,

valvate, sonaetimes separating

in the form of a cap. Petals

4— 5^ (fig, 935), imbricated,

rarely absent. Stamens usually

8— 10, or numerous C/r^rs. 448 and

935), or rarely 4—5 ; filaments

distinct or polyadelphous ;anthers

ovate. Ouary inferior (^^f. 448),
1—6-celled ; style and stigma

simple (figs. 448 and 935) ;
pla-

centas axile (fig. 448), or very

rarely parietal. Fruit dry or

succulent, dehiscent or indehis-

cent. Seeds without albumen,

usually numerous.
Division of the Order, SfC.-r

The order is divided into two
divisions as follows :

—

Tribe \. Leplospermece. Fruit capsular. Examples:—Melaleuca,

Eucalyptus, Metrosideros Leptospermum.
Tribe 2. Myrtece. — Fruit baccate. Examples : — Punica,

Psidium, Myrtus, Caryophyllus, Eugenia, Jambosa.

Distribution, ^c. — 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 naturahsed in the south of Europe, was originally

a native of Persia. There are about 50 genera, and 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 a volatile oil. ISIany of these oils have

been used in medicine, as stimulants, aromatics, carminatives,

diaphoretics, or antispasmodics. The parts of some 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.

Melaleuca minor or Cajeputi.— The leaves when allowed to stand so as to

underKo a species of fermentation, and then distilled with water, yield a vola-

tile oil of a limpid nature and light green colour, called Cajeput Oil. This was
formerly much employed as a remedy in cholera, but without any success.

It has been used internally as a diflTusible stimulant, antispasmodic, and diis-

phoretic ; and externally, when mixed with olive oil, as a stimulant embrota-

Fig. 935. Flowering branch of the com'
men Myrtle {Myrtus communis).
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tlon. This oil has the property of dissolving caoutchouc. In Australia, the
leaves of M. scoparia and genistifolia are used as substitutes for Tea.

EucalyjitKS rcsinij'era, the Iron Bark, anativeof Australia and Van Diemen's
Land, yields on incision an astringent substance, called Botany Bay Kino.
This kino contains a peculiar substance called Eucalyptin. It has been em-
ployed in diarrhoea. Other species yield a similar substance. The leaves of
E. mannifera and other species natives of Australia, spontaneously exude a
saccharine substance resembling manna, henre this secretion is commonly
termed Australian Manna. It is said to drop from the trees in pieces
sometimes as large as an almond. The secretions of the Eucalypti are com-
monly of a gummy nature, and hence they are called Gum-trees in New-
Holland. The bark of some of them separates in tibrous layers, which has
occasioned them to be also called Stringy-bark trees or Stringy-bark Gum-
trees. They are sometimes of a prodigious height,— 200 feet or more, and
10 or 15 feet in diameter, the trunks being destitute of branches to a height of
from ion to 200 fee't.

Metrosicleros The Lignum Vitce or Aki of New Zealand, and other species,

afford valuable timber. The clubs and weapons of the South Sea Islanders
are made from species of this genus.
Leptoxpermunt. — The leaves of L. scoparium and Thea are used in the

Australian colonies as a substitute for tea.

Punica Granatum, the Pomegranate, is repeatedly referred to in the Bible.
It is the rimmon of the Bible, and the rooman of the Arabs. This plant is by
some systematists regarded as the type of a distinct order, which is named
GranatecB. The leaves, the flowers, and the fruit, were all used by the
ancients for their astringent properties, and the juice of the fruit also, in

the formation of cooling drinks, on account of its acidulous taste. The
flowers and fruit are still employed in the East. The flowers are the Balaus-
tion of the ancients, whence their common name, balaustina flowers. The
rind of the fruit, and the bark of the roots, are the parts now commonly used
as medicinal agents in this country. These are employed for their astringent
properties, and the 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 punicine.
Psidium.—Various species of this genus jield excellent dessert fruits, which

are commonly known under the name of Guavas. The more important are,

P . pyriferum, P. pomiferum, P. Cattleyanum, P. albidum, and P. pygmeum.
Glaphyria nitida, is called by the Malays, the Tree of Long Life. It is also

known ;is the Tea Plant, from its leaves being used as tea at Bencoolen.
Myrtus connnunis, the Common Myrtle.— The dried flower-buds, and

the unripe fruit, were used as spices by the ancients, and are still so employed
in Tuscany. By distillation with water, the flowers form a very agreeable
perfume, known in France as Eau d'Ange.

Caryophyllus aromaticiis, the Clove-tree.— The dried flower-buds con-
stitute the cloves 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
fruits are called mother cloves ; they are used in China and other countries
as a spice, and are occasionally imported into this country. They are very
inferior to ordinary cloves.

Eugenia Pimenta, the Common Allspice. — The dried unripe fruit is

known under the names of Pimento or Jamaica Pepper, or more commonly
as Allspice (from its flavour combining that of Cinnamon, Cloves, and Nut-
megs). It is used as a spice, and in medicine in similar cases to cloves.
Its properties are chiefly due to the presence of a volatile oil. The Rose-
Apples of the East, which are much esteemed as dessert fruits, are the
produce of various species of Eugenia ; the more important are,

—

E. malac-
censis, E. aquea, and E.jambos. In Brazil, the fruit of E. caulifiora, the
Jabiiticaba, is also much esteemed. The leaves of E. ugni, are used in Chili
as a substitute for Paraguay Tea. The plant has been recently introduced
into this country on account of its fruit, but not with any great success.

Natural Order 107. Lecythidace^.— The Brazil-Nut or

Monkey-Pot Order. — Large trees, with alternate, dotless
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leaves, and small deciduous stipules. Flowers large and showy.
Calyx superior. Petals 6, imbricated, distinct, or sometimes
united at the base. Stamens numerous, epigynous; some of
them cohere and form a unilateral petaloid hooded body.
Ovary inferior, 2 to 6-celled; placentas axile. Fruit woody,
either indehiscent, or opening in a circumscissile manner (^fig.

669). Seeds several, large, and without albumen.
Distribution, 8fc.— Principally natives of Guiana and Brazil,

and also occasionally of other hot regions of South America.
Examples :— Lecythis, Bertholletia, Couroupita. There are 7

genera, and 38 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for their large woody fruits, the pericarps of which
are used as drinking-vessels, &c. Their seeds are frequently
edible.

Lecythis ollaria—The fruits of this and other species, have been called
Monkey-pots on account of their peculiar shape. The seeds of L. ollaria are
large and eatable, and are termed Sapucaya-nuts. Some have been lately
imported. Other species have also edible seeds. The bark of some species
of Lecythis may be s^•p;^rated into thin papery layers, which are used by
the Indians as wrappers foi their cignrs.

Bertholletia excelsa, the lirazil-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
lirazil.

Natural Order 108. CiiAMiELAuciACEiE.—The Fringe-Myrtle
Order.— Diagnosis. — This is a small order of shrubby plants

with evergreen dotted leaves, and nearly allied to Myrtacece, but
distinguished from them by their Heath- like aspect, their more
or less pappose calyx, and by their truly simple, 1-celled ovary.

From LecythidacecE they are at once known by their habit, their

dotted exstipulate leaves, and 1-celled ovary.

Distribution, Sfc.— Exclusively natives of Australia. Ex-
amples :— Calytrix, Chamcelaucium, Darwinia. There are 15
genera, and 50 species.

Properties and Uses.— Unkno^vn.
Natural Order 109. Barringtoniace^.— The Barringtonia

Order. — Diagnosis.— This is a small order of plants usually

placed among the Myrtacece, but Lindley considers them as

quite distinct from that order in these particulars; namely, the

presence of a large quantity of albumen in their seeds, and in

having alternate, dotlcss, and often serrated leaves. Thomson
has recently proved tliat the seeds are exalbuminous, so that
the characters separating them from Myrtacea? arc very slight

indeed. Another character of distinction is, in the testivation of
the calyx in the two orders respectively; thus that of Myrtaccai
is valvate, that of Barringtoniacea; imbricated.

Distrihution. Sfc. — Natives of tropical regions in all parts of
the woild. Edumples :— Barringtonia, Carcya, Gustavia.

J'ropertics and Uses.— The bark of Stravadium raceinosum is
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reputed to be febrifugal, and the root bitter, aperient, and acrid.

The fruit of Careya arborea is eaten, while that of Gustava
braziliana is emetic, and produces an intoxicating effect upon
fish. Generally the plants of the order should be regarded as

somewhat dangerous.

Natural Order 110. Belyisiace^.— The Belvisia Order.

—

Shrubs. Leaves alternate, exstipulate, with a leathery texture.

Calyx superior, coriaceous, 5-parted, with a valvate sestivation.

Corolla consisting of three distinct whorls of united petals.

Stamens 20, unequally monadelphous. Disk fleshy, and form-

ing a cup- shaped expansion over the ovary. Ovary 5-celled,

with two ovules in each cell; placentas axile; style 5-angled

or 5-winged; stigma pentagonal. Fruit a soft rounded beny,
crowned by the calyx. Seeds large, kidney-shaped, exalbu-

minous.

Distribution, ^c.— Natives of tropical Africa. Examples :
—

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^. — The Melastoma
Order.— 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 number
to the divisions of the calyx, twisted in Eestivation. Stamens
equal in number, or twice as many as the petals

; filaments

curved downwards in aestivation ; anthers long, 2 -celled, curiously

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.

Distribution, ^c.—They are principally 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

northern provinces of India. Examples:— Siphanthera, Mela-
stoma, Lasiandra, Osbeckia, Rhexia, Medinilla, Sonerila, Meme-
cylon, !Mouriria. There are 166 genera, and about 2000 species.

Properties and Uses. — The prevailing character of this order

is a slight degree of astringency. 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 speak-

ing, the plants possess but little interest in a medical or

economical point of view, but none are unwholesome. A



556 SYSTEMATIC BOTANY.

Fig. 936.

number of species are cultivated in this country on account of

the beauty of their flowers.

Natural Order 112. ONAGRACEiE.— The Evening Primrose
Order.— General Character. — Herbs or shrubs. Leaves
alternate or opposite, simple, exstipulate, without dots. Calyx

{fig. 936) superior, tubular, with the limb usually

4-lobed, or sometimes 2-lobed {fig. 765); in

aBStivation valvate. Petals usually large and
showy, generally regular and equal in number to

the divisions of the calyx {figs. 765 and 936),

twisted in aestivation, and inserted into the throat

of the calyx, rarely absent. Stamens {figs. 765
and 936) 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.

559 and 561). Ovary inferior {fig. 936), 2—4-
celled; placentas axile ; style 1, filiform ; stigma

lobcd, or capitate. Fruit capsular, or succulent

and indchiscent, 1, 2, or 4-celled. Seeds nume-
rous ( fig. 936), without albumen; embryo straight.

Diagnosis.—Herbs or shrubs, with simple, ex-

sti])ulate, dotlcss leaves. Calyx superior, 2—4-

lobed, valvate in oistivation. Petals usually

equal in number to the lobes of the calyx, with a
twisted aestivation, or rarely absent. Stamens
few, (usually 2, 4, or 8), inserted into the throat

of the calyx with the petals. Ovary inferior,

2 —4-celled ; style simple ; stigma lobed, or capi-

tate. Fruit dehiscent or indehiscent. Seeds
numerous, without albumen.

IJislribntiony S^c. — Chiefly natives of the tem-
perate parts of North America and Europe; many are also found
in India, but they are rare in Africa except at the Cape.
Examples:— Jussi^ea, Isnardia, (Enothera, Godetia, Clarkia,

Epilobium, Montinia, Fuchsia, Circaea, Gaura. There are 30
genera, and 450 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 ./ussicea are astringent. Several species of (Enothera
open their yellow flowers in the evening, and hence they have
been called Evening Primroses.

Natural Order 113. Halouagace;e.— The Mare's Tail or
Water-Chestnut Order.

—

Diagnosis.—Herbs or shrubs, generally
a<|uatic. Flowers small (^^/. 389), frequently incomplete and
unisexual. They are nearly allied to Onagracea*, and, in fact

arc merely a degeneration or imperfect form of that order. They

Fio.mc. Verti-
cal section of
the flower of a
Willow-herb
iEpilobium).
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are known from it by their minute calyx, the limb of which is

frequently obsolete; and by having solitary pendulous seeds,

which have fleshy albumen, or are exalbuminous.
Distribution, 8fc.— They are found in all parts of the world.

Examples

:

— Hippuris, Myriophyllum, Loudonia, Trapa. There
are 10 genera, and 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 amygdaloid seeds with unequal cotyledons. Tlie seeds
are edible. Trapa natans is the Marron d'Eau or Water-Chestnut ; T. bicornis
is called ling by the Chinese, and its seeds are highly esteemed by them. T.
bispinosa is the Singhara Nut, and is largely consumed in Cashmere and some
other parts of India.

Natural Order 114. CosrBRETACE^.—The Myrobalan Order,
— Trees or shrubs. Leaves exstipulate, entire, without dots.

Flowers perfect or unisexual. Calyx superior, with a 4— 5-

lobed deciduous limb. Petals equal in number to, and alter-

nate with, the lobes of the calyx; often absent. Stamens
inserted with the petals on the calyx, generally twice as nume-
rous as the lobes of the calyx, or thrice as many, or equal

to them in number; anthers 2-celled, with longitudinal or val-

vular dehiscence. Oyar?/ 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.— Exclusively natives of the tropical parts of

America, Africa, and Asia. Examples:— Terminalia, Cono-
carpus, Combretum, Gyrocarpus. There are 22 genera, and
200 species.

Properties and Uses.—The order is chiefly remarkable for the

presence of an astringent principle, hence the barks of some spe-

cies, 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 of vegetable

butter, which is called Chiquito by the CafFres, by whom it is

used to dress their victuals.

Terminalia Chebula The fruits are largely imported into this country
under the name of Myrohalans or Myrabolams. Those of T. belerica, called

Bastard myrubalans, or Bedda nuts, of T. citrina, and probably those of other
species, have similar properties. They form good durable yellow and black
dyes, and are also used in tanning. The flowers of T. Chebula are also used
as a dye in Travancore. They have been also employed in medicine, as

astringents and tonics. The seeds of T. belerica are edible, as are also those
of T. Catappa and some other species. The seeds of T. citrina are purgative.

T. Benzoin has a milky juice, which upon drying, forms » fragrant and
resinous substance resembling Benzoin in its properties.

Natural Order 115. Ehizophorace^.—The Mangrove Order.

—Trees (fig. 235) or shrubs. Leaves simple, opposite, dotless

or rarely dotted, with deciduous interpetiolar stipules. Calyx
superior, 4— 12-lobed, with a valvate aestivation, the lobes some-
times united so as to form a calyptra. Petals arising from
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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 indehiscent, 1 -celled, 1-seeded,

crowned by the calyx. Seed pendulous, exalbuminous, usually

germinating Avhile the fruit is still attached to the tree.

Distribution, ^c.— Natives of muddy sea-shores in tropical

regions. Examples :— Rhizophora, Kandelia, Bruguiera, There
are 5 genera, and 20 species.

Properties and Uses.— Generally remartable 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 (fig. 235).—The bark is sometimes
imported into tliis country as a tanning material, but it isnotmnci) used. The
fruit is sweet and edible, and its juice when fermented forms a kind of wine.

Natural Order 116. Alangiace^.— The Alangium Order.

—Trees or shrubs. Leaves alternate, entire, exstipulate, with-

out dots. Culi/x 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. Om/y inferior,

1—2-celled ; style simple; ovules solitary, pendulous. Fruit

drupaceous, more or less united to the calyx, 1 -celled. Seed
solitary, pendulous, with fleshy albumen and large flat leafy-

cotyledons.

Distribution, Sfc.— Natives of various parts of the East Indies

and the United States. E.vamples :—Alangium, Marlea, Nyssa.

There are 4 genera and 8 species.

Properties and Uses:— Of little importance. Some species of

Alangium are said to be purgative and aromatic; their succulent

fruits arc also edible. The fruit of Nyssa capitata or candicans

is used occasionally as a substitute for Lime fruit, whence it is

called the Oyechee Lime.

Natural Order 1 1 7. Cornace.s;.— The Cornel or Dogwood
Order.— General Character.—Shrubs, trees, or rarely herbs.

Leaves simple, opposite, or very rarely alternate, exstipulate.

Flowers perfect, or rarely unisexual, aiTanged in heads, or in a
corymbose, 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, in-

serted with the petals, and alternate to them. Ovary inferior,

surmounted by a disk, 2-ccllcd; ovules pendulous, solitary, ana-

tropous ; style and stiyma simple. Fruit drupaceous, crowned
with tlie remains of the calyx. Seeds pendulous, solitary; "m-
bryo in the axis of fleshy albumen, to which it is nearly equal in

Icntjjth; cotyledons large and leafy.

Diagnosis.—Trees, shrubs, or rarely herbs, with simple, exsti-

pulate, and (with but one exception) oi)positc leaves. Flowers
perfect, or sometimes unisexual. Caly.x superior, 4-lobed. Co-
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rolla with 4 petals, and a valvate aestivation. Stamens 4, alter-

nate with the petals. Ovaiy inferior, usually 2-celled, with a
single 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 :—Benthamia, Comus, Aucuba.
There are 9 genera, and 40 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for tonic, febrifugal, and astringent properties.

Comus florida The bark of this plant is much esteemed in the United
States ot America as a substitute for Peruvian bark in the treatment of
intermittent and remittent fevers. It is commonly known under the name of
dog wood bark. The bark of C. circinata and C. sericea are also used for
similar purposes in North America. The fruit of C. mascula, the Cornelian
Cherry, is astringent, a property also possessed by the leaves and flowers. The
fruit, call<^d krania. is much esteemed by the Turks, on account of its agree-
able acid flavour. They use the juice in their sherbets, and for other purposes.
The fruit of C succica is reputed to possess tonic properties. The seeds of C
sanguinea, the common dog-wood of our hedges, yield a fixed oil, which has
been used for burning in lamps.
Aucuba japonica, as its name implies, is a native of Japan, but it is now

commonly lultivated in our gardens and shrubberies. It is remarkable for its

variegated leaves. The female plant is alone known in this country, hence it

never produces seeds, and can therefore only be propagated by layering, or by
slips, or cuttings.

Natural Order 118. Hamamelidace^. — The Witch-Hazel
Order.—Small trees or shrubs, with alternate leaves, and de-

ciduous stipules. Flowers perfect or unisexual. Calyx superior,

4 or 5-lobed. Petals 4 or 5, with an imbricated aestivation,

or altogether wanting. Stamens 8, half of which are sterile

and placed opposite to the petals, and half fertile and alter-

nate with them; anthers 2-celled, introrse. Ocary inferior,

2-celled; styles 2. Fruit capsular, 2-valved, with a loculicidal

dehiscence. Seeds pendulous, albuminous.
Distribution, ^c. — Natives of North America, China, Japan,

the central parts of Asia, Madagascar, and South Africa.

Properties and Uses.—Unimportant.

Hamamelis virginica yields oily edible seeds, and its leaves and bark possess
astringent properties.

Rhoduleia Championi, a native of China, has showy flowers. It has re-
cently flowered for the first time in England.

Natural Order 119. Bruniace^.— The Brunia Order.

—

Heath-like shrubs, with small, imbricated, rigid, entire, ex-
stipulate 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-celled, 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.



560 SYSTEMATIC BOTANY.

Distribution, ^c.— Natives of the Cape of Good Hope except

one Madagascar species. Examples :— Brunia, Raspailla, Grub-
bia, Ophiria. There are 15 genera, and 65 species.

Properties and Uses.—Unknown.
Natural Order 120. Umbellifer^ or Apiace^.—The Um-

belliferous Order.— General Character.—Herbs or small

shrubs, with hollow or solid stems. Leaves alternate, generally-

sheathing at the base {fig. 258), usually compound (fig. 340),

or sometimes simple, exstipulate. Flowers generally in umbels,

(figs. 375, 407 and 937), white, pink, yellow, or blue, with {fig.

Fig. 937

Remains of the styles,

Fig. 93", c. General umbel of Fool's
Parsley yyEfhnsa Cynapiuni), in
fruit, b. One of the umbeliules,
showing the 3-leaved, partial,
pendulous, involucel Fig. 938.
A side view of the ripe fruit of
the Hemlock (Coiiium maciila-
tuni) Fig- 939. Transverse sec-
tion of the fruit of the same.
Fig. 940. Vertical section of one of
the halves of the fruit (mericarp).
The letters refer to the same parts
in these last figures, n, a. Ridges.
h, b. Channels, d. Albumen. /.

axis. i. prolonged axis, or Carpophore.

375) or without (fig. 407) an involucre. Cah/.T (fig. 563) supe-
rior, the limb entire, or 5-toothcd, or obsolete. "Pe/a/s 5 (fig. 563)
usually inflcxed at the point, often unequal in size, inserted on
the calyx outside the disk which crowns the ovary ; astication
imbricate, or rarely valvate. Stamens 5, inserted with the petals,
and alternate with them (fig. 563), incurved in a-stivation.
Ovary inferior

(fig. 563), crowned by a double fleshy disk
(stylnpod) (fiy. 563 d), 2-cel!cd, with a solitary pendulous ovule
m each cell; s////f,s 2 (fig. 938 a); stigmas simple. Fruit called
a cremocarp or diachanimn (figs. 136, 697, 938 and 939), con-
sisting of 2 carjjcls (mericarp.s), adhering by their face (commis-
sure) to a common axis (carpophore), from which they ultimately
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separate and become pendulous; each carpel an indehiscent 1-

seeded body, traversed on its dorsal surface by ridges, of which
5 are primary, and sometimes 4 others, alternating with them,
secondary; the spaces between the ridges are called channels
(valleculcE), in which are sometimes linear oily receptacles called

vittce (Jig. 136). 5'eei/ pendulous (Jig. 940); embryo minute, at

the base of abundant horny albumen (^^. 940); rat/icZe 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

outside of a double fleshy disk which crowns the ovary. Ovary
inferior, 2-celled, with a solitary pendulous ovule in each cell;

styles 2. Fruit consisting of two indeliiscent 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.
Division of the Order, Sfc.— The order has been divided into

three sections or sub-orders, from the appearance of the albumen,
but they are by no means well defined. They are as follows:—

Sub-order 1. Orthospermece.— Albumen flat on its face. Ex-
amples :— Hydrocotyle, Bolax, Sanicula, Horsfieldia, Cicuta,

Petroselinum, CEnanthe, Foeniculum, Pachypleurum, Levis-

ticum, Opoponax, Heracleum, Galbanum, Cuminum, Thapsia,

Caucus.
Sub-order 2. Campylospermece. — Albumen rolled inwards at

the edges, and presenting a vertical furrow on its face. Ex-
amples :— Margotia, Torilis, Anthriscus, Chaerophyllum,

Conium, Prangos, Opoidia.

Sub-order 3. Coelospermece.—Albumen with the base and apex
curved inwards on its face. Examples :— Ormosciadium,
Atrema, Coriandrum.

Distribution, Sfc.— 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 unconmion.
There are about 288 genera, and 1550 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 foetid 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,

o o
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We shall allude to the more important umbelliferous plants

under the above arrangement of their properties.

1. Esculent UMBELLiFERf.

Anthriscus Cerefolium, Chervil, was formerly used for its edible roots, and
as a pot-herb.
Apiuyn 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.
Arracacha esculenta, Arracacha, a native of New Granada, has large

esculent roots.

Bunium fiexuosum and Bulbocastanum have edible tubers, which are known
under the name ot Earth-nuts or Pig-nuts. B.ferulaceuryiy&ndXxye of Greece,

has also edible tubers, which are termed Topana.
Crithmum marilimum. Samphire, is commonly used as an ingredient in

pickles.

Daucus Carota, var. sativa, 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.

Fceniculum vulgare is the Common Fennel, and F. dulce the Sweet Fennel.

Both are well-known as pot-herbs and garni^shing substances. The latter is

frequently considered as a cultivated variety of the former. F. capensis is a

Cape esculent.
Ferula.—The roots of several species of this genus, and of other allied plants,

are eaten in Oregon and some other parts of North America.
Haloscias scoticum is the Scottish Lovage.
Helosciadum californicum.—The roots are said by M. Geyer, to be very

delicious ; they are eaten by the Saptoria Indians in Oregon.
(Enanthe pimpinelloirtes is said by Lindley to have wholesome roots, but the

genus generally must be regarded with suspicion.

Pastinaca sativa, the Parsnip—The roots of the cultivated plant are the
parts eaten.
Fetrosclinum sativum is the Common Parsley of our gardens.
Prurigos pabularia.—The herb is used as sheep food in Tartary and the

adjoining countries.

Sium Sisarutn, is commonly known under the name of Skirret.

Smurniu7n Olusatruin Alexanders This plant was formerly cultivated

like Celery.

2. Aromatic, Carminative, Stimulant, and Tonic Umbellifer^.

Archangelica officinalis, Angelica.—The root and fruits are pungent aro-
matic stimulants, and mild tonics. They are principally used in the prepa-
ration of giu, and the liqueur known under the name of bitters. The young
shoots are also made with sugar into a sweetmeat or candy, which forms a
very agreeable stomachic.
Anethum graveolens, the Dill ; Carunt Carui, the Caraway ; Coriandrum

sativum, the Coriander; Cuminum Cyminum, the Cummin ; Duucns Carota,
the Carrot ; Fceniculum vulgare, the Common Fennel ; Focniculum dulcc,

the Sweet Fennel; Focniculum Pannorium, an Indian species ; and Pimpinella
Anisum, the Anise. The fruits of the above plants, commonly 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 vittce,

<jr pericarp. Some are also employed as condiments, and for flavouring li-

queurs. They are too well known to need any detailed description. The fruits

of Levisticutn officinale, Lovage, have somewhat similar properties.
Eryngium rcimpestre and marilimum, Eryngo, have sweet aromatic roots,

possessing tonic jjroperties.
Meum athamaiiticum. Bald-money, and Af. Mutellina, possess roots of a

similar natun* to the preceding.
Sunihul is tlic rooi of a supposed Umbelliferous plant, which is imported into

this country from Bombay and Russia. It has a strong musky smell, hence its

common name of Musk-root. It possesses stimulant and antispasmodic pro-
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perties. From recent investigations, it would appear that sumbul is the root
of Nardostachys Jatamansi, sl plant belonging to the Valerianaceae (see p. 573).

Hydrocoiyle asiatica This plant is now employed in India both internally

and externally, in leprosy, secondary syphilis, &c. It is said with much
benefit.

3. Poisonous UsiBELLiFERiE.

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 Edin-
burgh. This is a very important point, and one which requires further inves-
tigation. Should it prove to be true in all cases, it would account in a great
degree for the varying strength of the officinal preparations of Hemlock, and
which is commonly regarded to arise from their careless preparation.

(Ethusa Cynapium, Fool's Parsley, is a very common indigenous plant
possessing poisonous properties It has been mistaken and eaten for Parsley.

Cicuta virosa, Water Hemlock or Cowbane, is another indigenous plant
of a highly poisonous nature. C. maculata, a native of America, has very
jjoisonous roots, which from having been mistaken for other harmless Um-
bellijerx, have not unfrequently led to fatal results.

Contum maculatum, H^-mlock.—This plant is indigenous. In proper doses
it is extensively employed in medicine to relieve pain, relax spasm, and com-
pose 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 many fatal accidents have arisen from its having been
mistaken for other harmless Umbelliferous plants.

CEnanthe crocata^ Hemlock,—Drop-wort or Dead-tongue, and (Enanthe
Phellandrium, Fine- leaved Water-drop wort, are intensely poisonous in most
localities. The roots of (Enanthe pimpmelloides, as already noticed (see p.
561), are said to be wholesome. All the above species are indigenous.

4. Umbellifer^ 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, Opoponax, Sagapenum, Assajce-

tida, Amnioniacum, and Galbanum. The latter four are officinal in the British

Pharmacopoeias. They all possess antispasmodic and more or less stimu-
lant properties ; this is especially the case with Assafcetida, which is also

extensively 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.
Aramoniacum also possesses expectorant properties to some extent, and both
it and Galbanum are used externally in the firm 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 only found in the south of Europe, and in Syria. These gum-resins are
imported into this country from Turkey, the Levant, or India. They are
commonly seen in two forms, — that is, in roundish or irregular tears, or in

masses formed by their union.
Opoponax appears to be obtained from incisions into the root of Opoponax

Chironium, formerly called Pastinaca Opoponax.
Sagapenum. — Nothing positive is known with respect to the plant yielding

this substance. It has been supposed to be obtained from the root oi Ferula
persica, or some other species of Ferula.

Assafcetida.— This is obtained by incisions into the rof>t of Narthex or
Ferula Assafcetida, and probably also to some extent from Ferula persica or
some other species, or from some other plants. Royle suggests that Frangos
pabularia may be one of the sources. There is no doubt, however, as to
Narthex assafcetida producing the greaterpartof the Assafcetida of commerce,
and it may be found to be the only source.
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.

Galbanum,— The source of this gum- resin is still uncertain. Lindley
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supposes it to be an exurtation from the stem of Opdidia galhanifera, but of

this there is no proof. By Don it has been referred to Galbanum officinale.

Natural Order 121. AKALiACEiE.—The Ivy Order,—General
Character.—Trees, shrubs, or herbs. Leaves alternate {fig.

203), without stipules. Flowers generally in umbels, or capitate,

usually perfect {fig. 941), or rarely unisexual. Calyx more or

less superior {fig. 941), entire or toothed. Petals {fig. 941), 2,

4, 5, 10, deciduous, almost always valvate in estivation, or rarely

imbricate, generally distinct, or rarely monopetalous, occasionally

wanting. Stamens corresponding in number to the petals, and
alternate with them {fig. 941), or twice as many, inserted

on the outside of a disk which crowns the ovary ; anthers

turned inwards (^^f. 941), with longitudinal dehiscence. Ovary

(^fig. 941), more or less inferior, usually with more than

2 cells, or very rarely 1 -celled, crowned by a disk, each cell

p. Q., with a solitary pendulous anatropal
'^'

* ovule ; styles as many as the cells, some-
times united ; stigmas simple. Fruit

usually 3 or more celled, succulent or

dry, each cell with 1 pendulous seed

with fleshy albumen.
Diagnosis.— Closely allied to Umbel-

liferce, from which it may be usually

distinguished by the valvate aestivation of

the corolla ; by having commonly more
than 2 cells and 2 styles to the ovary;

by the fruit being 3 or more celled,

the carpels of which do not separate

when ripe from a forked carpophore;
Fig. 941. Flower of the com- and from the sccd possessing fleshy

men Ivy {Hedera Helix). ,, mi. • i ^ ^albumen. 1 here is also a gi-eater ten-

dency among Araliacea to form a woody stem than in Umbelli-

fercE.

Distribution, ^-c.— These plants are universally distributed,

being found in tropical, sub-tropical, temperate, and the coldest

regions. Examples :—Panax, Aralia, Iledera, Adoxa, Gunnera.
There are 21 genera, and 160 species.

Properties and Uses.— It must be regarded as a somewhat re-

markable fact, tliat nearly allied as the Aruliaceai are to the Um-
beUifcrai, they never possess to any degree, the poisonous pro-
perties which are frequently found in plants of that order. The
Arahacea) are generally stimulant, aromatic, diaphoretic, and
somewhat tonic.

Panax Schinseng or Ginseng.— The root of this plant is the Asiatic Gin-
seng which is so liiglily prized by the Chinese as a stimulant and aphrodisiac,
that thej; will sometimes give for it its weight in gold. It is thought very
little of in Kurojje. /'. quinqnefolium, is a native of North America. Its

root is known under the name of American Ginseng. It has similar proper-
ties to the preceding.
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Alalia nudicauUs is a native of North America, where its roots are used
popularly as an alterative and stimulant diaphoretic in rheumatic affections.
It is commonly known under the name oi False or American Sarsaparilla.
It is sometimes forwarded to this country. The bark of^. spinosa, called
Angelica, or Toothache-tree in North America, is used as a stimulant diapho-
retic. The rice paper of the Chinese has been ascertained by Sir William
Hooker to be prepared from the pith of a plant, named by him Aralia papy-
rifera. (See ^^icht/notnene paludosa, p. 527. A. racemosa, spinosa, and
hispida yield aromatic gum-resins.
Dimorphanthus or Aralia edulis, is used in China as a diaphoretic. Its

young shoots and roots are also eaten as vegetables in China and Japan.
Hedera Helix, the Ivy, is reputed to be diaphoretic, and its berries are

emetic and purgative.
Gunnera scabra is remarkable for its enormous leaves, which are sometimes

as much as eight feet in diameter. Its fleshy leaf-stalks, which resemble those
of the Rhubarbs in appearance, are eaten. Its roots are astringent.

Artificial Analysis of the Natural Orders in the Sub-class

Calvciflor^.— Modified from Lindley.

(The Numbers refer to the Orders.)

1. Flowers Polyandrous—Stamens more than 20.

A. Ovary wholly superior.

a. Leaves without stipules.

1

.

Carpels more or less distinct, {at least as to the

styles) ; or solitary.

Stamens distinctly perigynous. Ovules
suspended or ascending .... Rosacece. 82.

Stamens more or less hypogynous. Ovules
attached to a long funiculus arising from
the base of the cell . . , . Anacardiacece. 76.

2. Carpels co?)ibined into a solid pistil.

Sepals 2, coherent at the base only. Ovary
with a free central placenta . . . PortulacacecE. 92.

Sepals more than 2, coherent into a tube.
Ovary with axile placentas . . . Lythracece. 84.

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
m'ore or less hypogynous .... Leguminosece. 80.

Calyx with the odd lobe superior. Stamens
perigynous Rosacece. 82.

2. Carpels combined into a solid pistil.

Ovary 1-celled with a free central placenta . Portulacacece. 92.

B. Ovary inferior, or partially so.

a. Leaves without stipules.

1. Placentas parietal.

Petals definite in number, distinct from the
calyx LoasacecB. 100.

Petals indefinite in number, gradually pass-
ing into the sepals CactacecE. 102.

2. Placentas in the axis.

Leaves with transparent dots.
Ovary 1-celled. Cotyledons not distinct ChamalauciacexE . 108.

Ovary with more than 1 cell. Cotyle-
dons distinct Myrtacece. 106.

Leaves without dots.

Petals very numerous .... Mesembryacecs. 93.

Petals definite in number.
Petals narrow and strap-shaped . . Alangiacece. 116.
Petals roundish and concave.

Styles united Barringtoniacece. 109.

Styles distinct Philadelphacecc. 105.

O O 3
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b^ Leaves with stipules.

1

.

Carpels more or less distinct, or solitary . Rosacece. 82.

2. Carpels combined into a solid pistil.

Leaves opposite Ehizophoraceee. 115,
Leaves alternate.

Placentas axile Lecythidacece . 107.:

Placentas parietal Homaliacece. 101.

2. Flowers Oligandrous Stamens less than 20.

A. Ovary wholly superior.

a. Leaves without stipules.

1

.

Carpels more or less distinct, or solitary.

Carpels with hypogynous scales.

Each carpel having one scale . . . CrassulaceeB . 89.

Each carpel having two scales . . . Francoacece. 90.

Carpels without hypogynous scales.

Carpels several all perfect .... Calycanthacecc . 83.

Carpel solitary, or all but one imperfect.
Leave.s without dots.

Ovule single, suspended bya cord rising

from the base of the carpel . . Anacardiacece. 76.

Ovules collateral, ascending, sessile . Connaracece. 78.

Leaves dotted Amyridacece. 79.

2. Carpels combined, {at least by their ovaries)
into a solid pistil.

Placentas parietal.

Flowers with a ring or crown of sterile

stamens.
Flowers unisexual.
Female flower coronetted . . Pangiacece. 98.

Female flower not coronetted . Papayacece. 97.

Flowers hermaphrodite . . . Malasherbiacete. 95.
Flowers without sterile stamens . . Turneracets, 96.

Placentas axile.

Styles distinct to the base.
Carpels each with one hypogynous scale Crassulacea. 89-

Carpels without hypogynous scales . SaxiJragacecB, 85.
Styles more or less combined.
Calyx imbricate.
Sepals 2 Portulacacece. 92.
Sep.ils more than 2.

Ovules ascending .... Celastracece. 71.

Ovules suspended .... Bruniacece. 119.

Calyx valvate or open.
Stamens opposite to the petals, iso-

merous Rhamnacex. 75.

Stamens alternate with the petals if

isomerous.
Leaves simple. Calyx tubular . Lythraceee. 84.

Leaves compound. Calyx not tu-

bular Amyridacece. 79.

b. Leaves with stipules.

1. Carpels distinct, or solitary.

Fruit legiuninous ; odd sepal inferior . . I,rguminos<B . SO.

,
Fruit not leguminous ; odd sepal superior . Rosacea:, 82.

2. Carpels combined, (at least by their ovaries)
into a solid pistil.

Placentas parietal.
Flowers with a ring of appendages . . Passifloracecc. 94.

Flowers without a ring of appendages . Moringacecc. 81.

Placentas in the axis.
Stvles distinct to the base.

Petals minute ParonychiacecE. 91 i

Petals conspicuous.
Leaves opposite CunoniacecE. 88.

Leaves alternate Saxifragaccce. 85.
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by

Vochysiacece . 74.

StackhousiacecB. 72.
Staphyleacece. 73.

75.

79.

Cucurbilacece . 99.

Grossulariacece . 103.

Vmhellijera. 120.

Araliacece. 121.
,

. Alangiacecs. 116.

. Anacardiacece. 76.

Styles more or less combined.
Calyx imbricate.
Flowers spurred .

Flowers not spurred.
Leaves simple. Petals united

their clawsiinto a tube .

Leaves compound. Petals distinct
Calyx valvate or open.
Stamens opposite to the petals, iso-
nierous Rhamnace^.

Stamens twice as many as the petals . Amyridacece.
5. Ovary inferior, or partially so.

a. Leaves without stipules, or with cirrhose stipules.

Placentas parietal.

Flowers completely unisexual. Mono-
petalous

Flowers hermaphrodite, or polygamous.
Petals distinct

Placentas in the axis.

Flowers in umbels.
Styles two .....
Styles three or more

Flowers not in umbels.
Carpel solitary.

Petals strap-shaped, reflexed
Petals oblong.
Leaves balsamic • .

Leaves insipid.

Cotyledons convolute .

Cotyledons flat ....
Carpels 2 or more, divaricating at the apex.

Leaves alternate. Herbs .

Leaves opposite. Shrubs .

Carpels 2 or more, not divaricating, com-
bined.

Calyx valvate.

Stamens opposite to the petals, iso-
merous

Stamens alternate with the petals if

isomerous.
Albumen none. Ovules horizontal

or ascending
Albumen none. Ovules pendulous
Albumen abundant

Calyx not valvate.
Stamens doubled downwards. Anthers
with appendages. Leaves ribbed .

Stamens only curved. Anthers short
Leaves dotted ....
Leaves not dotted.

Seeds very numerous, minute
Seeds few

b. Leaves with stipules.

Placentas parietal.

Stipules cirrhose. Monopetalous
Stipules deciduous. Petals distinct .

Placentas in the axis.

Stamens opposite to the petals, isomerous .

Stamens if equal to the petals, alternate
with them.
Leaves opposite
Leaves alternate . . . <

.

Comhretacece.
Haloragacets.

SaxifragacecB.
Hydrangeacece.

114.

113.

RhamnacecE. 75.

OnagracecE. 112.

Haloragacece . 113.

Cornacea:. 117.

Melastomacece . 111.

. Myrtacece. 106.

EscalloniacecB . 104.

Bruniacece. 1 19.

CncurhitacecB.
HoinaliacecB

.

Rhamnacece. 75.

RhizophoracecE. 1 1 5.

Hamamelidacece . 1 18.

Although it generally happens that the Calyciflor^e have
dichlamvdeous flowers, polypetalous corollas, and perigynous
or epigynous stamens, yet several exceptions occur, which should
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be particularly noted by the student. Thus, we find apetalous

plants in the Celastracece, Bhamnaceoe, Anacardiacece, Legu-
minoscE, Rosacece, Lythracea, Saxifragacece, Cunoniacece, Paro-
nychiacece, Mesemhryacece, PassifloracecB, Myrtacece, Onagracece,

Haloragacece, Combretacece, HamameUdaceoe, and Araliacece.

Monopetalous corollas occur commonly in Stackhousiacece,

Papayacea; Cnciirbitacece, and BelvisiacecE, and occasionally in

Crasnulacect, Portulacacea, Lecythidacacece, and Araliacece. In
some calycifloral Exogens again, the stamens are whoUy, or in

part, hypogynous or nearly so, as in Anacardiacece, Connaracece,

Leginninosce, Saxifragacece, Crassulacece, Francoacece, Parony-
cliiacece, and Portulacece.

Unisexual flowers always occur in Hensloviacece, Papayacea,
Pangiacece, and Cucurbitacece, and sometimes in Rosacea, Hy-
drangeacecc, Passijloracece, Grossidariacece, Haloragacece, Com-
bretacece, Cornacece, Hamamelidacece, and Araliacece.

Exceptions also not unfrequently occur to the characters

commonly found in the perigynous and epigynous subdivisions

of the Calyciflorff. Thus, in the Perigynaj we sometimes find

the ovary partially or Avholly inferior instead of superior, as

in Vochysiacecc, Rhamnacece, Anacardiacece, Rosacece, Saxifra-

gacece, HydrangeacecE, Cmioniacece, Portulacacecp, and Mesem-
bryacece. The exceptions to the ordinary inferior ovary of the

Epigynse are much more rare, only commonly occurring in

Myrtacece, Melastomacece, and Bnmiacece, where the ovary is

sometimes partially or wholly superior.

Sub-class 3.— CorolliflorcE.

1. Epigyna).

The Natural Orders placed in this sub-division were included

by Dc Candolle in the Calyciflora;; 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

Hypostamineaj and Epipetalse. The simplest arrangement,

however, for the student is, to consider the Monopetalous
Corolla as the essential mark of the CoroUiflora, and in accord-

ance with tliis view we place this sub-division here. It should

be noticed, however, that some monopetalous orders have been
placed by us in the Calyciflorjc. (See p. 567.)

Natural Order 122.

—

Caprifoliace.'e.— The Honeysuckle
Order. — General Character. — Shrubs, or rarely herbs.

Leaves opposite {fig. 2G2), cxstipulatc. Calyx superior {fg.
942), 4— 5-cleft, usually bractcatcd. Corolla monopetalous {Jig.

943), 4— 5-cleft, tubular or rotate {fig. 943), regular (y?^. 943),
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or irregular, rarely poljpetalous. Stamens {fig. 943), 4—5,
inserted on the corolla, and alternate ^yith its lobes Ovary in-

Fig. 942. Fig. 943. Fig. 944.

Fig- 942. Pistil of the Common Elder (Samhucus nigra), surrounded by a
superior 5-lobed calyx. Fig. 943. Entire flower of the Elder. Fig.
944. Vertical section of the seed.

ferior {figs. 942 and 943), 1—5-celled, nsually 3-celled, often

with 1 ovule in one cell, and several in the others; style 1, or

none {fig. 943); stigmas 1—3 {fig. 943), or 5. Fruit inde-

hiscent, 1 or more celled, dry or succulent, and crowned by the

persistent calycine lobes. Seeds sohtary or numerous ; embryo
small {fig. 944), in fleshy albumen.

Diagnosis.— Shrubs or herbs, with opposite exstipulate leaves.

Calyx superior, 4—5-cleft, persistent. Corolla monopetalous,
and bearing commonly as many stamens as it has lobes, to

which they are alternate, regular or iiTcgular. Ovary inferior,

1— 5-celled. Fruit indehiscent. Seeds with fleshy albumen.
Distribution, ^c. — Chiefly natives of the northern parts of

Europe, Asia, and America. They are rare in the southern
hemisphere. Examples :—Linnsa, Symphoricarpus, Leycesteria,

Caprifohum, Lonicera, Viburnum, Sambucus. There are 16
genera, and about 220 species.

Properties and Uses.—The plants of this order have frequently
showy flowers, which are 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 {Symphoricarpus racemosus), &c. Some are emetics
and mild purgatives ; others are astringent; others sudorific and
diuretic; and some are acrid.

Triosteum perfoUatum 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. Opulus,
the Guelder-rose, is commonly regarded as emetic and cathartic. V. cas-
sinoides—The leaves of this plant, mixed with those of Frinos glaber (Aqui-
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foliacecB'), are employed in N. America as a substitute for Tea, under the
name of Appalachian Tea (see Prinos).
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 purpose of adulterating Port-wine, and in the manu-
facture of a kind of wine, which is commonly known as Elder Wine.

Natural Order 123.

—

Cinchonace^.—The Cinchona Order.

GeneralCharacte r.—Trees, shrubs, or herbs. Leaves simple

(^fig. 359), entire, opposite, with interpetiolar stipules. Inflores-

cence cymose. Calyx superior, with the limb 4—6-toothed, or

entire. Corolla monopetalous, regular, tubular, with its lobes corre-

sponding 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, many-celled,

or usually 2-celled, dry or succulent, indehiscent, or separating

into 2 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 alternate, epipetalous. Ovary inferior, 2 or more celled.

Fruit inferior. Seeds 1 or more, with horny albumen.
Division of the Order, Sfc.—The Cinchonacea; may be divided

into two sub -orders as follows :—
Sub-order 1. Coffeoi.—Ovary with 1 or 2 seeds only in each cell.

Examples :— Pomax, Coprosma, Richardsonia, Cephaelis,

Psychotria, Coffca, Ixora, Morinda, Guettarda.

Sab-order 2. Cinchonece.— Ovary many-seeded. Examples:
— Rondeletia, Exostemma, Cinchona, Nauclea, Gardenia,

Genipa.

Distribution, Sfc.— They are almost exclusively natives of

tropical and warm regions. There are 318 genera, and about

2550 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 Jis substances useful in

the arts and domestic economy. Thus, many possess tonic,

febrifugal, astringent, emetic, or purgative properties; a few are

vahiablc dyeing and tanning agents, and others have edible

fruits and seeds. A few arc reputed to have intoxicating, and
in some 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.

Coprosma microphylla.—The fruits of this and other species are eaten in
Australia, where they are called Native Currants.

Hichardsojiia satbra or braxiliensis— The root is emetic. It contains the
same active principle, namely, emetina, as that of the anniUated ipecacuanha
root from Cephaelis Ipecacuanha (see below), 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.

Cephaelis Ipecacuanha.— The root of this plant is termed annulated ipeca-
cuanha {fig. 'HI). It is the officinal Ipecacuanhaof this country. It contains an
aliialoid called emetina, to which its properties are principally due. It possesses
emetic and purgative properties in large doses, and in small doses it is ex-
pectorant and diaphoretic. It is also sedative.
Psychotria e7netica.— \ts root is called black or striated ipecacuanha. It is

not used in this country, but it possesses emetic properties like the roots of
the two preceding plants, although less active than the annulated ipecacuanha.
It contains emetina. The roasted seeds of P. herbacea have been used as a
substitute for coffee.

Cqffea arahica, the Coffee Plant.— The seeds of this plant when roasted,
are used in the preparation of that most valuable beverage—cojff^. Coffee
owes its properties chiefly to the presence of codeine, which is identical with
theine, (see Thea, p. 476), and 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, hence this is called Coffee- Tea. The leaf contains.similar ingredients
to the seeds, and possesses therefore analogous properties.
Morinda citrifolia.—The roots of this species, as well as those of M. tinc-

toria, are used in India and some other parts of Asia, for dyeing red. They
have been occasionally imported into this country, under the names of
Madder, Munjeet, and Chay-root ; but such names are improperly applied to
this substance. (See Oldenlandia p. 573, and Rubia p. 572.)
Guettarda fpeciosa,—The wood of this plant is imported from the West

Indies. It is the Zebra-Wood of cabinet-makers. Tortoise-wood is also some-
limes considered to be the produce of a variety of the same tree.

Oldenlayidia umhellata.—The root of this plant is occasionally imported from
India under the name of Chay or Che root. It is employed to dye red, purple,
and orange-brown. The colouring matter is confined to the bark.
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 Cordilleras,
growing commonly at heights varying from about 4000 to nearly 1"2,000 feet

above the level of the sea. The Cinchona region extends from Santa Cruz dela
Sierra, in Bolivia, about 19° S. lat., through Peru and Columbia, nearly to
Caracas, in about 10° of N. lat. They are small shrubs, or large forest trees,
with evergreen leaves, and commonly showy flowers. They appear to require
great moisture, and a mean temperature of about G2°. The barks of several
species and varieties are extensively imported into this country, under the
names of Cinchona, Peruvian, or Jesuits' Bark. Twenty-six varieties have
been described by Pereira, and Weddell has enumerated no less than 39. 'ITie

more important are Loxa or Crown Bark ; Gray, Silver, or Huanuco Barks
Yellow Bark ; and Red Bark. These four are ofhcinal in our Pharmacopoeias.
The different sorts of Loxa or Crown Bark, appear to be derived as follows:— Original or True Crown, from C. Condamineu, var. vera, of Weddell, now
termed C". crispa ; White Crown, from C. Condaminea, \ar. lucumafoltas
the H. O. Crown Bark, according to Mr. Howard, from C. glandulifera s
Ashy Crown, from C. Condaminea, var. rotundijolia ; and Wiry Loxa, from C.

hirsuta. All the above sorts are known in commerce, under the names of
Loxa or Crown barks. J^ine Gray Bark is the produce of C. nitida, and the
inferior or coarser kind, of C. nticrantha. They are usually mixed together.
The genuine Calisaya or Yellow Bark, is the produce of C. Calisaya, var. vera.
Two other kinds of barks are sold as true Calisaya, namely, Josephian
Calisaya, from C. Calisaya, var. Josephiana, and Bolivian Mulberry Calisaya,
from C. Boliviana. Several spurious or false ialisayas, are also known.
The origin of Red Bark is not altogether ascertained ; but it would appear
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from the recent researches of T^Ir. Howard, to be derived from C. erylhroderjim,
or Cinchona ovata, var. erythroderma, now termed C succirubra. Inferior
kinds of barks are, Carabaya Bark, from C. ovata, var. vulsan's ; Cusco Bark,
from C. puhescens, var. Pelletieriana ; Huamalies, or Rastj- Bark, from C.
Condaminea, var. Chahtiarguera ; Coquetta or Bogota Bark, and Fibrous
Carthagena, from C. Condamhiea, \ar. lancijolia ; Hard Carthagena, from C.
cordijolia, var. vera, &c. &c. Several alkaloids have been described as con-
stituents of the Cinchona barks, but by far the mo^t important are, Quina,
Cinchonia, and Quinidia. These are all used in medicine, and possess in
an eminent degree, tonic, febrifuge, and antiperiodic properties. The barks
themselves, in addition to such properties, are also slightly astringent.

Uncaria or Nauclea Gambir.—An extract prepared from the leaves of this
plant, constitutes the kind of Catechu, which is known in commerce as
Gambir or Gambier, or Pale Terra Jnpanica, and by druggists, as Catechu in
square cakes. It is one of the most powerful of astringents, and is largely em-
ployed in tanning and dyeing, and also in medicine.

Sarcocephalus esculeiittis.—The fruit is the Sierra Leone Peach.
Genipa— The fruit of some species is eatable, that of G. americana, the

Lana tree, is the Genipap of South America. In British Guiana, a bluish-
black dye called Lana dye, is prepared from the juice of the fruit.

Gardenia.— Yrom the fruits of G. grandiflora, G.florida, and G. radicans,
beautiful yellow dyes are prepared, which are extensively used in China and
Japan.

Natural Order 124.— Galiace.e or Stellate.— The Mad-
der Order. — Herbaceotas plants, with whorled exstipulate

leaves {fig. 263), and angular stems {fig. 263). Calyx supe-
rior (^figs. 946 cal, and 947 b), \\\\\i the limb 4— 6-lobed, or

obsolete. Corolla monopetalous, 4—6-lobed {fig. 945), regular.

Fig. 945. Fig. 946. Fig. 947. Fig. 948.

Fig. 945. Diagram of the flower of the Madder {Ruhia tinctoriim') Fig.

y4(J. Pistil of Madder adherent to the calyx, cat. st. Styles and stigmas.

Fig. 947. Pistil of Goose Grass or Cleavers (^Galium Aparine), surrounded
by calyx, 6. st. Styles Fig. 948. Vertical section of the fruit of

Galium Aparine. a. Albumen, c. Embryo, pi. Placenta.

Stamens cpipctalous, equal in number to the lobes of the corolla,

and alternate with them (fig. 945). Ovarij inferior ifigs. 946

and 947), 2-celled {fig. 945), with one solitary erect ovule in

each cell; styles 2 Cfiy^- 946 and 947 st). Fruit 2-celled, inde-

hisccnt, w ith 1 erect seed in each cell {fig. 948) ; albumen liorny

(fig. 948 a). This order is generally incUided witli the Cincho-

nacea; in a common order, called Kubiacea\ I'he Galiacea) are

at once di.stino;uishcd from the CinchonacciC by their whorled

exstipulate leaves, and angular stems. Some regard the whorls
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as formed partly of leaves, and partly of stipules resembling
the true leaves in form and appearance. The above an'ange-
ment of the Cinchonaceae and Galiacete 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:— Gahum, Rubia, Asperula,
Sherardia. There 10 genera, and 320 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 spe-

cies have been employed as substitutes for coffee.

Galium Aparine, Goose-grass, or Cleavers. — The inspissated juice or
extract of this plant, has been used with success in lepra and some other
cutaneous diseases. Its roasted seeds have been employed as a substitute for
coflFee. The extract of G. rigidum, and G. Mollugo, have been employed in
epilepsy.
Rubia tinctorum— The root of this plant is known under the name of

Madder, and is one of the most important of dyes. It is largely cultivated in
France, Holland, the Levant, &c. 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 crops (the best), ovibro,g(imene,B.n6. mull (the
worst). In the living state, madder-root only contains a yellow colouring
principle, but no less than five colouring matters have been obtained from
the madder of commerce, called respectively madder purple {purpurine), red
{alizarine), orange, yellow, and brown. It would appear, therefore, that these
must be all derived from the single yellow colouring principle. Besides its use
as a dyeing material, madder was long employed in medicine as a tonic and diu-
retic, and has been regarded as a valuable emmenagogue. Besides the roots of
R. tinctorum, 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. Columelliace^. — The Columellia
Order. — Evergreen shrubs or trees. Leaves opposite, ex-
stipulate. Flowers unsymmetrical, yellow, terminal Calyx
superior, 5-parted. Corolla monopetalous, rotate, 5—8-parted,

imbricated. Stamens 2, epipetalous ; anthers sinuous, with
longitudinal dehiscence. Ovary inferior, 2-celled, surmounted
by a fleshy disk. Fruit a 2-celled, many-seeded capsule.

Seeds with fleshy albumen.
Distribution, Sec.— Natives of Mexico and Peru. It only

contains the genus Columellia, which includes 3 species.

Properties and Uses. — Unknown.
Natural Order 126. Valeeiaxace^.— The Valerian Order.
— Herbs. Leaves opposite, exstipulate. Flowers cymose,
hermaphrodite {figs. 480 and 481), or rarely unisexual. Calyx
superior {fig. 949 cd), with the limb obsolete, or membranous,
or pappose. Corolla monopetalous {figs. 480 and 481), tubular,

imbricated, 3— 6-lobed, regular or iiTegular, sometimes spurred
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at the base {fig. 481). Stamens 1—5, inserted upon the corolla

{figs. 480 and 481). Ovary inferior {figs. 480, 481, and 949),

•with 1 fertile cell, and usually 2 abortive or empty ones. Fruit
dry and indehiscent, frequently pappose {fig. 452). Seed {fig.

949) solitary, pendulous, exalbuminous ; radicle superior.

Distribution, ^c.— Chiefly natives of the temperate parts of

Europe, Asia, and America ; they are rare in Africa. Examples

:

—Nardostachys, Valerianella, Centranthus, Valeriana. There
are 12 genera, and 185 species.

Properties and Uses. — They are chiefly remarkable for the

presence of a strong-scented volatile oil, which renders them
stimulant, antispasmodic, and tonic. Some are highly esteemed
in the East as perfumes, but they are not generally considered

agreeable by Europeans.

Nardostachys Jataviansi is the true Spikenard of the ancients. It is much
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 Nardo.s of the Greeks. The
root is supposed to be the Sumbul of the shops (see Sumbul, p. 562).

Valerianella olitoria. — The young leaves are occasionally used as a salad,

both on the continent and in England. In France they are known under the
name o^ mdche, and in England by that of Lamb's Lettuce.

Valeriana officinalis.—The root of this plant is the otficinal Valerian of the
British Pharmacopoeias. It is much employed as a nervous excitant and
antispasmodic. The roots of V, Dioscoridis, Phu. celtica, sitchensis, and other
species, have similar properties. V. sitchensis is most esteemed in Russia.

Natural Order 127. Dipsacacej!:. — The Teazel Order.

—

Herbs or undershrubs. Leaves opposite, or verticillate, ex-

stipulate. Flowers in dense heads (capitula) {fig. 405), sur-

Fig. 949. Fig. 950. Fig. 951.

Fia- 940. Vertical section of the ovary of the Red Valerian (Ccntrnnthtis ruber).
ra. Calyx. <v.. Corolla, sty. Style, or. Ovule Fig. ti.V). fruit of Scn-
l,it)ga iiuriiurin, siirinounted by the pappose calyx Fig. 951. One of the
centrol fl(.ret8 of the capitulum of Scabiosu purpurea, with tlie ovary, &c,,
cut Tertically.
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rounded by an involucre. Calyx {fig. 951) superior, with a
membranous or pappose limb, and surrounded by an involucel.

Corolla {fig. 951) tubular, monopetalous, the limb 4—5-lobed,

generally irregular {fig. 405), and with an imbricated sestivation.

Stamens 4 epipetalous (^^r. 951); anthers distinct. Ovary in-

ferior (fig. 951), 1 -celled; ovules solitary, pendulous; style and
stigma simple. Fruit dry, indehiscent, surmounted by the

pappus-like calyx (figs. 453 and 950). Seed with fleshy al-

bumen, and having a straight embryo, and a superior radicle.

Distribution, Sfc.—Chiefly natives of the south of Europe, and
of North and South Africa. A few species are found in this

country. Examples :— Dipsacus, Knautia, Scabiosa. There
are 6 genera, and 150 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 capltula 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.
Scabiosa svccisa, is called the Devil's-bit Scabious, on account of its

abruptly terminated root (Jig. 253). 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. 363, thus exhibiting a marked deviation from the development in
capitula, which is the ordinary arrangement in the plants of this order.

Natural Order 128. Caltcerace^.— The Calycera Order.

—

Herbs. Leaves alternate, exstipulate. Flowers in capitula,

surrounded by an involucre. Calyx superior, irregular 5-

lobed. Corolla monopetalous, regular, valvate, 5-lobed. Sta-

mens 5, epipetalous
; filaments monadelphous ; anthers partially

united. Ovary inferior, 1 -celled, with a solitary pendulous
ovule. Fruit indehiscent. Seed soUtary, pendulous, with fleshy

albumen, and a superior radicle. They hold an intermediate

position between Dipsacaceae and Compositse, being distin-

guished 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 Compositte in their anthers being only partially united,

and in their pendulous albuminous seed and superior radicle.

Distribution, Sfc.— Exclusively natives of South America,
especially the cooler parts. Examples :— Boopis, Calycera,

Leucocarpus. There are 8 genera belonging to the order.

Properties and Uses.— Unknown.
Natural Order 129. Composite or Asterace^.—The Com-

posite Order, — General Character. — Herbs or shrubs.

Leaves alternate or opposite, exstipulate. Flowers (florets)

hermaphrodite (figs. 952— 954), or unisexual {fig. 477), aiTanged
in capitula (figs. 404 and 420), which are surrounded by an
involucre formed of a number of imbricated bracts (phyllaries)

(fig. 376) ; the separate florets are also frequently furnished
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Fig. 952. Labiate floret of Chcetanthera linearis, o. Ovary with adherent
calyx, t. Tube of the corolla. Is. Upper lip of corolla, 1 i. Lower lip.

e. Tube formed by the adlierent anthers, s. Stigmas Fif/. 953. Ver-
tical section of the floret of Aster rubricaulis. o. Erect ovule, enclosed in
the inferior ovary, a. Limb of the calyx. ;;. Corolla, s. Style, e. Tube
of the anthers Fig. 954. Floret of the Chicory {dehoriurn Jntybus). o.

Ovary with adherent calyx, e. Tube formed by the adherent anthers, s.

Stigmas Fig. 9.jo. Vertical section of the ripe fruit of a Groundsel
iSenecio), surmounted by a portion of the style, s ; and the hairy limb of
the calyx, p. Pericarp t. Testa, e. Seed. The above figures are from
Ju£8ieu.

with membranous scale-like bractlets (called paJe<x) {fig. 381).

Calyx superior {fiys. 952— 9.54), its limb either entirely abortive

{fig. 450), or membranous {fig. 451), and then entire or toothed;

or pappose,— that is, divided into bristles, or simple, or branched,

or feathery hairs {fig. 953). Corolla monopetalous {figs. 952

—

954), tubular {fig. 451), ligulate {fig. 954), or bilabiate {fig.

952), 4—5-tootlicd, with a valvate aestivation. Stamens {figs.

952—954 e) 5, or rarely 4, inserted on the corolla, and alternate

with its divisions; filaments distinct or monadelphous; anthers

united into a tube {syngenesious or syuantheroiis) {fig. 536),
which is perforated by the style {fig. 954), Ovary inferior, 1-

celled, with 1 erect ovule {fig. 953): style 1, undivided below,
and commonly bifid above {fig. 956) : stigmas 2, one being
placed on tlic inner surface of each division of the style {fig.

956). Fruit dry, indchiscent, 1 -celled, (called a cypscla), crowned
by the limb of the calyx which is often pappose {fig. 955).
Seed {fig. 955) solitarv, erect, exalbuminous; radicle, inferior

{fig. 955 c).
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Fig. 9.56. Styles and stigmas of Composite Flowers to illustrate De Candolle's
tribes, after Heyland and Lindley. 1. Albertinia erythropappa (Verno-
niese). 2. Anisochceta mikanioides (Eupatorieae). 3. BUimea senecioides
(Asteroideae). 4. Jfendezia bicolor (Senecioidese). .5. Lipochceta umhellata
(.Senecioideae). 6. Aplotaxis nepalensis (Cynareae). 7. Leucomeris spectabilis
CMutisieae). 8. Leuceria tenuis (Nassavieae).

Diagnosis—Herbs or shrubs, with exstipulate leaves. Flowers
(called florets) arranged in dense capitula, and surrounded by
an involucre. Calyx superior, its limb abortive, or mem-
branous, or pappose. Corolla monopetalous, 4—5-toothed.

Stamens epipetalous, equal in number to the di\'isions of the

corolla (generally 5), and alternate with them ; anthers syn-

genesious. Ovary inferior, J -celled with 1 erect o-\nile, style

simple, bifid above. Fruit 1-celled, dry, indehiscent. Seed
solitary, erect, exalbuminous ; radicle inferior.

Division of the Order. Sfc. — This order has been differently

divided by authors. By Linnaeus, the plants of his class

Syngenesia, division Polygamia, (which corresponded to the Na-
tural Order Compositce as above defined,) were divided into five

orders, under the names of Polygamia JEqualis, Superflua, Fnis-
tanea, Necessaria, and Segregata. The characters of these have
been already stated at page 412. Jussieu separated the Com-
positge into three sub-orders as follows:— 1. CorymbifercE, the

plants of which have all tubular (flosculous) and perfect florets;

or those of the disk (centre) are tubular and perfect, and those

of the ray (circumference) tubular and pistiHiferous, or hgulate
(radiant). 2. CyrmrocephalcE, the florets of which are all tubular

and perfect ; or those in the centre are perfect, and those of the

ray neuter : and .3. Cichoracece, having all the florets ligulate

and perfect. A fourth sub-order was afterwards added, called
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LabiatiJlortB, which included those plants the florets of which

were bilabiate ; this group was unknown to Jussieu. The
arrangement most frequently adopted at the present day, is that

of De Candolle, which was founded on that of Lessing. It is as

follows :
—

Sub-order 1. Tubuli/lorce.-^'Florets tubular or ligulate, either

perfect, unisexual, or neuter. Perfect florets tubular, with 5, or

rarely 4, equal teeth. This sub-order includes the Corymbiferce

and Cynarocephalce of Jussieu. It has been divided into five

tribes :
—

Tribe 1. Vtrnoniece. Style cylindrical ; its arms generally long

and subulate, sometimes short and blunt, always covered all

over with bristles, (Jig. 956, 1). Examples:—Adcnocyclus,

Vernonia, Elephantopus.

Tribe 2. Eupatoriece. Style cylindrical ; its arms long and
somewhat clavate, with a papillose surface on the outside

near the end (Jiy. 956, 2.) Examples:—Eupatorium, Agera-
tum, Tussilago, Petasites.

Tribe 3. Asteroidea. Style cylindrical ; its arms linear, flat

on the outside, equally and finely downy on the inside,

{Ji(j. 956, 3). Examples:—Erigeron, Bellis, Inula, Pulicaria.

Tribe 4. Senecioideoe. 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 (^9. 956, 4 and 5). Examples:—Anthemis, Anacyclus,
Artemisia, Tanacetum, Arnica, Senecio.

The above four tribes correspond to the sub-order Corymbiferce

of Jussieu ; the next tribe to the Cynarocephalce of the same author.

Tribe 5. Cynarea:. Style thickened above, and often with a
buiich or fringe of hairs at the tumour ; its branches united

or free, {fig- 956, 6). Examples:— Calendula, Echinops,

Arctium, Carlina, Centaurea, Cnicus, Carthamus, Cynara.

Sub-order 2. Labiatiflorce. — Hermaphrodite florets, or at least

the unisexual ones, divided into two lips. Of tliis sub-order

we have two tribes:

—

Tribe 6. Mutisiece. 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 al)solutcly free from iiairs (fig. 956, 7). Examples:—
Barnadcsia, Mutisia, Printzia.

Tribe 7. Nassaviece. Style never swollen ; its arms long, linear,

truncate, and fringed only at the point {fig. 956, 8). Ex-
amples :—Nassavia, Anandria, Trixis.

Sub-order 3. JJguliflora-. Florets all ligulate and perfect
This corresponds to the Cichoracece of Jussieu.

Tribe 8. Cichorece. Style cylindrical at the upper part ; its
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arms somewhat obtuse, and equally pubescent {fig. 476).

Examples:— Cichorium, Scorzonera, Tragopogon, Lactuca,

Taraxacum, Hieracium.

Distribution, ^c — Universally distributed ; but the TubuU-

florcE are most abundant in hot climates, and the Liguliflorce in

cold. The Labiatiflorce are almost confined to the extra-tropical

parts of South America. In the Northern 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

sometimes become shrubby, or even occasionally arborescent.

There are about 9500 species, according to M. Lasegue, who re-

marks " that they have steadily continued to constitute about ^
of all described plants, in proportion as our knowledge of species

has adA-anced. Thus Linnaeus had 785 Composites out of 8500
species; in 1809 the proportion was 2800 to 27,000; De
Candolle described 8523 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 9500." According to

Lindley, there are about 1080 genera, and 9000(?) species.

Properties and Uses. — The properties of the Compositoe 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 Ligulijlorce commonly abound in a bitter- tasted milky juice,

which is sometimes narcotic.

Si\b-Order 1. Tubuliflor^.— The plants of this sub-order are chiefly re-

markable for their bitter, tonic, and aromatic properties ; these are due to the
presence of a hitter principle, and a volatile oil. Some are esculent vegetables.

Vernonia anthehninlica.— The fruit of this plant is used in the East
Indies as an anthelmintic.
Eupatorium glulinosuyn.— According to Hartweg, the leaves of this plant

constitute the substance called Matico, which is employed as a styptic. The
matico used in this country is, however, derived Iroi'n Artanthe elongate, a
plant of the Nat Ord. Piperacese. E. ayapana ax\A E. perfoliaturn ha\e been
employed as antidotes to the bites of venomous reptiles.

Mikania Guaco and opifera have been much used as antidotes to the bites

of venomous serpents in South America.
Tussilago Farfara, Coltsfoot This plant is employed as a popular remedy

in chronic coughs and other pulmonary complaints.
Inula Heknium, Elecampane, is an aromatic tonic, expectorant, and

diaphoretic. It has been employed in chronic catarrh, and in dyspepsia.
Guizotia oleifera, {Verbesina sativa) of Lessing, is extensively cultivated

in India for its seeds, which are known in commerce under the name of Niger
Seeds. These yield a very thin oil. useful in painting and for other purjwses.
It is known in India as Rn'm-til, Kala-til, Noog, &c.
Helianthus tuberusus.— The tubers are much eaten under the name of

Jerusalem Artichokes. The dried fruits have been used as a substitute for

coffee. H. annuus is the common i^un flower. The pith contains nitrate of
potash, and is therefore sometimes used in the preparation of moras ia

Europe. The fruits have been lately employed as an ingredient in a kind of
soap called Sunflower Soap.
Anthetnis nobilis. Chamomile or Camomile. — Tins plant is extensively cul-

tivated for the sake of its flowers, which are much employed for th^ir sti-
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mulant tonic, and antispasmodic properties, and also externally for fomenta-
tions. The flowers constitute the Roman or True Chamomiles of the Materia
Medica.
Matricaria Chamomilla has similar properties to the above. The flowers

are the Flores ChamomilltB of German pharmacologists. The flowers are
commonly distinguished as Common Chamomiles.

Anacyclus Pyrethrum, Pellitoryof Spain.— The root is employed as an
energetic local irritant, and sialogogue, in toothache, relaxation of the
uvula, &c. A . qfficinarum of Hayne, has similar properties. The root is that

commonly used in Germany.
Artemisia Absinthium.— The dried herb, or the flowering top, under the

namf" of Wormwood, is used as an aromatic bitter tonic, and as an anthel-

mintic. It is also employed in the preparation of some liqueurs. A.chinensis.
— According to Lindley, the Chinese and Japanese Moxa is prepared from
the cottony or woolly covering of the leaves of this and other species. The
substance sold as Wurmseed conshts of the broken flower-stalks, involucres,

and' flower-buds of several species of Artemisia, as A. Sieberi, A. Vahliana,

A. paiiciflora, A. Lercheana, ^c. Wormseed is also known by the names of

semen-contra, semen cincB, semen santonicu?n, 4'C- It is employed as a ver-

mifuge. A. Dracuncnlus, is the Tarragon, the leaves of which are sometimes
used in pickles, salads, &c.
Tanacetum vulgare, the common Tansy, possesses tonic and anthelmintic

properties.
Arnica tnontana. Mountain Arnica, Mountain Tobacco, or Leopard's-bane

is an acrid stimulant. It has been employed in typhoid fevers, in amaurosis,
in paralysis, &c. It has been named on tlie continent Panacea lapsorum from
the power it possesses of absorbing tumours and destroying the efi'ects of
bruises.

Calendula officinalis, the Marigold, has yellow florets, which are sometimes
employed to adulterate saffron.

Aucklandia Costus. — The root of this plant, which is a native of Cashmere,
Is said by Falconer to be the Costus of the ancients. It is commonly known
in the North-VVestern parts of India under the name of Orris Root.
Carduus, the Thistle. — Some species of this genus, particularly C. Bene-

dictus, have been used as tonics and febrifuges.

Onopordum Acanthium is the Scotch Thistle of gardeners. It is also
known under the name of Cotton Thistle.

Carthamus tinctorius, Safflower or Bastard Saffron— The florets are used
in the preparation of a beautiful pink dye. The pink saucers of the shops are
coloured by it. It is also largely employed in the manufacture of rouge.
Safflower is sometimes used to adulterate hay saffron. The substance called
cake saffi-071 is prepared from it and mucilage. The fruits, which are com-
monly called seeds, yield by expression a large quantity of oil, which is known
in India under the name of Koosum Oil. The fruits of C. pAsicus also yield

a useful oil.

Cynara Scolymus.— The young succulent receptacles of this pbnt are used
for food, under the name of .Artichokes. The edible Cardoons are the
blanched petioles and stems of Cynara Cardunculus.

Sul>-Ordcr 2. Labiatiflor.*:.— There are no important plants known to

belong to this sub-order. Some have been reputed aromatic, mucilaginous,
and tonic, and the leaves of Printxia aromatica are sometimes employed at
the Cape of Good Hope as a substitute for tea.

Sub-Order 3. Ligi'Liflorje.—The plants ofthis sub-order generally contain
a milky juice, which commonly possesses alterative, aperient, diuretic, or
narcotic properties. The roots of some are used as esculent vegetables ; and
other plants of this division by cultivation with diminished light, become
edible as salads.

Cichorium Intyhus. Wild Succory or Chicory. — This plant is indigenous
in this and many other countries of Europe. It is extensively cultivated for
the sake of its roots, which are roasted and used as a substitute for, or more
frequently as an addition to, ground coffee. Nearly 100 millions of pounds
are annually consumed in Kurope. It does not. however, possess in any
degree, the peculiar exciting, soothing, and hunger staying properties of that
Hubstance, and its extensive emuloyment is much to be deprecated as it is not
unfremiently attended with injurious effects. The fresh root has been em-
ployed in medicine, and possesses somewhat similar properties to that of
JJandelion. A blue dye may be prepared from the leaves. Cichorium Endivia
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is the garden Succory or Endive, the leaves of which when blanched are used
as a salad.

Sco7-zonera hispanica has esculent roots, which are known under the name
of Scorzonera. The roots of S. glasttfolia, S. ddiciosa, and S. tuberosa, are
also eaten in different parts of the world.
Tragopogon porrifolins The roots are eaten under the name of Salsafy.

In America it is called the Oyster-plant, as the roots when cooked are thought
to have the taste of Oysters.
Lactuca sativa is the garden or common Lettuce. It is largely cultivated

as a salad. As a medicine it possesses anodvre. diaphoretic, and somewhat
diuretic properties. Lactuca virosa, the Wild or Str<^ng-scented Letture,
possesses much more evident narcotic properties than the common Lettuce.
The inspissated juice of both L. sativa and L. virosa is Lactucarium or
Lettuce Opium, which is employed for its narcotic properties. L. virosa
yields the best and the largest quantity of Lactucarium. Other species of
Lactuca possess similar properties.

Taraxacum officinale or Leoniodon Taraxacum, is the common Dandelion.
The root is very extensively employed as a medicinal agent. It is commonly
regarded as possessing aperinnt, diuretic, and alterative properties. It contains
a bitter crystalline principle, called Taraxacine, to which it seems principally
to owe its properties. When roasted, it is also sometimes employed as an
addition to coffee in the same manner as Chicory root.

Natural Order 130. Cajipanulace^.—The Hare-Bell or Bell-

flower Order. — Herbaceous plants or under-shrubs, Avith a

milky juice. Leaves nearly always alternate, exstipulate. Calyx
superior (^$rs. 4 14 and 959), persistent (^Jig. 671 and 672) Corolla

Fig. 957. Fig. 958. Fig. 959.

Fig. 957. Diagram of the flower of Rampion {Campanula Eapunculus^
Fig. 958. Vertical section of the seed Fig. 959. Vertical section of the
flower of Campnaula Rapunculus.

monopetalous, regular {figs. 414 and 465), marcescent {figs. 414
and 672) ; cBstivation valvate {figs. 414 and 957). Stamens
equal in number to the lobes of the corolla {fig. 957), with
which they are alternate; anthers {fig. 492) 2-celled, distinct

or partly united. Ovary inferior {figs. 414 and 959), 2 or

more-celled {figs. 615, 957 and 959); style simple {fig. 959),
hairy {fig. 492) ; stigma naked {fig. 492). Fruit dry, capsular,

dehiscing by lateral orifices {figs. 671 and 672), or by valves at

the apex; placenta axile {fig. 615). Seeds numerous, with
fleshy albumen {fig. 958).

Distribution, 8fc.— Chiefly natives of the temperate parts of

the northern hemisphere ; a good many are however found in
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the southern hemisphere, especially at the Cape of Good Hope.
A few species only are tropical. Examples

:

— Jasione, Wahlen-
bergia, Prismatocarpus, Phyteuma, Campanula, Specularia.

There are 29 genera, and 500 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 Campanula Rapun-
cuius, commonly known under the name of Rampions ; those of

Cyphia ylanduHfera in Abyssinia; and those of Cyphia digitata

by the Hottentots, &c. Some species of Specularia have been
used in salads. One species, Campanula glauca, is reputed to

be a valuable tonic, and others are said to be aritisyphilitic. The
order, however, does not contain a single plant of any particular

hnportance, either in a medicinal or economical point of view.

Natural Order 131. LoBELiACEy^. — The Lobelia Order.

—

Herbs or shrubs, with a milky
Fig. 961. juice. Leaves alternate, ex-

stipulate. Calyx superior (Jig.

961). Corolla monopetalous,

irregular, valvate. Stamens

5, syngenesious (Jig. 961).

Ovary inferior (fig. 961), 1

—

3-celled
;

placeiitas axile or

parietal; style 1 (fig. 961);
stigma surrounded by a fringe

of hairs (fig. 960). Fruit cap-

sular, dehiscing at the apex.

Seeds numerous, albuminous.

Distribution, Sfc.—They are

chiefly natives of tropical and
sub-tropical regions ; a few
only occur in temperate and
cold climates. Examples :—
Clintonia, Lobelia, Tupa, Si-

phocampylus, Delissea. There
are 29 genera, and 375 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 inflata, Tupa Feuillai, &c.

Lobelia inflata, Indian Tobarco This species is a native of North
America. The flowering herb and seeds have been extensively employed,
especially In America, for their sedative, antispasmodic, emetic, and expec-
torant cfTccts. Lolielia resenibl('s tobacco in its action. Several fatal cases of
poisoning have occurred in North America, and in tiiis country, from its eni-
]iirical use. 'I'hf seeds may be distin)?ui.shed under the microscope, by their
peculiarly reticulated charnctc^r. The root of /-. syphilitica possesses emetic,
Eurgative, and diuretic properties, and as its specilic name implies, it has
een reputed to be ellicacious in syphdis. L. urcns has blistering qualities.

Fig, 960. Stigma of Lobelia sj/phiU-

ticn Fig. 9(!1. Tlie essential or-

gans of tlie above, with the calyx.
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L.decurrens is used in Peru as an emetic and purgative, and its use has been
suggested in this country, as a substitute for Ipecacuanha.

Natural Order 132. Goodeniace^e.— The Goodenia Order.— Herbs or rarely shrubs, not milky. Leaves exstipulate.

Flowers never collected into heads. Calyx generally superior,

with from 3—5 divisions, occasionally inferior. Corolla irregular,

5-parted; (Estivation induplicate. Stamens 5; filaments distinct;

anthers distinct or united. Ovary 1, 2, or rarely 4-celled;

placenta free central; style 1 (fig. 630, t); stigma indusiate (Jig.

630, i). Fruit capsular, drupaceous, or nut-like. Seeds with
fleshy albumen.

Distribution, 8fc.— They are principally natives of Australia,

and tlie islands of the Southern Ocean; rarely of India, Africa,

and South America. Examples :— Scsevola, Selliera, Goodenia,
Leschenaultia. There are 14 genera, and about 150 species.

Properties and Uses.—Unimportant.

SccBvola 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. Stylidiace^ The Stylewort Order.

—

Herbs or under-shrubs, not milky. Leaves exstipulate. Calyx
superior, with 2 to 6 divisions, persistent. Corolla with from 5

Jto 6 divisions; aestivation imbricate. Stamens 2, gynandrous.

Ovary 2-celled, or rarely 1-celled ; style 1 ; stigma without an
indusium. Fruit capsular. Seeds albuminous.

Distribution, Sfc.— They are chiefly found in the swamps of

Australia. Examples :— Stylidium, Forstera. There are 5

genera, and 121 species.

Properties and Uses.—Unknown.
Natural Order 134.

—

Vacciniace^.— The Cranberry Order.
— Shrubs or small trees. Leaves alternate, undivided, ex-

stipulate. Calyx superior. Corolla 4—6-lobed ; aestivation

imbricated. Stamens distinct, epigynous, twice as many as

the lobes of the corolla; anthers (fig. 521) appendiculate, with

porous dehiscence. Ovary 4— 10-celled; style and sfz^rwia simple.

Fruit succulent. Seeds with fleshy albumen.

Distribution, §-c.— Chiefly natives of the temperate regions of

the globe. Examples :— Oxycoccus, Vaccinium, Thibaudia,

Lindley enumerates 13 genera, and 200 species.

Properties and Uses.— They are chiefly remarkable for their

astringent leaves and bark, and for their edible sub- acid fruits.

Oxycoccus palustris or Vaccinium OTycoccus—The fruit of this plant is the
Cranberry of Britain. It is used in making tarts, &c., and for other purposes.
0. macrocarpa yields the American Cranberry, of which large quantities
are imported into this country.

Vaccinium,—The fruits of several species are edible, thus -. — V. Myrtillus
yields the Bilberry or Blaeberry; V. uliginosum, the Bog or Black Whortle-
berry ; and V. Vitis-idcBU, the Red Whortleberry or Cowberry. The fruit of
V. uliginosum\s 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.
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2. Hypostamineae.

Natural Order 135. Brunoniaceje.—The Brunonia Order.

—

Herbaceous plants. Leaves entire, radical, exstipulate. Floivers

in heads, surrounded by an involucre. Calyx inferior, 5-parted.

Coro//a 5-parted, withering. -S^awjen* few, hypogynous; anthers

slightly coherent. Ovary superior, 1 -celled ; ovule solitary, erect

;

style single ; stigma surrounded by an indusium. Fruit enclosed

in the hardened calyx. Seed erect, solitary, without albumen.
Distribution, Sfc.— Natives of Austraha. Example:—Bru-

nonia. This is the only genus, of which there are 2 species.

Properties and Uses.—Unknown.
Natural Order 136. Ericace^. — The Heath Order. —

Shnibby plants. Leaves entire, evergreen, opposite or whorled,

exstipulate. Calyx 4—5-cleft,
Fig. 9Q3. inferior, persistent. Corolla hy-

pogynous, monopetalous ifigs.

469 and 962), 4—5-cleft; cesti-

vation imbricated. Stamens hy-

pogynous (^figs. 962 and 963),

as many, or twice as many as

the divisions of the corolla ?

anthers 2-celled, opening by a
pore (Jig. 520, r), appendiculate

(/^s. 520, a, 962 and 963). Ovary
many- celled, with numerous
ovules, surrounded by a disk or

scales; style 1 ifigs. 962 and
963), Fruit capsular, or rarely

baccate; placenta axile. Seeds

numerous, small, anatropous ;
-

embryo in the axis of fleshy

albumen.
Division of the Order, Sfc.—

Lindley has two sub-orders as

follows :
—

Sub-order 1. Ericece.— Fruit loculicidal, or rarely septicidal,

or berried. Buds naked. Examples

:

—Erica, Calluna, Gualtheria,

Arbutus.

Sub-order 2. Rhododendrece. — Fruit capsular, septicidal.

Buds scaly, resembling cones. Examples:— Azalea, Kalmia,

Khododendron, Ledum.

Distribution, Sfc.— They are very abundant at the Cape of

Good Hope, and arc also more or less generally diffused in

Europe, North and South America, and Asia. There are 42

genera, and about 850 species.

Properties and Uses.— The plants of this order are chiefly re-

Fig. 962. Vertical section of the
flower of a species of Heath (Eri-
ca) Fig. 963. Essential organs
of the same. The stamens are
seen to be hypogynous.
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markable for astringent properties ; others are narcotic, and in

some cases even poisonous. This is especially the case with

Kalmia latifolia, Rhododendron chrysanthuvi, and Azalea pontica.

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 Amei-ican Plants. Such
plants are not, however, confined to America as the name would
imply.

Gualtheria procumbens, Partridge Berry— The leaves possess aromatic,
astringent, and stimulant properties, wtiich the}' owe to the presence of a
volatile oil and tannin. The oil is known under the name of Oil of Partridge
Berry, or Oil of Winter Green. An infusion of the leaves is employed in cer-
tain parts of North America, as a substitute for China tea, under the name of
Mountain or Salvador Tea.
Arctobtaphylos Uva- Ursi, The Bearberry.—The leaves are astringent, and

are frequently emp oyed as medicinal agents in those cases where vegetable
astringents are required. They have been also used as an antidote in poison-
ing by Ipecacuanha. Combined with astnngency they also possess mild diure-
tic properties.

Rhododendron. — The flowers of R. arboremn are eaten by the hill people of
India on account of their narcotic properties. The powdered leaves of R. cam-
panulatutnare used as snuff in certain parts of India. The brown pulverulent
substance found on the petioles of some Rhododendrons and Kalmias is also
used in the United States of America as a substitute for snuff. R. chrysan-
thum, a Siberian plant, possesses very markeu narcotic properties.
Azalea pontica.—TrehizonA honey owes its poisonous properties to the bees

feeding on the flowers of this plant. The poisonous honey mentioned by
Xenophon in his account of the •' Ketreat of the Ten Thousand, ' was of a like

nature.
Ledum—An infusion of the leaves of L. palustre and L. latifolium 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.

Natural Order 137. MoNOTROPACEiE. — The Fir-Eape Order.

— Parasitic plants with scaly stems. Sepals more or less

distinct, 4—5, inferior. Petals 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 base, 1- celled with 5 parietal placentas at the apex. Fruit

capsular, with locuUcidal dehiscence. Seeds numerous, with a

loose testa; embryo minute, at the apex of fleshy albumen.
Distribution, ^c.— They are found growing on Firs chiefly,

in the cool parts of Europe, Asia, and North America. Ex-
amples :—Monotropa, H}Tpopithys. There are 6 genera, and 10

species.

Properties and Uses.— Unimportant.
Natural Order 138. Pyrolace^.—The Winter-Green Order.
— Herbs or under-shrubs, with naked or leafy stems. Leaves
simple, evergreen. Sepals 5, more or less distinct, persistent,

inferior. Corolla hypogynous, with 4—5 petals, scarcely united

at their base. Stamens twice as numerous as the petals, hypo-
gynous; anthers 2-celled, with porous dehiscence (Jig. 524).

Ovary superior, 4—5-ceI!.ed. Fruit capsular, dehiscent; o/a-
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centas axile. Seeds numerous, with a loose testa ; embryo
minute, at the base of fleshy albumen.

Distributioyi, Sfc.—Natives of North America, Europe, and the

northern parts of Asia. Examples :— Chimaphila, Pyrola.

There are 5 genera, and 20 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for tonic, astringent, and diuretic properties.

Chimaphila umbellata. 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. Epacridace^.— The Epacris Order.

—

Shrubs or small trees. Leaves alternate, or rarely opposite,

simple, Avith parallel or radiating veins. Calyx and corolla

inferior, usually 5 -parted, rarely 4-parted. Stamens equal in

number to the divisions of the corolla, or rarely fewer, hypo-
gynous, or adherent to the corolla; anthers 1-cclled, 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, Avhere they are very numerous,
in the same way as the Ericacece are at the Cape of Good Hope.
Examples :— Styphelia, Astroloma, Lissanthe, Epacris. There
are 31 genera, and about 320 species.

Properties 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

humifusum, the Tasmanian Cranberry ; Leucopogon Rickei, the

Native Currant of Australia; Lissanthe sapida, &c.

3. Epipetalaj.

Natural Order 140. Ebenace.e. — The Ebony Order.

—

Trees or shrubs without milky juice. Leaves alternate, entire,

coriaceous, exstipulate. Flowers polygamous. Calyx 3—7-

parted, inferior, persistent. Corolla 3— 7 -parted. Stame7is,

equal in number to the lobes of the corolla, or twice, or four

times as many, attached to the corolla, or hypogynous; anthers

2-ccllcd, introrsc, opening longitudinally. Ovary 3— 12-cclled,

each cell with 1 or 2 ovules suspended from the ajiex; style

usually having as many divisions as there are cells to the ovary.

Fruit floshy. Seeds large, all)uminous.

Distribution, Sfc.— They are mostly natives of tropical India,

but a few occur in colder regions. Examples: — lloycna, Dios-
pyros. There are 12 genera, and about 160 species.

Properties and Uses.—Many of the trees of this order are re-

markable for the hardness of their wood, which is known under
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the names of Ebony and Ironwood. Many species hare edible

fruits, and some have astringent barks.

Diospyros Many species of this genus have hard and dark coloured heart-
woods, which form the difierent kinds of Ebony ; thus, from D. Ebenus is ob-
tained Mauritius Ebony ; D. Melnnoxylon, a native of the Coromandel Coast,
what is commonly kno-\n as Black Ebony ; from D. Ebenasier, the Bastard
Ebony of Ceylon. Coromardel or Calamander Wood, a beautifully variegated
furniture wood, is also procured from Ceylon, and is obtained from D.hirsuta.
Other species 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-lig. The
fruit of D. virginiana, the Persimmon or Date Plum, is sweet and edible when
ripe, especially after a frost ; but it is very austere in an unripe state, hence it is

frequently employed in that condition in the United States where it is indi-

genous, as an astringent. The bark has been also used as a febrifuge and as-

tringent.

Natural Order 141. Aquifoliace.!;.— The Holly Order.

—

Evergreen trees or shrubs. Leaves {fig. 302) coriaceous,

simple, exstipulate. Flowers small, axillary, sometimes uni-

sexual. 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, indehiscent.

Seeds suspended; enibri/o small, at the base of a large quantity of

fleshy albumen.
Distribution, Sfc.—They are widely, although sparingly scat-

tered over the globe. Only one species, the Common Holly, is

found in Europe. Examples: — Ilex, Prinos. There are 11

genera, and 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.

Ilex The leaves and bark of /. AquifoUum, the Common Holly, have been
employed in intermittent fevers. The berries 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/, vojiiitoria constitutes the
Black drink of the Creek Indians. The leaves and young twigs of /./Jfl/asway-

ensis, the Brazilian or Paraguay Holly, are extensively emjiloyed in South
America as Tea, under the name of Mate or Paraguay Tea. It is remarkable
that Mate contams Theine, the vegetable principle already noticed as existing

in Chinese Tea. (See Thea, page 476). Like Chinese Tea it also contains

a vegetable oil, tannin, and gluten. It has somewhat similar properties to

Chinese Tea, but is more exciting, and when taken to excess produces a iiind

of intoxication. In Brazil a kind of Mate, called Gongonha, is prepared from
I. gongonha and /. theexcms. Mate tea is generally used in Br izil, Para-
guay, Peru, Uruguay, Chili, &c. Johnston estimates the consumption of
Mate at 20 millions of pounds annually. From the great astringency of the

fresh leaves of /. paraguai/ensis, I. gongonha, &c., they are used by the dyers
in Brazil.

Frinos 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 .509, Viburnum.) The bark of P. verticiUalus,

called Black Aider Bark or Winter Berry, is employed iu the United States

in the form of adecoction, as a tonic and astringent.

Natural Order 142. Sapotace^.—The Sapota or Sapodilla
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Order.— Trees or shrubs, often having 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 ana-

tropous ovule in each cell; style 1. Fruit fleshy. Seeds large,

with a shining bony testa; embryo large, usually in albumen,

and with a short radicle.

Distribution, ^c.— Natives chiefly of the tropical parts of

Asia, Africa, and America. Examples : — Chrysophyllum,

Achras, Isonandra, Bassia. There are 21 genera, and 212

species.

Properties and Uses.—Many species yield edible fruits. 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 characters to caoutchouc.

Chrysophyllum. — The fruit of C. Cainito is known under the name of the
Star-apple. It is much esteemed. Other species of Chrysophyllum also

yield edible fruits. C. Buranheim yields an astringent bark called Monesia
bark, which has been much employed in France and Germany. It contains

an acrid principle called monesine, which is analogous to saponine. Monesine
has been also employed as a medicinal agent.
Lucuma— Several species yield edible fruits. The kernels of L. mam-

niosa are said to yield an abundance of hydrocyanic acid.

Achras. — Several species of this genus yield dessert fruits. That of A.
Sapota is the Sapodilla Plum ; that of A. mamviusa, 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

very hard. It is imported, and used for ship-building, &c. The bark of

several other species has been also employed as a substitute for Cinchona.
Achras or Sapota Mullen', a native of Guiana and (Jentral America, yields a
kind of Gutta Percha. called Balalas. Some has been recently brought to this

country for investigation of its merits. It is said to be of good quality.

Isonandra Gutta, the Gutta Percha or Taban-tree.—This is a native of
Singapore, Borneo, and other Malay Islands. From this and other species of

Isonandra, the valuable substance called Gutta Percha is obtained. Dr.
Seemann st.ites, that the I. Gutta has become almost extinct.

Bassia.--The ripe kernels of B. tatifolia and those of B. longifolia, the El-
loopa-tree, yield fatty oils whicn are much employed in India, tor lamps, for

culmary purposes, in soap making, and externally in cutaneous affections.

The flowers and fruits serve as food to man and other animals ; and the flowers

by distillation yield an f.lcoholic spirit, which is in much ret)ute in some dis-

tricts. The flowers of B. longifolia, under the name of Elloopa have been
recently imported into London. The wood of B. longi/olia and others is hard
and durable, and the bark and leaves are used in medicine. The Shea or
Galam butter of African travellers is said to be yielded by another species of
Bassia.

Mi?nusops.—The fruit of several species is employed as a dessert; that of M.
Elengi is the Surinam Medlar. The fruit of M. Kaki is much eaten in India.

It has an astringent bark. The seeds of some species yield useful oils.

Natural Order 143. Styracace^.— The Storax Order.

— Trees or shrubs. Leaves simple, alternate, exstipulate.

Flowers axillary. Calyx inferior, or sujicrior, 4—5-partcd,

or almost entire, persistent. Corolla of 5— 10 petals, cither
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united at the base, or distinct; estivation imbricate, or some-
what 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;

sfyle simple. Fruit drupaceous, always more or less fleshy.

Seeds 1 usually in each cell, sometimes more ; embryo in the

midst of abundant fleshy albumen, with a long radicle. Miers
has divided the Styracacece into two orders, called Symplocacece

and StyracecB, the former of which is essentially distinguished

by its inferior ovary, imbricated £estivation of the corolla, and
roundish anthers.

Distribution, Sec—The plants of this order are sparingly dis-

tributed in warm and tropical regions; a few only are found in

cold climates. Examples .-—Symplocos, Styrax, Halesia. Miers
enumerates 12 genera, and 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 Httle importance.

Symplocos. — The leaves of S. Altfonia or Alstonia theaformis, are slightly
asringent. They have been employed as Tea in New Granada, under the
name of Santa-Fe Tea. The leaves of S. tinctoria (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 yellow. This plant has a bitter and
aromatic root.

Styrax— The plants of this genus commonly yield stimulant balsamic
resins. S. Benzoin, the Benjamin tree, yields the well-known concrete Bal-
samic exudation which is commonly called Gum Benjamin. It is obtained
from incisions in the bark. Two kinds are distinguished in commerce under
the names of Sfam, and Sumatra benzoin. The former is most esteemed in
England. It is used in medicine as a stimulant expectorant. It is, however,
chiefly employed for the preparation o( benzoic acid; and on account of its agree-
able odour when heated, for fumigations in the ceremonies of the Roman
Catholic and Greek churches, and also as an ingredient in Aromatic or Fumi-
gating Pastilles, and in Court or Black Sticking Plaster. In Brazil other
species of Slyrax yield similar hahamic exudations. 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 Mr. Daniel Hanbury has proved
that while it was the source of the original and classical Storax, this has
in modern times wholly disappeared from commerce, and that our Liquid
Storax is the produce of Liquidamhar orientate of Miller (See Liquidambar).
Storax has similar medicin.il properties to Benzoin.

Natural Order 144. Apoctnace.s;.—The Dog-bane Order.

—

Trees or shrubs, usually milky. Leaves entire, usually opposite,

occasionally whorled or scattered, exstipulate. Calyx 5-parted

{fig. 96.5), persistent. Corolla (figs. 964 and 965) 5-lobed;

astivation contorted. Stamens (fig. 965) 5, alternate with the

lobes of the corolla
; filaments distinct ; anthers united to the

stigma (fig. 964), 2- celled (fig. 515); polle7i granular. Ovary
composed of 2 carpels (figs. 964 and 965), which are generally

merely in contact, or rarely united so as to form a 2-celled

ovary ; styles 2 or 1 (fig. 584); stigma 1, expanded at the base

and apex, and contracted in the middle, so as to resemble in

shape an hour-glass, or dumb-bell (fig. 584, s) ; ovules numerous.
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Fruit consisting of 1 or 2 follicles, or a capsule, drupe, or berry.-

Seeds usually with albumen, rarely exalbuminous.

Fig. 964. Fig. 965.

Fig. 964. Vertical section of the flower of Periwinkle {Vinca).
Diagram of tlie flower.

-Fig. 965.

Distribution, Sfc.—Natives principally of tropical regions, a
few only occurring in northern regions. Vinca is the only
British genus. E-vamples : —Allamanda, Vahea, Cerbera, Tan-
ghinia, Urceola, Vinca, Balfouria, Nerium, Apocynum. There
are 108 genera, and 570 species.

Properties and Uses.—The plants of this order are generally

to be suspected, as many of them are intensely poisonous, al-

though the fruit of some is eatable. Some are drastic purgatives,

and in some the bark is tonic and febrifugal. They have
generally large showy flowers, and hence form some of the

most beautiful of our stove plants; as, Allamanda, Dipladenia,

Plumiera, Nerium, Sfc. Caoutchouc is obtained from the

milky juice of several species.

Hancornia speciosa bears a delicious fruit, which is much esteemed by the
Brazilians.

Carissa Carandas also bears an edible fruit, which is eaten in the East
Indies where it is used as a substitute fur Red Currant jelly. The fruits of
C. ednlis and tomeutosa are also eaten in Abyssinin.

Vahea num'tdjera, a native of Madagascar, yields a kind of caoutchouc, but
that used in this country is chiefly obtained from Siplionia ilastica.

Alyxia siellala has an aromatic barit, whicli is analogous in its properties to
that of Canella and Winter's Bark.

Tanghinfa venewfera, the Madagascar Poison-nut. — The seeds of this
plant are amongst the most deadly o( poisons. It is said that one not larger
than an almond will destroy twenty persons. It was formerly used as an
ordeal in Madagascar.
Ncriutn Oleander, the Oleander or Rose-bay. The stem, leaves, and

flowers are very puisonous.
Urceola elaslica is one of the principal plants of the order yielding caout-

chouc. It is a native of the East Indies.
Tahcrnccmontana utilis, the Hya-Hya, or Cow-tree of Demerara, has a

milky nutritious juice.
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Roupellin grata, a native of Sierra Leone, yields an edible fruit called
Cream fruit.

Aspidosperma excehum, a native of Guiana, is remarkable for its fluted
trunk. It is employed for making paddles.

Alstonia scholaris, has a bitter tonic, and astringent wood.
Wrightia antidysenterica, — The bark 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. tinctoria a blue dye resembling
Indigo is obtained. The wood of W. coccinea and W. mollis'sima are also
employed in India for palanqueens, and by turners.
Apocynum. — The roots of A. cannabinum and A. androscemifolium are

emetic, and slightly purgative.

Natural Order. 145. Loganiace^.— TheSpigelia or Strych-

nos Order.— Shrubs, herbs, or trees. Leaves opposite, entire,

with stipules ; the latter, hoAvever, sometimes exist only in the

form of a raised line or ridge. Calyx {fig. 464) 4—5-parted- Co-
rolla {fig. 464) 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. Fruit 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.

Distribution, Sfc.—Almost all natives of tropical regions. Ex-
amples :— Spigelia, Logania, Buddleia, Strychnos. There are

25 genera, and about 200 species.

Properties and Uses. — The plants of this order are almost
universally poisonous, acting on the nervous system and pro-

ducing frightful convulsions. Some have been used in medicine
in torpid or paralytic conditions of the muscular system, and as

tonics and anthelmintics, but they require much caution in their

employment, and can generally be only given in very small

doses.

Spigelia Marylandica, Carolina Pink, Wormseed, Perennial Wormgrass.
The root and leaves are much employed in North America as anthel-
mintics. In larger doses they operate as irritant cathartics, and in poisonous
doses as narcotics. They are but little used in this country. S. Anthelmia,
Demerara Pink Root, is employed for similar purposes iu Guiana and the
West Indies.

Ignatia amara— This plant has been supposed to yield the seeds known
as ^t. Ignatius's beans, but according to Bentham, this genus has been im-
properly formed, and he believes that these seeds are the produce of a species
of Strychnos, perhaps of S. niultiflora. They come to us from the Philippine
Islands. They are intensely bitter, and contain the alkaloid Strychnia in
even larger proportions than Nux Vomica seeds. Their effects are similar to
them. (See A'j/x To/wjca below.)

Strychnos. — This genus contains some of the most poisonous plants that
are known. S. Nux-vot?iica, the Koochla tree, produces Nux Vomica seeds, so
well known for their powerfully poisonous effects. They owe their virulent pro-
perties to the presence of the alkaloids strychnia and brucia; f of a grain of
strychnia has been known to produce death. But the seeds and the alkaloid
strychnia have been employed as stimulants of the nervous system in paraly-
sis. Nux Vomica seeds are imported into this country 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 bitter-
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ness, but although this has been satisfactorily disproved, it is still unknown
for vvhat purposes they are so largely required, and with such a powerful
poison it would be very satisfactory to have this circumstance explnined. A
large quantity of both nux vomica seeds and strychnia are, however, employed
by gamekeepers, &c. to destroy vermin, &c. The bark o( S. Nux-Vomica\s also

powerfully poisonous owing to the presence of brucia. As already noticed, it

was formerly confoimded with cusparia or angusiura bark (see p. 502) : hence
it is also known a.fi false angustura bark. This bark is also frequently sold in

Calcutta under the name of Rohun, from which circumstance it has been sub-

stituted for the fi'brifuge bark of Soy^nida febrifugn, the Rohuna tree (see

p. 491). An aqueous extract of the bark of Slrychnos Tieute is the Java
poison, called Upas Tieute. It owes its poisonous properties to strychnia. The
juice of S, toxifera, is the basis of the celebrated IVourali, 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 recently

much employed in tetanus, but with very uncertain effects. The wood of 5.

cotubrina and S. Ugustrina is employed in certain parts of Asia as an anti-

dote to the bites of poisonous snakes, hence it is known under the name of

Lignum Co/wftrmMW or Snake-wood. Several other kinds of wood are, how-
ever, known in Asia, under the same name. Lignum colubrinum has been also

employed as a cure for intermittent fevers, and for other purposes. It contains

strychnia, and therefore requires much caution in its employment. The bark
ofS. P^cifrfor/Mewrt is extensively employed in the Brazils as a substitute for

Cinchona Bark. It contains neither strychnia nor brucia, and is devoid of

poisonous properties. It is frequently "erroneously called copalchi bark
(See Croton for the origin of this barii). The dried ripe seeds of S.pota-.
tormn are employed by the Hindoos to clear muddy water, hence the name
of Clearing-nuts which is commonly applied 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 emploved for beer and wine. The pulp of the

fruit is eatable, as is also that of S. Pseudoquina; and according to Roxburgh,
that of S. Nux Vomica ; this is greedily eaten by birds.

Natural Orders 146, and 147. Diapensiace^, and Stilbace^.

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 Loganiacece. The Diapensiacece, (of which

there are but 2 genera, and 2 species, the uses of which are

unknown), are natives of North America, and Northern Europe;

and the Stilbacece, (of which there are 3 genera, and 7 species,

without any known uses), are natives of the Cape of Good
Hope.

Natural Order 148. GENTiANACEiE.— The Gentian Order.

General Character.— Herbs, or rarely shrubs, usually

smooth. Leaves (Jig. 412) usually simi)le, entire, opposite,

sessile, and strongly ribbed ; rarely alternate, or stalked, or

compound, always cxstipulate. Flowers (Jig. 412) almost

always regular, variously coloured, axillary or terminal. Calyx

inferior, y)ersistent, usually with 5 divisions, occasionally 4, 6, 8,

or 10. Corolla persistent, its divisions corresponding in nimi-

bcr to those of the calyx ; astivation imbricate, twisted, or in-

duplicate. Stamens as many as the segments of the corolla,

and alternate with them. Ovary 1 -celled, or rarely partially 2-

cellcd from the i)rojcction inwards of the i)lacentas, with nume-
rous ovules

; placentas 2, parietal (fig. 604), anterior and
posterior to the axis, and frequently turned inwards; style 1;

stigmas 2, right and left of the axis. Fruit capsular (Jig. 664),
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2-valved, with septicidal dehiscence ; or a berrv. Seeds numerous

(Jiff. 664), 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,

sometimes meeting in the centre and forming a 2 -celled ovary;

style 1 ; stigmas 2. Seeds numerous, Avith a minute embryo, in

the axis of fleshy albumen.
Division of the Order, 8fc. — The order has been divided into

two sections or sub-orders, the characters of which are taken

from the aestivation of the corolla :
—

Sub-order 1. Gentianece. — Corolla imbricate-twisted. Exam-
ples:— Gentiana, Agathotes, Erythroea, Chlora.

Sub-order 2. Menyanthece.—Corolla plaited, or induplicate. Ex-
amples : — Menyanthes, Villarsia.

Distribution, ^c. — They are found in nearly all parts of the

world, inhabiting both the coldest and hottest regions. There
are 64 genera, and about 450 species.

Properties and Uses. — A bitter principle almost universally

pervades the plants of this order; hence many, of them are

tonic, stomachic, and febrifugal,

Gentiana lulea.—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 G- purpurea, punctata, and pajinonica, the admixture is,

however, of little consequence, as these possess similar properties. From
Gentian root, the Swiss and Tyrolese prepare a spirit which is much prized
by them as a stomachic. Other Gentians have similar properties.

Ophelia {Agathotes) Chirata, 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 country,
41-0.

Frasera carolinensis or Walteri The root is officinal in the Pharmacopoeia
of the United States. It is known as American Columba. It has tnuch less

bitterness than Gentian root; and though similar in properties, it is less

powerful. It has been sold for Columba in France, and hence termed Jahe
Columba,
Erylhrcea Centaurium, Common Centaury, is an indigenous plant possess-

ing smiilar properties to Gentian.
Sabbatia a7igularis, American Centaury— The herb and root are em-

ployed in the United States for their tonic and febrifugal properties.

Menyanthes trifoliala. Buck-bean. 15og-bean, or Marsh Trefoil.*— The
leaves and rhizome are tonic and astringent, and in large doses cathartic and
emetic. The plant has been employed in .some parts of Germany as a substi-
tute for hops.

Natural Order 149. AscLEPiADACE.a:. — The Asclepias or

Milkweed Order {figs. 966—968.) Shrubs or herbs, commonly
lactescent and frequently of a twining habit. Leaves entire, ex-

stipulate. Flowers regular {figs. 960 and 967). Calyx and corolla

5-partite {fiigs. 966 and 967) ; cestivaiion of the latter imbricated,

or rarely valvate; the calyx persistent (fig. 551, a), the corolla

QQ
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deciduous. Stamens 5 (Jig. 966), alternate with the lobes of the

corolla; filaments usually combined so as to form a tube round
the pistil {fig. 967), sometimes distinct; '^pollen when the anther

dehisces, cohering in masses {fig. 551,/>), and sticking to 5

processes of the stigma {fig. 551, /?) by twos, or fours, or singly.

"

Ovary {fig. 966) 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 its angles {figs.

551 and 967). Fruit consisting of 2 follicles, or 1 by abortion.

Fig. 967. Fig. 968.

Fig. 966

Fig. 960. Diagram of the flower o{ Asclepias nivea Ftg. 96". Flower of a
species of Asdepius, witli tlie united stamens around tlie pistil, p. Corolla.

a. Appendages of the stamens Fig. 968. One of tlie stamens of the
above removed. /. Filament, a. Anther, p. Horn-like staminal appendage.

Seeds numerous, generally comose {fig. 732), with thin albumen.

This order is at once distinguished amongst the Epipetalie, by its

curiously formed stigma, and adhering pollen masses.

Distribution, !^c. — They are chiefly tropical plants, abound-
ing in southern Africa, India, and equinoctial America. Ex-
amples :— Ilemidesmus, Secamone, Solenostemma, Calotropis,

Asclepias, Matelia, Hoya, Stapclia. There arc 157 genera, and
about 930 species.

Properties and Uses. — The plants of this order are chiefly

remarkable for their bitter acrid juice, which renders them
stimulating, emetic, purgative, and diaphoretic. The milky
juice of many species contains caoutchouc. Some are edible,

as the roots of Gomphocarpus pedunculatus, and the tubers of

Ceropegia Vignaldiana, ^c.

Ilrmidcsmiix indicus The roots are known under the names of Indian,
scented, or counlry sarsapariUa, and have been also imported into this

coinitry under the name of Smilax aspera, from an erroneous idea of their

beiuK obtained fiom that plant. They are supposed by some to be a cheap
and ellicient substitute lor true sarsapariUa, which they resemble in their pro-
I^erties.
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Solenostemma {Cynnnchuni) Argel—The leaves have been much employed
to adulterate Alexandrian Senna. (See Cassia, p. o29.)

Cnlotropis gigantea ov p^-ocera, yields Mudar bark, which has been much
employed in India in cutaneous affections. It has been also used as a sub-

stitute for ipecacuanha. It contains a principle called mudarine. According
to Rovle, Ak or Mudar fibres are obtained from this bark. The bi'rk of the

root of C. Hamiltonii possesses similar properties, and is said to yield Yercujn
fibres.

Cynanchum monspeliacnn,,—The expressed juice of this plant mixed with

other purgative substances constitutes French or Montpellier Scammony. C.

ovnlijolium yields excellent caoutchouc at Penan g.

Asclepias Curassavicn.—The root is empl'>yed in some of the West Indian

islands as an emetic, hence it is termed Bastard Ipecacuanha. From the

stems of A. tenacissima, the Jctee or Tongoose fibres are obtained. The root

ot 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.
Marsdenia tinctoria, a native of Silhet, produces a kind of indigo. M. te.

nacissima has very tenacious fibres which are used for bow-strings by the

mountaineers of Rajmahl.
Gymnema lactifera is the Cow-plant of Ceylon. It yields a nutritious milk

which is used as food.

Natural Order 1 50. Cordiace^.— The Cordia or Sebesten

Order, — Trees with alternate scabrous leaves, exstipulate.

Calyx and corolla 5-merous ; cestivation of tlie corolla imbri-

cated. Stamens 5, alternate with the segments of the corolla;

anthers versatile. Ovary 4—8 -celled, with 1 pendulous ovule

in each cell; stigma 4—8-cleft. Fruit drupaceous, 4— 8-celled,

or frequently some of the cells are abortive
;
placentas axile.

Seeds 1 in each ceil, pendulous by a long cord ; albumen none

;

cotyledons plaited longitudinally.

Distribution, §t. — Natives almost exclusively of tropical

regions. Examples :— Cordia, VaiTonia, Sebestena. There

are 11 genera, and 180 species.

Properties and Uses.—The fruits of many species are edible; as

those of Cordia Myxa and laiifolia, called Sebestens or Sebesten

plums, which are eaten by the natives &c. in India; those of

Cordia abyssinica, Wanzey or Vanzey, Avhich are esteemed

by the Abyssinians; and the succulent fruits of Varronia

rotundifulia which are used to fatten cattle and poultry. The
bark of C. Myxa is reputed to be a mild tonic and astringent.

Natural Order 151. Contolvulace^.— The Convolvulus or

Bindweed Order {figs. 969—971).— Herbs or shrubs, generally

twining {fig. 205) or trailing, and milky. Leaves {fig. 205)
alternate, exstipulate. Calyx {figs. 969 and 970) with 5 deep

divisions, much imbricated, persistent. Corolla {figs 969 and

970) 5-partite or 5 -plaited, regular, deciduous, without scales

in its tube; cestivation plaited. Stamens 5, alternate with the

lobes of the corolla {fig. 970). Ovary {fig. 970) 2, 3, or 4-celled,

or the carpels are more or less distinct; ovules 1—2 in each

cell or carpel, erect. Fruit capsular, 1—4-celled, with septifragal

dehiscence. Embryo {fig. 971) large, curved or coiled in a

small quantity of mucilaginous albumen, with foliaceous

crumpled cotyledons.

QQ2
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Fig. 969. Fig. 970. Fig. 971.

Fig. 969. Flower of Great Bindweed {Calystegia
septum) Fig. 970. Diagram of the flower,

showing two bracts on the outside of the calyx,
&c Fig. 971. "Vertical section of the seed.

Distribution, Sfc. — They are chiefly found in the plains and

valleys of hot and trojjical regions. A few occur in temperate

climates, but they are altogether absent in the coldest latitudes.

Examples :— Calystegia, Convolvulus, Exogonium, Ipomoea,

Batatas, Dichondra. There are 47 genera, and about 665

species.

Properties 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 cither absent or in but

small quantity, and starch or sugar predominates, which renders

them edible. The seeds of some species are also purgative.

Convolvulus, Bindweed From the incised fresh root of C. Scammonia,
the valuable purgative gum-resin called Scammony is obtained. This plant

is a native of Asia Minor, Syria, the Levant, 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 proper-
ties ; as those of our native species, Convolvulus or Calj/s/eaia sepium. arverisis,

and Soldnnella,S(C. It is said that Convolvulus dissaiiis contains hydrocyanic
acid, and is one of the plants which is used for flavouring Noyau.
Rhodorixa From the species of this genus the volatile oil called Oil of

Ilhodium is said to be obtained. The powdered wood is used for snuff, and
for fumigation.

F.TOfiouium pu7-^a This plant is a native of Mexico, near Chicanquiaco.
Us tubercular roots constitute the true Jalap of the Materia Medica, so well
known as a purgative.

//jowmvj.—The roots of T. Orizabensis are sometimes found intermixed with
true jalap. This spurious jalap is known in Mexico as male jalap, and in

Kn>^lish commerce as tcoody jalap or jalap trood, and on the Coniinent as

light or fusiform jalap. It possesses simil-<r, although less powerful properties
than those of true jalap. The roots of /. Turpctliuiu, Turpelb, were for-

merly much used as a j)urgative. The larpe roots of /. viacrorhiza contain
much farinaceous matter, and are eaten by the inhabitants of Georgia and Ca-
rolina.

Ua'atas cdulis—The root of this plant constitutes the Sweet-Potato, which
is largely used as food in many tropical countries.
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Pharbilis Nil—The seeds are known in India under the names of mirchai,
and kala dana. They possess similar medicinal properties to those of jalap.

Natural Order 152. Cuscutace^.—The Dodder Order {figs.

972, 973). — Diaynosis. — Tliis is a small order which is gene-

rally regarded as a sub-division of ConvoMilacea. The plants

Fig. 972.

Fig. 973.

Fig. 992. Corolla of Dodder {Cuscuto) laid open, to show the scales, and
stamens Fiy. 973. Spiral embryo of a Cuscuta.

composing it are distinguished from that order by their para-

sitic habit (fig. 238) ; by the absence of leaves (fig. 238) ; by
the tube of their corolla being furnished with scales (fig. 972),

which alternate with its segments; and by having a filiform

coiled embryo (fig. 973), with almost obsolete cotyledons.

Distribution, ^c. — Chiefly natives of temperate climates.

There are 4 genera, and 50 species.

Properties and Uses. — 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. —
Herbs. Leaves opposite or alternate. Cahjx 5-parted, persistent,

generally regular. Corolla 5-lobed, with contorted, or occa-

sionally imbricated aestivation. Stamens 5, alternate with the

segments of the corolla; pollen usually of a blue colour. Ovary
3- celled; style 1; stigma trifid. Fruit capsular, 3-celled, 3-

valved; placentas axile. Seeds few or many; embryo straight in

the axis of copious horny albumen; cotyledons elliptical, folia-

ceous.

Distribution, Sfc. — They abound most in the temperate parts

of North and South America. They are far less abundant in

Europe and Asia, and altogether unknown in tropical countries.

Examples:— Phlox, Collomia, Polemoniura, CobaBa. There

are 17 genera, and 104 species.

Properties and Uses.— Of no importance except for the

prettine^s of their floAvers. The seeds of Collomia and some

other plants of this order have their testa covered with hair-like

QQ3
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cell containing a spiral fibre; these fibres in CoUomia expand
in coils when the seeds are moistened. (See p. 337.)

Natural Order 154. Solanace^.— The Solanum or Potato
Order (Jigs. 974—976).— This order is defined according to the

Fig. 975. Fig. 976.

Fig. 974. Diagram of the flower of the Potato (Solanvm tuberosum)..
975. Vertical section of the flower, c. Calyx, p, p. Corolla, o. Ovary, e.

Stamens, s. Style and stigma Fig. 976. Vertical section of the seed of
Solanum Dulcamara, te. Testa, ch. Chalaza. alb. Albumen.

views of Miers, as follows :— Herbs or shrubs. Leaves alternate,

often geminate. Inflorescence axillary, or more frequently extra-

axillary {fig. 331). Flowers isomerous {fig. 974). Ca/y.r {fig.

974) Avith 5, or rarely 4 divisions. Corolla {fig. 974) regular, or

nearly so, 5, or rarely 4-partite; o'silvation valvate or induplicate-

valvate. Stamens equal in number to the lobes of the corolla

with which they are alternate {fig. 974), the fifth stamen very
rarely sterile; anthers introrse, with longitudinal or porous de-

hiscence {fig. 527). Ovanj {figs. 974 and 975) usually a-celled,

rarely 3 to 5-cellcd; style {fig. 975) simple; stigma clavate or

2-lobed. Fruit capsular or baccate, 2 or more celled. Sveds
numerous, albuminous, Avith the embryo straight, or curved in

a more or less annular or spiral form {fiu. 976).
Division of the Order, §'c.— The order may be divided as

follows :
—

Sub-order 1. Tiectcmbrj/efP.—Embryo short and straight. Ex'
uwples :— ]\Iettoniicliia, Ci'strum, Fabiana.

Sub-order 2. Cnrvembrycce.—Embryo slender, terete, and curved
in a more or less annular or s])iral form. Examples:—
Phyealis, Ca^jsicum, Solanum, Lycopcrsicon.

Distribution, Sfc — They arc scattered over various parts of
the globe except the polar circles, but arc most abundant in
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tropical regions. Examples:— Physalis, Cestrura, Habrothara-
nus, Capsicum, Solanum. Miers enumerates 42 genera as be-

longing to this order.

Properties and Uses. — The plants of this order frequently

possess narcotic properties, but not by any means to the same ex-

tent as those of the Atropaceae of Miers. 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, or

tubers. It has been stated that the juice of the Solanacese does

not produce dilatation of the pupil as is the case ^yith many
plants of the order Atropaceae.

Physalis peruviana has an edible fruit which is called the Peruvian Winter
Cherry. P. alkekengi, Winter Cherry, and some other species, are diuretic.

P. somnifera, as its name implies, possesses narcotic properties.

Punneeria coagtd'.ms—The dried fruit is employed in India as a carmina-
tive and stomachic, and also as a substitute for rennet in making cheese, &c.

Capsicutn.— The species of this penus are remarkable for the presence of an
acrid resin (capsicine) in their fruits, which renders ihem hot, pungent, and
stimulating. The various species of Capsicum are generally supposed to be
natives of South America, from wlience they have become distributed over the
world. There are several species and varieties of Capsiaim in common use,

one of which is officinal, namely, the C. annwim of Linnjeus, or the C. Jas-
tigiatum of Blume. Tlie fruits of this are commonly sold as chillies. They are
sometimes two or three inches in length, whilst in other varieties they are not
more than one inch. The shorter variety is the best. Cayenne Pepper is the
powdered fruits of probably several species of Capsicum found in the West
Indies and South America, "but principally it is Siiid of C.frutescens (Bird-
pepper or Guinea-pepper), and perhaps of C. boccatmn. Other varieties

or species of Capsicum, are the C. cerasiforme (Cherry-Pepper or Round
Chilli), C. f^rossum (.Bell Pepper), &c.
Solan>t7n.—The Common Patato, which is so largely used as food in temperate

climate-i, is the tuber of S. tuberosiwi. A decoction of the stem and leaves of S.

tuberosum has been used as an alterative in cutaneous diseases, and an extract

of the herb has been also employed as a narcotic and antispasmodic. The medi-
cinal properties of the potato plant are chiefly due to the presence of a small
quantity of an alkaloid called Solanma, which"has powerful narcotic properties.

Solanina does not produce dilatation of the pupil like the alkaloids of the Atro-

pace^; and hence the reason why the juice of the Solanaceje generally differs in

such respect from that of Atropaceae. Solanina has bee;' detected in all parts of

the Potato plant, but in the tuber only traces of it are to be fonnd, 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

TiAmes oi English arrow-root, Bright's nutritious Jarina. ^c. It is also em-
ployed in the preparation oi dextrine or Starch.gum,\\\\\ch is used in the art«,

^•c. as a substitute for gum, size, and paste. Solanwn Dulcamara, Woody
Nightshade or Bitter-sweet. The stem and twigs of this plant are employed
as an alterative in cutaneous diseases. They also possess slight narcotic pro-

pprties owing to the presence of solanina. 5 nigrum. Black Nightshade,
also possesses alterative and narcotic properties. The fruit is said to be
edible, but if this be the case, its use for food requires caition, as solanina

has been found in it. The fruits of several species of Solanum are however
eaten in various parts of the world, as those of S. Melongena and ovigcrum,
called Egg-apples; those of 5. quitoense, named Quito Oranges; also those of

S. laciniatum in Australia, where they are termed Kangaro6-apples ; and those

of 5. muricotum and nemorense in Peru. S. margiriatu'u has astringent

properties, and is employed in Abvssinia in the process of tanning. S. Pseudo-
qiiina, a Brazilian species, is nuich employed in that country as a tonic and
febri'uge. Several speci"s of Solanum are also reputed to have diuretic pro-

perties, as S. mammosum, paniculntum, ^c. The flowers and leaves of

S. cernuum are sudorific, and have been employed in gonorrhoea, syphilis. &c.
Lycopersicon esculentum.—This plant produces the fruits called Love-apples

or "tomatoes so much employed in the preparation of sauces.

QQ4
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Natural Order 155. Atropaceje. — The Deadly Nio-htshade
Order {figs, 'dll, 978).— Diagnosis. — The plants included in

Fig. 977. Fig. 978.

Fip. 977. Vertical section of the
flower of Tobacco {Nicotiana
Tabacum) Fig. 978. Dia-
gram of the flower of Tobacco.

this order were separated by Miers from the Solanaceoe and
Scrophulariuceaj, and formed into a distinct order under the
above name. In habit, character of the leaves, inflorescence,
calyx, ovary, fruit, and seeds, the Atropacea) agree essentially
M-ith the Solanaceai ; but they differ in the (Estivation of their

corollas being always more or less imbricated {figs. 466 and 978)
instead of valvate; in the lobes of the corolla being frequently
somewhat unequal; in 1 or more of the stamens, whicli are
normally 5, being more frequently sterile; and in the anthers
being either introrse or extrorse, and always dehischig longitu-
dinally. The chief distinctive character between the two orders
lies in the different ajstivation of their corollas.

Distribution, Sfc.— They abound in tropical regions, but some
are found in most parts of the world except in the coldest
regions. Examples:— Nieotiana, Datura, Schizanthus, Salpi-
glossis, Petunia, Ilyoscyamus, Atropa, Lycium, Solandra,
IJrnnsfelsia. Miers enumerates 38 genera. This order with the
preceding contains about 1050 species.

Properties and Uses.—Many plants of this order have power-
ful narcotic proi)crties ; hence several are very poisonous.

Nicoliana.~-'\hc loaves of various species and varieties supply the difTerent
kinds of lobacoo, now in s.icli general use in some form or other in nearly
every p:>rt ol the Riobo. . Mr. Crawfor.l estimated the consumption of Tob.icco
HI tlie Briluh Islands in 1851 at 28,002,978 lbs., being at the rate of 1686 oz.



COROLLIFLOR^. 601

per head of the population. He also estimated the total annual production at
2.000,000 of tona, which, at the value of 2d. per jiound, would amount to
37,00^), 000/. sterling. The consumption of tobacco in this country has enor-
mously increased of late years, and is still increasing. Tobacco owes its pro-
perties to the presence of an alkaloid called Nfconna which is a most energetic
poison, a volatile oil {nicotianin), and an empyreuinatic oil. Tobacco has
been employed in medicine as a local stimulant, and as a sedative, autispaj-
modic, emetic, laxative, and diuretic The principal kinds of Tobacco are the
American, from A'. Tahacnm; the Shiraz or Persian, from JV. persica; the
Syrian and Turkish, from A', rusiica; Cuba and Havannah, from A", repanda;
and Orinoko, from N. macrophylla.
Datura Stranion iuin. Thorn-apple A narcotic property is possessed by

all parts of the plant, and is especially developed in the seeds. Its medicinal
effects resemble those of Belladonna. It is employed as an anodyne and an-
tispasmodic. In spasmodic asfhfna, smoking the herb, or inhalation from its

infusion in warm water, has frequently given great relief, but its use requires
much caution, as it has in some instances produced fatal results. A strong de-
coction of the leaves in water is used in Cochin China as a remedy in hydro-
phobia, in which disease it is reputed to be very efficacious. Stramonium
owes its principal activity to the presence of a narcotic alkaloid called daturia,
which much resembles hyoscyamia and atropia, the alkaloids of Hyos-
cyamns niger and Atropci Belladonna. Daturia is a powerful poison, and
strongly dilates the pupil. D. Tatiila, metel, ferox, fastitosa, and san-
gtcinea, have similar properties to the D. Stramonium. The fruit of D. san-
guinea, the Red Thorn-Apple, is in use among the Indians of the Andes, and
in Central America, in the preparation of narcotic drinks, tiie use of which
produces a peculiar excitement, ;.nd enable them, they believe, to have com-
munication with the spirits of their ancestors.
Uyoscyamus 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 i>resence 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 coinmonlv cul-
tivated, the Annual and the Biennial; the latter of which is generally re-
garded as the most active in its properties.
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 instead of Belladonna to produce dilatation of
the pupil, and for other purposes. Atropia is a most powerful poison.
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. .=)48.) Mandrake is an acro-narcotic poison, and was used
by the ancients as an anaisthetic. The plant is called Devil's-apple by the
Arabs. Mandrake is considered to be the Dudaim of Scripture.

Natural Order 1-56. Oleace^.—The Olive Order {figs. 979

—

981). — Trees or shrubs, ieat-es opposite. Floivers usually

perfect, or rarely unisexual. Cah/x persistent, 4-cleft (figs. 979
and 980), sometimes obsolete (fig. 426), inferior (fig. 981).

Corolla regular, 4-eleft (fig. 979), or of 4 distinct petals (fig.

980), or absent (fig. 426) ; cestivation valvate (fig. 979). Sta-

mens usually 2 (figs. 426 and 980), rarely 4. Ovary (figs. 979
and 981) 2 celled, with 2 suspended ovules in each cell. Fruit

fleshy or dry, often 1 -seeded. Seeds with abundant fleshy al-

bumen; embryo straight.

Distribution, ^"c.— They are principally natives of temperate
regions, but a few occur within the tropics. Examples :— Olea,

Phillyrea, Ligustrum, Fraxinus, Ornus, Syringa. There are

21 genera, and 130 species.

Ptoperties and Uses.—The barks of many plants of this order
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F^g- 979. Fig, 980. Fig. 981.

Fig. 979. Diagram of the flower of Lilac iSyringa vulgaris) Fig. 980.
Flower of tlie Manna Ash Ornus curopcea or Fraxinus Ornus, with 4-cleft
calyx; corolla with 4 distinct petals; 2 stamens; and pistil Fig. 981.
Vertical section of calyx and pistil of the Privet {Liyustrum vulgare).

are tonic and febrifugal. The mild purgative called Manna is

obtained from several species. The pericarp of the Common
Olive yields the well-known Olive Oil. Some species are

remarkable for the hardness of their wood.

0/ra europcea, the Olive— The ripe fruit has a very fleshy pericarp
which yields by expression a fixed oil, known as Olive Oil, which is largely
used for dietetical purposes, in the arts, and in medicine. In medicine it is

principally employed externally, either by itself, or in composition with otiier

substances. When administered internally, it is nutrient, emollient, dem^ilcent,
and laxative. The olives used as a dessert, are prepared by first S( aking the
green unripe fruit in water to deprive Ihem 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 deseive more at-
tention as remedial agents than they have hitherto obtained in this country.
The substance called olive f^um or olivile is a resinous exudation from the
Olive-tree. It was formerly employed in medicine, but at present is not applied
to any useful purpose. The wood of the Olive is much employed for cahuiet-
work. The flowers of Olen frngrans are used in China to give odour and
flavour to a particular kind of tea.

Fraxinus 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 growing in a w.irm climate. The wood possesses
much strength and elasticity combined with lightness, hence it is much used
for ladders, poles, and for agricultural implements, &c. The sweet concrete
exudation known as manna, is obtained by making hicisions into the stems of
two or more species of Fraxinns. There is some uncertainty as to the num-
ber of species from which onr supplies are derived; but they are chielly from
Fraxinus Ornus or Ornus europcea. and F. rotund ifolia or Ornus rotunhijolia.
These plants are natives of Calabria, Apulia, and Sicily. Manna is a mild
agree ble laxative. It owes its properties to mannite, and a peculiar resin.
Fraxinns cliimnsis is the tree upon which the insect {Coccus I'e-la) producing
the White Wax of China, feeds.

Syrini-a vnljioris, the Lilac, has a bitter, tonic, and febrifugal bark.

Natural Order 157. Jas]minack;e.— Tlie Jasmine Order.—
Shrnhs, often twining. C(//y.r ])ctsistent, with 5—8 divisions.

Corolla regular, 5—8 -partite; astivation imbricated. Stamens 2,
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included. Ovary 2-lobed, 2-celled, with 1—4 erect ovules in

each cell. Fruit a capsule or a berry. Seeds with very little

or no albumen ; embryo erect.

Distribution, ^c.—Chiefly natives of the East Indies, but a few

species are found in several other warm regions of the globe.

Examples :— Jasminum, Nyctanthes. There are 6 genera, and
about 100 species.

Properties 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 grandiflorum. Tlie 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. Salvadorace^.—The Salvadora Order.

— Shrubs or small trees. Leaves opposite, entire, leathery.

Flowers small, panicled. Calyx of 4 sepals. Corolla 4-partite,

membranous. Stamens 4. Ovary 1-celled ; stigma sessile.

Fruit fleshy, 1-celled, with a solitary erect seed. Albumen none.

Distribidion, Sfc— Natives of India, Syria, and North Africa.

ExampUs :— Salvadora, Bouea. There are 4 genera belonging

to this order.

Properties and Uses.— Some are acrid and stimulant. The
only plant of any importance is Salvadora persica, which

Dr. Royle has proved to be the Mustard-tree of Scripture. 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. Myrsinace^.— The Myrsine Order.

—

Trees or shrubby plants. Leaves coriaceous, smooth, exstipu-

late. Flowers small, perfect or unisexual. Calyx and corolla

4—5-partite. Stamens 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; placenta free central, in which

the ovules are imbedded. Fruit G.esliy. Seeds I, 2, ov ma.ny;

albumen abundant, homy.
Distribution, ^c—Chiefly natives of the islands of the southern

hemisphere. Examples :— :M£esa, Embeha, Myrsine, Ardisia.

Theophrasta. There ai-e 32 genera, and 320 species.

Properties and Uses.— Of httle 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 mules. The seeds of Theophrasta Jussicei are

used in St. Domingo in the manufacture of a kind of bread.

Natural Order 160. ^oiCERACEiE.—The ^giceras Order.

—

Diagnosis,—This order includes but one genus of plants. There
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are 5 species ; these inhabit sea-shores in tropical regions, and root
from their seed-vessels into the mud, like Mangroves. The
genus jEgice7-as differs from INIyrsinacere in its anthers dehiscing
transversely ; in having a folHcular fruit ; and in the seeds
being without albumen.

Natural Order 161. Primdlace.e.— The Primrose Order.
{Jigs. 982— 984).—Herbs. Leaves (Jig. 371) simple, exstipulate.

Fig. 982. Fig. 983.

Fig. 984.

F('(7. 982. Flower of ylj?af7«7?(s. c. Calyx, p. Petals, s. Sta-
mens Fi'o- 083. Vertical section of tlie flower of Pim-
pernel (J[>iaj/a?Zis). 73?. Free central placenta. «. Styleaud
capitate stigma Fig. 984. Vertical section of the seed of
the Primula elatior. t. Integuments, p. Albumen., e.

Embryo, h. Hilum.

Floivers regular, perfect (Jigs. 467 and 982). Calyx (Jigs. 443 and
467) 4— 5-cleft, persistent, inferior (fig. 983), or partly superior.

Corolla (figs. 467 and 982) 4—5-cleit, very rarely absent. Sta-

mens (fig. 982, s) equal in number to the segments of the corolla,

and opposite to them. Ovary superior (fig. 443), or rarely partly

inferior, 1-celled (fig. 983); placenta free central (figs. 620 qnd
983); style I (figs. 443 and 983); stigma capitate (fig>i. 567 and
983). Fruit capsular (fig. 692), Mith transverse or valvular dehis-

cence. Seeds (fig. 984) numerous, with fleshy albumen;
embryo placed transversely to the hilum.

Distribution^ Sfc.
—^They principally inhabit cold and tempe-

rate regions in the northern parts of the globe. They are rare

in the tropics, Avhcre they are only found on the sea-shore or

in mountainous districts. Examples:— Primula, Cyclamen,
Glaiix. Anagallis, Ilottonia, Samolus.

Properties and Uses.—Of no i)articular importance except for

the beauty of their flowers. The flowers of the Cowslip (Pri-

mula veris), arc sedative and diaphoretic, and are sometimes
employed in the nianufacturc of a soporific wine. The roots of

Cyclamens arc acrid, especially those of Cyclamen hederccfoliuni,

which have been used as a drastic purgative and cmmenagogue.
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The Cyclamens are commonly known under the name of Sow-
breads from their laeing eaten by wild boars in Sicily.

Natural Order 162. PLuaiBAGiXACE^. — The Leadwort or

Thrift Order {figs. 985, 986). — Herbs or under-shrubs.
Leaves entire, exstipulate. Flowers regular {fig. 985). Cahjx

Fig. 98; Fig, 986.

J"/*?. 985. Diagram of the flower of a
Plumbago Fig. 086. Essential
organs of Plumbago.

tubular, plaited persistent, 5 -partite (fig. 985). Corolla (fig.

985) membranous, 5-partite, or of 5 petals. Stamens (figs.

622, 985 and 986) 5, opposite the petals, to which they are

attached in the polypetalous corolla, or hypogynous and oppo-
site to the divisions of the monopetalous corolla. Ovari/ 1 -celled

(figs. 622 and 985) ; ovule solitary, suspended from a long cord
which arises from the base of the cell (fig. 622); styles (fig. 986)
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, Sfc.—Chiefly found growing on the sea-shore and
in salt marshes in various parts of the globe, but the mass of the

order inhabit temperate regions. Examples -.— Statice, Armeria,
Plumbago. There are 11 genera, and 231 species.

Properties and Uses.— Of little importance, but acridity and
astringency appear to be the most remarkable properties of the
order.

Plumbago.— The roots of several species are acrid and vesicant when
fresh, as those of P. europcea, Toothwort, P. zeylanica, scandens, and roso.a.

P. toxicaria is used as a poison in Mozambique.
Armeria vulgaris. Common Thrift.—The dried flowers are diuretic.
Statice carohniana is called Marsh Rosemary in the Uii;ted States, where its

root is much employed as an active astringent.'
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Fig. 987.

Natural Order 163. Plantagin ace^.— The Ribwort Order

{figs. 987 and 988).— Herbaceous plantsfi generally without

stems {fig. 987). Leaves commonly
ribbed and radical (^^. 987). Flowers

usually spiked {fig. 390) and perfect,

{fig. 988), or rarely solitary, and some-
times unisexual. Calyx persistent, 4-

partite, imbricated (fig. 988). Corolla

dry and membranous, persistent, 4-par-

tite {fig 988). Stamens equal in num-
ber to the divisions of the corolla, and
alternate with them {fig. 988) ; fila-

ments long and slender; anthtrs versa-

tile. Ovary simple, 2 or 4-cened from
the prolongation of processes from the

placenta; style (fig. 988). 1. Capsule
membranous, with transverse dehi-

scence
;
placenta free central. Seeds

1, 2, or more, with a mucilaginous
testa ; embryo transverse, in fleshy al-

bumen
Distribution, Sfc. —They abound in

cold or temperate climates, but are

more or less diifused over the globe.

Examples ; — Littorella, Plantago.

There are 3 genera, and 120 species.

Properties and Uses.—Unimportant.
The seeds of Plantago Psyllium, are-

naria, and Cynops are demulcent, and
have been used like those of Linseed
in the preparation of mucilaginous
demulcent drinks. The leaves and
roots of P. lanceolata and some other
species are slightly bitter and astrin-

gent.

Natural Order 164. Hydkophyllace^.—The Hydrophyllum
Order.— Herbs, bushes, or small trees. Leaves usually hairy,

lobcd, and alternate. Flowers either solitary, stalked, and axil-

lary; or arranged in circinate racemes or spikes. Calyx persistent,

5-partite. Corolla regular, 5-cleft. Stamens equal in number
to, and alternate with the segments of the corolla. Ovary simple,
1—2-ccllccI, 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, Sfc.— Chiefly natives of the northern and most
southern parts of the American continent. Examples:— Hy-

Fig. 987. Plant of a species

of Rib-grass (Plantago^,
witli radical ribbed leaves.

Fig. 988. Flower of
Plantago.
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Fig. 08ft. Vertical section of the fruit of
Mi/osotis. Two achsenia are seen, and
two have been removed Fig. i)W.
Diagram of the flower of Comfrey {Sym-
hytum officinale).

drophjllum, Nemophila, Eutoca, Hydrolea. There are 18
genera, and 77 species.

Properties and Uses.— Unimportant, except as showy garden
plants.

Natural Order 165. Boraginace^. — The Borage Order

{figs. 989 and 990).— Herbs or shrubs, with more or less

rounded stems. Leaves

{fig. 416, a) alternate, en- Fig. 989.

tire, usually rough. In-

florescence scorpioid {figs.

416—418). Flowers re-

gular, symmetrical {figs.

416, a, and 990). Calyx,

{figs. 989 and 990) persis-

tent, 4—5-partite. Corolla

{figs. 468and990)regular
or nearly so, 4—5-partite,

usually with scales in its

throat, {fig. 468, r);cestiva-

tion imbricated. Stamens

{fig. 990) equal in num-
ber to the lobes of the

corolla and alternate Avith

them. Omr?/ deeply 4-lobed {fig. 595), with a solitary o\-ule

in each lobe ; style 1 {fig. 595), basilar ; stigma simple or bifid.

Fruit consisting of 2 or 4 distinct achaenia, placed at the bottom
of the persistent calyx {figs. 685 and 989). Seeds exalbuminous

;

embryo straight, with a superior radicle.

Distribution, ^c.— Chiefly natives of temperate regions in the

northern hemisphere. Examples :— Cerinthe, Echium, Borago,
Alkanna, Cynoglossum, Kochelia. There are 54 genera, and
683 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 renders

them useful as dyeing agents.

Borago officinalis. Borage The root is mucilaginous and emollient. The
herb imparts coolness to beverages in which it is steeped owing to the pre-
sence in it of nitrate of potash.

Si/mphi/tum officinale, Comfrey, is reputed vulnerary, The young leaves
and shoots are sometimes eaten'as vegetab'es. This plant contains a good
deal of starch and mucilaginous matters, and Mr. Squire informs me, that
when bruised, it forms an excellent bandage for broken limbs, &c. S. anperri-
mum has been recommended for cultivation in this country as food for
pigs, &c.
Anchusa tinctoria, Alkanet, has a dark blond-red root, which is chiefly

used to give colour to oils, &c.,which are used in perfumery, and for dyeing
woods, &c.

Natural Order 166. Ehretiace.e.— The Ehretia Order.

—
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Diagnosis.— The plants of this order resemble the Boraginaceae

in most of their characters, but they differ in having the 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 Ehretiacere are made a sub -order of the Bora-
gin acegs.

Distribution, ^c.— Chiefly tropical trees or shrubs. Exam-
ples :— Ehretia, Heliotropium. There are 14 genera, and 297
species.

Properties and Uses.—Unimportant. Some species of Ehretia

have edible fruits. Some have a delicious odour, as the Peru-
vian Heliotrope {Heliotropium peruvianuin).

Natural Order 167. Nolanace^.— The Nolana Order.

—

Herbs or shrubs. Leaves alternate, exstipulate. Inflorescence

straight. Calyx 5-partite, persistent, with a valvate aestivation.

Corolla regular, with a plaited a3stivation. Stamens 5, opposite to

the lobes of the calyx. Ovary composed of from .5—20 carpels,

either distinct, oranore or less combined into several sets; style

on a fleshy disk, simple ; stigma simple. Fruit composed of .5 or

more separate achienia, or more or less combined ; enclosed in

the persistent calyx. Seed \Nit\\ a little albumen; embryo curved;

radicle inferior.

Distribution, §T.— Natives exclusively of South America, es-

pecially of Chili. Examples:— Nolana, Alona. There are 6

genera, and 35 species.

Properties and Uses.— Unknown.
Natural Order 168. Labiate or Lamiace^.—The Labiate

Order (figs. 991—996).— General Character.—Herbs (flg.

370) or shi'ubby plants, with usually square stems. Leaves
opposite (fig. 370), commonly strong-scented, exstipulate.

Flowers generally in axillary cymes, which are arranged in a
somewhat whorled manner so as to form what are called ver-

ticillasters (fig. 370). Calyx persistent, tubular, 5 or 10-tootlied,

Fig. 99f

V^
Fi!/. 901. Diagram of the flower of the "White Dead-nettle (Lamium album).

J'ia- W2. Flower of the common Bugle {AJitga re.ptans).



COROLLIFLOR-E. 609

regular; or irregular and bilabiate (fig. 447J, with 3—10 divi-

sions, the odd tooth or division always posterior {fig. 991).

Corolla {figs. 470—473, and 992 and 993) bilabiate, with the

upper lip undivided {fig. 470) or bifid {figs. 471 and 472), usually

more or less arched over the lower lip {fig. 470), or sometimes

nearly suppressed {fig. 992) ; the lower hp 3-lobed, with the odd
lobe anterior {fig. 991). -Stowjews usually 4, didynamous {figs.

Fig. 993. Fig. 994.

Fig. 995. Fig. 996.

Fig. 993. Front view of the
flower of Lamium Fig.
994. The corolla of the
Garden Sage {Salvia offici-

nalis^ cut open Fig.
995. The corolla of the
Horehound {Marruhium
vulgare) cut open Fig.
996. Lobed ovary, style,

and stigma of the Garden
Sage (.Salvia officinalis').

993 and 995), or rarely 2 by abortion (^a. 994); anthers 2-ce\led,

or 1 -celled by abortion ; the filament or connective sometimes
forked, with each branch bearing a perfect cell, or the cell on one
side obsolete, or sterile {fig. 505). Ovary deeply 4-lobed {figs.

594 and 996), seated on a fleshy disk, with 1 erect ovule in

each lobe; style 1, basilar (figs. 594 and 996); stigma forked

{fig. 996). Fruit composed of from 1—4 achaenia, enclosed by
the calyx. Seeds erect, with Httle or no albumen • embryo erect,

with flat cotyledons.
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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 achajnia, enclosed by the persistent

calyx. Seeds erect, with little or no albumen.
Distribution, ^c.—Chiefly natives of temperate regions. Ex-

amples

:

— Lavandula, Pogostemon, Salvia, Rosmarinus, Origa-

num, Scutellaria, Frostanthera, Nepeta, Lamium, Marrubium,
Stenogyne, Ajujja. There are 129 genera, and 2350 species.

Properties and Uses The plants of this order are altogether

free from any deleterious qualities. They abound in volatile oil

frequently containing a Stearoptene ; 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 employed by the cook
for flavouring, &c., such as Thymus vulgaris (Common or Garden
Thyme), Thymus citriodorus (Lemon Thyme), Salvia officinalis

^Sagc), Origanum vulgare (Common Marjoram), Majorana hor-

tensis (Sweet Marjoram), Satureja montana (Winter Savory),

Saturejahortensis (Summer Savory), &c. The fleshy underground
stems of Stachys palustris and of a species of Ocymum are edible.

Ocymum album is used in India as Tea, which is known as Toolsie Tea.
Lavandula— 'Y\\<i flowering heads of L. vera. Common Lavender, yield by

distillation with water English Oil of Lavender, which is largely used in per-
fumery ; and also in medicine as a stimulant, stomachic, and carminative.
The flowers are also employed as a sternutatory. The flowering heads of
L. spica or latifuUa, French Lavender, yield Oil of Spike or Foreign Oil of
Lav(Mider, which has a much less agreeable odnur than the English Oil, and
is not employed medicinally, but principally by painters and varnish-makers,
and to adulterate English Oil of Lavender. L. St^ec/ias also yields by distil-

lation an essential oil, which is commonly distinguished as the True Oil of
Spike.
Pogoslemon Patchouli, Pucha-Pat or Pafchouly.— This plant is a native

of Penang and the Malayan peninsula. The dried tops are imported and
yield by distillation a strongly-scented volatile oil, called Oil of Patchouli,
which has been much employed in perfumery. 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.

Mentha, Mint— Several species are used in medicine, and as sveet herbs.
Three are otticinal, namely, M. viridis. Spearmint, M. piperita. Peppermint,
and M. Pulegium, Pennyroyal. They all possess stimulant and carminative
properties. M. rotundijolia, aquatica, arvcnsis, Sfc. have similar properties.

Salvia ojflcinalis. Common or Garden Sage.—The leaves were formerly
much employed as tea. An infusion of Sage is much 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 much used by the
cook an a flavourmg agent, S^.

Hosniarinns officinalis. Common Rosemary.—The flowering tops contain
a volatile oil, which imparts to them stimulant and carminative properties.
Ho«emary is however chiefly used in perfumery, and by the hairdresser. The
flavour of Narbonne Honey is said to be due to the bee's feeding on the flowers
of this plaiit. 'i'he dried leaves are sometimes employed as a substitute for
Chmese Tea.
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Monarda punctata, Horsemint— The herb is used medicinally in the
United SUles. In its properties it resembles the ordinary mints, but it is

more stimulating. M.fisttdusa is said to be febrifu^-al. The leave- of MMidyma
and pwr^jwrea are used in North America as tea under the name of Oswego
Tea. The flowers of Monarda didyma are said to contain the same colouring
principle as cochineal, and may be nspd for the preparation of carmine.
Origanum vulgare. Common or Wild Marjoram, has similar properties to

the other labiate plants. Tlie dried leaves iiave been employed as a sub-
stitute for Chinese Tea. Mr. Hanbury has shown that the red volatile oil

sold usually in the shops as Oleum Orig'ani or Oilof Thyme, is obtained by dis-
tillation from Thymus vulgaris. This oil is imported from the south of France.
Several species of Otiaanum are used by the cook, as 0. vulgaris. Common
Marjoram, 0. Mnjorana or Majorana hortensis. Sweet Marjoram, &c.
Hedeoma pulegioifles, American Pennyroyal, is much used in the United

States as an emmenagogue, and also occasionally as a stimulant and carmi-
native.

Micromeria iheasinensis is used in France as a substitute for Chinese Tea.
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.
Marrubium vulgare. Common Horehound, is much employed as a domestic

remedy in coughs, &c.

Natural Order 169. Verbenace^.— The Vervain Order.

—

Herbs, shrubs, or trees. Leaves opposite or alternate, exstipulate.

Calyx persistent, tubular. Corolla usually more or less 2 -lipped

or^irregular. Stamens 4, usually didynamous, or rarely equal

;

sometimes there are but 2 stamens ; anthers 2- -p- ggy
celled. Ovary (fig. 997) 2 or 4-celled; style

^'

1, terminal (fig. 997); stigma simple or bifid.

Fruit dry or drupaceous, composed of from
2— 4 nucules, which when ripe usually sepa-

rate into as many indehiscents-seeded achaenia.

Seeds erect or ascending, with little or no albu-

men, and an inferior radicle. Known at once

from Labiatee by their more coherent carpels and
terminal style. ^. g^. ^.^^.^ ^^

Distribution, ^c. — They are found both in fhe ' Vervain,

temperate and tropical regions. Examples:— iVerhena.)

Verbena, Lantana, Tectona, Clerodendron. There are 45
genera, and 663 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 some species are edible. The leaves of a

few species are used as substitutes for Chinese tea. Many
are cultivated in our gardens for the beauty of their flowers and
for their fragrance, as the different species and varieties of Ver-

bena, the Aloysia or Lippia citriodora, the Sweet Verbena or

Lemon -plant, &c.

Stachytarpha jamaicensis is reputed to be purgative and anthelmintic. Its

leaves are sometimes employed in Austria as a substitute for, or to adulterate,

Chinese tea. This is known under the name of Brazilian tea.

Lantana pseudo-thea is used in the Brazils as tea, under thename of Capitao

da matto. Some species of Lantana have edible fruits.

Tectona grandis, Indian Teak-tree or Indian Oak, is the source of the

R R 2
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very hard and durable wood known as East Indian Teak," which is employed
in ship-building. &c.

Vitex.—Several species of this penus have acrid fruits, as those of T. trifolta,

Wild Pepper, y. Negundo, and V. Agnuscastus.

Natural Oi'der 170. Myoporace^.—The Myopora Order.

—

Diagnosis.—This order is sometimes considered as a sub-division

of the Verbenaceaj, from which it can be scarcely separated. It

only differs essentially from that order in having pendulous

seeds, and a superior radicle.

Distribution, &^c.— Chiefly natives of the southern hemisphere.

Examples :— Myoporum, Bontia, Avicennia. There are 9

genera, and 42 species.

Properties and Uses.— Unimportant. The bark of Avicennia

tomentosa, White Mangrove, and other species, are much used in

Brazil for tanning. The species of Avicennia grow like Man-
groves in salt-marshes.

Natural Order 171. Selaginace^.— The Selago Order.

—

Herbs or shrubs, with alternate exstipulate leaves. Flowers

irregular, unsymmetrical, sessile, bracteated. Calyx persistent,

usually monosepalous with a definite number of divisions, or

rarely consisting of two distinct sepals. Corolla tubular,

5-partite. Stamens 4, or rarely 2; anthers 1-celled. Ovary
superior; style 1, filiform ; ovules solitary, pendulous. Fruit 2-

celled, with 1 solitary pendulous seed in each cell. Embryo in

a little fleshy albumen, with a superior radicle. In Globularia

there is but one carpel.

Distribution, Sfc.—Chiefly natives of the Cape of Good Hope.
The species of Globularia are however European plants. Ex-
amples :— Sela^^ ), Gymnandra, Globularia. There are 10 genera,

and 120 species.

Properties and Uses.—Of little importance. The Globidarias

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 efiicient purgative.

They have been sometimes employed for the adulteration of

Senna Leaves, and it has been supposed also in the process of
tanning. They contain both tannic and gallic acids.

Natural Order 172.— Pedadaceje. — The Pedalium Order.
— Glandular herbs. Leaves entire, without stipules. Flowers
axillary, usually large and irregular. Calyx 5-partite. Corolla

bilabiate. Stamens didynamous with the rudiment of a
fifth, included; anthers 2-celled. Ovary on a fleshy or glan-
dular disk, 1-celled, with 2 parietal placentas ; sometimes
spuriously 4—6-celled; style 1; stigma divided. Fruit bony or
capsular. Seeds wingless, without albumen; embryo with large
cotyledons, and a short radicle.

Distribution, Sfc. — Chiefly tropical plants. Examples:—
Martynia, I'cdalium, Sesamum. There arc 14 genera, and
about 25 syecies.
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Properties and Uses. — Chiefly remarkable for their oily

seeds.

Sesamttm orienlale—The seeds yield by expression a fixed oil which is

much used in India. It is rarely imported, however, as it soon becomes rancid.
It is said to be employed to adulterate Almond Oil. The Oil is known as
Teel, Gingely, or Gingillie Oil.

Natural Order 173.— GESXERACEiE. — The Gesnera Order.— Herbs or soft-wooded shrubs. Leaves wrinkled, exstipulate,

generally opposite or whorled. Floivers irregular, showy. Calyx
half-superior, 5-parted. Corolla 5-lobed. Stamens diandrous,

or didynamous with the rudiment of a 5th; anthers 2-celled,

frequently united. Ovary half-superior, 1 -celled, surrounded
by an annular fleshy disk, or by glands ; style 1. Fruit
capsular or succulent, 1-celled, with 2-lobed parietal pla-

centas. Seeds numerous, with or without albumen ; embryo
with minute cotyledons, and a long radicle.

Division of the Order, ^c. — 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,
Achimenes, Gloxinia.

Sub-order 2. Cyrtandrece.— Fruit not adherent to the calyx.

Seeds exalbuminous. Examples

:

—^schynanthus, Cyrtandra.

Distribution, Sfc.— Chiefly natives of warm or tropical regions.

The Gesnerece are all American; the Cyrtandrece are more
scattered. There are 69 genera, and about 275 species.

Properties and Uses.— Of little importance except for the

beauty of their flowers, which are common objects of cultivation

in this country. Some Gesnerece have edible fruits.

Natural Order 174. CrescentiacEvE. — The Crescentia or

Calabash Tree Order. — Small trees. Leaves simple, alternate

or clustered, exstipulate. Flowers irregular, growing out of

old branches or stems. Calyx free, entire at first, afterwards

splitting irregularly. Corolla somewhat bilabiate. Stamens
didynamous with a rudimentary 5th; anthers 2-celled. Ovary
surrounded by an annular disk, 1-celled; placentas 2— 4,

parietal; style 1. Fruit indehiscent, woody. Seeds large,

numerous, enveloped in a pulp, without albumen ; cotyledons

large, amygdaloid; radicle short.

Distribution, ^c. — Natives exclusively of tropical regions.

Examples :— Crescentia, Parmentiera, Colea. There are 1

1

genera, and 34 species.

Properties and Uses. — Unimportant. The sub-acid pulp of

the fruit of Crescentia Cujete, the Calabash Tree, is eaten by the

negroes in America, and its hard shell is used for bottles,

forming floats, &c. The fruit of Parmentiera edulis is also eaten

by the Mexicans, and that of P. cerifera is also greedily de-

K R 3
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voured hy cattle in Panama. It resembles a candle in shape

;

hence the tree is named the Candle-tree.

Natural Order 175. Bignoniace^.— The Bignonia or

Trumpet-flower Order.—•Usually trees or shrubs, which are

often twining or climbing, rarely herbs. Leaves exstipulate,

usually opposite. Inflorescence terminal. Flowers irregular.

Calyx entire or divided. Corolla 4—5-lobed. Stamens 2
or 4; anthers 2-cel\ed. Ovary seated in a disk, 2—4-celled

;

placentas axile; style I. Fruit 2-valved, capsular, 2—4-celled.

Seeds numerous, sessile, large, winged; albumen none ; embryo
with large leafy cotyledons.

Distribution, Sfc. — Chiefly tropical plants. Examples :—
Bignonia, Calosanthes, Tecoma, Jacaranda, Eccremocarpus.
There are 44 genera, and 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. Some species of Tecoma have astringent properties.

The wood of several plants of the order is used in Brazil.

The bark of Jacaranda bahamensis is used as an anthelmintic
in Panama.

Natural Order 176, AcANTHACEiE. — The Acanthus Order.— Herbs or shrubs. Leaves opposite, simple, exstipulate.

Flowers irregular, bracteated. Cahjx 4—5-parted, or consist-

ing of 4—5 sepals, persistent, much imbricated ; sometimes
obsolete. Corolla lipped. Stamens 2, or 4 didynamous. Ovary
seated in a disk, 2-celled

;
placentas parietal, although ex-

tended 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, without
wings; albumen none; cotyledons large and fleshy.

Distribution, &'c.— Chiefly tropical. Examples :— Thun-
bergia, Ruellia, Goldfussia, Acanthus, Justicia. There arc
155 genera, and 1450 species.

Properties and Uses.— Unimportant. Some species have
beautiful flowers. Many arc mucilaginous and bitter. From
Jiuellia indigutica, a blue dye is obtained in China. The species
of Acanthus have lobed and sinuated leaves, and furnished
the model of the Corinthian capital.

Natural Order 177. — SciioPnuLARiACEiE.— The Figwort
Ordtiv.— Herbs or rarely shrubby plants, with generally opposite
leaves. Injlorcscence axillary. Flowers (Jigs. 999 and 1000)
anisomcrous, irroguhir. Calyx (Jig. 1000), persistent, (Jig. 693),
4—5-partitc. Corolla more (Jigs. 474 and 475) or less (Jigs.
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478 and 479) irregular, 4—5-partite ; cestivation imbricate

{fig. 1000). Stamens 2 {fig. 999), or 4 didjTiamous {fig. 547),

Fig. 999.

Fig. 999. Flower of Speedwell ( Veronica) Fig. 1000. Diagram of the flower
of Frogsmouth {Antirrhinum nw!;M8),.with one bract below.

rarely 5 or with a rudimentary 5tli ; anthers introrse. Ovary
usually 2-celled {fig. 1000), its component carpels being placed

anterior and posterior; style 1 {fig. 999). Fruit usually capsular

{fig. 693), rarely baccate, generally 2-celled
; placentas axile.

Seeds generally numerous, albuminous ; embryo straight or slightly

curved. The above definition is in accordance with the views

of Mr. Miers, by whom the sub-order Salpiglossideee of Bentham
is placed in the new order Atropacese. (See Atropacece.')

Distribution, 8fc. — The plants of this order are found in all

parts of the globe. Examples :— Calceolaria, Verbascum
Antirrhinum, Scrophularia, Mimulus, Gratiola, Limosella, Vero-
nica, Euphrasia, Rhinanthus, Pedicularis, Melampyrum. As
above defined, there are about 160 genera, and 1700 species.

Properties and Uses.— The plants ot this order must be
regarded with suspicion, as some are powerful poisons. Many
are bitter, others are astringent, some are purgative, emetic, or

diuretic, and a few possess narcotic properties. A great many
are cultivated in our gardens, &c. on account of the beauty of

their flowers. Several of the Scrophulariaceae are root-parasites,

as Melampyrum, Rhinanthus, ^c, ; these turn black when dried.

Verbascum—The leaves of V. Thapsus, Great Mullein, have emollient,
demulcent, and slightly narcotic properties. Its seeds and those of V. nigrum
are said to be employed by poachers to stupify fish in order that they may be
readily taken.

Scrophularia nodosa.—The fresh leaves 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 5. aquatica are
purgative, emetic, and are supposed to be slightly narcotic

JJ K 4
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Gratiola officinalis, OflScinal Hedge Hyssop, was formerly officinal in our
pharmacopoeias. It possesses purgative, emetic, and diuretic properties, and
in large doses it is an acrid poison.

Capraria b'fulia is usfd in Central America as tea.

Digitalis purpurea. Foxglove.—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 now officinal in our pharmacopoeias. Fox-
jflove is largely used as a diuretic in dropsies, and as a sedative of the circula-

tion in diseases of the heart, &c. In improper doses it is a deadly poison.

It owes its activity essentially to the presence of a peculiar bitter principle,

called Digitaline. Other species of Digitalis have similar properties to those
of D. purpurea, but they do not appear to be so active.

Veronica officinalis.—The leaves have been employed in this country, and
on the Continent, as a substitute for Chinese tea : hence the plant is sometimes
called The de VEurope >

Natural Order 178. Orobanchaceje.— The Broom-rape

Order. — Herbs of a more or less fleshy character growing

parasitically on the roots of other plants. Stems scaly, but

without any true green leaves. Calyx persistent, toothed.

Corolla in-egular, persistent; aestivation imbricate. Stamens 4,

didynamous; anthers 1—2 -celled. Ovary 1 -celled ; its com-
ponent 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, §-c.— Principally natives of Europe, northern

Asia, North America, and the Cape of Good Hope. Examples

:

—Epiphegus, Orobanche, Lathrwa. There are 14 genera, and
116 species.

Properties and Uses. — The presence of an astringent prin-

ciple 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
nostrum, called Martin's Cancer Powder.

Natural Order 179. LENTiBULARiACEiE.— The Butterwort

Order.—Herbs, growing in water, marshes, or wet places. Leaves

radical, entire or divided into thread-like filaments bearing Uttle

pouches or air vesicles. Flowers irregular. Calyx persistent,

2-lipped. Corolla 2-lipped. Stamens 2, included; anthers 1-

ccllcd. Ovary 1 -celled ; style 1, short; stigma 2-lipped;

placenta free central. Fruit capsular, 1 -celled. Seeds minute,

numerous, without albumen ; embryo minute, with the cotyledons

much smaller than the radicle.

JJistribution, 8fc Natives of all parts of the globe, par-

ticularly tropical regions. Examples :— Utricularia, Pinguicula.

There arc 4 genera, and 175 species.

Properties and Uses Of little importance. Pinguicula
vulgaris is tonricd Butterwort from the property its leaves

possess of coagulating milk.
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Artificial Analysis of the Natural Orders in the Sub-class

CoROLLiFLOBJE. Modified from Lindley.

*#* A few Orders belonging to the other Sub-classes, the flowers of which
are sometimes monopetalous, are also admitted into this analysis.

The numbers refer to the Orders.

1. Epigynse.
A. Carpel solitary.

a. Anthers united.
Ovule solitary, pendulous CalyceracetB. 128.

Ovule solitary, erect Composite, 129.

b. Anthers distinct.

Fruit with 1 perfect cell, and 2 rudimentary ones.
Seed exalbuminous Valerianaceee. 126.

Fruit 1-celled, and without any rudimentary
one. Seed albuminous DipsacacecB. 127.

B. Carpels more than one.

a. Anthers united.

Leaves alternate Lobeliacea. 131.

b. Anthers distinct.

1. Stamens 2.

Filaments not united to the style . . . ColumelliacecB, 125,

Filaments united to the style .... Stylidiacea:. 133-

2. Statnens more than 2.

Anthers opening by pores .... Vacciniaccie. 134

Anthers opening longitudinally.
Stigma with an indusium .... Goodeniacece. 132.

Stigma without an indusium.
Leaves without stipules.

Stamens definite.

Leaves alternate. Corolla persistent CampanulaeccB. 130.

Leaves opposite. Stem round . . Caprifoliacece. 122.

Leaves verticillate. Stem square . Galiacete. 124.

Stamens numerous Belvisiacece. 110.

Leaves with stipules.

Stipules interpetiolar. Flowers herma-
phrodite Cinchonacece . 123.

Stipules cirrhose. Flowers unisexual CucurbitacecB. 99.

2. Hypostarainese.
A. Carpel solitary.

Stigma indusiate. Leaves radical, entire

B. Carpels more than one.

a. Anthers opening by pores.
Herbs. Seeds with a loose-winged testa

Shrubs. Seeds without wings. Anthers
2-celled .

b. Anthers opening longitudinally.
1. Anthers l-celled

2. Anthers 2-celled.

Plants with dotted leaves
Parasitic brown scaly plants

Brunoniacece . 1 35.

TyrolacecB. 1 38.

EricacecE. 136.

EpacridaceeB, 139.

RutacecB. 59.

Monotropacece. 137

3. Epipetalae.
A. Flowers regular.

a. Ovary lobed.

Inflorescence scorpioidal. ^Estivation of corolla
imbricated Boraginaceee. 165.

Inflorescence straight. Corolla with a valvate
{estivation. Leaves exstipulate . . . Nolanaceee. 167.

Inflorescence straight. Corolla with a flat aesti-

vation. Leaves exstipulate Stackhousiacece. 72.
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b. Ovary not lohed.

1. Carpels more than three, distinct or combined.
Stamens equal in number to the petals and

opposite them.
Stem herbaceous. Style 1. Fruit capsular,
dehiscent FrimulacecB. 161.

Stem woody. Style 1. Fruit fleshy inde-
hiscent Myrsinacece. 159.

Stem herbaceous or woody. Styles 6,
(rarely 3 or 4), Fruit membranous . . Plumbaginacetz. 16'2.

Stamens not opposite the petals if of the same
number.

Carpels distinct.

Seeds numerous Crassulacea:. 89.

Seeds few Anonacece. 4.

Carpels combined. Ovary 2 or more celled.

Ovules erect or ascending.
JEstivation of the corolla plaited. Fruit
dry ConvolvulacecB. 151.

JEstivation "of the corolla imbricate.
Fruit fleshy Sapotacece. 142.

Ovules pendulous or suspended, or rarely
partly ascending.

Stamens twice or four times as many as

the lobes of the corolla, distinct . Ebenacecc. 140.

Stamens equal in number to the lobes
of the corolla. Filaments distinct.

Anthers adnate Aquifoliacece . 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, combined so as to form a 3-

ceiled ovary.
Stem herbaceous. Disk hypogynous . PolemoniacecE. 153.

Stem woody. No disk Diapensiaceis. 146.

3. Carpels two, combined, or more or less distinct.

Stamens 2.

Corolla 4-cleft Oleacece. 156.

Corolla more than 4-cleft .... Jasminacece. 157.

Stamens 4 or more. Inflorescence scor-
pioidal.

Fruit capsular, 1-celled, or imperfectly 2-

celled UydrophyllacecE . 164.

Fruit drupaceous. 2 or more celled . . EhretiacecE. 166.

Stamens 4 or more. Inflorescence straight.

Leafless plants. Parasitical . . . Cuscutacecc. 152.

Lealy plants.
Leaves alternate.

Calyx in a broken whorl . . . ConvolvulacecB. 151.

Calyx in a complete whorl.
Anthers united to the stigma • . Ascl''piadace<E. 149.

Anthers free from the stigma.
Placentas parietal .... Gentianacece. 148.

Placentas axile.

.Estivation of corolla valvate or
induplicato-valvate . . . Solanacece. 154.

.Estivation imbricate or some mo-
dification of it . . . . Atropacete. 155.

Leaves opposite, whorled, or clustered.
Anthers united to the stigma . . . Asclcpiadacece. 149.

Anthers free Irom the stigma.
Leaves with stipules .... Loganiacets. 145.

Leaves without stipules.
Stigma shaped like an hour-glass.
.Esiivatioa of corolla contorted . Apocynacca:. 144.
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Stigma not contracted in the middle
like an hour-glass,

Estivation of corolla imbricate.
Placentas parietal . . . Gentianacece, 148.

Estivation of corolla valvate.
Placentas axile .... Stilbacece. 147.

4. Carpel solitary.

Stamens opposite the lobes or petals of the
corolla PlunibaginacecB, 162.

Stamens alternate to the lobes of the corolla.
Fruit 1-celled. Stigma sessile . . . Salvadoracete. 158.
Fruit .spuriously 2-celled, or rarely 4-celled.

Style capillary Plantaginacea. 163.
B. Flowers irregular.

a. Ovary A-lobed Labiates. 168.
b. Ovary not lobed.

1. Carpel solitary Selaginacece . 171.
2, Carpels two.

Fruit nucamentaceous.
Anthers 1-celled Selaginacece. 171.
Anthers 2-celled. Ovules erect.

Corolla imbricated in aesti?ation . . Verbenacecc . 169.
Corolla valvate in aestivation . . . Stilbacece. 147.

Anthers 2-celled. Ovules pendulous . Myoporacecc. 170.
Fruit capsular, or succulent.

Placentas parietal.

Leafless scaly brown parasites . . Orobanchacece . 178.
Leafy plants. Seeds with wings . . Bignoniace<s. 175.
Leafy plants. Seeds without wings.

Fruit capsular or baccate. Cotyledons
minute, radicle long .... Gesneraceee. 173.

Fruit bony or capsular. Cotyledons
large, radicle short .... Pedaliacea. 172.

Fruit woody with a pulpy interior.

Cotyledons large, radicle short . CresceniiacecB. 174.
Placentas axile.

Seeds without wings.
Albuminous Scrovhulariacees. 177.
Exalbuminous. Seeds attached to
hard placental processes • . AcanthacecB. 176.

Seeds winged. Exalbumiuous . . Bignoniacece. 175.
Placentas free central Lentibulariacece. 179.

There are certain exceptions to the characters above given of
the Corolliflorse and its sub- divisions. Thus among the

Epigynse, we sometimes find polypetalous corollas in Capri-
foliacece and Lobeliacece, and hence such plants properly belong
to Calycifloras. The ovary is sometimes superior in Goodeniacece,

thus resembling the Epipetalee of the sub-class Corolliflorae.

In the HypostaminesB, polypetalous species occur in Ericacece,

Monotropacece, Pyrolacece, and EpacridacecB, which are therefore

Thalamifloral, In Epacridacece also, the stamens sometimes
adhere to the corolla, in the same way as in the orders of the
Epipetalas of Corolliflorffi.

Among the Epipetalae we find plants with polypetalous
corollas occasionally, as in Styracacece, Oleacece, Primulacece,

Myrsinacece, and Plumbaginacece. The stamens are also some-
times hypogynous in Ebenacea, Primulacece, and Plumbaginacece,
and hence such plants resemble the Thalamiflora if the petals

are distinct, or if united the Hypostamineoe of the CorolHflorse.
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Again, among the Epipetalce we occasionally find the ovary
inferior or partly so, in Ebenacece, Sti/racacece, Myrsinaceat,

Primulacece, and in Gesneracece always, and hence such plants

belong to the Epigynoe of the Corollifloras, or to the Epigynae of

the Calyciflorse, according as their petals are united or distinct.

In OleacecB and Primulacece, apetalous species occur, and
therefore resemble the Monochlamydese.

Unisexual species are {oxm&mVakrianacecB, Composita, Ebe-
nacecB, AquifoliacecE, Myrsinacece, and Plantayinaceoe.

Sub-class IV.

—

MonoclilamydecB.

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 the Gymnospermia
at the end of the Monochlamydeous Orders.

Natural Order 180. Polygonace^.—The Buckwheat Order

(^figs. 1001, 1002).— Usually herbs with alternate leaves

and ochreate stipules (^fig. 254). (The stipules are, however,

Fig. 1001. Fig. 1002.

Fig. 1001. Flower of a species of I'ohjaonum Fig. 1002. Pistil of a species
of Jiuinex.

occasionally absent, and the plants are sometimes shrubby.)

Flowers perfect (Jig. 1001), or sometimes unisexual. Calyx*
free (Jig. 1001), more or less persistent, imbricated Stamens
(Jig. 1001), hypogynous or perigynous ; anthers dehiscing lon-

• When there is but one floral envelope in Dicotyledonous
plants, wc call that the calyx, whatever be its colour or other
peculiarity, in which nomenclature we follow the example of
Lindlcy. ]5y most botanists the term perianth is employed in

such cases, but wc use that name only in speaking of Monocoty-
ledonous plants.
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gitudinally. Ovary superior {fig. 1001), 1-celled ; styles and
stigmas 2—3 (figs. 1001 and 1002) ; oy?(/e solitary (figs. 710 and
719), orthotropous. Fruit usually a triangular nut (fig. 1002).

Seed solitary, erect ; embryo (fig. 758) usually with farinaceous

albumen, inverted, with a superior radicle.

Distribution, ^c. — Generally diffused over the globe, and
particularly so in temperate regions. Examples :—Eriogonum,
Oxyria, Rheum, Polygonum, Coccoloba, Rumex, Triplaris,

Brunnichia. There are about 34 genera, and 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 oxahc acid. The
fruits and roots of several are more or less nutritious.

Rheum, 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 they are largely used as medicinal agents. Various species of
Rhubarb are indigenous or cultivated in diflFerent parts of the world, but the
exact source of our officinal rhubarbs is at present unknown. Royle says, that
" the Rhubarb country (from which they 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
are Russian or Turkey, Chinese or East Indian, Himalayan, and English.
The Russian is the best, but its botanical source, as noticed above, as also that
called Chinese, is unknown. Himalayan Rhubarb is the produce of several
species, more especially of R. Moorcrqftianum, Webbianum, and Emodi. En-
glish rhubarb is obtained from R. Rhaponticum, and is now extensively em-
ployed 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 used in the East
in the preparation of sherbet. The petioles of R. Rhaponticum and other
species are used for tarts and puddings. Their acidulous character is princi-

pally 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. 25.)

Polygonum. — The root of P. Bistorta, commonly called bistort root, is a
powerful astringent, which property is due to the presence of tannic acid.

Starch is also one of its constituents, hence it possesses nutritive properties,

and is eaten when roasted in Siheria. The roots of P.viviparum, are also
used as food by the Esquimaux. The 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.
Fagopyrum. — The fruits of F. esculentum. Common Buckwheat, of i^. tata-

ricum, and other species are used as a substitute for corn in the northern parts
of Asia and Eastern Europe. The former species is cultivated in Britain as
a food for pheasants.

Coccoloba uvifcra. 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.

Rumex Several species possess acid properties owing to the presence of
oxalic acid, especially R. acetosa, common Sorrel, R. Acetosella, scutatus
and Patientia. They have been employed as pot-herbs, and for salads. R.
acetosa is sometimes used medicinally for its refrigerant, diuretic, and antiscor-
butic properties. In times of scarcity, it has been employed in Scandinavia as a
substitute for bread. The root of R. Hydrolapathum, 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. NTCXAGiNACEiE.— The Marvel of Peru
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Order.— Herbs, shrubs, or trees, with the stems usually tumid
at the joints. Leaves j^enerally opposite. Flowers with an in-

volucre. Calyx tubular or funnel-shaped, often coloured,

plaited in aestivation, contracted towards the middle, its base
persistent and becoming indurated and forming a spurious

pei'icarp. 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 wliich

forms a spurious pericarp. Seed solitary (fig. 759); embryo

coiled round mealy albumen (fig. 759), with foliaceous cotyle-

dons, and an inferior radicle.

Distribution, S^c.— Natives exclusively of warm regions. Ex-
amples :— Boerhaavia, INIirabiUs, Pisonia. There are 17 genera,

and 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 Jalapa and longijlora. M. Jalapa was
long erroneously regarded as the source of our medicinal

Jalap. M. dichotoma is commonly known under the name of

the Four-o'clock plant, from its opening its flowers in the

afternoon.

Natural Order 1 82. AMARANTiiACEiE.—The Amaranth Order.
— Herbs or shrubs. Leaves simple, exstipulate, opposite or

alternate. Flowers ci'owded, spiked or capitate, bracteated,

perfect, or occasionally unisexual. Calyx of 3—5 sepals, dry
and scarious, persistent, often coloured. Stamens 5, hypogy-
nous and opposite to the sepals, or a multiple of that number;
anthers 2-celled or 1 -celled. Ovary free, 1 -celled, with I

or more ovules; style 1 or none; stigma simple or compound.
Fruit a utricle, a caryopsis, or a berry. Seeds I or more,
pendulous; embryo curved round mealy albumen; radicle next
the hilum.

Distribution, 8fc,— The plants of this order are most abundant
in tropical regions, and are altogether miknown in the coldest

climates. Examples : — Celosia, Amaranthus, Gomphrena.
There are 46 genera, and 486 species.

Properties and Uses.— Unimportant. Some of the species

have bright coloured persistent flowers, and are hence cultivated

in our gardens, as Amaranthus caudatus, Love-lies-bleeding,

Amaranthus hypochondriacus, Prince's-feathers, Celosia cristata,

Cock's-comb, &c.
Natural Order 183. CuENOPoniACE^.— The Goosefoot or

Spinage Order.—Herbs or undcrshrubs. Leaves exstipulate,

usually alternate, rarely opposite. Flowers minute greenish,

without l)racts, perfect, polygamous, or diclinous. Calyx per-

sistent (fig. 680), usually divided nearly to the base (fig. 425).
imbricated. Stamens equal in number to the lobes of the

calyx and opposite to them (fig. 425), or rarely fewer, hypo-
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gvnous, or inserted into the base of the lobes; anthers 2-celIed,

Ovary superior {fig. 425), or partly inferior, 1-celled, with a
single o^Tile attached to its base; style {fig. 425) usually in 2—

4

divisions, rarely simple. Fruit an achanium, or utricle {fig.

680), or sometimes baccate. Seed solitary; embryo with or

without albumen, with the radicle towards the hilum. They
are chiefly distinguished from the Nyctaginace^e by their habit

and non-bracteated flowers.

Distribution, ^c.—More or less distributed over the globe,

but most abundant in extra-tropical regions. Examples :
—

Salicornia, Atriplex, Spinacia, Beta, Chenopodium, Salsola.

There are 72 genera, and 510 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

consequence of that substance being more readily extracted
from other sources. The plants which thus yield barilla prin-

cipally belong to the genera, Salsola, Salicornia, Chenopodium,
and Atriplex. Many plants of the order are esculent, as Beet
and Mangold-Wurzel; and some are used as pot-herbs, as

Spinage {Spinacia oleracea), Garden Orach {Atriplex hortensis),

and English Mercury {Chenopodium Bonus Henricus). The
seeds of others again, are nutritious. Several contain volatile

oil, which renders them anthelmintic, antispasmodic, aromatic,

carminative, and stimulant.

Beta vulgaris. Common Beet. — The root of this plant is used as a salad,

and as a vegetable for the table. It is largely cultivated on the continent and
elsewhere as a source of sugar, and it is believed that at the present time,
about 400 millions of pounds of beet-root sugar are annually produced on the
continent of Europe. The Beet which is cultivated for this purpose is con-
sidered as a variety of the Common Beet, and is known as the Sugar Beet. A
variety of the Common Beet (Beta vulgaris, var. campestris), is the Mangold-
Wurzel, so much used as a food for cattle.

ChenoportiuTTi—The seeds of C. Quinoa contain starch granules, which are
remarkable for being tlie smallest hitherto noticed. They are known under
the name oi petty rice, and are common articles of food in Peru. C. Bo7ius
Henrictts as already meut oned, may be used as a pot-herb. The seeds of C. an-
thelmiuticum, Wormseed, are largely employed in North America for their
authelmintic properties. They also possess to some extent antispasmodic
qualities. The herb generally h^s similar qualities. These effects are due
to the presence of a highly odorous volatile oil. C. ambrosiotdes and Botrys
are reputed to possess somewhat similar properties, but they ;ire not so power-
ful. C. Vulvaria or vlidum. Slinking Goosefoot, is an indigenous plant. It

is a popular emmenagogue and antispasmodic. C. amhrosid'ides is 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 perigynous
stamens. There are 4 genera, and 12 species, all of which are

tropiical plants. Basella rubra and alba, are used in the East
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Indies as a substitute for Spinage. From the former species a
purple dye may be obtained. The fleshy roots of Ullucus

tuberosus or Melloca tuberosa, are used in Peru as a substitute

for the Potato.

Natural Order 185. ScLERANTHACEiE.—The Scleranthus Order.—Diagnosis. — This is a small order of inconspicuous herbs,

frequently considered as a sub-order of Paronychiacese, from
which its plants are distinguished by the want of stipules; by
being apetalous ; in the tube of the calyx becoming hardened and
covering the fruit, which is solitary and l-celled; and in the

stamens being evidently perigynous.

Distribution, Sfc.— They are valueless weeds found in barren

places in the temperate regions of the globe. There are 4
genera, and 14 species, of which two species of Scleranthus

are natives of Britain.

Natural Order 186. Phytolaccace^.— The Phytolacca
Order.—Herbs or undershrubs. Leaves alternate, entire, ex-

stipulate. Flowers perfect, racemose. Calyx 4—5-parted. Sta-

mens 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 stigmas 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 al-

bumen, with the radicle next the hilum.

Distribution, Sfc.— Natives principally of America, India, and
Africa. Examples:— Giesekia, Phytolacca.

Properties and Uses.— An acrid principle is more or less

diffused throughout the plants of this order; this is frequently

destroyed by boiling in water. Some are emetic and purgative.

Phytolacca.—The roots of P. decandra. Poke or Pocan, are emetic and pur-
gative. Its ripe berries have been used in chronic rheumatism and in

syphilitic affections. Its young shoots boiled in water are eaten in the
United States as Asparagus. The young shoots 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, which is

common on the sea-coast in the tropics. The order is supposed
by Dr. Wright to be allied to Phytolaccacea, which it closely

resembles in the structure of its ovary: but it is at once dis-

tinguished by the possession of petals, and by the stamens
being opposite to the sepals, Its uses are unknown.

Natural Order 188. Petiveriace^. — The Pctiveria Order.
— Diagnosis.— This is another small order of plants Avhich is

placed by some botanists as a sub- order of the Phytolaccacca-,

with which it agrees in many particulars. It is distinguished

from that order by having stipulate leaves, an ovary formed of a
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single carpel, exalbuminous seeds, and a straight embryo with
convolute cotyledons. They are natives of tropical America.
Most of the plants are acrid, and some have a strong alhaceous
odour. Petiveria alUacea is reputed sudorific and emmenagogue,
and its roots are used in the West Indies as a remedy for tooth-
ache.

Natural Order 189. Gtrostemoste^. — The Gyrostemon
Order. — Diagnosis.— This is another small order of plants,
which is considered by some botanists to be alhed to Phyto-
laccaceffi, and is even sometimes associated with it. It is dis-

tinguished from that order by having unisexual flowers, the
carpels arranged round a central column, 2 suspended seeds in
each carpel, and a hooked embryo. They have no known uses.

This order and the three preceding ones include, (according
to Lindley), 21 genera, and 78 species. They all require further
investigation before their affinities can be well ascertained.

Natural Order 190. Pipekace^. — The Pepper Order.
Herbs or shrubs with jointed stems. Flowers 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 abundant albumen.
Distribution, 8fc. — Natives exclusively of tropical regions,

especially in America, and the islands of the Indian Archipelago.
Examples:— Peperomia, Macropiper, Chavica, Cubeba, Piper,
Artanthe. There are 20 genera, and 600 species.

Properties and Uses,— The plants of this order are chiefly

remarkable for acrid, pungent, aromatic, and stimulant pro-
perties. These qualities are especially to be found in their

fruits, and are due to the presence of an acrid volatile oil and
resin. Some are narcotic, and others are reputed astringent and
febrifugal.

Macropiper methysticum The large rhizome of this plant is known in the
South Sea Islands under the name of Ava, where it is largely used in the pre-
paration of an intoxicating and narcotic liquor, called Ava or Cava. It is also
used medicinally in chronic rheumatism and venereal affections.

Chavica.—The dried unripe female spikes of C. Roxburghii {Piper longum),
constitute the Long Pepper of commerce which is obtained from our Indiaa
possessions ; those of C. officinarum, which are used in America, &c., are
obtained 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 pur-
poses. Dried slices of the root and stem are used medicinally in ludia under
the name of Pippula Moola. Other species of Chavica have similar proper-
ties, as C. Chaba, pepuloides, and sylvatica, and are used in India. 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. Its use as above is considered to impart an ornamental red
hue to the lips and mouth, and an agreeable odour to the breath, and is also
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supposed to possess stimulant and narcotic'properties, and to be a preservative

against dysentery. (See Areca.)
Cubeha. — The dried unripe fruits of Cnbebn officinalis constitute our offi-

cinal Cubebs. According to Blume, those of C. canina also form a portion of

the Cubebs of commerce. They are the produce of Java and the adjoining is-

lands. Cubebs are extensively employed in affections of the urino-genital

organs, upon which they 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 Jinripe

fruits of Cubeba Clusii, African Cubebs or Black Pepper of Western Africa, are

employed by the negroes of Sierra Leone, &c. as a condiment, and also as a
medicinal agent. Their effects in genito-urinary affections do not appear to

resemble those of the oflScinal Cubebs. Accordfng to Stenhouse they contain
Piperine, and not the peculiar alkaloid of Cubebs, which has been termed
Cubebine.
Fiper 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 correctives. They are also thought to be
febrifugal. They contain an acrid resin and a volatile oil, to which their acrid,

pungent, aromatic, and stimulant properties are principally d\ie ; and Piperine,

which is thoufiht to possess febrifugal properties. Piper trioicum and some
other species also produce good pepper.

Artanthe elongata, M.itico. — The dried leaves of this p'ant constitute our
Matico. Matico has been recommended as a topical application for ar-

resting haemorrhage from wounds, &c. It has been also Employed inter-

nally as a styptic, but its effects, if any, thus administered, are very feeble. Its

action appears to be strictly mechanical, like lint, felt. Sec. 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 Eupatorium glutt-

nosuni (see Eupatorium). Other plants are also similarly designated in South
America. The dried fruits of A. adunca, &c. are used in America as pepper.
The spikes of fruit of A. crocata are used for dyeing yellow.

Natural Order 191. CnLORANTHACEiE. — The Chloranthus

Order.— Herbs or undershrubs with jointed stems tumid at

the nodes. Leaves simple, opposite, sheathing, with small

interpetiolar stipules. Flowers spiked, achlamydeous, with scaly-

bracts, perfect or unisexual. Stamen 1, or more and united.

Ovary 1-celled, Avith a solitary pendulous ovule. Fruit dru-

paceous. Seed pendulous, Avith a minute embryo (not enclosed

in a distinct sac), at the apex of flesliy albumen, and an inferior

radicle.

Distribution, ^c.—Natives of tropical regions. Examples :
—

Hcdyosmum, Chloranthus. There are 3 genera, and 15 species.

Properties and Uses. — Aromatic stimulant properties are the

principal characteristics of the plants of this order.

Chloranthun The roots of C. officinalis and brachi/stacht/s have been em-
ployed in Java as stimulants in malignant fevers, &c., and for their anti-
spasmodic effects. The leaves of C. inconspicuus are used in China to per-
fume tea. (See TAeo.)

Natural Order 192. S.\URURACE.a:.— The Saururus Order.

—

Marshy herbs. Leaves entire, alternate, stipulate. Flowers
spiked, achlainydcous, perfect. Stamens 3—6, hypogynous,
persistent. Ovaries 3—4, more or less distinct, or united.
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with a few ascending ovules. ' Fruit either consisting of 4
fleshy indehiscent achrenia, or capsular and 3—4-celled. Seeds
ascending, 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 :— Saururus, Houttuynia. There are 4
genera, and 7 species.

Properties and Uses. — They have acrid properties, and have
been reputed emmenagogue, but none of the plants possess any
particular importance as remedial agents.

Natural Order 193. Podostemace^. — The Podostemon or

Eiver-weed Order.— Aquatic herbaceous plants with the aspect

of Mosses or Liverworts. Leaves minute, or finely divided.

Flowers minute, usually perfect, spathaceous, achlamydeous,
or with an imperfect calyx, or with 3 sepals. Stamens 1 or

many, hypogynous ; anthers 2-celled. Ovary superior, 2—3-

celled ; stigmas 2—3 ; ovules ascending, numerous. Fruit cap-

sular, ribbed, with parietal or axile placentation. Seeds nume-
rous, exalbuminous, with a straight embryo.

Distribution, &fc.— Principally natives of South America.
Examples : — flydrostachys, Lacis, Podostemon, Tristichia.

There are 21 genera, and about 100 species.

Properties and Uses.— Unimportant. Some species of Lacis
are used for food on the Rio Negro, &c., in South America, and
other plants of the order are eaten by cattle and fish.

Natural Order 194. Thtjielace^.—The Mezereon Order.
— Shrubs or very rarely herbs. Leaves entire, exstipulate.

J'/owe?-* perfect (^^r. 1003), or rarely unisexual. jr-
jqq^

Calyx inferior (fig. 1003), coloured, tubular,

4—5-lobed ; cestivation imbricate. Stamens

perigynous (fig. 1003), twice as many as the

divisions of the calyx, or equal in number
to them, or fewer, in the two latter cases

they are opposite to the lobes of the calyx;

anthers 2-celled (fig. 1003), bursting longi-

tudinally. Ovary superior (fig. 1003), simple,

] -celled (fig. 713), with a soHtary suspended

ovule (fig. 713). Fruit dry and nut-like,

or drupaceous. Seed suspended; albumem
none, or but small in quantity ; embryo

straight, with a superior radicle. ^^ ^^^3 ^^^^.^^^
Distribution, §-c.— They are found more or section ofthe flower

less abundantly in all parts of the world, but
^aphne^^'^^^^

°^

especially in Australia and the Cape of Good
Hope. Examples:— Dirca, Daphne, Pimelea, Lagetta, Her-
nandia. There are 43 genera, and about 300 species.

Properties and Uses. — The plants of this order are chiefly-

remarkable for the toughness and acridity of their bark. The
s s 2
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fruit of Dirca palustris is narcotic, and that of the plants gene-

rally of the order poisonous or suspicious, but the seeds of

Inocarpus edulis are said to resemble Chestnuts when roasted.

Several species of Daphne^ Pimelea, and other genera, are

handsome shrubby plants.

Daphne The root- bark of D. Mezereum, Mezereon or Spurge Olive, is

officinal in the British pharmacopoeias. It 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 acrid resin

and an acrid volatile oil. The steni-bark possesses similar properties, but is

generally considered as somewhat less active. The fruit is also very acrid and
poisonous. The bark of D. Gnidium and D. Laureoln, Spurge-Laurel, also

possess acridity, and are sometimes substituted for the officinal bark, but
they are not so active. The inner bark of D. cannabina and other species, are
used in some parts of the world for making paper, &c.

Lagetta lintearia. Lace- Bark Tree—The bark possesses somewhat similar

properties to that of Mezereon. When macerated, it may be separated into

laminae, 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 used in

the West Indies for making 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 name oi guana.

Natural Order 195. AQUiLARiACE.a;.—The Aquilaria Order.
— Trees, with entire exstipulate leaves. Calyx tubular or

turbinate, 4—5-lobed, imbricate, persistent. Stamens perigy-

nous, 10, 8, or 5, opposite to the lobes of the calyx when
equal to them in number ; anthers 2-celled, opening longitudi-

nally. Ovary superior, 2 -celled ; ovules 2, suspended. Fruit

usually 2-valved, capsular, sometimes succulent and indehiscent.

Seeds usually 2, or rarely 1 by abortion ; exalbuminous.

Distribution, Sfc.—Natives exclusively of tropical Asia, Ex-
amples : — Aquilaria, Gyrinopsis, Leucosmia. There are 6

genera, and 10 species.

P) operties and Uses.—Some species yield a fragrant stimulant

resin. The substance called Aloes-wood or Eagle-wood, is said

to be the Ahalim and Ahaloth of the Old Testament, and the

Aloe or Aloes of the New. It is obtained from Aquilaria Agal-

lochum and A. ovata or malaccensis. It was formerly held in

high repute as a medicinal 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^agnace^.— The Oleaster Order.
— Trees or shrubs, with entire, exstipulate, usually scurfy

(/(/. 112.) leaves. Flowers mostly dioecious, rarely per-

fect. Male flowers amentaceous, bracteated. Sepals 2— 4, or

united. Stamens definite, pcrigynous. Female /lowers with an
inferior tubular calyx, and a fleshy disk, cestivation imbricate.

Ovary superior, I -celled, with a solitary ascending ovule. Fruit
enclosed in tlie succulent calyx, indehiscent. Seed solitary,

ascending, with thin albumen ; embryo straight, with an inferior

radicle.
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Distribution, Sfc.—Thej are generally diffused in the northern
hemisphere, and rare in the southern. Examples :—Hippophae,
Elieagnus. There are 4 genera, and 30 species.

Properties and Uses.— Unimportant. The fruits of Elaagnus
orientalis are esteemed in Persia, and those of E. arborea, con-

ferta, and others, are eaten in certain parts of India. Those also

of Hippophae rhamnoides, the Sea-Buckthorn, which is a native of
England, are also edible, and hare 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. Peoteace^ — The Protea Order.

—

Shrubs or small trees. Leaves hard, dry, exstipulate. Flowers
perfect. Calyx inferior, 4 -partite or of 4 sepals; (Estivation

valvate. Stamens perigynous, equal in number to the di-

visions of the calyx and opposite to them ; anthers bursting

longitudinally. Ovary simple, superior, 1 -celled, with 1 or

more ovules, ascending. Fruit dehiscent or indehiscent. Seeds

exalbuminous, with a straight embrj-o, and an inferior radicle.

Distribution, Sfc.—Natives chiefly of Australia and the Cape
of Good Hope. Examples:— Leucadendi'on, Protea, Conosper-
mum, Franklandia, Persoonia, Grevillea, Hakea, Banksia, Dry-
andra. There are 46 genera, and 650 species.

Properties and Uses.—They are chiefly remarkable for the

beauty or singularity of their flowers, and their evergreen foliage.

The wood is largely emploj'cd at the Cape and in Australia for

burning, and occasionally for other purposes, thus, that of Protea

grandijlora is used at the Cape of Good Hope for waggon-wheels,
hence the plant is named Wagenboom.

Natural Order 198. Pe>^eace^. — The Penaea or Sarco-

colla Order.— Evergreen shrubs, with opposite, exstipulate, im-
bricated leaves. Flowers perfect. Calyx inferior, bracteated,

4-lobed ; (Estivation valvate or imbricate. Stamens perigynous,

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. Fruit 4-celled, dehiscent or in-

dehiscent. Seeds varying in position, exalbuminous ; embryo

with very minute cotyledons.

Distribution, Sfc.— They are only found at the Cape of Good
Hope. Examples:— Penaa, Sarcocolla, Geissoloma. There
are 6 genera, and 2 1 species.

Properties and Uses.— Unimportant.—The gum-resin called

Sarcocolla, is generally considered to be derived from one or more
plants of this order, but its origin is doubtful, and is conjectured

by Lindley to be yielded by an Umbelliferous plant.

Natural Order 199. Laurace^. —The Laurel Order.

—

Trees or shrubs. Leaves exstipulate, usually alternate and
dotted. Flowers generally perfect, sometimes imperfectly uni-

sexual ifg. 1004). Calyx inferior {fig. 1004), deeply 4—
S S 3
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6-cleft, coloured, in two whorls, the limb sometimes obsolete

;

(Estivation imbricated. Stamens perigynous, definite, some always
sterile

; filaments distinct, the inner ones
Fig. 1004. commonly with glands at their base

(fig. 529, g,g); anthers adnate, 2—4-

celled, dehiscing by recurved valves (fig.
529, v). Ovary superior (fig. 1004),
1 -celled, with 1 or 2 pendulous ovules

(fig. 1004). Fruit a berry or a drupe.

Seeds exalbuminous ; embryo with large

cotyledons, and a superior radicle.

Distribution, ifc.— They are cliiefly

natives of tropical regions, but a few
occur in North America, and one (Lau-

Fiff.im. Vertical section o{ rus jiobilis) in Europe. Examples:—
the female flower of Zauriis ^. y-^

/^
-n a

nobiiis, the Sweet Bay. Cmnamomum, Camphora, Persea, Aga-
thophyllum, Mespilodaphne, Nectandra,

Sassafras, Tetranthera, Laurus. There are 54 genera, and 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 othei's are tonic,

febrifuge, and astringent. Several have edible fruits, and many
yield valuable timber.

Cinnamomum Cinnamon which is so much employed as a condiment, and
medicinally as a curdial, stimulant, tonic, astringent, carminative, antispas-
modic, and as an adjunct to other medicines, is obtained from C- xeyla-
nicum. It chiefly consists of the inner bark. The best comes from Ceylon,
and is obtained from branches of about three years old. It owes its properties
to the presence of a volatile oil and tannin. This volatile oil is the oil of cin-
namon of commerce. A concrete fatty substance is obtained in Ceylon by
expression from the ripe fruits, which is called Cinnamon Suet. Royle sup-
poses this to be the Comacum of Theophrastus. From the leaves of the Cin-
namon 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 Kinninn of the Bible. C. Cassia, a native of China, yW\A%Cassia-lignea or the
Cassia bark o\ commerce ; this possesses analogous properties to Cinnamon,
and like that bark yields by distillation a volatile oil, called Oil of Cassia, to
the presence of which its properties are essentially due. Cassia buds of com-
merce which are now much used as a condiment, are reputed to be the flower-
buds of the above plant. According to Martins, however, they are the produce
of C. aroinaticuw and C. dulce; C. Loureiri is also stated to be one of their
sources. Cassia-buds possess somewhat similnr properties to Cassia lignea.
The Cassia tree is the Kiddah or Cassia of the Bible. The bark called hidian
clove bark \% obtained from C. Culilawan. It possesses properties resembling
Cassia. Sinloc bark, which has analogous properties, is the produce of C.
sintoc. C. nilidum and C. Tamala yield thc/o/ia malaballiri of India.

Camphora ifficinarmn, the Camphor tree, is a native of China, Japan, and
Cochin China. Camphor is obtained by boiling pieces of the roots, wood, and
brancliesof the tea in water until the camphor begins to adhere to the stirring-
rod, then the liquid is strained and allowed to stand till the camphor concretes,
after which it is sublimed, and the camphor which is thus obtamed is termed
crude camphor, in which condition it is exported to Europe, &c., where it is

afterwardi purified by subliming again with a certain amount of lime, after
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which process it is termed refined camphor. Camphor is a slearoptene or
solid volatile oil. This kind of camphor is commonly distinguished from other
camphors by the name of Laurel, Common, or Officinal camphor. In proper
doses, camphor produces exhilatating and anodyne effects, for which purposes
it is principally employed medicinally, la large doses it is narcotic and
poisonous.
Fersea.—The fruit of P. gratissima is in much repute in the West Indies.

It is commonly known as the Avocado Pear. P. indica, a native of Madeira,
yields a timber somewhat resembling mahogany.

Mespilodaphne pretiosa, a native of Brazil, yields the aromatic bark called
Casca pretiosa by the Portuguese.
Cryptocarya moschata, yields a kind of false or wild nutmeg termed the

Brazilian Nutmeg.
Agathophyllum aromaticum also yields a kind of false nutmeg, which is the

Clove-Nutmeg of Madagascar or Ravensara nut. It is used as a spice,

Acrodiclidium Camara yields another false nutmeg, called in Guiana the
Ackawa or Camara Nutmeg. Neither of the above wild nutmegs are im-
ported into this country.
Nectandra—N. Rodia:i\s the Bibiru, Sipiri, or Greenheart-Tree, the wood

of which is very hard and durable, and has been employed in ship-building, &c.
Beeberu or bibiru bark is obtained from the above tree. It has been used of
late years in medicine as a substitute for the cinchona-barks, possessing like

them, tonic, antiperiodic, febrifugal, and astringent properties. These pro-
perties are due to the presence of a peculiar alkaloid called Biberine or Be.
beerine which has nearly similar medicinal properties to quina, and is

employed by itself, and in the form of a sulphate, as an economical substitute
for sulphate of quinine. It is, however, generally regarded as less powerful.
The seeds of the Bibiru contain starch ; this is mixed with an equal quantity
of a species of 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,

Nectandra cymbarum ot Nees, the Ocotea amara of Martins, jields the sub-
stance called Brazilian Sassafras. The cotyledons of N. Puchury major and
minor are imported from Brazil under the name of Sassafras- Nuts or Pi-
churim Beans, which are much esteemed as a flavouring for chocolate. During
the continental war they were used as a substitute for nutmegs.
Dicypellium caryophyllatum yields Brazilian Clove-Bark or Clove Cassia

Bark. It is occasionally imported, and used for mixing with other spices.

Oreodaphne.— Several species of this genus yield valuable timber, thus the
Sweet-wood is the produce of 0. exaltataj the Til of the Canaries, of O.fcetens;
and the Siraballi of Demerara, is obtained from a species of Oreodaphne or
some nearly allied genus.

Sassafras The root and wood of 5. officinale under the name of Sassafras,

are otiicinal. Sassafras is employed medicinally in this country and elsewhere,
as a stimulant, diaphoretic, and alterative. From it the volatile oil of Sas-

safras is obtained. Sassafras pith is used in America as a demulcent like

quince seeds, in place of which it is commonly employed in the United
States.

Laurus nobilis, the Sweet Bay or Laurel, is said to be the Exrach or

Green Bay-tree of the Bible. It is the classic Laurel which was used by the

ancients to make crowns for their heroes. The truit is oflBcinal, and is known
under the name of Bay or Laurel berries. They are reputed to be aromatic,

stimulant, and narcotic, but they are very rarely used in medicine. By dis-

tillation with water they yield a volatile oil, commonly known as the volatile

oil 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. It is of a green colour, and a butyraceous consistence.

Laurel leaves have somewhat similar properties to the fruit. From their

aromatic properties they are used in cookery for flavouring. These leaves

must not be confounded with those of the poisonous Cherry Laurel, already

noticed (See Cerasus p. 535). Nothing certain is known of the source of the

oil imported from Demerara under the name of Native Oil of Laurel or

Laurel Turpentine. By some it is supposed to be derived from a plant of the

order Lauracese, by others from one of the Coniterae.

Natural Order 200, CASSYTHACEiE.— The Dodder-Laurel

Order. — Diagnosis.—This is a small order which has beea

S S 4
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separated from the Lauraceae by Lindley. The only important

differences between the Lauracese and the CassythaceiE con-

sist in the plants of the latter being parasitical in their habit ; in

having scales in place of true leaves ; and in their fruit being

enclosed in a succulent calyx.

Distribution, &-c.—Natives of tropical regions. There is only

1 genus— Cassytha, which contains 9 species. Their uses are

unknown.
Natural Order 201. Atherospermace^. — The Plume

Nutmeg Order. — Trees with opposite exstipulate leaves.

Flowers axillary, racemose, bracteated, dichnous or rarely

perfect. Calyx tubular, with several divisions. Maleflowers
with numerous perigynous stamens ; anthers 2-celled, opening

by recurved valves. Female flower usually with abor-

tive scaly stamens. Carpels numerous, distinct, each with a
solitary erect ovule ; styles and stigmas as many as the carpels.

Fruit consisting of a number of ach^enia enclosed in the tube of

the calyx and the persistent styles Avhich have grown into fea-

thery awns. Seeds erect, with a minute embryo at the base of

fleshy albumen.
Distribution, ^c.—Natives of Australia and Chili. There are

but 3 genera, and 4 species, namely Atherosperma and Dory-
phora from Australia, and Laurelia from Chili.

Properties and Uses.—They are fragrant plants. The achcenia

of Laurelia somewhat resembles the common Nutmeg 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. The wood is also valuable as timber.

Natural Order 202. Monimiace^.—The Monimia Order.—
Diagnosis.—Trees or shrubs, with opposite exstipulate leaves.

Flowers axillary, dichnous. The flowers generally resemble

those of the Atherospermaceaj, but they diff'er 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, Sfc.—They are principally natives of South Ame-
rica, but are found also in Australia, Java, Madagascar, the

Mauritius, and New Zealand. Examples : — Monimia, Ci-

trosma, Boldoa. There arc 8 genera, and 40? species.

Properties and Uses. — They are aromatic fragrant plants, but
have no particular importance either in an economical or medi-
cinal point of view.

Natural Order 203. Myristicace^.—The Nutmeg Order.
—Trees. Leaves alternate, exstipulate, entire, stalked, leathery.

Flowers dxcWnons. Calyx leathery. 3—4-clcft; in the female flower,

deciduous; astivation valvatc. Maleflower w'lih. 3— 12 stamens,
or rarely more wwxwQxovi^; filaments distinct or monaddphous

;

anthers, 2-cellcd, cxtrorsc, distinct or united, with longitudinal
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dehiscence. Female flower of 1 or many carpels ; or rarely 2,

and distinct ; each Avith 1 erect ovule. Fruit succulent. Seed
arillate, with copious oily-fleshy iniminated albumen; embryo
small, with an inferior radicle.

Distribution, ^c.— Natives of tropical India and America.
Examples:— Myristica, Virola, Hyalostemma. There are 5

genera, and 44 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 well-known spices named Nutmegs and
Mace, are both derived from M. tiwschnia or officinalis. The Nutmeg tree is

a native of the Molucca Islands, but it is now cultivated in many tropical
regions. It bears pear-shaped fruits, commonly about the size of an ordinary
peach, with fleshy pericarps ; each iruit contains a single seed, surrounded by
a lacerated envelope called an arillode, or commonly mace; this is scarlet when
fresh, but becomes yellow afterwards. Beneath the mace we find a hard shell,

and within this the nucleus of the seed invested closely by the endopleura,
which also penetrates the substance of the albumen and" divides it into lobes
(ruminated albumen). This nucleus, or theseeddivestedof itsshell andarillode,
is our commercial nutmeg. The pericarp is commonly used as a preserve.
Both nutmegs 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,
carminatives, and flavouring agents. Nutmegs yield when distilled with
water a volatile oil, called Volatile or Essential Oil of Nutmegs. Mace under
like conditions, also yields a volatile oil of nearly similar properties. The
substance 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 pressure. It consists of
a small quantity of volatile oil mixed «ith two fatty substances. The Nut-
megs thus described above, are frequently termed the True or Round Nutmegs,
to distinguish them from those of an interior quality, which are obtained from
other species of Myristica, ^c. One of these mferior nutmegs is found in com-
merce, it is called the Long or Wild Nutmeg. It occurs in three conditions,
namely, without the hard shell and arillode, then termed the long or wild
nutmeg; enclosed within the shell divested of its arillode {long or wild nut.
meg in the shell) ; and within the shell and arillode {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-
barica. Both the long nutmeg and its mace, are very inferior to the similar
parts of M. 7noschata, 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 the fruits of some Lauraceous plants are known under the name of Nut-
megs.

Natural Order. 204. Begoxiace^.—The Begonia Order. —
Herbs or low succulent shrubs. Leaves alternate, unequal-
sided at the base {fig. 315), with large stipules. Flowers
diclinous. Calyx superior. Male flower with 4 sepals, 2 of
which are smaller and placed internal to the others. Stamens
namerous, distinct, or coherent in a column ; anthers 2-celled,

clavate, with longitudinal dehiscence, clustered. Femaleflower
with 5 or 8 sepals. Ovary inferior, winged, 3-celled, Avith 3

large projecting placentas meeting in theajds; stigmas 3, sessile,

2-lobed. Fruit winged, capsular. Seeds numerous, with a thin
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reticulated testa, and without albumen. This order and the

Datiscacece are placed by some botanists near to Cucurbitaceae,

to which they are certainly nearly allied.

Distribution, 8fc.— Natives chiefly of India, South America,
and the West Indies. Examples:— Begonia, Diploclinium.

There are 4 genera, and 160 species.

Properties and Uses.— They 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.—
Herbs or trees. Zeares alternate, exstipulate. i^Wers diclinous.

3Iale fiower with a 3— 4-cleft calyx. Stamens 3 — 7 ; anthers

2-cclled, linear, bursting longitudinally. Female flower with a
superior 3 — 4- toothed calyx, and a 1 -celled ovary, with 3 — 4
polyspermous parietal placentas. Frtcit dry, opening at the apex.

Seeds without albumen, minute, numerous.
Distribution, Sfc.—They are widely distributed over the globe.

Examples :—Datisca, Tetrameles, Tricerastes. The above are

the only genera : there are 4 species.

Properties and £/ses.— Of little importance. Datisca cannabina
is bitter and purgative. The root is employed in Cashmere as

a yellow dye. Useful fibres might probably be obtained from
the plants of this order.

Natural Order. 206. Samydaceje.—The Samyda Order. —
Trees or shrubs. Leaves alternate, simple, evergreen, stipulate,

usually with round or linear transparent dots. Flowers perfect.

Calyx inferior, 4— 5-partite. Stamens perigynous, 2, 3, or 4
times as many as the segments of the calyx

; filameiits united,

some of them frequently sterile ; anthers 2 -celled. Ovary
superior, 1 -celled ; style 1, filiform

;
placentas parietal, bearing

numerous ovules. Fruit capsular, leathery, 1 -celled. Seeds

numerous, arillate, with oily or fleshy albumen ; embryo large.

Distribution, ^-c. —Exclusively tropical, and principally Ame-
rican. Examples :— Samyda, Casearia. There are 5 genera,

and 80 species.

Properties and Uses. — Of little importance. They are com-
monly bitter and astringent.

Natural Order 207. Lacistemace^.— The Lacistema Order.

—Shrubby plants. Leaves simple, alternate, stipulate. 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, wliicli bursts transverfiely. Ovary superior, seated in a
disk, 1-celled, with numerous ovules attached to parietal pla-

centas. Fruit capsular, 1-celled, 2—3 valved. Seeds generally

2 or 3, arillate, susi)cndcd, with fleshy albumen.
Dislributioii, ^c.—Natives of woody jilaccs in tropical America.

Examples:—There arc 2 genera, namely, Lacistema, and Synz^-
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ganthera, which contain 6 species. Their properties and uses

are unknown.
Natural Order 208. Chailletiace^.—The Chailletia Order.— Trees or shrubs. Leaves alternate, entire, stipulate. Calyx

inferior, of 5 sepals ; cestivation induplicate. Stamens 10, peri-

gynous, in two alternate whorls, the outer petaloid, and sterile.

Ovary superior, 2—3-celled, with twin pendulous ovules. Fruit
dry, 1— 2— 3-celled. iSee^/s pendulous, exalbuminous. Many
botanists regard the outer whorl of sterile stamens as petals, and
place the order among the Calyciflorse, near Celastracese, to

which it seems most nearly allied.

Distribution, ^c.— Natives of tropical regions. Examples :
—

Chailletia, Stephanopodium. There are 4 genera, and 10 species.

Properties and Uses. — Unimportant.

Chailletia toxicaria is a native of Sierra Leone. The fruit is called Rats-
baue, from its poisonous nature.

Natural Order 209. Uoiace^. — The Elm Order.— Trees
or shrubs. Leaves alternate, scabrous, with deciduous stipules.

Flowers perfect or unisexual, in loose clusters. Calyx inferior,

membranous, imbricated. Stamens perigynous, definite. Ovary
superior, 1—2-celled ; styles or stigmas 2. Fruit indehiscent,

samaroid or drupaceous, 1—2-celled. Seed solitary, pendu-
lous, with little or no albumen ; cotyledons fohaceous ; radicle

superior.

Division of the Order, ^c.— This order is divided into two
sections thus :

—
Sub-order 1. Celtece. Ovary 1-celled. Examples:— Celtis,

Mertensia.

Suborder 2. Ulmece. Ovary 2-celled. Examples:— Planera,

Ulmus.

Distribution, 8fc. — They are chiefly natives of the northern
regions of the world. There are 9 genera, and about 60 species.

Properties and Uses.— Some are valuable timber trees. The
bark and fruit of some are bitter, tonic, and astringent. 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 known under the names
of Nettle-tree and Sugar-berry. C. orientalis has aromatic properties.

Ulmus, Elm. — The inner bark of the 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 the U. ?nontana, the Scotch or Wych Elm, &c., is useful for certain
purposes, as it is 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 demulcent for both external and internal use.
When' ground it forms an excellent emollient poultice, like that of Linseed
meal.

Natural Order 210. Ueticace^.—The Nettle Order.

—

Herbs, shrubs, or trees, with a watery juice. Leaves alter-
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nate, usually rough, or with stinging hairs {fig. 129) ;
stipu-

late. Flowers small, unisexual {fig. 1005), or rarely perfect,

scattered, or arranged in heads or catkins. Calyx inferior

Fig. 1005. Fig. 1006.

Fig. 1005. Male flower of the Small Nettle ( Urtica urens'). c. Calyx, e, e,

e.e. Stamens, with 2-celled antliers. fji: Rudimentary pistil Fig. 1006.

Vertical section of the pistil of the above, p. Wall of the ovary, s. Stigma,

o. Ovxile.

(fig. 1 005 c), lohed, persistent. Maleflower with a few distinct

stamens {fig. 1005). perigynous, and opposite the divisions of

the calyx. Female flower with a superior 1 -celled ovary

{fig. 712 and 1006), with a single ascending OAiile {figs. 712

and 1006). Fruit indehiscent {fig. 757), surrounded by the

persistent calyx. Seed solitary {fig. 757), erect ; embryo {fig.

lbl\ straight, enclosed in albumen ; and with a superior ra-

dicle, r.

Distribution, ^c. — The plants of this order are more or less

distributed over the world. Examples :— Urtica, Bcehmeria,

Pilea, Parietaria. Lindley estimates this order to contain

23 genera, and 300 species.

Properties and Uses.—Chicly remarkable for yielding valu-

able fibres, and for the acrid stinging juice contained in their

hairs.

Urtica, Nettle.—The Nettles are well known from their stinging hairs

(Jig. I21i). Some of the East lndi;in species, as U. crenulatn and urentissittia,

produce vcrv violent eflects. The juice is said by Endlicher to owe its

powerful eflects to the presence of bicarbonate of ammonia, but this is

»;vidfutly an error. Flagellation by a buncii of nettles ( Urtica dioica or urevs'),

was formerly employed in palsy, &c. Some Nettles, as U. tttbcrosa, have
edible tutjr-rs. Some yield useliil fibres, as Urtica licterojihylla, Neilgherry
Nettle, and I', tcimcissima, Uom viKxch Caloee Hemp or Hhea fibre, one of

the strongest known fibres, is obtained. Kimosh and Kimxhon of the Bible,
have b»'en translated Nettles.
/^W/wrria.— Several sjjecies yield valuable fibres, as B. Puya or frntcsccris

(Pooah fibre), in Nepaid and Sikkim, and Ji. spcciosa (Wild Rhea), a very
Ktrong fibre. The most celebrated of them all, however, is Ji. nivca, from
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which the fibres are obtained that are used in the manufacture of the cele-

brated Chinese grass-cloth.

Parietaria officinalis. Wall Pellitory, is by many regarded as a valuable

diuretic and liihontriptic.

Natural Order 211. Ca>'nabinace^. — The Hemp Order.

—Bough herbs -with a watery juice. Leaves alternate, lobed,

stipulate. Flowers small, unisexual, dioecious. Males in

racemes or panicles. Calyx scaly, imbricated. Stamens 5,

opposite the sepals
; filaments, filiform. Females in spikes, or

strobiles {fig. 398), each flower with 1 sepal surrounding the

ovary, which is superior, and 1-celled, and contains a solitary

pendulous ovule. Fruit indehiscent. Seed soHtary, 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 :— Can-
nabis, Humulus. 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. It is chiefly

used for cordage, sacking, and sail-cloths. This fibre has been known for

more than 2500 years. The fruits, commonly termed hetnp seed, are oleaginous
and demulcent. They are used for feeding birds. When submitted to pres-

sure, they yield about 25 per cent, of a fixed oil, which is used as a varnish,
and for other purposes. When the Hemp plant is grown in tropical countries,

it varies in some important characters from the ordinary C. sativa of colder
climates, and is by some botanists considered as a distinct variety, which is

named C. sativa var.indica, Indian Hemp. The plants of this variety produce
less valuable fibres, but acquire marked narcotic properties, from secreting a
much larger quantity of a peculiar resin than is the case with those of colder

latitudes. The herb and resin are largely employed in Asia, and some other
parts of the world, for the purposes of intoxication . Various preparations are Iq

use for the purpose, as Gunjah, Bang, Subjee or Sidhee m India, and Hashish
or Hashash, in Arabia: thesearepreparationsof the herb or leaves ; whilean-
other called Churrus is a concrete resinous exudation from the plant. Other
preparations of Hemp are, majoon, in use at Calcutta, mapouchari at Cairo,

and the dawatnes of the Arabs. Indian hemp is also used for smoking. The
plant is also known under the name of Diainba in Western Africa, where it

is also employed for intoxicating purposes under the names of maconie and
makiah. In the form of an extract or tincture, Indian Hemp has been em-
ployed medicinally in this country and elsewhere. Pereira calls it an ex-
hilarant, inebriant, phantasmatic, hypnotic or soporific, and stupefacient or

narcotic. As obtained in this country, however, it varies so much inactivity,

that its effects cannot be depended upon with certainty, and it is consequently
not much in use. The resin is called cannabin, and is the active principle of
hemp.
Humulus Lupulus, the Hop—The aggregate fruits of this plant are known

under the name of strobiles {fig. 398), or commonly hups. These fruits consist

of scales, and achasnia, the latter of which are surrounded by yellowish aroma-
tic glands {fig- 125). These lupulinic glands are the most active parts of hops.
They contain a volatile oil, and a bitter principle called lupuline or lupulite, to
the presence of which hops owe their 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 w ith 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 properties. They also prevent beer
from rapidly becoming sour.
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Natural Order 212. Horaces. — The Mulberry Order.

—

Trees or shrubs with a milky juice. Leaves with large

Fiq. 1007. Fig. 1008. ^^'V^^^\- Flo'vers unisexual,
" m heads, spikes, or catkins.

Male flowers with a 3—4-

partite calyx, {fig. 1007),

or achlamydeous. Stamens
3—4, perigynous {fig. 1007),
and opposite the segments
of the calyx. Femaleflowers
with 3— 4—5 sepals. Ovary
superior 1—2-celled. Fruit

a sorosis {fig. 101), or
Fig. 1007. Male flower of the Black Mul- svCOnUS { fiqs. 383 and 384),

berry, {Mums nigra) Fig. 1008. Ver- C' j i-r j i / ^
tical section of tlie ovary in the female oeerf solitary, penduIOUS {fig.
flower of the same. 1008); e7nbri/o hooked {fig.

1008), in fleshy albumen, and with a superior radicle.

Distribution, Sfc.— They are natives of both hemispheres, and
occur both in temperate and tropical climates. Examples :

—
Morus, Broussonetia, Madura, Ficus, Dorstenia. From the in-

vestigations of Gasparrini, Miquel, and others, it would appear
that there are about 22 genera, and nearly 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 some 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.

Morus.—The fruit of Morus nigra is our common Mulberry. It is called a
sorosis. Mulberries are employed medicinally for their refrigerant and slightly
laxative properties, and also to give colour and flavour to other medicines.
The Sycamine tree of the Bible is suiposed to be this plant. The leaves
of this species, as well as those of the Morus alha. White Mulberry, and
others, are in common use as a food for siik-wonns. The roots of both M.
nigra and alba are said to be- cathartic and anthelmintic.

Broussonetia papi/rifera. the I'aper Mulberry, is so named from its inner
bark being used in China, Japan, A-c, for the manufacture of a kind of paper.
The Otaheitans, &c. also make a kind of cloth from it.

Madura,—The wood of jV. tinctoria, a native of the West Indies and South
America, is of a golden-yellow colour, and is much employed in this country
and elsewhere as a dyeing agent. It is known as Fustic or Old Fustic, to dis-
tinguish it from Yoing Fustic already noticed. (See Rhus.) The fruit is

edible. M. aurautiaca 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.

Ficns—This genus has recently been divided into a number of divisions, but
we shall give the former names as well as those now proposed. F. Carica
yields the well-known fruit named the Fig. This fruit is termed a syconus.
Figs are nutritive, emollitnt, (lemulcent, and laxative, and are frequently em-
ployed in medicine. The Fig tree is the Tcenah of the Bil)le. F. elastica
(Urostignia elasticum, or Macroplhabna elastica oi\some. authors), yields an
inferior kiiid ot ciuiutclx uc. It is a native of India. This caoutchouc is rarely
used in this (ountry. Various other species yield a similar substance. The
juice of F. toxicaria and Da:mona is a very powerful poison. F. St/camurus
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(Sycamorus antiquorum),' the Sycamore Fig, is said to have yielded the wood
from which mumTy-cases were made. Richard states that the Abyssinians
eat the inner bark o*" F. panifica.

Dorsteriia.—The rhizomes and roots of several species have been supposed
to be antidotes to the bites of venomous reptiles ; those of D. Contrayervu
and brazil/ensis have been employed in Britain for their stimulant, tonic, and
diaphoretic properties.

Natural Order 213. — \ ;^ ^ Fig. 1009.

Artocarpace^. — The
Bread - fruit Order. —
Trees or shrubs with

a milky juice. Leaves
alternate ( Jig. 1 009 ),

simple, with large convo-

lute stipules. Flowers uni-

sexual, in dense heads (fig.

1009). Malefloicers (fig.

1009, b.), achlamydeous,

or with a 2—4-lobed, or

2—4-sepaled calyx. Sta-

mens opposite the lobes of

the calyx, or sepals. Fe-
maleflowers arranged over

a fleshy receptacle of vaiy-

ing shape (fig. 1009, a,c,).

Calyx inferior, tubular, 2
—4 -cleft, or entire. Ovai-y

superior, 1 -celled. Fruit

commonly a sorosis. Seed erect or pendulous, with a little or
no albumen ; embryo straight, with a superior radicle.

Distribution, §*c. — Exclusively tropical plants. Examples :—
—Brosimum,Antiaris, Cecropia, Artocarpus, Phytocrene. There
are 32 genera, and about 60 species.

Properties and Uses. — The milky juice contains caout-

chouc, but this is not an article of commerce. 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 whole-
some.

Fig. 1009 Branch of the Bread-fruit Tree
{ArtocarpiLS incisa). a. c. Heads of pistillate
flowers, b. Head of staminate flowers.

Piratinera Guianensis yields the beautiful fancy wood called Snake Wood
or Letter Wood.
Brosimum (.Galaciodendron) utile 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 J?. Namagua is used in Panama
for sails, ropes, garments. &c.

Autiaris. -A. toiicaria is the celebrated Antsjnr 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 it- 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 cord-
age, 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.
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Natural Order 214.-

Fig. 1010.

This done, the sack formed of the bark is turned inside out, and pulled dow n
till the wood is sawed ofT, with the exception of a small piece left to form the
bottom of the sack." These sacks are commonly used to carry rice, &c.

Cecropi'a peltata is remarkable for its stems being hollow except at the
nodes, hence they are used for wind instruments.
Artocarpus.—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. A. integriJoUa yields the Jak or Jack-fruit ; this is

largely used as food in Ceylon, and some other parts of the East. The inner
wood is also employed to dye the Buddhist priests robes of a yellow colour.
Phytocrene—This genus is now commonly considered to constitute a new

order called 1'hytocrenacea; . The plants are climbing shrubs natives of the
East Indies, with dichlamydeous unisexual flowers, and seeds with a large
quantityof albumen, which character at once distinguishes them from Artocar-
paceze. They yield a large quantity of watery juice when wounded, hence
they are termed Water-vines.

Platanace^.—The Plane Order.

—

Trees or shrubs with a watery
juice. Leaves alternate, with
deciduous sheathing stipules

(^fig. 1010). jF/oii;ers unisexual,

monoecious, in globular {_fig.

1010) amentiferous heads ; a-

chlamydeous. Maleflowers with

one stamen, and a 2- celled linear

anther. Femaleflowers (fig.

1010) 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 nuts

with a persistent style. Seeds
1—2, pendulous ; embryo in very

thin albumen, with an inferior

radicle.

Distribution, Sfc.— They are

natives principally of North
America and the Levant. Pla-

tanus is the only genus, of which
there are 6 ? s])ecies.

Properties and Uses.— Of no
particular importance, except

from their being large handsome
trees, and hence much grown
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. Stila-

GiNACEiE. — The Stilago Order.
— Trees or shrubs. leaves al-

Fip. lOin. Branch of the Plane
Tree (I'Uitaiws orientalis), with
amcntilerouB hcad« of female
fluwern.
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temate, simple, leathery, with deciduous stipules. Flowers
minute, unisexual, in scaly spikes. Calyx 2—5-partite. Males
consisting of 2 or more stamens on an enlarged thalamus

;

anthers usually 2-lobed, with a fleshy connective, and dehiscing

transversely at the apex. Females with a superior, 1—2-celled

ovary, each 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:—Antidesma, Stilago, Falconeria. There are 5 genera,

and about 20 species.

Properties and Uses.— Unimportant. Their fruits are com-
monly' sub-acid and edible. Xo injurious properties are known
to exist in the plants of this order.

Natural Order 216.— Ceratophtllace^. — The Homwort
Order. — Aquatic herbs. Leaves verticillate. Flowers minute,
axillary, sessile, monoecious. Calyx or involucre inferior, 8 —
12-partite. Male flower consisting of 12 — 20 stamens, with-

out filaments; anthers 2-celled. Female flower with a supe-

rior 1 -celled ovary, and 1 pendulous ovule. Fruit nut-like,

indehiscent. Seed exalbuminous
;
pendulous ; embryo with 2

pairs of cotyledons, and a large many-leaved plumule; radicle

inferior.

Distribution, §*c. — Natives of the northern hemisphere.
Ceratophyllum is the only genus, which includes, according to

Chamisso, 6 species; Init according to Schleiden, there is but one.

Their properties and uses ai*e unknown.
Natural Order 217. — Callitrichace^. — The Starwort

Order.— Small aquatic herbs. Leaves opposite, entire, sim-

ple. Flowers minute, axillary, solitary, unisexual, achlamy-
deous. Maleflower of 1—2 stamens, anthers reniform. Female
flower with a 4- cornered, 4-celled ovary, with 1 suspended
ovule in each cell. Fruit indehiscent, 4-celled. Seeds 4, peltate,

with fleshy albumen ; embryo inverted, with a very long superior

radicle.

Distribution, Sfc.— Natives of fresh-water pools, in Europe
and North America. Callitriche is the only genus, and includes

6 species. Their uses are unknown.
Natural Order 218. Euphorbiace^. — The Spurgewort

Order.—General Character.—Trees, shrubs, or herbs, usually
with an acrid milky juice. Leaves alternate or opposite, simple

{figs. 311), or rarely compound, and with or without stipules.

P/oM'er^ unisexual, {figs. 511, 539, 612 and 1011), monoecious

(Jig. 1011) or dioecious, axillary or terminal, sometimes enclosed
in a calyx-like involucre {fig. 1011, i), achlamydeous {figs. 511
and 612); or with a lobed {fi.gs. 539. 627 c) inferior calyx, having
on its inside glandular or scaly appendages {figs. 627, t, and
1011, b), or even evident petals {figs. 539,/), and 627 p), which

T T
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Fig. 1012.

Fig. ion. AlonoDcious head of flowers of a species of Euphorbia, j. Involucre,
a portion of whicli lias been removed in front, y, jr. Glands on the divisions of
the involucre. b,b. Scales or bracts at the base of the flowers. fm,jm. Male
flowers, euch consisting of a stamen supported on a pedicel, to which it is

articulated, ff. Femaie flower, sui)ported on a stalk. From Jussieu
Fig. 1012. Vertical section of a coccus of the fruit of a species of Euphorbia.

are either distinct or united. Maleflowers consisting of 1 {figs.

511 and 1011, fin) or more stamens {fig. 539, e\ distinct or

united, and 2-celled anthers. Female fluuers with a superior

ovary {figs. 627 and 628), which is either elevated upon a

stalk {fig. \Q\\,ff), or sessile upon the thalamus {figs. 627
and 628), 1- 2- 3- or many-celled ; 6(?//e5 either absent, or corre-

sponding in number to the cells of the ovary, entire, or divided

{figs. 612, 627 and 628), stigmas equal in number to the cellsof the

ovary, or when the styles are divided corresponding in number
to their divisions {figs. 612, 627 and 628); ovules 1 or 2 in

each cell, suspended from the inner angles {fig. 1012). Fruit

either dry, and its parts then separating from each other and
from the axis {figs. 660 and 693, 2), and usually opening with
elasticity, or succulent and indehiscent. Seeds I or 2 in each

cell, suspended {fig. 1012), often arillate or carunculatc; embryo

{fig. 1012) in flesliy albumen, with flattened cotyledons, and a
superior radicle.

Diagnosis.— Herbs, shrubs, or trees, commonly with an acrid,

milky juice. Elowers unisexual, monoecious or dioecious. Calyx
absent or present, and then inferior. INIale flowers with 1 or
more stamens, and 2-celled anthers. Female flowers with a
superior ovary, 1 or more celled, with 1 or 2 suspended ovules in

etch cell. Fruit of 1,2, 3, or many dry carpels, which separate
from the axis and from each other, and open with elasticity; or
fleshy and iiidehit^cent. Seeds suspended. Embryo in fleshy

albniiieii, with a superior radicle.

Distribution, ^t.— The jjlants of this order are more or less

distributed over the globe, and are esj)ecially abundant in Equi-
noctial America. Examples : — Euphorbia, llura, Hippomaue,
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Coelobogyne, Stillin^ia, Mercurialis, Jatropha, Anda, Eicinus,

Rottlera, Croton, Crozophora, Xylophylla, Buxus. There are

about 216 genera, and 2500 species.

Properties and Uses.—The plants of this order generally con-
tain au 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, and rube-
facients. Some are very deadly poisons. A pure starch which
is largely employed for food, may be obtained from some
plants ; while caoutchouc may be procured from the milky
juice of others. Some 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. The more
important plants of this order are described below.

Euphorbia—.Some species of this genus have succulent stems, much resem-
bling the Cactaceae ; buc their milky juice will, in most cases, at once distin-
guish them. The acrid resin, called muAWy gum euphorbium, is obtained from
certain undetermined species. E. canancnsis, E. officinaruni, and perhaps E.
tetrafionn, appear to be the principal sources. This drug is a dangerous acrid
emetic, cathartic, and rubefacient. The seeds ot E. Lathy ris. Caper Spurge,
are purgative, and yield by expression a very active cathartic oil. Thev were
formerly called Seminn Cataputite minoris. This plant is called the Caper
Spurge, from the use of its pickled fruits by some housekeepers as a substitute
for ordinary capers. The use of such a substitute is certainly not free from
danger, although the pr< cess of pickling would seem, in a great measure, to
destroy tiie acrid purgative nature which the fruit possesses in a fresh state.

Tlie root of E. Ipecacuanha is commonly known as American Ipecacuanha,
from its use in the United States as an emet c. The root of E. corullata, called
in the United Slates, Milk-weed, has similar properties. E, Petit/ana and E.
Schwiperiana have very purgative properties, and are said to be sometimes
mixed with Kousso (^Brayera) to increase their activity.

Hippomane Mancinella is the famous Mancliineel tree. The juice is a viru-
lent poison. It would seem probHble, that the poisonous principle of this plant is

volatile, as it has been asserted, that some pers )ns iiave died from simply sleep-
ing under it. Seemann states, that if sea-water be applied to the eyes when
affected by the poison, it allays the inflammation in an effectual manner.

Stillingia sebifevn is called the Chinese Tallow Tree, from its seeds being
covered by a white sebaceous substance, which, when separated, is found to

be a pure vegetable tallow ; it is used for candlei, &c. Stillingia sylvatica.
Queen 's-root, is used in the United States as an emetic, cathartic, JUid alterative.

Omphalea triandra.—The 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.

Siphoiiia elastica, a native of Brazil and Guiana, is the plant from which
nearly all of the India- Rubber or Caoutchouc which is used in this country,
is derived.
Anda braziliensis. — The seeds yield by expression a 6xed oil. Both the

oil and seeds are active cathartics.

Aleurites triloba, the Candle-nut tree.—The oil obtained by expression from
the seeds is call>-d Kukui or Kekune, it is largely used 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 lately as apurgative. It resembles castor oil in its

action.

Elceococca verrucosa and vernicia.— The seeds of these plants yield by ex-
pression valuable oils, the first in use for burning, the latter by painter^.
Jatropha.—The seeds of J. purgans ( Curcas purgans), and those of J. mul-

tifidus (Curcas jnultijidus), aie callt-d Physic Nuts. They yield by pressure
fixed oils, and both the seeds and oils are drastic cathartic's. The oil of J.

purgans is commonly known as Oil of Wild Castor Seeds or Jatropha oil, ami
T T 2
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is well adapted for burning. It is said to be employed for adulterating East
Indian Croton oil. A decnction of the leaves is used by the natives of the Cape
Verd Islands to excite a secretion of milk. The seeds of J. gossypiiJoUa,
Bastard French Physic Nut, also possesses purgative properties.

ManihotutUissima {Jatropha or Janipha Manihot), Bitter Cassava.—Cassava
Meal, which is largely employed in the making of the Cassava Bread or Cakes,
in common use by the inhabitants of tropical America as food, is obtained 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, owing chiefly

to the presence of hydrocyanic acid; but their poisonous nature is destroyed
by wasiiing and applying heat. Cassava Starch, Tapioca Meal or Brazilian
Arrow-root, and Tapioca are also prepared from the roots of Manihot uliliS'

sima. Cassava starch is the starch deposited from the expressed juice, which is

afterwards washed and dried. Tapioca is prepared by submitting Cassava
Starch while moist to heat on hot plates. Tapioca is largely employed as a
dietetical substance in this country and elsewhere. The sauce called Casareep
in the West Indies, &c. is the juice concentrated by heat and flavoured by aro-
matics. Manihot Aipi or Janipha Lceflingii, Sweet Cassava, has none of the
poisonous properties of the preceding plant. It is generally considered as a
variety of Mrtwj'Ao/ utiiissinia. Its roots 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.

Ricinus communis, the Castor Oil Plant, or Palma Christ!— 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 cul-

tivated in the East Indies and some other parts of the world for their seeds,

which are commonly called Castor Seeds. The leaves have been lately recom-
mended 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 decoction, or by the aid of

alcohol. The oil employed in England is obtained by expression solely. Cas-
tor seeds when taken whole are extremely acrid, and have produced' death ;

but the oil obtained from them as above, is a mild and most efficient non-irri-

tating laxative. This oil owes its laxative properties principally to the presence
of an acrid resin, which is cont;dned in both the albumen and embryo. The
so-called concentrated castor oil, which is sold in gelatine capsules, is adul-
terated with croton oil, and hence may produce serious effects wlien given
in particular cases. The Ricinus communis has been recently cultivated in

Algeria for the purpose of feeding silkworms unon its leaves. The oil has also

been used therefor burning, and when deprived of its acrid principle, it is said

to be useful for food.

RoUlern tincloria.—The fruit of this plant is covered by a red powder (pu-
bescence), which has long been employed as a dye for silk. This is commonly
mixed with alum and carbonate of soda, &c., when it produces a deep, durable,

beautiful orange or flame cnlour. The dye is known at Aden under the name
ot Warasor IVurrus. It is designated in the Indian bazaars, Knmala. 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 also use it in leprosy, &c. Lately it has been brought under the
notice of the medical profession in this country by Mr. Ilanbury, but its em-
plovment has not hitherto b-en attended with much success.

Croton.— 'Y\\e seeds of C. T'glium, and probably also those of C. Pavana,
constitute the croton or tigliuin seeds of the Materia Medica. They yield by
expression an oil, called croton oil, which is a powerful drastic cathartic in

doses of from one to three minims. It is also employed externally, as a
rubefacient and counter-irritant. The seed< are used in India as purgative
pills, under the name of Jamnlgata pills. Croton Eluteria and C. Cascarilla
of Bennett, natives of the Bahama Islands and Jamaica, yield the aromatic
tonic bark, commonly known as case irilla or cleuthcria bark. C. Pseudo-
China yields the Quilled Copalche bark of Pereira, and C. suberosum is pro-

bably th(! 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
externally in the form of an alcoholic tincture in rheumatism. In the United
States it is reported to be in use for adulterating ground spices..
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Crozophora tinctoria, a native of the south of France, yields by expres-
sion a green juice, which becomes purplish by the combined action of ammonia
and the air. This purplish dye is known under the name of turnsole.

Emblica officinalis.— The acrid fruit is used as a pickle in India, and when
in a dried state as an astringent.
Buxus sempervirens, 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.

Oiifielriia nfricana, yields the valuable timber known as African Oak or
African Teak.

Natural Order 219. Scepace^.—The Scepa Order.— This
order is closely allied to Eupliorbiacei3e. from which it may be
distinguished by its flowers being amentaceous.

Distribution, ^c.—Natives of the East Indies. There are 3

genera, and 6 species. The wood of Lepidnstachys Boxburghii is

called Cocus or Kokra. It is very hard, and is chiefly employed
for flutes and similar musical instruments.

Natural Order 220. Empetrace^.—The Crowberry Order,
— Small heath-like evergreen slirubs. Leaves exstipulate.

Flowers axillary, unisexual. Calyx of 4—6-persistent, imbri-

cated, hypogynous 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. Fruit fleshy, composed of from 2—5-

nuts. Seeds solitary in each nut, ascending; embryo with an
inferior radicle.

Distribution, SfC.— Mostly natives of Northern Europe and
North America. Examples :— Empetrum, Corema. There
are 4 genera, and 4 species.

Properties and Uses.— The leaves and fruit are generally

slightly acid. The berries of Empetrum nigrum, the Crowbeny,
are eaten in the very cold parts of Europe, and are also employed
in Greenland 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. Batide^e,— The Batis Order.— This

supposed distinct order only contains a single plant, the Batii

viariHma, a succulent shrubby species, a native of the West
Indies, where it is occasionally used as an ingredient in pickles.

Lindley considers this order as very nearly allied to Empetracere,

and believes that it will be ultimately placed in it.

Natural O-der 222. NEPENXHACEiE, — The Pitcher-plant

Order.— Herbaceous or somewhat shrubby plants. Leaves
alternate, and terminated by a pitcher w^hich is provided

with an articulated lamina {Jig. 367). Flowers terminal, race-

mose, dioecious. Calyx inferior, with 4-divisions. Stamens
collected into a column ; anthers 2 -celled, extrorse, usually 16.

Ovary superior, 4-angled, 4-celle(l, Fruit capsular, 4-celled,

with loculicidal dehiscence. Seeds very minute, numerous,
albuminous; embryo with an inferior radicle,

T T 3
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Distribution, Sfc—Natives of swampy ground in China and the

East Indies. Examples

:

— Nepenthes is

Fig. 1013. Fig. 1014. the only genus ; it inchides about 14
species. Their properties are unknowA

Natural Order 223. Aristolochia-
CE^.—The Birthwort Order {Jigs. 1013
— 1015).— Herbs or shrubby chnibers.

Leaves alternate. Flowers axillary, perfect

{fg. 1013), dull-coloured. Calyx tubular,

superior {fig. 1013), with a valvate esti-

vation. Stamens 6— 12, arising from
the top of the ovary, and either attaclied

to the style {fig. 1014), or distinct
;

anthers extrorse. Ovary inferior {fig.

1013), 3— 6-celled ; style simple ; stigmas

radiating (yz^r. 1014), and corresponding
in number to the cells of the ovary.

Fruit capsular or succulent, 3— 6-celled.

Seeds numerous {fig. 1013), albuminous

{fig. 1015); embryo very minute {fig.
1015).

Distribution, ^c.—Sparingly distributed

in several parts of the Avorld, but very
common in tropical South America. Ex-

Fig. 1015.

^% 'Z\ol'J''of\T£Z ""'P^'' •— Asanmi, Aristolochia. There
mon Birthwort {AristoU,- are 9 genera, and 130 species.

Chmatitls) -Fio. Pmnprfip.^ and Tl^P>i BirthwortS COH-1014. Tiie pistil and sta"-
Properties and Uses

mens of the above Fig. tain a bitter principle and volatile oil;

Suie se^d.""'"''"
'"'""'' th.ey possess generally, tonic, stimulant,

and acrid properties.

Asarum 4. europeEum, Asarabacca, possesses acrid properties. It has
been employed in medicine as an emetic, and as an errhine m headache and
oiihthalmia. Its powder is supposed to constitute the chief ingredient in
cephalic snuff.
Asarum canadcnse Canada Snake-root or Wild Ginger, has aromatic pro-

perties. The rhizome is used in the United States as a tonic, diaphoretic,
and aromatic stimulant.

Aristolochia. Birthwort— Several species have been employed for centu-
rien in medicine, principally on acrount of their supposed emrrienagogue pro-
perties, and hence the name of Birthwort which is applied to the genus. The
roots ot A. lonpa, A. mtundn, A. Cl<7)iatitis, 8(c., have been thus employed,
rhey all possess stimulant and tonic properties. Tlie powdered root of A.
lorifiu IS one of the ingredients in the Duke of Portland's powderfor gout.
.Some of the species have been reputed specifics for snake-bites, but without
any satisfactory proof. A. anguicida is supposed bv Lindlev to be the cele-
brated Guaco of the Columbians. The juice of its root, as well as that of
many other species, is said so to stnpify snakes that th.-v mav be handled
and played with. The rhizome and root fibres of Aristolochia Serpnitaria.
Virpintau .Snake-root, are officinal. Serpentary was originally introduced
as an antidote to snake-bites, but it has no efficacy in such cases. It is a
»aliiable stimulant, tonic, and dia|)horetic, and especially usetiil in fevers of a
low or typhoid character. The roofs of A. reticulata, A. 'tomentosa, A. hastata,
and other species, are said to be mixed ui commerce with those of A. Serpen-
tana.
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Natural Order 224. Santalace.e. — The Sandal-wood
Order. — Herbs, shrubs, or trees. Leaves entire, alternate.

Flowers usually perfect. Calyx superior, 4— 5-cleft, valvate

in estivation. Stamens perigjnous, equal in number to,

and opposite the segments of, the calyx. Ovary 1 -celled, in-

ferior ; ovules 1—4, usually suspended ;
/>/acento^ion free-central.

Fruit indehiscent, 1-seeded. Seed with a quantity of fleshy

albumen ; embryo straight, minute ; radicle superior.

Distribution, ^c. — Natives of various parts of the world.

The species found in North America and Europe are incon-

spicuous herbs ; those of India, Australia, &c. are trees or

shrubs. The genus Thesium is parasitic on the roots of other

plants. Examples :— Thesium, Fusanus, Osyris, Santalum.
There are 20 genera, and about 110 species.

Properties and Uses.— Some, as Thesium, are slightly astrin-

gent ; others have a fragrant wood ; and a few produce edible

fruits and oily seeds.

Fusanus acuminatus is the Quadrang Nut of Australia. The fruit is

edible, and resembles Almonds in flavour.
Sanlalum albtan.— This plant is a native of India. The wood called Sandal

Wood 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. S.

Freycinatium and S. paniculatum produce the sandal-wood of the Sandwich
Islands.

Natural Order 225. LoRANTHACEiE.— The ^listletoe Order.
— Parasitic shrubby plants. Leaves commonly opposite,

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 ovules, erect

or suspended, and a free-central placenta. Fruit commonly
succulent, 1 -celled, with a solitary seed ; embryo in fleshy albumen,
wnth the radicle remote from the hilum.

Most botanists place this order amongst Corolhflorals, and
near Caprifoliaceae, as the genus Loranthus has a cup-like

expansion external to the floral envelopes, which is regarded by
many as a true calyx, 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, Loranthacete and
Viscaceffi. Loranthaceae being usually characterised, by its

large showy crimson dichlamydeous perfect flowers, long

stamens, and an ovary with a solitary suspended ovule ; and
Viscaceag, by its small pallid dicecious monochlamydeous
flowers, with stamens sessile or nearly so, and a 1 -ceiled ovary
with 3 ovules attached to a short free-central placenta, one of

which only becomes perfected.

Distribution, ^c. — Principally found in the hotter parts of

America and Asia. Three are natives of Em-ope, and a few
T T 4
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occur in Afi-ica and some other regions. Examples : — Myzo-
dendron, Viscum, Loranthus. There are 25 genera, and 412

species.

Properties and Uses.—Unimportant. Some are astringent.

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 was an object of superstitious vene-
ration by the Druids. Tlie fruit has a viscid pulp, which is employed for

making bird-lime. Its bark has astringent properties.

Loranthus tetrandus, a native of Chili, produces a black dye.

Natural Order 226. HELWiNGiACEiE.—This order only con-

tains a single known species, Helwingia ruscifolia, which is

a shrubby plant found in Japan, tlie leaves of which are em-
ployed as an esculent vegetable. Dr. Hooker places this genus

in the order Arahacese, but Lindley considers it as nearly allied

to Garryacere, from which it is cliiefly known by its alternate

stipulate leaves, fascicled flowers, and .'3—4-celled ovary.

Natural Order 227. Garryace^.— The Garrya Order.

— Shrubs. Leaves opposite, exstipulate. Flowers unisexual,

amentaceous. Male flower with 4 sepals, and 4 stamens

alternating with them. Femaleflower with a superior, 2-toothed

calyx, a 1 -celled ovary with 2 styles and 2 pendulous stalked

ovules. Fruit indehiscent, baccate, 2-seeded. Embryo very

minute, albuminous.

Distribution, Sfc. — Natives of the temperate parts of North
America, or of the West Indies. Examples:— Garrya, and
Fadgenia. These are the only genera ; they include 6 species.

They have no known properties.

Natural Order 228. Juglandace.^:.—The Walnut Order (flgs.

1016 and 1017).—Trees. Leaves alternate, pinnate, exstipulate.

Flowers unisexual (fig. 1016). Male flowers in amenta (fig.

1016); ca/^:r 2- 6-partite, irregular. Female flowers solitary,

or in small terminal clusters ; cab/x superior, regular, 3—5-

lobed ; ovary inferior, 2—4-celled at the base, 1 -celled above ;

ovule solitary, erect. Fruit called a tryma (page 321). Seed

(fig. 1017), 2—4-lobed, without albumen ; embryo with sinuous

oily cotyledons, and a short superior radicle.

Distribution, ^c- Chiefly natives of North America, but a few
are found in the East Indies, Persia, and tlie Caucasus. Juglans
regia, the Walnut tree, is a native of the countries between
Greece and Cashmere. Examples :— Juglans, Carya. There
arc 5 genera, and 27 species.

Properties and Uses.— Chiefly important for their valuable

timber, and for their oily edible seeds.

Jiifilanx— J. »•<•/?/«, the Walnut, is valuable for its hard, rich deep brown,
befuitiluily markcu wood. It is much employed In ornamental furniture work,
atid lor gun Ktocks. The seed of tliis plant is our well known edible Walnut.
'JMiis yields by ixprcs.xion a useful fixed oil ofa drying nature like Linseed
oil. It may he used for liurning in lamps and in cookery. The bark po scsscs

calhariic prcpenies. J. nigra, the Black Walnut, a Oi live of North America,
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Fiy. 1016.

Fig. 1017.

Fig. 1016. Amentum of the Walnut tree (Juglans recrla), consisting of

stamiuate flowers separated by scaly bracts Fig. J017. Seed of the
above.

is also esteemed for its timber. J. alba, tha White Walnut 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.

Carya.— Carya ulba\s, the common Hickory, valuable for its timber, and for

its edible seeds, which are commonly known as Hickory Nuts. C. olivceformis

yields an olive-shaped or elliptical nut, which resembles the Walnut and
Hickory in flavour, and is known as the Peccan Nut. t*. porciria yields an
edible nut termed the Hog Nut.

Natural Order 229. Coktlace.e or Cuphlifee.^.—The Oak
or Mastwort Order {figs. 101 8— 1020).—Trees or shrubs. Leaves

{fig. 191) alternate, usually feather-veined, simple, with deci-

duous stipules. Flowers moncecious. Maleflowers {fig. 1018),

clustered, or in amenta {fig. 374) ; stamens 5—20 (fig. 1018),

inserted i?ito the base of a membranous valvate calyx, or of

scales. Female flowers {fig. 1019) solitary or clustered, and

Fig. 1018. Fig. 1019. Fig. 1020.

Fig. 1018. Male flower of a species of Oak (Quercus) Fig. 1019. Female
flower of the same. Fig. 1020. Transverse section of the latter.

surrounded by an involucre of bracts {fig. 1019), which ulti-

mately form a cupule {figs. 377 and 378) round the ovary and
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fruit ; ovary inferior, surmounted by a rudimentary calyx (^fig.

1019) ; 3 {fig. 1020) or more celled; ovules 2 {fig. 1020) in

each cell, or solitary, pendulous or peltate ; stigmas almost
sessile. Fruit a glans or nut {figs. 377 and 378). Seeds 1 or 2,

without albumen.
Distribution, Sfc. — They abound in the forests of temperate

regions. A few occur in the high lands of tropical and hot

climates. Examples :— Carpinus, Corylus, Fagus, Castanea,

Quercus, Synredrys. There are 10 genera, and about 280
species.

Properties and Uses. — Most important from their valuable

timber. Many yield edible seeds, and some have highly

astringent barks and cupules.

Carpin7is Betuluft, the Horn-beam, and C. americanus, are well known for

their timber, which is principally employed for making agricultural imple-
ments, and for the cogs of mill wheels.
Ostrya virginica possesses a very hard wood, which in America has been

called in consequence Iron-wood.
Fagui—F. sylvalica, the Common Beech, is well known for its timber.

The truits (Beech-mast) form a food for pigs. The fruit of F.ferrnginea is

eaten in North America. The seeds of some species yield by expression a
fixpd oil.

Castanea.— C. vulgaris or vesca is the Spanish Chestnut, which is much
cultivated for its timber, and fi>r its nuts which are well known for their edible
properties. They are principally imported from Spain, where they are
largely employed ;is an article of food by the agricultural classes. C. ameri-
cima, a natlveof the United States, also yield? a much smaller, but very sweet
kind of Chestnut, which has been occasionally imported.

Corylus Avellarta. the common Hazel, is the origin of the most anciently
used and most extensively consumed of all our edible nuts. There are seve-
ral varieties of the Hazel, as the White, Red, and Jerusalem Filberts, the
Great, and Clustered Cubs, the Red Smyrna, the Black Spanish, and the Bar-
celona nuts,&c. The importation 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 cliarcoal is also

obtained from the br;<nches of the Hazel.
Quercus.—The timber of several species of this genus is extensively em-

ployed for ship-bu'lding, and for other important purposes, as that of the Q.
Robur, the common British Oak, of which there are two varieties, which by
some are regardi'(lasdistin(;t species, called Q. pcfiuncata.^nd Q. sessijiora ; the

Q. Cervix, or Turkey or Adriatic Oak; the Q. a/ha, or White Oak; tlie Q. rubra.
Red Oak : the Bla^'k Oak (Q. tinrtoria); and the Live Oak (Q. virens),&c.
The bark of several species is astringent, and largely employed in tanning, &c.
That of Quercus pedunculatn is most esteemed, "it is also employed in me-
dicine as an astringent and tonic. The outer bark of Quercus Suher, the
Cork Oak, constitutes the cork of commerce. The bark obtained from the
younger branches of the same tree is imported info this country from Spain.
It is usually known as Kuronean Alcornoque Bark, and is employed for tan-

ning purposes. (See Bowdicfiia, p. h29.) The inner bark of ;'older stems is

also imported as cork-tree bark, and si nilarly emjjloyed. Quercus A-lgylops.—
The acorn-cups of this species are imported from the I>cvant under the name
of I'nlonia. The dried half-matured acorns of the same plant are also imported
under tlie name of Camaia, and the very young ones as Camtilina. These three
articles are very valuable for their tanning properties. Quejxus tincloria, or
the Black Oak, has already been noticed as a valuable timher tree. Its bark is

called Quercitron Bark, and is used for tanning, and in this country, its intier

portion is also extensively emploved for dyeing yellow. The bark of this species

:md that of (luercus alba is employed in the United States (or its astringent,

febrifugal, and tonic i>roperiies. Quercus cocci/era, the Kermes Oak, has its

young .r.uiches attacki-d by a speci 's of Coccus, which forms little reddish balls

iipon their surface. These were formerly much used as a crimson dye. Oak trees
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are especially liable to be attacked by insects, which thus produces excre-
scencfs, coni'monly called galls. The more important of which are the Nut
Galls of commerce, and the large Mecca or Bussorah Galls of Pereira; which
are called also Dead-sea apples, mad apples, and apples ofSudom. The latter
are jirodiiced by Cynips itisana on the Quei cus inft ctoria. The former are also
produced on the branches of the same tree by the Cynips gallcB tinclorice. They
are extensively employed in tanning, for making ink, and for other purposes
iii the arts, &c. The' best come from the Levant. Two kinds are especially
known, namely hluf and white. The dark coloured imperforate galls are the
most valuable. The acorns of some species of Quercus, as Q. Ballota, Q.
esculenta, and Q. Hindsii are edible.

Natiu-al Order 230. Myricace^e.— The Gale or Bog-Myrtle
Order. —Shrubby plants, with alternate, simple, resinous-dotted

leaves. Flowers unisexual, amentaceous. Male flowers achla-

mydeous ; stomens definite. Femaleflowers -with, a 1 -celled ovary,

ha\'ing 1 erect ovule ; fruit drupaceous ; seed solitary, erect
;

embryo without albumen ; radicle superior.

Distribution, Sfc.— 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:— Myrica,

Comptonia. There are 3 genera, and about 20 species.

Properties and Uses.— The plants of this order are chiefly

remarkable for aromatic and astringent properties.

Myrica—M. cerifera, the Waxberry, 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 knidof
wax known as Myrtle Wax. Other species of Myrica yield a somewhat similar
waxy sub-tance. The fruit of M. sapida is eaten in Nt-paul.

Corup/or.ia asplertifolia. Sweet Fern, is employed in the United States as
an astringent and tonic in diarrhoea.

Natural Order 231. Casuarinace^e.— The Beefwood Order.
— Trees, with pendulous, jointed, striated branches, without

evident leaves. Flowers in bracteated spikes or heads, unisexual.

Male flowers with 2 sepals and 2 alternating bracts, the former
being united at their points ; and 1 stamen with a 2-celled anther.

Femaleflowers in dense spikes or heads, naked, but each having

2 bracts ; ovary 1 -celled, with 1—2 ascending ovules, and 2

styles. Fruit winged, indehiscent, collected together into a cone-

shaped body. Seed 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 resemble the

branched Equiseta. Examples :— There is 1 genera, and about

32 species.

Properties and Uses. — The species of Casuarijia 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 inlaving and marqueterie. The wood is known under the
names of Beel'-wood, Botany Bay Oak, Forest Oak, He-Oak, She-Oak, &c.

Natural Order 232. Betulace^.—The Birch Order.—Trees
or shrubs. Leaves simple, alternate, with deciduous stipules.
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Flowers unisexual, amentiferous, with no true calyx, but in

place of that organ 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 Avith a 2-

celled ovary, with I pendulous ovule in each cell. Fruit dry,

indehiscent, 1-ceiled, I -seefled, without a cupule. 5ee(/ pendu-
lous, exalbuminous ; radicle superior.

Distribution, ^c.— They are principally natives of the colder

regions in the northern hemisphere. Examples

:

—Betula, Alnus.

There are 2 genera, and 65 species.

Properties and Uses. — They are valuable for their timber,

and for their astringent, tonic, and febrifugal barks.

Brtula— B. alba, the common Birch, yields the timber known as Norway
Birth. The wood is also used for charcoal. The bark yields a kind of oil,

which gives the peculiar odour to Russia leather. The sap contains in the
spring a good deal of sugar, hence it is used in the preparation of a wine, which
is commonly known as Birch wine ; this is employed in domestic practice for

stone and gravel. Betula nigra The Black Birch of North America, is

also valuable for its timber. Its sap like that of B. alba and B. lenia, yields

sugar of good quality. Betula papyracea has a thick tough bark, which is

used by the Indians in North America for boats, shoe-soles, and other pur-
poses. ' The bark of B. Bhajapaltra is employed in India as a kind of paper.
The bark of .B. lenta, known in the United Slates as Swe^t Birch or Cherry
Birch, yields by distillation a volatile oil, which is identical with that ot the
GauUheria procujnbens.
Alnus gluthiosa, the common Alder Its wood has been employed for

the piles of bridges. 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 the manufacture of charcoal. The bark oi A.
incana is used in Kamschatka for making a kind of bread.

Natural Order 233. Altingiace^ orBALSAMiFLU^E.—The
Liqnidambar Order. — Balsamiferous trees, with simple or

lobed alternate leaves, and deciduous stipules. Flowers uni-

sexual, involucrate, amentiferous. Male flowers naked, with

numerous nearly sessile anthers. Femaleflowers with a 2-celled

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 Avarmer parts of India,

North America, and the Levant. Examples

:

—The only genus
is Liquidambar (Alfingia of some botanists). It contains 3

species.

Properties and Uses. — Chiefly remarkable for fragrant bal-

samic properties. The species have warm bitter barks.

Uquidamhar . —L.orientaleof Miller, yields the Liquid Storax of the shops.
(See Slyrax.) This plant is called in Cyprus, Xi/lon Kjff'endi (the wood of
our Lord). The storax is obtained from'the iimer bark, which is afterwards
used by the Turks for the ))iirpose of fumigation. This is the Cortex Thtjmia.
rtiatis or Storax Bark of pliarmacologisis. Linuidainbar styraciftna, a native
of the United States and Central America, yields by incision, a fluid balsamic
juice called Uquidnnibar or copalui balsam. L. altingia, a native of Java,
yields a similar (ragrani balsam. In their effects and uses, both Li(|uid Storax
and Liqiiid.imbar resemble other balsamic substances, as the Balsams of I'eru

and Tolu, Benzoin, &c.
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Fig 1021. Fig. 1022.

Natural Order 234. SALiCACEiE.—The Willow Order {figs.

1021 and 1022).— Trees or shrubs. Leaves simple, alternate,

stipulate. Flowers unisexual (figs.

1021 and 1022), amentaceous,

(^^s. 392 and 393), naked, or with

a membranous or cup-like calyx.

Maleflowers {fig. 1021) with 1—
30, distinct or monadelphous sta-

mens. Female flowers with a

superior, 1 -celled ovary {fig. 1022);

ovules numerous, erect. Fruit 1-

celled, 2-valved. Seeds numerous,

covered with long silky hairs {fig.

733), exalbuminous ; embryo erect,

with an inferior radicle.

Distribution, ^c Chiefly na-

tives of cold and temperate cli-

; — Salix, Po-
2 genera, and

Fig. 1021. Male flower of a species of

willow (Sali:r\ with two stamens,

and a single bract at the base. Fig.

10-J2. Female flower of tlie above
with bract at tlie base, and a soli -

tary stalked ovary surmounted by
two stigmas.

mates. Examples
pulus. 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 liairs which invest their seeds have been era-

ployed for stuffing cushions, and for other purposes. The buds

of some species secrete an oleo-resinous substance of a stimulat-

ing nature.

Snlix. — Several species of this genus are used for timber, and for basket-
work ; also for the manufacture of charcoal. Tlie limber is, however, want-
ing in strength and durability. A peculiar crystalline alkaloid resembling
quina in its properties, called' sal/cine, has been obtained from the bark,

leaves, or flowers, of about twenty sppcies of Salix. The harks of S. RusselUana,
S. alba, S. Caprea, S. fragilis, S. pentandra, and S. purpurea, yield most
salicine.

Populus, Poplar Several species of this genus have been employed for

their limber. The bark of several species is tonic, astringent, and febrilugal,

which properties it owes to the presence of salicine.

The three succeeding orders, namely, the Balanophoraceae,

Cytinaceae, and Rafflesiaceoe, have been commonly put by
botani.sts in a class by themselves, which they have placed be-

tween the Cryptogamia and Phanerogamia, and to which the

name of Rhizogens or Rhizantheae has been commonly given.

The special characteristics of this class were said to be, the

acotyledonous embryo, the fungoid texture, and the peculiar

parasitic habit of such plants : but as one or more of such

characters occur in several orders of Dicotyledones, there

does not appear to be any sufficiently valid reasons for sepa-

rating them from that class of plants. By Dr. Hooker, the
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Balanophoraceee have been most intimately examined, and he
has arrived at the opinion that they are allied to the Halora^acea;.

We place them here, not because we believe them to have any
especial relation to the orders just treated of, but simply, as

their position in the Natural System has not been distinctly

defined, they may be well treated of at the end of the Angio-
spermous Dicotyledons, to which division of the vegetable

kingdom they evidently belong.

Natural Order 235. Balanophorace^.—The Balanophora
Order. — Leafless root-parasites ; with amorphous fungoid
stems, of various colours, but never green ; and underground,
more or less fleshy tubers or rhizomes. Peduncles naked or

scaly, bearing spikes of flowers, which are commonly unisexual,

bracteated, and of a white colour. Male flowers very evident,

each with a tubular calyx, whit;h is either entire, or 3—5-lobed.

Stamens usually 3—5, sometimes I, more or less united or dis-

tinct. Female floivers minute, with a tubular superior calyx,

/<m6 wanting, or bilabiate. Ovary inferior, usually I -celled; styles

2 ; ovule solitary, pendulous. Fruit small, more or less compressed.

Seed solitary, albuminous, with a lateral undivided or amorphous
embryo.

Distribution, 8fc.—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 :

—
• Mystropetalon, Cynomorium, Langsdorffia, Bala-

nophora, Helosis. There are, according to Dr. Hooker, 14

genera, and 37 species.

Properties and Uses. — Many are remarkable for their astrin-

gent properties ; others are edible, as Ombrophytum in Peru, and
Lophophytum in Bolivia. Others again, secrete a kind of wax.

Cynomorium coccineuyn is the Fungus melitensis of pharmacologists. It

has had a great reputation a-; a styptic.

Langsdorffia hypogcea. — Dr. Hooker says " that this species yields so large
a quantity ot wax, that catnlles are made of it in Sew Granada." The steins
are also said to he collected n^ar BDROta, " and sold under the name of Sirjos,

and used as candles on saints' days."

Natural Order 236. CvtinacezE.—The Cistus-rape Order.
— 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 l-ccllcd, with numerous

seeds imbedded in pulp. Seeds with or without albumen ; embryo
amorphous.

Distribution, Sfc.— Parasitic on the roots of Cistus, upon
flesliy Kuphorbiaccne, and upon other succulent plants. They
occur in the south of Europe and Africa. Examples :—
Cytinus, llydnora. There are 4 genera, and 7 species.
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Properties and Uses. — Some have astringent properties, as

Cytinus Hypocistus. A kind of extract is made from this in the

South of Europe, and used under the name of Succits Hypocis-

tidis, in diai-rhcBa, and for arresting haemorrhage, Bydnora
africana has a putrid-animal odour, but when roasted, it is eaten

by the natives of Afi-ica.

Natural Order 237. Ratflesiace^.—The Rafflesia Order.
— Stemless and leafless parasites (Jig. 239), of a fungoid
texture. The plants consist solely of flowers (Jig. 239), which
are sessile upon the branches of trees, and are suiTounded by
scaly bracts. The flowers are perfect or dioecious. Calyx
5-parted (Jig. 239), tubular ; the throat surrounded by a number
of thickened scaly processes, which are either distinct from each

other, or united into a ring. Anthers 2-celled, distinct, and each
opening by a pore; or united into a many-celled body and open-
ing by a common pore. The anthers are placed upon a column
(Jig. 239), which adheres to the calyx, Ocary 1-celled, in-

ferior, ovules numerous
;
placentas parietal. Fruit indehiscent.

Seeds very numerous, with or without albumen ; embryo amor-
phous.

Distribution 8fc.— Parasitic upon the stems of Cissi in the

East Indies, and on Leguminous plants in South America. Ex-
amples:— Rafllesia, Brugmansia, Apodanthes. There are 5

genera, and 1 6 species.

Properties and Uses.— Some have styjjtic 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
125).

Artificial Analysis of the Natural Orders in the Sub-class

MoNocHLAUYDEJi. Modified from Lindley.

(The Xumbers refer to the Orders as previously described.)

1. Achlamydeous Flowers.
A. Leaves stipulate.

a. Flowers unisexual.
Ovary I-celled.

Ovules numerous, comose .... Salicaceee. 234.
Ovules 1-2.
Ovule erect Myricacece. 230.

Ovule pendulous Platanacne. 214.
Ovary 2 or more celled.

Seeds numerous, winged Allingiacece. 233.

Seeds few, not winged EuphorbiacccE. 218.
b. Flowers hermaphrodite.

Carpel solitary.

Ovule erect. Embryo in a vitellus . . Piperacece. 190.
Ovule suspended. Embryo naktd . . Chloranthacece. 191.

Carpels several
Ovule erect. Embryo in a vitellus . . Saururacece. 192.

B, Leaves exstipulate,

a. Flowers unisexual.
Ovules very numerous Podostemacece. 1C3.
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Ovules solitary, or very few.
Flowers naked.

Carpel single Myricaceee.' 230.
•Carpels double CallitrichiacecB. 217.

Flowers in an involucre.
Anther-valves recurved
Antlier-valves slit.

Embrj'o on the outside of the albumen
Embryo enclosed in the albumen .

Flotvers hermaphrodite.
Embryo in a vitellus PiperacecE, 190.

Embryo without a vitellus .... Podosteinacea:. 1

. Alherospermacece . 201,

MonimiiicecB. 202.
Euphorbiacete. 218.

2. Monochlamydeous Flowers.

Ovary inferior, or partially so.

(. Leaves stipulate.

1. Flowers hermaphrodite AristolochiacecB . 223.

2. Flowers unisexual.
Fruit cupulate Corylacece. 229.

Fruit naked.
Many-seeded Begoniacete. 204.

One-seeded A^-tocarpacece. 213.
I. Leaves exstiputate.

1. Flowers hermaphrodite.
Ovary 3—6-celled. Ovules numerous . . Aristolochiacets. 223.

Ovary 1-celled. Ovules definite.

Ovules with a naked nucleus . . . Loranthacece. 225.

Ovules with a coated nucleus.
Calyx valvate. Embryo straight . . Santalacece. 224.

Calyx imbricated. Embryo curved . Chenopodiacece. 183.

2. Flowers unisexual.
Amentaceous.
Leaves alternate Myricaceee. 230.
Leaves opposite.
Simp le leaves Garryacece. 227.

Compound leaves Juglandacece . 228.
N it amentaceous.

Seeds nutnerous, parietal .... liatiscaceee. 205.

Seed solitary, axile Helwingiacece. 226.

Ovary superior.
;. Leaves stipulate.

1 . Flowers hermaphrodite.
a. Carpels solitary.

Stipules ochreate PolygonaceiB. 180.

Stipules distinct Petiveriacece. 188.

b. Carpels more than one combined into a solid

pistil.

Seeds exalbuminous.
Calyx imbricated Vlmacece, 209.

Calyx induplicate ChaillttiacetB. 20S.

Seeds albuminous.
Styles or stigmas 1. Leaves usually dotted. Samydaceee. 206.

Styles or stigmas 2. Leaves not dotted . Vlmacece. 209.

2. Flowers unisexual.
a. Carpels solitary.

Cells of anther perpendicular to the filament Stilaginacece. 215.

Cells of anther parallel to the filament.
Embryo straight.

Sap watery. Stipules small. Seeds al-

buminous Urticacete. 210.

Sap milky. Stipules large. Seeds ex-
albuminous Arlocai'pace^. 213.

Embryo hooked.
.Sap watery. Seeds without albumen . Cnnnahinacece. 211.

Sap milky. Seeds with albumen . . Moracea. 212.
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h. Carpels more than one combined into a solid
pistil.

Flowers amentaceous.
Seeds arillate.

Stamen 1 Lucistemacece. 207.

Stamens 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 . . . LauracecB. 199.

Anther-valves recurved- Leafless . . Cassythacece. 200.
Anthers slit.

Leaves covered with scales . . . Elteagnaceee. 19fi.

Leaves not scaly.
Calyx long or tubular.
Hardened at base .... Nyctaginacece. 181.

Tube hardened .... Scleranthacece. 185.

Not hardened at any part.
Stamens in the points of the sepals Profeacece. 197-

Stamens not iii the points of the
sepals Thymelacece. 194.

Calyx short, not tubular or but slightly

so.

Flowers in involucels . . . Polygonacece. 180.

Flowers not in involucels.
Calyx dry and coloured . . . Amaranthacece. 182.

Calyx herbaceous or succulent.
Stamens hypogynous, or nearly so Chenopodincece . 183.

Stamens pengynous . . . BasellacecB. 184.

h. Carpels more than one, either distinct, or
combined into a solid pistil.

Carpels distinct Phytolaccacece. 186.

Carpels combined.
Seeds exalbuminous.

Calyx tubular.
Ovary 2-celled Aquilnriacece. 195.

Ovary 4-celled Perueacece. 198.

Calyx tubular, or imperfect . . Podosiemacece. 193.

Seeds albuminous Phytolaccacece. 186.

2. Flowers unisexual.
a. Carpels solitary, or quite distinct.

Calyx tubular.
Anthers opening by recurved valves . Atherospermacets. 201.

Anthers opening longitudinally . . MyristicaceeB. 203.

Calyx not tubular.
Seeds exalbuminous. Embryo straight.

Leaves verticillate CeratophyllacecB. 216.

No evident leaves Casuarinacete. 231.

Seeds albuminous.
Embryo curled round the albumen . ChenopodiacecB. 183.

Embryo straight Moiiimiacecc. 202.

b. Carpels more than one, combined into a
solid pistil.

Ovules indefinite.

Leaves with pitchers Nepenthacece . 222.

Ovules definite.

Fruit fleshy. Seeds ascending . . Empetracece. 220.

Fruit dry. Seeds suspended . . . Euphorbiacece. 218.

Artificial Analysis of the Rhizogens of Lindley.

A. Ovules solitary Balanophoracets. 235.

B. Ovules indefinite.

Anthers opening by slits Cytinacece. 236.

Anthers opening by pores Rafflesiacece. 237.
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Monochlamydeous or Achlamydeous flowers also occasionally occur in the
following Orders of the Sub-classes Thalamiflorae.Calycifloras.and Corolliflorae.

1. Thidamiflnrae : — Ranuncufaceee, Menispertnacece, Papaveracece, Fla~
courtiacecB, Caryophyllacece. Sterculiacece, Bytineriacece, Tiliaceee, Malpi-
ghiacecE, RutncccB, Xatithoxylacecc, and Geraniaceee.

2. Calyciflorae :— Celastracece, Rhamnacece, Anacardiacece. Leguminoste,
Rosacete, Lythrareee, Sax-frngacece, Cutioniacece, Paronychiacece,'. Mesem-
bryacrce, Passiftoracece, Myrtacece, OnagracecE, Haloragacece, CombretacetB,
HamamelidacecE, and Araliacece.

3. Corolliflorae :— Oleacecs, and Primulacece,

Class I. — Dicotyledones.

Division 2. Gymnospermia.

Natural Order 238. Pinaceje or Conifer^.—The Pine

or Coniferous Order,— Resinous trees or evergreen shrubs,

with branched continuous stems. Leaves needle-shaped (^fig.

318), or lanceolate, parallel-veined, fascicled {fig. 265) 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.

Femaleflowers in cones {figs. 269, 397 and 1023), consisting of

flattened imbricated carpels or scales arising from the axils of

membranous bracts ; ovules naked, 2 {fig 709) or more, on the

upper surface of each carpel. Fruit a woody cone {figs. 269
and 1023), or a galbulus {figs 704 and 705), Seeds naked {figs.

1024 and 1025 ), with ahard crustaceous integument, albuminous,

cotyledons 2, or many {fig. 750).

Fig. 1023. Fig. 1024.

Fig. 1025.

Fig- 1023. A ripe cone of the Larch {Ahies Larix or Larix europaa). Fig.
1024. A ripe scale or carpel of the Scotch Fir (Pinus *i/lveatru), with two
winged seeds at its base. mic. Micropyle. c/i. Chalaza Fig. 102.'>. A
scale of the Larch bearing a naked seed, the other seed has been removed.
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Division of the Order, and Examples of the Genera. — This
order has been divided into two sub-orders as follows :

—
Sub-Order 1. Abietece.— Ovules inverted, with the micropyle
next the base of the carpel (fig. 709). Pollen oval. Examples:— Finns, Abies, Araucaria, Eutassa, Dammara.

Sub-Order 2. Cupressece.— Ovules erect. Pollen spheroidal.

Examples: — Juniperus, Thuja, Cupressus, WeUingtonia,
Taxodium.

Distribution, 8fc. — The plants of this order occur in various

parts of the world, both in cold and tropical regions. They
abound, however, most in temperate climates. There are about
30 genera, and 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.

Pinus.— Several species of this genus are vRluable timber trees ; as P. syl-

vestris, the Scotch Pir, which yields the timber known as Dantzic or Riga
Fir, and Russian Deal; P. S/ro6ws, the White Pine or Deal of the United States;

P. mitis and P.palustris, the Yellow Pine or Deal; P. rigida, P. Lambertiana,
&c. &c. The wood of these trees is used to an enormous extent in this country
and elsewhere. Pinus sylvestris, the Wild Fine or Scotch Fir, is the source
of Common Turpentine ; this yields by distillation an essential oil, called o//

of turpentine, or spirits or essence of turpentine, and yellow and black resin.

The wood also yields by destructive distillation, trood-tar, and pitch. The
inner bark of the Scotch Fir is used in Norway for making bark bread. From
the leaves also of this species the substance called Pine-wool or Fir-wool is

prepared. It is used for stuflSng mattresses, &c. It is said to be repulsive to
vermin. An oily substance called tir wool oil and fir wool spirit, has also been
recently introduced into this country from Germany, and recommended for ex-
ternal use in rheumatism, neuralgia, &c. P. Pinaster of Lambert, the P.
maritima of De Candolle, the Cluster Pine, yields Bordeaux turpentine, Gali-
pot tar, and pitch. P. paliistris, 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. Tceda, the
Frankincense Pine, also yields turpentine. P. Pinea, the Stone Pme, h«s
edible seeds, which are used as a dessert under the name oi pine-nuts. P.
Cembra, the Siberian Stone Pine, has also edible seeds. The young shoots by-

distillation yield the so-called Carpathian balsam. P. Pumilio, the Mughoor
Mountain Pine, yields by spontaneous exudation an oleo-resin called Hunga-
rian balsam. Ptnus Geradiana found in Thibet and Affghaiiistan, yields edible
seeds. P. Inngifolia, an Himalayan species, according to Royie, yields a very
fine turpentine.
Abies.— ?>e\ev?i\. species of this genus, like those of the former, supply valuable

timber, as Abies excelsa, the Spruce Fir, Spruce or Dantzic Deal, Abies alba,

the White Spruce, A. canadensis, the Hemlock Spruce, A. Larix or Larix
europcea, the Common Larch, &c. Abies excelsa, Norway Spruce Fir, yields

by spontaneous exudation Common Frankincense or 'J'hus, which is used in
pharmacy in the preparation of Burgundy Pitch. Good paper has been made
from the wood of this species. The leaf-buds are u^ed on the Continent in

the preparation of a kind of beer and tincture which are employed in scorbutic
and rheumatic complaints. A. Balsamea. the Canadian Balsam or Balm of
Gilead 1-ir, yields Canada Balsam. A. canadensis, the Hemlock Spruce Fir,

is said to exude an olfo-resin similar to Canada Balsam. A. Picea, 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 concentrated, forms Essence of
Spruce, which is employed iu the preparation of Spruce Beer. A. Larix of

u u 2
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Lambert, the Larix europcea of De Candolle, yields Larch or Venice turpen-
tine, and a kind of Manna, called Larch Manna or Manna de Briangon. The
bark of the Larch is sometimes used in tanning.

Cedrus.— Cedrus Lihnni, the Cedar of Lebanon, and C. Deodara, the Deodar,
are most valuable timber trees. The turpentine obtained from the latter is

known in India, where it is in great repute, under the name of kelon-ke-tel.
Araticaria. — The species ot this genus, known as A. imbricata, from Chili,

and A. Bidwillii, from Moreton Bay, have edil)le 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."
Dammara australis, the Kawrie or Cowdie Pine of New Zealand, produces

a timber which is much valued for making masis and spars. A gum-resin
known under the names of Australian Copal, Kawrie Gum. and Australian
Dammar, is now largely imported into this country, where it is chiefly used in

the preparation of varnishes. D.oricntalis yielAs a somewhat similar gum-
resin, known as Indian Dammar.

Juniperus ./. 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. Juniper is used to flavour English gin and Hollands. 'I'urpentine

is, however, frequently employed for the former, on account of its comparative
cheapness. Juniper wood has a reddish colour, and is used occasionally for

veneers. J. Oxycedrus.—\n France th^^y obtain from the wood of this plant
by dry distillation, a tarry oil called Huiie de Cade. It is principally used in

veteruiary medicine. Its wood is very durable. J. henuudiana is the Red or
Pencil Cedar, and J. virginiaua, the Virginian Red Cedar. The wood of these
is used for Cedar pencils ; that of the former is considered the best. J. Sabina
the common Savin. — The young branches, and the oil obtained from them,
have acrid, stimulant, diuretic, and enimenagogue properties. In large doses
they are irritant poisons, and have been frequently taken to cause abortion.

Cupressus, the Cypress The wood of some species is very durable. Some
suppose that the Gopher-wood of the Bible was obtained from species of Cu-
pressus and other Conifers.

Callitris quadrivalvis, the Arar Tree, yields the resin called Sandarach,
Juniper-resin, or Gum Juniper. It is imported from Magadore, and em-
ployed in the preparation of varnishes. When powdered it is called pounce.
Its wood is very durable, aud is used by the Turks for the floors and ceilings
of their mosques.

Natural Order 239. Taxace^:. — The Yew Order {figs.

1026, 1027). — Trees or shrubs, with continuous branches.

Fig. 1026. Fiq. 1027. ^'^^^
T""^^]^

"^'''''^'
^ ^ rigid, and veinless ; some-

times broad, with forked
veins. Flowers unisexual,

naked, bracteated. Male
flowers several together,

each with one or several

stamens, which are united

{fig. 1026) or distinct

;

anthers bursting longitu-

dinally. Female flowers
soUtary, and consisting of

a single naked ovule.
(7rtariis tac«/^rt).'wi"th\"umerou8^monadelphou8 which is citlicr terminal,

ofX"a;;;7^^Th"-^"^r'/''"°",°*"'H'^'"'' or placed in the axil of aoi ine same. ur. 1 he succulent cup-shaped mass *
r. »Burroundingthe solitary seed. pi. Embryo. a». bract. beed small, Cn-

Albumen. ch. Chalaza. ml Micropyle. veloi)Cd in a CUp-shaped,

fleshy mass {figs. 706 and
1027, ar), which Dr. Hooker states is formed from the outer

Fig. 102fi. Male flower of the Common Yew
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coat or primine of the ovule, albuminous {fig. 1027, alb)-, embryo
straight {fig. 1027, pi).

Distribution, 8fc.— Natives of the mountains of tropical coun-
tries, and of temperate regions. Examples

:

—Taxus, Dacrydium,
Salisburia. There are 9 genera, and 50 species.

Properties and Uses.— In their general properties they re-

semble the Conifers.

Taxus baccata, the Common Yew, produces extremely durable and va-
luable 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 impunity, but that when these have
been cut off, 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 con-
ditions. We believe that the i)ulp surrounding the seed is harmless, but that
the seed itself is poisonous. Yew leaves and berries have been given medi-
cinally for their emmenagogue, sedative, and antispasmodic, &c. effects.

Podocarpus Totarra, and some other New Zealand species, are valuable
timber trees.

Dacrydium Franklinii, the Huon Pine of Australia The wood is valuable
for ship building. Other species as D. taxifolium, the Kakaterro of New
Zealand, andX). cupressinum, the Dimon Pine, are also valuable timber trees.

Natural Order 240. GNETACEiE. — The Jointed Fir Order.

—

Small trees or shrubs, with jointed stems and branches.

Leaves opposite, entire, net-veined, sometimes small and
scale-hke. Flowers unisexual, in catkins or heads. Male
flowers with a 1-leaved calyx ; anthers 1 -celled, with porous
dehiscence. Femaleflower 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.
Agardh has recently expressed a belief that, the Gnetaceee are

more nearly alhed to Loranthacese than to Coniferae. Henfrey
inclined to the same opinion.

Distribution, ^c.— The plants of this order occiir in both
tropical and temperate regions. There are 2 genera,—Ephedra
and Gnetum, and, according to Endlicher, 28 species.

Properties and Uses.— Unimportant. The seeds and leaves

of some species are eaten. Some are reputed astringent.

Natural Order 241. Cycadace^.— The Cycas Order.

—

Small palm-Uke unbranched trees or shrubs, or occasionally

(lichotomous, with their surface marked by the scars of

fallen leaves. Leaves clustered at the summit, pinnate,

parallel-veined, hard and woody, and usually circinate in verna-
tion. Flowers quite naked, unisexual, dioecious. Maleflowers
in cones, consisting of scales, from the under surface of which
1 -celled anthers arise. Female flowers consisting 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.

Distribution, Sfc.— Natives principally of the temperate and
tropical parts of America and Asia ; and occasionally at the

u u 3



662 SYSTEMATIC BOTANY.

Cape of Good Hope, Madagascar, and Australia. Examples

:

—
Cycas, Dion, Zamia, Encephalartos. Tliere are 7 genera, and
46 species.

Properties and Uses. — The stems and seeds of the plants of

this order yield mucilage and starch.

Ci/cas.—From the stems of Ci/cas circinalis and C revoluta, a starch may
be obtained. Of this a kind of sago is prepared ; that from C. revoluta is

said to constitute Japan Sago. This sago is not an article of European com-
merce, all the sago imported into Europe being derived from species of Palms.
(See Sagus and Saguerus.) Japan sago and other kinds are much 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 arrow-root.
Zamia.— In the Bahamas and other West Indian Islands, excellent arrow-

root is prepared from the starch obtained from the stems of Z. integrifolia 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.
Encephalartos Various species contain starch, and form what is called

Caffre-bread.

Artificial Analysis of the Natural Orders of the GrMNOSPERMiA.

Class I. Dicotyledones.

Division 2. Gymnospermia.

1

.

Stem jointed, branched.
Anthers 1 -celled with porous dehiscence . . GnetacecE.2iQ.

2. Stem notjointed.
Branched. Leaves simple.

Seeds in cones Coniferce. 238.

Seeds solitary Taxacece. 239.

Not branched. Leaves pinnate .... Cycadacecs. 241.

Class II. MONOCOTYLEDONES.

Sub-class L Dictijogence.

Natural Order 242. DioscoREACEiE.— The Yam Order.—
Shrubby plants, with twining stems rising from tuberous

root-stocks or tubers placed above or under the ground.

Leaves net-veined, stalked. Flowers unisexual, dioecious, small,

bractcated, arranged in a spiked manner. Malcjlower

:

—Perianth

6-cleft. Stamens 6, inserted at the base of the perianth. Female
flower :

—Perianth superior, 6-parted. Ovary inferior, 3-celled ;

styles 3, distinct, or 1 and deeply trifid; ovules 1—2 in each cell,

suspended. Fruit dehiscent and compressed, or fleshy, 1—3-

ccUcd. Seeds albuminous ; embryo small, in a cavity in the

albumen.
Distribution, Sfc.— Chiefly tropical plants. Tamus communis

is, however, found in Britain and other temperate regions.

Examples :— Tamus, Testudinaria, Dioscorea. There arc 7

genera, and 1 50 species.

Properties and Uses. — The plants generally contain an acrid
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principle. The tuberous root-stocks of many species of Dioscorea

are used for food in tropical countries.

Tamus communis. Common Black Bryony, has a large fleshy root possess-
ing when fresh considerable acridity. It is sometimes used as a topical appli-

cation to bruised parts to remove the marks. Taken internally, 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. cre^jca.when boiled, have been eateii like asparagus,
but when used in this way, care must be taken to have them thoroughly
boiled to get rid of their acridity.

Dioscorea.— The tuberous root-stocks of several species, as those of D.
alata, D. sativa, and D. aculeata, when boiled, are eaten in tropical countries,

as potatoes are in Europe. The Chinese Yam is now cultivated in this country,
and when properly boiled, is much esteemed by many as an esculent Some
species of Dioscorea are very acrid even when boiled, and cannot therefore be
used for food.

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 above ground tuber is very mealy, and is used
for food by the Hottentots.

Natural Order 243. SsHLACE-a:—The Sarsaparilla Order.

—

Herbs or shrubs, more or less climbing {fig. 1028). Leaves

Fig, 1028.-

Fig. 1028. A portioa of a branch, with leaves and fruit of SmUax papyraxxcu

petiolate (Jig. 1028), net-veined, articulated. 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. 1028), 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 :— Smilax, Ripogonum. There are 4 genera, and about 120
species, according to Lindley. Other botanists make the number
of species considerably more.

u u 4
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Properties and Uses. — The species generally possess alter-

ative properties.

Smilax—The roots of several species or varieties of Smilaz, constitute the
Sarsapai ilia of the materia medica, which is commonly regarded, and as we he-
lievemostjustly so, as an alterative in venereal and skin diseases, in rheumatism,
&c. Upwardsof l.'<0,000 lbs. are annually used in this country alone. Several
kinds of Sarsaparilla are known, of which the mot esteemed is that which is

called Jamaica Sarsaparilla, although it is not the produce of that island, but of
Central America and the northern parts of South America. It is obtained
from S officinalis. Other kinds of Sarsaparilla distinguisiied in commerce, are
Lima, probably from S. ifflcinalis; Lean Vera Cruz, from S. medica; IJsbon
or Brazilian, from S. papt/racea, and probably also, from S. (ifflcinalis ; Quote,
mala, from >S. papt/racca; Honduras, from I believe, S. papi/racra: 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 Kurope. Its roots form Italian Sarsaparilla. S. China, is com-
monly regarded as the source of the China root of the shops. Several spurious
China roots are in use in America; their source is doubtful.
Ripoj^onum parvijlorunt possesses similar properties to Sarsaparilla. It is a

native of New Zealand, where it is much used as a curative agent.

Natural Order 244. Trilliaceje. — The Trillium or Paris

Order. — Unbranchcd herbaceous plants, with rhizomes,

or tuberous root-stocks. Leaves Avhorled, not articulated,

net-veined. Flowers large, terminal, solitary, hermaphrodite.

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-cellcd, Avith a corresponding

immbcr of styles and stigmas; placeiitas axilc. Fruit succulent,
3— .5-ccllcd. Seeds numerous, albuminous ; embryo minute.

Distribution, 8fc.—Natives of the temperate regions of Europe,
Asia, and America. Examples.—Paris, Trillium. There are

4 genera, and 30 species.

Properties and Uses. — The plants of this order are reputed

narcotic, acrid, emetic, or purgative, but none are employed in

regular practice.

Natural Order 245. Eoxburghiaceje. — The Roxburghia
Order. — Twining shrubs, Avith tuberous roots. Zeai^e.? net-

veined, leathery, broad. Flowers large and showy, solitary,

hermaphrodite. Perianth inferior, with 4 petaloid divisions.

Stamens 4, hypogynous ; anthers introrsc, apicilar. Ovary
superior, 1-celled, with a basal phicenta ; stigma sessile. Fruit

2-valved, 1-celled. Seeds numerous, in 2 stalked clusters,

anatropous
; embryo in the axis of fleshy albumen.

Distribution, ^c.—They are natives of the hotter parts of the
East Indies. There is but one genus, Koxburghia, and 4
species. Tlieir properties are unimportant.

Natural Order 246. PHiLKSiAOEyi:.— The Philesia Order.

—

Diagnosis. — Tlie j)lants of this order arc closely allied to the

Roxburgh iacea;, from which however, they are readily distin-

guished by their hexamerous perianth and andrcecium, perigy-
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nous stamens, parietal placentation, long style, and serai-anatro-t

pous ovules.

Distribution, 8fc.— Natives of Chili. There are 2 genera,—

•

Philesia and Lapageria, and 2 species. In tlieir properties they
are said to resemble Sarsaparilla.

Sub-class II. PetaloidecB or Floridce.

1. Epigynse.

Natural Order 247, ORCHiDACEiE.—The Orchis Order {figs.

1029— 1032).—General Character.—Herbs or shrubs, terres-

Ftg. 1029. Front view of the flower of the Tway-blade (Listera ovuta), show-
ing the bifid labellum with tlie other five divisions of tlie perianth; and the

essential organs of reproduction lorming a column Fi(/- lOMO. Diagram
of the flower of an Orchid, s, si, nl. The three outer divisions of the

perianth ; s being anterior or inferior, si, si being lateral, pi, jd. The
two lateral divisions of the inner whorl of the perianth, ps. The supe-

rior division (LahtUmii) of the inner whorl ; this by the twisting of the

ovary becomes ultimately anterior, c. The fertile stamen, with two anther
lobes, c. Transverse section of the ovary, with three parietal placentas

Fig. 10.31. Fruit of an Orchid, dehiscing by three valves, each bearing a
placenta and numerous seeds Fig. 1032. Seed of an Orchid, with a loose

reticulated testa.

trial {figs. 242 and 243) or epiphytical {fig. 237). Roots fibrous

{fig. 237) or tuberculated {figs. 242 and 243) ; no true stem, or

a pseudo-bulb {fig. 237). Leaves entire {fig. 296), generally

sheathing. Flowers irregular {figs. 534 and 1029), solitary or

numerous, with a single bract, hermaphrodite. Perianth

superior {figs. 534 and 1029), usually petaloid, and composed
of six pieces {fig. 1030), which are commonly arranged in two
Avhorls ; the outer whorls s, si, si, formed of three pieces {sepals).
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more or less united below or distinct, one, s, being anterior, or

when the ovary is twisted posterior {figs. 534 and 1029), and two,

si, si, lateral ; the inyier whorl {fig. 1030, pi, pi, ps) usually of three

pieces ( ;^eta/.«f), or rarely of but one, alternating with the pieces in

the outer whorl; one (the labellum or lip) {fig. 1030, ps) posterior,

or by the twisting of the ovary anterior, (fig. 1029), usually longer

and larger than the other pieces, and altogether different to

them in form {fig. 1029), often spui'red {fig. 534); sometimes the

labellum exhibits a division into 3 regions, of which the lowest is

termed the hypochilium, the middle the mesochilium, and the upper
the epichilium. Stamens and style united together (gynandrous)

(figs. 534, 552 and 1029) in a central column or gynontemium.

The column usually bearing 1 perfect anther and two lateral

abortive anthers, or rarely two lateral perfect anthers and one
abortive anther in the centre. Pollen powdery, or more or less

collected into grains, or in waxy or mealy masses (puUinia)

{fig. 550, jo); the masses free or attached by their stalk, c

(caudicle), to the apex {rostellum) of the stigma {fig. 552).

Ovary inferior, 1 -celled, with 3 parietal placentas {figs. 607 and
1030), bearing a number of anatropous ovules ; style united

with the filaments and together forming the gynostemium {figs.

534 and 1029) ; stigma a viscid space in front of the column

{fig. 552). Fruit usually capsular, 3-valved (fig. 1031); the

valves bear the placentas in their middle, and separate from the

central parts or midribs of the component carpels, which are left

as an open frame -work; the fruit is rarely fleshy, and indehis-

cent. Seeds very minute and numerous {fig. 1031), Avith a loose

netted {fig. 1032), or rarely hard crustaceous testa, exalbuminous

;

embryo a fleshy solid mass.

Diagnosis.—This order is known by its irregular flowers ; by
the 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

cohering pollen ; and by its 1-celled inferior ovary with 3

parietal placentas.

Distribution, 8fc. — 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 arc

epipliytal and are confined to hot climates. Examples :
—

Plcurothallis, Malaxis, Dendrobium, Corallorrhiza, Epiden-
drum, Cattlcya, Phaius, Vanda, Acirides, Oncidium Stanhopea,
Calanthe, Orchis, Satyrium, Habenaria Vanilla, Listcra, Spi-

ranthcs, Goodyera, Cypripcdium. According to Lindley, our
standard autliority on this rcnuvrkable order of plants, there arc

about 400 <,'enera, and 3000 sjiccics.

Properties and Uses.—Tiic i)lants of this order, Avhich present

so much iutercst to the horticulturist from the siugulai'ity, beauty.
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and fragrance of their flowers, are of little importance in an
economical or medicinal point of -view. Some are aromatic and
fragrant, others possess nutritious roots, and some produce
a colouring matter like indigo.

Vanilla playiifolia. V. armnatica, V. guianensis, V. palmarum, V. pom-
pona, and other species, are remarkable for their fragrant odoriterous Iruir,

which constitutes the Vanilla or \' anile of the shops. Vanilla is extensively
used in flavouring chocolate, and also in confectionar}'. and in perfumery. It

has been also employed on the Continent as a medicinal agent, in hysteria, &c.
The fruits of I'.planifolia and V. aroniatica are commonly regarded as the
most fragrant.
Sobralia.— The fruit of a species of Sobralia is said to yield in Panama a

kind of Vanilla which is called chica.

Angrcecum fi agrans —The dried leaves of this fragrant species are used as a
kind of tea in the Mauritius. '1 his is commonly knewn as Faham or Bourbon
tea.

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.

Orchis.—The root of several species of this genus, as those of 0. mascula,
0. laiifolia, 0. murio. ^c, when dried, form European or Indigenous Salep.

That prepared from 0. mascula is said to be the best. Salep contains basso-
Tine and a little starch, and possesses similar properties to those of other
starches and mucilaginous substances.

Natural Order 248. Apostasiace^, — The Apostasia

Order.— Herbs, with regular hermaphrodite flowers. Perianth

superior, regular, with 6 divisions. Stamens 2 or 3, united

by their filaments with the lower part of the style into a
column ; an /^ers sessile upon the column, 2 or 3. Oyc/r^ 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, ^c Natives of damp woods in tropical India.

Examples :—Apostasia, Xeuwiedia. There are 3 genera, and 5

species. Their properties are altogether unknown.
Natural Order 249. Burmanniace^. — The Burmannia

Order. — Herbaceous plants, without true leaves, or -sWth

tufted radical ones. Flowers hermaphrodite, regular. Perianth

tubular, regular, superior, usually with 6 divisions. Stamens
inserted into the tube of the calyx, 3 or 6, distinct. Ovary
inferior, 1-celled with 3 parietal placentas, or 3-celled with axile

placentas. Capsule!—3-celled. 5eecfe numerous, very minute

;

embryo solid.

Distribution, Sfc. — They are principally found in the tropical

parts of Asia, Africa and America, Examples : — Bm-mannia,
Apteria, Thismia. According to Miers, there are 10 genera,

and 38 species. They have no important properties.

Natural Order 250. ZiNGiBERACEiE.— The Ginger Order.
— Aromatic herbaceous plants, with a creeping rhizome, and
broad, simple, stalked, sheathing leaves, with parallel veins

springing from the mid-rib. Flowers arranged in a spiked or

racemose manner, and arising from spathaceous bracks. Periantli
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superior, irregular, arranged in 3 whorls, each whorl composed of

3 pieces. Stameiis 3, distinct, 2 lateral abortive, the posterior one
perfect; a/i^^er 2-celled,^/a»ien^ not petaloid. Orary inferior,

3-celled, placentas axile ; style fihform. Fruit 1— 3-celled, cap-

sular or baccate. Seeds numerous, albuminous ; embryo enclosed

in a vitellus.

Distribution, ^c.— Chiefly natives of tropical regions. Ex-
amples : — Zingiber, Curcuma, Elettaria, Amomum, Alpinia,

Hitchenia. There are 31 genera, and 249 species.

Properties and Uses. — Chiefly remarkable for the stimulant

aromatic properties possessed by their rhizomes and seeds, owing
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.

Ziniiiber 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 Ganger of the shops is found in 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 ta the scraping process. The essential

distinction between the two consists therefore, in White Ginger having its

epidermis removed, while in Black Ginger it remains on the surface as a
shrivelled membrane. Ginger is extensively used as a condiment, and also in

medicine as a stimulant, stomachic, and externally as a n.befacient. Zingiber
Cassumunar is supposed by some to be the plant from which Cassumunar
root is obtained, but tliere can be but little doubt that this is obtained from a
species of Curcuma. (See Curcwna),
Curcuma— C. longa; thedried tubers or rhizomes of this plant constitute the

turmeric of the shops. Turmeric is ui^edasacondiment, as atest, and for dyeing
yellow. It is largely employed in India, China, &c. It forms an uigredient In

Curry Powder, &c. As a test to detect free alkalies, which change its colour
from yellow to reddish-brown, it is sometimes employed. C. angustifolia: the
rhizomes of this species contain a large quantity of" starch, which when ex-
tracted, forms East Indian Arrow ro it or Curcuma S arch. I'his kind of

arrow-root may be also obtained from other species of Curcuma, as C. leucor-

rhiza, C. rubesccns, 8fc. In its effects and uses it resembles West Indian Arrow-
root, but it is not so pure a starch jis it. C. Zedoaria is supposed to yield the

so-called Cassumunar roots, Zedoary roots, and Zerumbet roots of commerce.
They all possess aromatic and tonic properties. Archer believes that Ze-
rumbet and Cassumimar are derived from C- Zerumbet. (see Zingiber).

Amomum. - Several species of this genus have aromatic and stimulant seeds,

which are used as spices, and in medicine in different parts of tlie world. The
only one which is much us^d in this country is the A. n/elegueta, which yields

the Grains of Paradise or Guinea Pepper of the shops. It is a native of the
Western Coast of Africa. These seeds are much employed in Africa as a spice.

The common notion that they nre very injurious is erront-ous. They are prui-

lipally employed in this country in veterinary medicine, and for giving

pungency to beer, wine, spirits, and vinegar. A. Cardamomum yields the
Iruit known as the round cardamom. The fruits of A. maximum are
known as Java Cardamoms, those of A. Korarima as Korarima Cardamoms,
those of A . globosum AS the large round and the small round Cliina Carda-
moms. The latter are mucl\ employed in China. Many other species have
iimilar properties.

Elettaria Cardamomum, a native of Malabar, yields the fruit which con-

stitutes the ollicmal, small, or Malabar Cardamoms ; these are in common use

in medicine in this country, on account of their cordial and stimulating

jtroperties, and as flavouring agents. E. major yields Ceylon Cardamoms,
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which are much employed on the Continent. Their uses and eflfects are

similar, but they are of less value than the former.
Alpinia.—The root or rhizome known as the greater or Java Galangal root.

appears to be derived from A. Galanga of Linnaeus ; that cnlled the lesser or

Chinese Galangal, from A.chinensts. The source of the light Galangal of

Guibourt. is altogether unknown. The Galangals have similar properties to

Ginger. The ovoid China Cardomum is the fruit of A. alba. Its seeds are
used as a condiment in China.

Natural Order 2.51. Marantace^.—The Maranta or Arrow-
root Order. — Herbaceous plants, generally without aromatic

properties. They hare a close resemblance to Zingiberacese.

Their distinctive characters are, in their more irregular perianth
;

in one of the lateral stamens being fertile, and the other

two being abortive ; in the fertile stamen having a petaloid

filament, an entire or 2-lobed anther, one lobe of which is sterile,

and consequently the anther is described as 1 -celled; in the

style being petaloid or swollen ; and in the embryo not being

enclosed in a vitellus.

Distribution, Sfc, — Exclusively natives of tropical regions.

Examples : — Thaha, Maranta, Calathea, Canna. There are 7

genera, and 160 species.

Properties and Uses. — The rhizomes of some species contain

starch, which when extracted is extensively employed for

food. One species has been recently described as possessing

aromatic and stimulant properties, which is a marked departure

from the general properties of the order, for one of the distinctive

characters of this order from Zingiberacese is usually considered

to be the absence of aromatic qualities.

Maranta arundinacea.—The rhizomes and tubers of this plant contain a
large quantity of starch, which when extracted, constitutes West Indian
Arrow-root, one of the purest and best known of the amyia eous substance.>>

used as food. It forms a very firm jelly, and is perhaps the most palat;ible and
digestible starch known. The name arrow-root was originally applied to this

plant from the fact of its bruised rhizome being employed by the native
Indians as an application to the poisoned wounds inflicted by their arrows.
The name arrow root has since been given to various other starches used
as food in this country. M. ramosissima is also used in the East ludies for

obtaining arrow-root.
Canna One or more species of this genus yield "Tons les mois," a very

pure and useful starch, now largely consumed in this country and elsewhere.
The exact species of Canna from which this is obtained is not certainly known.
It is said to be C. edulis. but it is just as probable to he obtained also from
C. glauca and C. Archiras. A rhizome called " African Turmeric." from its

resemblance in appearance and properties to ordinary commercial Turmeric,
has been recently described by Dr. Daniell in the Pharmaceutical Journal.
The plant producing it is said to be the Canna speciosa of Roscoe. The seeds
of C. indica are commonly known under the name of Indian Shot, from their
black colour and hardness, &c.

Natural Order 252. MusACEiE.— The Banana or Plantain

Order. — Herbaceous plants often of large size. Leaves
with parallel curved veins {fig. 298), 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-
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celled. Ovary inferior, 3-cellecl. Fruit a capsule 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. Examples:—Heliconia, Musa, Kavenala.

There are 4 genera, and 20 species.

Properties and Uses. — The fruits of some species form most

important articles of food in tropical regions. Some yield valu-

able textile materials ; and the large leaves of many are used

for various purposes, 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 fruits of some species, as those of M. paradisiacn, the Plantain,

and M. sapientum. the Banana, are well known as import mt articles of food

in many tropical regions. They owe their value as food chiefly lo the presence
of starch and sugar. Dr. Shier states, that a new plaintain-walk will yield

17cwt. of starch per acre. According to Humboldt, the produce of Bananas
to that of wheat is as 1.33-1, and to that of popatoes as 44 1. The fibrous ma-
terial of the spurious stems of the different species of Musa may be used for

textile fabrics, and in paper-making. The fibres obtained from Musa texlilis

constitute the Manilla Hemp of commerce. From the finer fibres ot this plant
the celebrated Indian muslins are manufactured. 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.
Ruvenala speciosa, has been called the Water-tree, in consequence of its

petioles exuding when cut a quantity of watery-juice. Its seeds are edible.

Natural Order. 253. iRiDACEiE.— The Iris or Corn-Flag
Order (Jigs. 1033— 1037).— Herbaceous plants, usually with

bulbs, conns (Jiqs. 227 and 228), or rhizomes (Jig. 216).

Leaves with parallel straight venation, usually equitant (Jig.

216). Flowers spathaceous (Jig. 1033), regular (Jig. 1034)
or irregular. Perianth superior (^^'.1036), petaloid (Jig. 1034),

6-parted, in 2 whorls (Jig. 1033). Stamens 3, inserted on the

outer segments of the perianth (Jig. 1034) ; anthers 2-celled ex-

trorse. Omr?/infcrior (Jig. 1036), 3 -celled (/^r. 1033) ; style 1 (Jig.

1035); stigmas 3, often petaloid (Jigs. 6-29 and 1035). Fruit

capsular, 3 -celled, 3-valved, with locuhcidal dehiscence (^fig. 690).

Seeds numerous, with horny or hard albumen (Jig. 1037).

Distribution, Sfc.— Chiefly natives of temperate and warm
climates. They are found in various parts of the globe, but are

most abundant at the Cape of Good Hope. Examples :—
Sisyrinchium, Morasa, Iris, Gladiolus, Ixia, Crocus. There are

57 genera, and 557 species.

Properties and Uses.— The rhizomes of several species pos-
sess acrid properties, which renders them purgative, emetic, &c.
Some liavc fragrant rhizomes. Others are employed as colour-

ing agents, and some fire commonly regarded us antispasmodic,

carminative, &c. Many contain starch in large quantities, but

as this is commonly combined with acridity, they arc not gene-

rally available as food, although some arc stated to be thus era-

])loyed in Africa.
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1033. Fig. 1034.

Fig. 1033. Diagram of the flower of a species of 7m, with a solitary bract or

spathe below, six divisions to the perianth in two whorls, three stamens, and

a three-celled ovary Fig. 1034. A flower of the Spring Crocus {Crocus

vermis) cut open. Fig. 103,5. The three petaloid stigmas of the same.

Fig. 10.36. Vertical section of the flower of7m germanica. ce, cc. 1 wo ot

the external divisions of the perianth, ci. One of the internal divisions ot

the perianth, t. Tube formed by the union of the divisions ot the perianth

and superior, e, e. Stamens, covered by the petaloid stigmas, s, s. o. In-

ferior ovary, with numerous ovules, g, attached to placentas in the axis.

Fig. 1037. Vertical section of a seed of the above, t. Spermoderm or

integuments of the seed. p. Albumen, e. Embryo, nu Micropyle.

(From Jussieu.

)

7m, Flower de Luce The rhizomes of several species are more or less

purgative and emetic. The orris-root of the shops is the dried scraped

rhizomes of Irisflorentina, pallida, and germanica. They possess a violet

odour, and are principally used in perfumery, for imparting a pleasant odour to

the breath, and bv the French especially, lor making issue-peas. The roasted

seeds of Iris Pseud-ncorus, the Yellow Flag of this country, have been re-

commended as a substitute for coffee, but they are altogether wanting in the

important properties of that beverage.

Croais sativus.—The Saffron Crocus is the Karcom of the Bible. The
dried stigmas of this plant with the end of the style constitute Hay Saffron, or

when pressed together they form Cake Saffron. The latter is not found in the
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shops. The substance sold under that name bein? the pressed florets of Cartha-
mus tinctorius. (see Carthamus). Saffron contains a colouring principle called
polijchroite. The dried stigmas of some otliei species, as C. aureus, C. odorvs,
C. iuteus, C. vernus. &c.,are sometimes emplo)ed for the preparation of saffron
in certain parts of the Continent, &c. Saffron is much used as a flavouring
agent on the Continent and in the East. In this country it is principally em-
ployed 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.

Natural Order 254. Amaryllidace^. — The Amaryllis
Order (/^5. 1038—1040). — Bulbous or fibrous-rooted plants,

Fig. 1038. Fig. 1039.

Fig. 1038. Diagram of the flower of the Spring Snowflake (Leucoiiim vemum},
with six divisions to the perianth arranged in two wliorls, six stamens, and
a three-celled ovary with axile placentation. Fig. 10;5".>. The perianth of
the Daffodil (^Narcu<sus F.<>eiido-narcissus) cut open in a vertical manner, t.

Tube bearing six stamens. I. Limb of the perianth, h. Corona, Fig.

1040. Vertical section of the flower of the Spring Snowflake {Leucqjum
vernum). Fig. 1041. Vertical section of the seed of the same.

without any aerial stem, or sometimes having a woody one.

Leaves with parallel straight venation, linear-ensiform. Flowers
usually on scapes, and spathaccous (fig. 379). Perianth regu-
lar or nearly so (figs. 379 and 1038), petaloid, superior, (fig.

1040), with G divisions, and with (figs. 487 and 1039 m) or with-

out a corona (fig. 1040). Stame7is 6, inserted on the scg-
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ments of the perianth (figs. 1039 and 1040); anthers introrse

ifig. 1040). Ovary inferior {fig. 1040), 3-celled {fig. 1038).

Fruit a 3-celled, 3-valved, loculicidal capsule, with numerous
se^is ; or a berry with 1—3- seeds. Seeds with fleshy or homy
albumen, and an embryo with the radicle next the hilura {fig.

1041).

Distribution, ^c. — Natives of many parts of the world, but

like the .Iridaceae, most abundant at the Cape of Good Hope.
Examples:— Galanthus, Leucojum, AmarylHs, Narcissus, Al-
stroemeria, Agave. There are 68 genera, and 400 species.

Properties and Uses.— Several plants of this order possess

poisonous properties. This property is especially evident in

Hcemanthus toxicarius, the juice of which is used by the Hottentots

to poison their arrow-heads. Some yield excellent fibres. The
juice of some species is saccharine, and is used in the prepara-

tion of a fermented liquor. Starch may be obtained from some
species of Alstrcemeria. Medicinally, several species have been
employed as emetics and purgatives.

Alstrcemeria pallida and some other species have succulent roots containing
much starch, » hich when extracted, is used as a kiad of arrow-root in certain
parts of South America.
Agave americana, the American Aloe, Maguey, or Hundred-years' plant.

The latter name was given under the erroneous idea that 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 em-
ployed for textile fabrics, and for paper-making. The juice of the leaves of
Agave americana and other species just before flowering, contains much sugar
and mucilage, and when fermented, yields a vinous acid beverage called

Pulque, which is highly esteemed by the Mexicans. It has an odour something
like putrid meat. A very intoxicating spirit or brandy may be obtained from
the pulque. To this brandy the name of meiical or aguardient de magtiey has
been given. The unfermented juice is called Aguamiel or honey-water.

Natural Order 255. HrPoxiDACEiE.—The Hypoxis Order.

—

Diagnosis. — This is a small order of herbaceous plants, closely

allied to Amaryllidacese, from which they are distinguished by
their habit, their dry harsh leaves, by the outer divisions of

the perianth being of coarser texture than the inner, by their

seeds being commonly strophiolate, and especially by having an
embryo with the radicle remote from the hilum. The latter

character is of most importance.

Distribution, 8fc.— They are scattered over various warm parts

of the globe. Examples:— Forbesia, Hypoxis. There are 4

genera, and about 60 species.

Properties and Uses.— Tliey are reputed bitter and aromatic,

but none possess important properties. The fleshy roots of

some species are eaten.

Natural Order 256. H^modokace^.— The Blood-Root
Order.— 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— 6, when 3, opposite the inner segments of
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the perianth ; anthers introrse. Ovary inferior, 1 — 3-celled.

Fruit dehiscent or indehiscent, covered by the withered perianth.

Seeds few or numerous, with cartilaginous albumen, and radicle

remote from the hilum.

Distribution, Sfc.— Natives of America, the Cape of Good
Hope, and Australia. Examples :—Hsemodorum, Lachnanthes,
Conostylis, Vellozia. There are 13 genera, and 50 species.

Properties and Uses.— The roots of some species are used as

dyeing agents in North America, others are edible, and some
are bitter and astringent.

Ha;modorum The roots of several species, as those of H. paniculatuni and
spicatum, are roasted and eaten by the natives ol' certain parts of Australia,

The roots contain a red colouring matter.
Lachnanthes tinctoria has a blood-red root, which is used for dyeing in

North America.
Aletris furinosa is remarkable for its bitterness. It is reputed to possess

tonic and stomachic properties.

Natural Order 257. TACCACEiE.— The Tacca Order.—Peren-

nial herbaceous plants with fleshy roots. Leaves with parallel

veins, radical, stalked. Perianth tubular, regular, 6-parted, su-

perior. 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 placentas projecting more
or less into the interior; styles 3. Fruit baccate. Seeds nume-
rous, with fleshy albumen.

Distribution, Sfc. —Natives of damp places in the hot parts of

India, Africa, and the South Sea Islands. Examples :— Tacca,

Ataccia. There are 2 genera, and 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 as food.

Tacca The roots of T. oceanica yield the starch known as Tacca starch,

Tahiti Arrow- root, or Otaheite Salep. It may be employed as a substitute

for West Indian Arrow-root. C;ikes 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, and
Travancore, &c.

Natural Order 258. Bromeliace^. .— The Pine-Apple or

Bromclia Order.— Herbs or somewhat woody plants, com-
monly epiphytical. Leaves persistent, crowded, channelled,

rigid, sheathing at base, and frequently scurfy and with spiny

margins. Flowers showy. Perianth 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. Slamejis 6 ; anthers introrse. Ovary 3-celled;
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Style 1. Fruit {fig. 706, 2), capsular or indehiscent, 3-celled.

Seeds numerous; embryo minute, in 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
adjoining islands, but they are now naturahsed in West Africa
and the East Indies. Examples:— Ananassa, Bromelia, Bill-

bergia, Tillandsia. There are 28 genera, and about 175 species.

Properties and Uses. — They are chiefly important for yield-
ing edible fruits, and useful fibrous materials. Some are anthel-
mintic, and others contain colouring matters.

Ananassa sativa, the Pine-apple {Jig. 706, 2). The collertive fruit of
this species, which is called a sorosis, is the well-known and delicious fruit,
the Pine-apple. A large number are now imported into Britain, chiefly from
the Bahama Islands, but in flavour, &c., they are very inferior to the fruits
produced in this country. The unripe fruit possesses anthelmintic properties.
The fibre obtained from the leaves of this species, as well as that from one or
more species oi Broniflia and Tillandsia, is known under the name of Pine-
apple fibie, and has been used for various textile fabrics, and for paper,
cordage, &c.
Brumelia Pinguin possesses vermifuge properties. Its leaves yield useful

fibres.

Billbergia tinctoria.—In Brazil a yellow colouring agent is obtained from its
roots.

Tillandsia usneoides 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 in cold climates.
This article has been imported under the name of Spanish Moss, and em-
ployed for stuflSng cushions, &c., mixed with horse-hair. It has been also
used for stuffing birds.

2. Hypogynse.

Natural Order 259. Liliace^. — The Lily Order (figs.
1042— 1047). —Herbs (fig. 225), shrubs (fig. 386), or trees

(fig. 186), with bulbs (figs. 222 — 225), rhizomes (fig.
217), tuberous or fibrous roots. Stem simple or branched.
Leaves with parallel veins (fig. 225), sessile or sheathing.

Flowers regular (figs. 406, 424 and 1043). Perianth green or
petaloid, inferior (figs. 424 and 1045), 6- leaved or 6 -parted (figs.

424 and 1042). Stamens 6 (figs. 424, 510 and 1042), inserted

in the perianth, or rai-ely on the thalamus; anthers introrse

(figs. 510 and 1045). Ovary superior (figs. 424, 510 and
1045), 3-celled (figs. 1042 and 1046); stylel (fig. 1045);
stigma simple (fig. 424) or 3-lobed (fig. 633). Fruit a loculi-

cidal capsule, or succulent and indehiscent, 3-celled (fig. 1046).
Seeds with fleshy albumen (fig. 1047), numerous.

Distribution, Sfc.—They are widely distributed throughout
the temperate, warm, and tropical regions of the globe. Ex-
amples :— Tulipa, Fritillaria, Lilium, Funkia, Phormium, Aloe,
Yucca, Allium, Scilla, Hyacinthus, Zephrya, Asphodelus,
Aphyllanthes, Xanthorrhoea, Wachendorfia, Asparagus, Tupistra,

Ophiopogon. There are 147 genera, and about 1200 species.

X X 2
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Fig: 1042. Fig. 1043.

Fig. 1042. Diagram of the flower of a species of Lily. s. Tlie three outer

divisions of the perianth, p. The three inner, e. The stamens, c. Three-

celled ovary Fig. 1043. Flowering stem, and portion of the succulent leaf

ofthe Socotrine Aloes {Aloe socotrina) Fig. 1044. Flower of the Crowa
Imperial {Fritillaria imperialis), with half of the perianth removed Fig,

1045. Vertical section of a flower of Solomon's Seal {Polygonatum muhi-
florurri). Fig. 1046. Transverse section of the ovary of the White Lily

(Lilium candidum) Fig. 1047. Vertical section of the seed of the Crown
Imperial (.Frilillaria imperialia).

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 ; others diu-

retic, diaphoretic, stimulant, acrid, &c. Several yield astringent

products, and valuable fibres. The bulbs, young shoots, and

seeds of several, are eaten.
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Lilium—The bulbs of some species, as those of L. tenuifolium, kamtschati'
cum, and spectabile, are commonly eaten in Siberia.
Phormium 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. Its root has been recommended as a substitute for
Sarsaparilla.

Sameviera zeylanica and other species, produce very strong and tough
fibres, which are known under the names of African Hemp or Bowstring
Hemp.
Yucca gloriosa and other species which are commonly known under the

name of Adam's Needle, yield fibres, but these are but little used.
Aloe.— The species of this genus have succulent leaves (Fig. 104-3). The

purgative drug Aloes is the inspissated juice of the parallel brownish-green
vessels found beneath the epidermis of the leaves. Several commercial
varieties are known,',but the origin of some is not accurately determined. Aloe
vulgaris or barbadensis yields the kind called Barbadoe« .\loes. A.socotrina
and purpurascens, probably yield both Socotrine and Hepatic Aloes, for, as
shown by the late Dr. Pereira, the difference between these two kinds maybe
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, it resembles commercial Hepatic Aloes. Cape Aloes is

yielded by ^. spicata and other species ; Indian Aloes, by A. indica and others.
Other commercial varieties of Aloes are known as Horse or Caballine Aloes,
Mocha Aloes, and Cura(;oa Aloes. Their source is not accurately known.
Aloes is used in small doses as a tonic, and in larger doses as a purgative and
emmenagogue.

Allium.—The bulbs, &c., 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 emplojed in
medicine, thus externally applied, they are rubefacient, &c., and internally
administered, they are stimulant, expectorant, diuretic, and somewhat an-
thelmintic. All the species contain an acrid volatile oil, containing sulphur
as one of its ingredients. Soine species when cultivated in warm dry regions
lose much of their acridity and powerful taste, as the Portugal, Spanish, and
Egyptian Onions. A. sativum is the Common Garlic; A. Cspa, the Onion ;

A. Porrum, the Leek ; A. Schoenoprasum, the Chive ; A. Scorodoprasum, the
Rocamiiole ; A, asculonicum, the Shallot.

Cajnassia esculenta has edible bulbs, which are used by the North American
Indians under the name of QuamasA. They are also known as , Biscuit-
roots.

Urginea Sciila or Scilla maritima.—The 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 it is 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. Mandet — one which produces expectorant and diuretic pro-
perties, and not poisonous ; the other, an irritating poison|; the former, is

called scillitine, the latter skuleine.
Xanthorrhcca. — The species of this genus are commonly known in New

South Wales, where they are natives, as the Grass-trees. The tops of these
plants afford fodder for cattle, and their young leaves and buds are eaten as a
vegetable. From X. arboiea, 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 of X. Haatile. 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
medicinally in those cases where tolu and other balsams are employed.
Asparagus officinalis. Asparagus. — The young succulent shoots called

turius, when boiled, are highly esteemed as an article of food. These, and the
roots, and flowering stems, are sometimes employed as diuretics. Asparagus
is also popularly employed as a lithic. The roasted seeds have been used
as a substitute for coffee.

Draccena Draco, the Dragon Tree of Teneriffe {Jig. 186), yields a red resin
resembling Dragon's Blood, but it is not known in commerce. (See Calamus

XX 3
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and Pterocarpus .^ The roots of D. terminalis, the Ti Plant, are baked, and
eaten largely hy the inhabitants of the Sandwich Islands. A fermented bever-
age is also obtained from its juice Its leaves are also employed as fodder for
cattle, and for clothing ;md other domestic purposes.
Polygonatum ofpcinale f^x vulgare. — Tlie rhizomes of this, and probnbly

those of P. nntltiflorum, 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 |)a'ts of the body.

Rusctis acttleatvs. Butcher's Broom {Fig. 386), has aperient and diuretic
roots, which were formerly much employed in visceral diseases. The roasted
seeds have been employed as a substitute for coffee.

Natural Order. 260, MELANTHACEiE or Colchicace^e.—
The Colchicum Order {figs. 1048— 1051).— Herbs, with bulbs

Fig. 1048. Fia. 1049.

Fig. 1050. Fig. 1051.

Fia 1048 The flowering plant of the Meadow Saffron (Colchicum mitumnale).

Fiu. 1049. Diagram of tlie flower of Die above, witli six divisions to the

perianth, arranged in two whorls ; six stamens: and an ovury composed of

three carpels Fig. lOoO. Transverse section of the fruit ot the above

Fif/. 1051. Vertical section of the seed.

coriris (figs. 229 and 1048), tuberous or fibrous roots. Flowers

rcj^ular {fig. 1048), usually hermaphrodite, rarely unisexual.

Ferianth inleriur, wliite, green, or purple, ])etaloid {fig. 1048),

e-parted or G-leavcd. Stamens 6 {figs. 507, 1048 and 1049);

anthtrs cxlrorsc {fig. 507). Ovury ^uperior or nearly so, 3-

celled {fig. 1049^; style 3-parted {fig. 1048). Fruit 3-celled

(fig, 1050), 3-valved, with commonly septicidal dehiscence

(fig 654), sometimes loculicidal. Seeds with a membranous

testa ; embryo minute, in fleshy albumen (fig. 1051).

Distribution, ^c.— Generally ditiused, but most abundant in
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Europe, Nortli America, and the northern parts of Asia. Ex-
amples :— Tofieldia, Helonias, Asagraea, Veratrum, Uvularia,
Colchicum. There are 31 genera, and 130 species.

Properties and Uses. — The plants of this order are ahnost
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.

Jsagr^a officinalis. — This plant, a native of Mexico, is the principal, ifnot
the only source of the Sabadilla, Cevadilla, or Cabadilla of the shops. This
consists' of fruits and seeds. The seeds are officinal, thf>y are principally em-
ployed as a source of the alkaloid Veratria. Veratria has been used ex-
ternally as a rubefacient, in rheumatism, gout, and neuralgic aflFections, and
also internally in similar affections in doses of one twelfth to one sixth of a
grain. It is a most powerful poison. Cebadilla 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.

Veratrum— V. Subadilla is thought by some to be one of the sources of
Sabadilla. The rhizomes of V. album are commonly known as White Hel-
lebore roots. They contain the alkaloid Veratria, and another alkaloid named
Jervin. White Hellebore is a narcotico-acrid poison. It has been employed
externally as an errliiiie, and for destroying vermin ; and internally as a pur-
gative and anodyne in gout, &c. The rhizome of V. viride. Green Hellebore,
is now much employed in the United States under the name of American
Hellebore, Swamp Hellebore, and Itch Wood, as an arterial sedative in in-
flammatory affections. In its local action it resembles .White Hellebore.

Uvularia—The species of this genus are said not to possess the usual
poisonous properties of the Melanthaceae, but to be simply astringent in their
action.

Colchicum autumnale, the Colchicum or Meadow Saffron.— Both the
seeds and corms of this plant are employed medicinally in gout and rheumatism.
In improper doses they act as narcotico-acrid poisons. They owe their pro-
perties to a peculiar alkaloid, called Colchicia. The once celebrated French
nostrum for gout, called Eau medicinale d'Husson, owed ilis properties to
Colchicum, The Hermodactyls of the Greek physicians and Arabians, and
which were largely employed by them in diseases of the joints, have been
shown by Planchon to be the corms of C. variegatum, the source of the Her-
modactyls of the present day. Some other Hermodactyls had a different origin.

Natural Order 261. Gilliesiace^.— The Gilliesia Order.
— Small herbaceous bulbous plants, with grass-Uke 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 is regarded by Lindley as

a whorl of bracts. Stamens 6, all fertile, or 3 sterile. Ovary
superior, 3-celled. Fruit capsular, 3-celled, loculicidal. Seeds
numerous, with a black brittle testa; tmbryo curved, in fleshy-

albumen.
Distribution, ^'c.— They are natives of Chili. There are 2

genera, Gilliesia and ISIiersia, and 5 species. Their properties

and uses ar^ unknown.
Natural Order 262. Pontederaceje. — The Pontederia

Order.— Aquatic plants. Leaves sheathing at the base, with
occasionally dilated petioles. Flowers irregidar, spathaceous.
Perianth inferior, 6-parted, petaloid, tubular. Stamens 3 or 6,

inserted on the segments of the perianth; anthers introrse. Fruit

XXI
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capsular, occasionally somewhat adherent to the persistent

perianth. Seeds numerous, with mealy albumen.
Distribution, 8fc.— They are natives of the East Indies,

Africa, and America. Examples:—Leptanthus, Pontederia.

There are 6 genera, and 30 species. Their properties are

unimportant.

Natural Order 263. Mayace^.— The Mayaca Order.

—

Diagnosis.— Small moss-like plants growing in damp places.

They are closely allied to Commelynaceae, from which they

differ in habit, in their 1 -celled anthers, in their 1 -celled ovary
and capsule with parietal placentas, and in their carpels being

opposite to the inner segments of the perianth.

Distribution, Sfc.— They are found in America from Brazil to

Virginia. Mayaca is the only genus, of which there are 4
species. Their properties and uses are unknown.

Natural Order 264. Commelynace^.— The Spider-Wort
Order.— 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, persistent, and
opposite to the carpels ; the inner petaloid. Stamens 6 or 3,

some generally abortive, hypogynous ; an//jers2-celled. introrse.

Ovary 3-celled, superior; style 1. Capsule 2 — 3-celled, 2—
3-valved, with loculicidal dehiscence and axile placentation.

Seeds few, with a linear hilum ; embryo shaped like a pulley,

remote from the hilum, in dense fleshy albumen.
Distribution, Sfc. — They are chiefly natives of India, Africa,

Australia, and the West Indies. Examples : — Commelyna,
Tradescantia, Cyanotis, Flagellaria. There are 1 6 genera, and
260 species.

Properties and Uses.— Their properties are unimportant.
The rhizomes of some species, as those of the Commelyna tuberosa,

angustifolia, and striata, contain much starch, and in a cooked
state are edible. Some species have been reputed astringent

and vulnerary, and others emmenagogue, &c.; but they re-

quire no particular notice from us.

Natural Order 265. Xyridace^. — The Xyris Order.—
Sedge-like herbaceous plants. Leaves radical, sheathing, en-

siform or filiform. Flowers perfect, in scaly heads. Perianth

inferior, of 6 parts arranged in two whorls,— the outer gluma-
ccous, distinct, and opposite the carpels ; the inner petaloid, and
united. Stamens 6, 3 being fertile and inserted on the peta-

loid perianth; anthers extrorse. Ovary superior, 1- celled, with
parietal placentas. Capsule 1 -celled, 3-valved. Seeds nume-
rous, orthotropous ; embryo minute, on the outside of fleshy

albumen.
Distribution, 8fc.—Exclusively natives of tropical and sub-

tropical regions. Examples :— Xyris, Rapatea. There are 5
genera, and 70 species.
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Properties and Z7ses.—Unimportant. The leaves and roots of

some species of Xyris have been employed in certain cutaneous

affections.

Natural Order 266. Philtdraceje.—The Water-wort Order.

— Herbs with fibrous roots. Leaves equitant, ensiform, sheath-

ing. Flowers surrounded by spathaceous persistent bracts,

soUtary. 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 capsular, with

locuhcidal dehiscence. Seeds numerous, with an embryo in the

axis of fleshy albumen.
Distribution, ^c. — They are natives of China and New

Holland. There are 2 genera, Philydrum and Hetaeria, and 2

species. Their properties and uses are unkno^vn.

Natural Order 267. Jdncace^.—The Rush Order (^figs.

1052, 1053). — Sedge or grass-like herbs, with tufted or fibrous

Fig. 1052. Fig. 1053.

Fig. 1052. Flower of a species of Wood-rush (Lmula), with an inferior

perianth of 6 divisions, 6 stamens, and a superior ovary with 1 style and
3 stigmas. Fig. 1053. Vertical section of the seed of the above.

roots. Leaves with parallel veins, either fistular, or more or less

flattened and grooved. Flowers regular {fig. 1052), usually

glumaceous, or sometimes petaloid. Perianth inferior, 6 -parted

{fig. 1052), persistent. Stamens 6 {fig. 1052), or 3, perigynous

;

anthers introrse, 2-celled. Ovary superior {fig. 1052), 1— 3-

celled; style I {fig. 1052); stigmas 3 {fig. 1052), or 1. Fruit

capsular, 3-valved, with loculicidal dehiscence, and with 1 or

many seeds in each cell ; rarely 1-celled, 1-seeded, and inde-

hiscent ; embryo very minute, in fleshy or horny albumen

{fig. 1053).

Distribution, 8fc.—A few are found in tropical regions, but

the mass of the order inhabit cold and temperate climates.

Examples

:

—Luzula, Juncus, Narthecium. Lindley enumerates
19 genera, and 200 species.

Properties and Uses.— Their medicinal properties are imim-
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portant, although some have a reputation as anthelmintics and
dim-etics. The pale cellular tissue at the base of some of the

leaves of certain species are occasionally eaten. The chief use

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 Juncus are employed for these purposes. The pith of

the fistular leaves of Junci are employed for the wicks of rush-

lights.

Natural Order 268. Orontiace.*; or AcoKACEiE.—The Oron-
tium or Sweet-flag Order.—Herbaceous plants. Flowers perfect,

arranged on a spadix, and with or without a spathe. Perianth

absent, or composed of scales, which are inferior. Stamens
equal in number to the scales of the perianth, 4—8, hypo-
gynous 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, rarely without

albumen. This order is commonly regarded as a division of the

Aracege, but we place it here according to the views of Lindley,

on account of its plants possessing perfect flowers.

Distribution, ^c.— They are found in cold, temperate, and
tropical regions. Examples:— Calla, Dracontium, Symplocarpus,
Orontium, Acorus. There are 18 genera, and 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 some
species may be eaten. Some are aromatic stimulants ; others

antispasmodic, expectorant, and diaphoretic.

Calla palu^tris has acrid rhizomes, but by drying, washing, grinding, and
baking, they have bepn made into a kind of bread in Lapland.

Syinplocaipus fcctidus. Skunk Cabbage.— The root has a very foetid odour,
especially when fresh. It is considered in the United States as an etficacious

nervous "stimulant, and has been used in spasmodic asthma, hooping-cougii.
catarrh in old people, and in other diseases. Its properties are much impaired
by keeping.
Acorus Calamus, Sweet Flag.— The rhizome is an aromatic stimulant,

and is regarded by some as a valuable medicine in agues, and as a useful

adjunct to other stimulants and bitter tonics. It is reputed to be sometimes
employed by the rectifiers of gin. The volatile oil which may be obtained
from it by distillation, is employed for scenting snuff, and in the preparation of
aromatic vinegar.

Natural Order 269. Palmace^e.—The Palm Order {figs.

1054—10.59) — Trees or shrubs, with simple {fi(/.l78, 1) or

rarely branched trunks (Jig. 185). Leaves terminal (figs.

178 and 185), large, with sheathing stalks. Flowers perfect

(figs. 1056 and 1057), or unisexual (figs. 1054 and 1055),

arranged generally on a branched spadix (fig. 394), which is

enclosed by a spathe. Perianth inferior, in two whorls, each of

which is composed of three parts (figs. 1054 and 1055). Sta-

mens 6 (figs. 1054 and 1055), 3, or numerous, perigynous. Ovary
superior (figs, 1056 and 1057), i—3-(figs. 1055 and 1057)
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celled. Fruit nut-like, baccate, or drupaceous {fig. 1058).
Seeds with a minute embryo {fig. 1058 e and 1059), in a caWty
of the albumen {fig. 1058(f); albumen fleshy, or horny {figs.
1058 c and 1059), often ruminate

{fig. 740 p).

Fig. 1054. Fig. 1056. Fig. 1057.

^.^^

Fig. 1055. Fig. 1058. Fig. 1059.

i^ig. 1054. Diagram of the staminate flower of the Fan Palm (Chamcerops),
with six divisions to the perianth, and six stamens Fig. 105.5. Diagram
of the pistillate flower of the same, with six divisions to the perianth, and a
3-celled ovary Fig. lOofi. Hermaphrodite flower of the Blue Palmetto
(CTamcerops Az/s^rix). with the perianth removed, ov. Ovary, st- Stamens.
Fig. 1057. The same, with three of the stamens removed, so as to exhibit
more completely the three carpels composing the pistil, st. Stamens, c.

Carpels Fig. 10.58. Vertical section of the fruit of the Cocoa-Xut Palm
{.Cocos nucifera). a. Two outer layers or husk of the pericarp. 6. Endocarp,
or inner layer, or shell, c. Albumen, d. Cavity in the albumen, e. Em-
bryo Fig. 1059. Vertical section of the seed of the Fan Palm.

Distribution, Sfc. — Most of the plants are tropical, but a few
occur in temperate regions. Examples :— Chamaedorea, Leo-
poldinia, Areca, Saguerus, Calamus, Sagus, Lodoicea, Hyphgene,
Chamserops, Phoenix, Acrocomia, Attalea, Elais, Cocos, Phyte-
lephas. Lindley enumerates 73 genera, and 400 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 apphcations, as the Palms,
They supply him with sugar, starch, oil, wax, wine, resin, astrin-

gent matters, and edible fruits and seeds. Their terminal leat-
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buds, when boiled, are eaten as a vegetable. Their leaves are
applied in various ways, as for thatching their habitations,

materials for writing upon, in the manufacture of hats, matting,

&c. ; their wood is applied to many useful purposes ; the fibres

of their petioles and fruits supply materials for cordage, cloth,

and various textile fabrics ; and the hard albumen of their seeds

is applicable 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.

Leopoldinia Piassaba.— The persistent petiole-bases of this Palm termi-
nate in long pendulous beards of bristle-like fibres ; these are cut off from the
young plants after having been previously combed out by means of a rude
comb, and now form an important article of commerce in Brazil. The fibres

are known under the names of Piassaba or Pia9ava, Para Grass, or Monkey
Grass. They are chiefly used for brooms, brushes for cleaning, &c. Accord-
ing to Spruce, the pulpy envelope of the sarcocarp of the ripe fruit, yields a
delicious drink resembling cream in colour and taste.

Euterpe montana is one of the Cabbage Palms. It is so called from the
circumstance of its young leaf-buds being boiled and eaten as a vegetable.
From the fruits of other species, as E. edulis and Assai, pleasant beverages
are prepared.
Areca Catechu, the Catechu or Betel Nut Palm. — The seed is known un-

der the names of the Betel, Areca, and Pinang Nuts. In the south of India
an extract is made from Areca nuts. This extract constitutes one of the com-
mercial varieties of Catechu, and is commonly known as Colombo or Ceylon
Catechu, altiiough it is doubtful whether any Catechu is prepared in that
island. In its properties and uses it resembles the Catechu obtained from
Acncia Catechu (See p. 531). Charcoal prepared from the Areca nut is

termed Areca-nut charcoal, and is used in this country as a tooth-powder. )t

has no value over that of ordinary charcoal. The Betel Nut is one of the in-

gredients in the filmed masticatory of the East, called Betel, (See Chavica
Betel.^ A. oleracea is the West Indian Cabbage Palm. Its young terminal
bud is boiled, and eaten as a vegetable.

Ceroxylon or Iriartea andicola. — 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 South America.

Copernicia cerifera, the Carnauba Palm, is a native of the Brazils. On
the lower surface of its leaves wax is secreted, which is occasionally imported
into this coiuitry under the name of Carnauba or Brazilian Wax.

Caryotn urens. — From this palm sugar may be procured, and its juice when
fermented, forms a kind of toddy or palm wine. From the trunks of the old
trees a kind of Sago is obtained in Assam.
Mauritia vinijera, the Muriti Palm, and M.ftexuosa, yield toddy.
Saguerus saccharijer, the Gommuti Palm, supplies abundance of palm

sugar in the Moluccas and Philippines. Palm sugar is generally obtained
from the juice which flows out from the different Palms upon wounding their

spathes and surrounding parts. It is commonly known in India by the
name of Jaggery. The juice of the Gommuti Palm when fermented, pro-
duces an intoxicating iituid or toddy. In Sumatra it is termed iieva, 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 ot our commercial Sago is

obtained. A single tree will yield from 1.50 to 200 pounds of Sago. The juice
of the fruit is very acrid. The stiff strong fibre known under the name of
Gommuti or Ejow fibre, is obtained from the Saguerus sarcharifer.
Sanus.—Yxom the trunks of S. Icevis, S. grnuina, and other species, the prin-

cipal part of our Sago is obtained. From the former, as much as 800 lbs. may
be produced from a single plant. Sago is imported into this country from
Singapore. The average importation for some years has exceeded 400O tons.

Corypha utnbracnlifera, the Talipot Palm, also yields Sago in Ceylon.
Borassus JlabeU(/ormis, the Palmyra Palm.—From the juice of this Palm,
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toddy is obtained in large quantities in India, Palmyra fibres are obtained
from its leaves, and Palmyra wood from its trunk.
Phoenix.—P. dactylifera is the Date Palm. The fruits called Dates are nu-

tritious, and afford 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 sed as an article for thedessert, but they arenotmuch
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 com-
monly referred to in Scripture. Sug^r and toddy are obtained from its juice.
P. sylvestris, the Wild Date Palm, is the plant from which the laraest quantity
of palm sugar is obtained. It is a native of India, where, it is said, 130,000,000
pounds of sugar are annually extracted from it. Palm sugar generally re-
sembles cane sugar 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. Phoenix farinifera yields an inferior kind of Sago,^ which is used
in some parts of India,

Calamus. — Several walking-canes are obtained from species of this genus,
as C. Zalacca, the Malacca cane ; C. Scipionum {Rotang), and C. Rudentum,
Rattan canes. Partridge canes and Penang lawyers are the produce of un-
determined species. The fruit of C- Draco, and probably other species, is the
chief source of the astringent resinous substance known as Dragon's Blood.
(See also Pterocarpus Draco, and Draccena Draco).

HyphcEtie thebaica, the Doum Palm of Egypt (Jig. 185). The pericarp of its

fruit resembles gingerbread; hence this plant is sometimes known as the
Gingerbread tree.

Chamcerops humilis is the only Palm found wild in Europe. It supplies fibres

which have been used as a substitute for horse-hair, and in Sicily the different

parts of this plant 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 are obtained from C. argentea.

Attaleafunifera— The fruits of this species are largely imported into this

country, and constitute the Coquilla nuts of commerce. The pericarp is very
hard, and forms a useful material for the handles of doors, drawers, sticks,

umbrellas, &c. The pendulous fibres of the petioles supply a material closely
resembling Piassaba (see Leopolditiia); in fact, this Palm was, till recently, re-
garded as the source of Piassaba. Other species appear to yield similar fibres.

From the seeds of ^. Cahuuni,i\\e Cahcun Palm, a fatty oil may be obtained.
They have been lately imported for that purpose.
Phytelephas macrocarpa — The hard albumen of the seed of this Palm

constitutes the vegetable ivory of commerce. It is used extensively by the
turners. The fruits containing the seeds present some resemblance to negroes'
heads, and are hence termed Cabeza del negro.

Elais guineensis and E. melanoeocca, the Guinea Oil Palms. — The sarco-
carp of the drupaceous fruits of these Palms abounds in oil, which when ex-
tracted is known as Palm Oil. This is a solid butter-like oil, of a rich orange-
yellow colour, and is extensively used in this country in the manufacture of
soap and candles, and for lubricating the wheels of railway-carriages, &c. In
Africa it is used as food by the natives. The hard stony putamen of the same
fruits yields a limpid oil. Palm wine maybe also prepared, from the juice
which flows from the woimded spathes of these Palms.
Cocos nucifera, the Cocoa or Coco-nut Palm—This is perhaps the most valu-

able of all the Palms. Sugar called Jaggery is largely obtained from the juice
which flows out when its spathes and spadix are injured. Toddy and arrack
are prepared to a great extent from the fermented juice. The albumen 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. The Cocoa-nut is also
largely consumed in this country. From this albumen, the concrete oil, known
as Cocoa-nut oil or Cocoa-nut butler, is obtained It is extensively employed
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, pre-
vent its use in this country for such a purpose. From the fibrous portion of
the pericarp of the Cocoa-nut, the strong fibres called Car or Cocoa-nut
fibres are obtained. Coir is remarkable for its durability, and is accordingly
much used for cordage, fishing-nets, matting, scrubbing-brushes, &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.
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Natural Order 270. Juncaginace^. — The Arrow-grass
Order. — Herbaceous marsh plants. Leaves with parallel

veins. Flowers 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,

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. 744 and 745).

Distribution, ^c.— Found more or less in nearly all parts of

the world, but most abundant in temperate and cold regions.

Examples

:

—Triglochlin, Potamogeton, Ouvirandra. There are

7 genera, and 44 species. Their properties are unimportant.

Natural Order 271. Alismace^.—The Alisma Order (figs.

1060 and 1061). — Swamp or floating plants. Leaves

Fig. 1060. Fig. 1061.

Fig. 1060. Flower of a species of Alisma, with an inferior perianth, arranged

in two whorls, each consisting of tliree parts ; six stamens ; and numerous

carpels Fig. 1061. Vertical section of the same.

narrow or with an expanded lamina, parallel-veined. Flowers

perfect (figs. 1060 and 1061), or very rarely unisexual.

Perianth inferior, arranged in two whorls, each consisting of

three parts (fig. 1060) ; the outer Avliorl herbaceous, the inner

coloured. Stamens few (fig. 1060), or numerous ;
anthers

introrse. Ovaries several (fig. 1060), superior, 1 -celled ; ovules

solitary, or 2-superposcd : placentas axile or basal (fig. 1061).

Fruit dry. Seeds without albumen ; embryo undivided, curved.

Distribution, Sfc.—They arc principally found in the northern

parts of the world. Examples:— Alisma, Sagittaria, Actino-

carpus. There are 3 genera, and 50 species.

Properties and Uses.—Of little importance. Many have fleshy

mealy rhizomes, Avhich are edible when cooked. Others possess

astringent properties.

Natural Order 272. Butomace^. — The Butomus or
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Flowering Rush Order {Jigs. 1062 and 1063). — Aquatic
plants -with parallel-veined

y.leaves, sometimes milky. Fig. 1062. Fig.lQ^^.

I Flowers perfect {figs. 575,

621, and 1062), showy.
Perianth inferior, of six

pieces, arranged in two
whorls {fig 1062J, the

inner being coloured. Sta-

mens few {fig. 1062) or

numerous. Ovaries supe-

rior {fig. 1062), 3—6 {fig.

575), or more; more or less

distinct : ovules numerous,
arranged all over the inner p% lO'^s. :a flower of the Flowering Rush

„ »
,

• / /?
{Butomus umbellatus), with a 6-partite inferior

SUrraCe or tne ovaries {Jig. perianth, arranged in two whorls ; nine sta-

621). jP/-«?7 many-seeded, mens; and six carpels. i^i^. 1063. Vertical
'

. "^1 section ol the seed ot the same.
separating more or less

into as many parts as there are component carpels {fig, 577).

Seeds without albumen {fig. 1063).

Distribution, ^c. — A few occur in tropical countries, but the

mass of the order inhabit the northern parts of the world.

Examples

:

— Butomus, Lymnocharis. There are 4 genera, and
7 species.

Properties and Uses.— Of little importance. Butomus um-
bellatus, the Flowering Rush, possesses acrid and bitter pro-

perties, and was at one time used in medicine. The roasted

rhizome is edible.

3. Diclines.

Natural Order 273. Pandanace^.—The Screw-pine Order.
— Palm-like trees {fig. 178, 2), or shrubs. Leaves sheathing,

imbricated, and spirally arranged in 3 rows, simple or pinnate.

Flowers unisexual or polygamous, numerous, arranged
on a spadix, with numerous spathaceous bracts. Perianth
absent, or scaly. Statnens numerous ; anthers 2—4-celled.

Ovaries 1-celled ; ovules solitary or numerous, on parietal

placentas. Fruit consisting of a number of 1- seeded fibrous

drupes ; or of many-celled, many-seeded berries. Embryo
minute, sohd, at the base of fleshy albumen.

Distributiun, ^c.—Exclusively tropical plants. Examples :—
Pandanus, Carludovica, Nipa, Cyclauthus. There are 24
genera, and 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 Nipafruticans is the Atap of India. The
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unexpanded leaves of Carludovica palmata furnish the material
employed in the manufacture of Panama hats.

Natural Order 274. Typhace^. — The Bulrush Order.—
Herbs growing in watery places. Leaves rigid, linear, sessile,

parallel-veined. Flowers 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 mona-
delphous 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, 8fc. — A few are found in tropical and warm
climates, but they are most abundant in the northern parts of

the world. Examples :— Typha, Sparganium. There are 2
genera, and 18 species.

Properties and Uses.— Unimportant. The young shoots of

Typha latifolia and angustifolia are sometimes boiled, and eaten

like Asparagus. Their rhizomes are also edible. Their pollen

is inflammable. The pollen of some species of Typha is edible
;

thus, that of T. elephantina 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. Aeace^.—The Arum Order {figs. 1064
—1067).— Herbs or shrubs, with an acrid juice, and sub-

terranean tubers, corms, or rhizomes {fig. 1064). Leaves
sheathing {fig. 1064 I ), usually net-veined, simple, or rarely

compound. Flowers moncecious, arranged on a spadix {figs.

380 and 1065), within a spathe {fig. 380). Perianth none

{fig. 1065). Maleflower

:

— Stamens few or numerous ; anthers

extrorse {fig. 489), sessile {fig. 489), or upon very short fila-

ments. Female flower

:

— Ovary {fig. 1066), 1-celled, or rarely

3 or more celled. Fruit succulent {fig. 1064 c). Seeds pulpy,

with mealy or fleshy albumen (fig. 1067), or rarely exalbumi-
nous ; embryo axial, slit on one side.

Distribution, ^c.—They abound in tropical countries, but a few
occur in cold and temperate regions. Examples

:

—Cryptocoryne,

Arum, Colocasia, Caladium, Diefffenbachia, Richardia. There
are 30 genera, and 170 species.

Properties and Uses.— The plants of this order are all more
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 drying or exposing to heat
the parts in which it is present. The best method of getting

rid of the acridity is, however, by boiUng in water, as the acrid

matter is commonly soluble in that fluid. Starch is usually

associated with the acrid principle.

Aristcma atrorubens. Dragon-root, Indian Turnip. — From the tuber of

this plant a nutritious fecula is obtained in the United States. The tuber is



PETALOIDEiE. 689

Fig 1064. Fig. 1065. Fig. 1066.

Fig. 1067.

Fig. 1064. A plant of the Cuckow pint {Arum maculatum) in fruit. 6.

Underground corm or tuber. I. Leaf. s. The remains of the spathe. c.

Fruit Fig. 1065. The spadix of the same with the spathe removed; the
flowers are all naked and unisexual, the pistillate flowers being below, the
staminate above, and those in the centre are abortive Fig. 1066. "Ver-
tical section of the pistil of the same Fig. 1067. Vertical section of the
seed of ditto.

also given internally as a stimulant in rheumatism, bronchial affections, &c.,
and is also used extensively as an application to aphthous affections in children.
Arum,—The 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 31bs. of starch. The preparation of this starch is now
almost, if not entirely, given up. Formerly the tubers were used medicinally
as diuretics and expectorants. When fresh, they act as an irritant poison.
Arum campanulatum, or Amorphophallus 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 for true Yams.)

Colocasia esculenta and others, have large fleshy corms, which are much
used in the West Indies, Madeira, &c., as food, under the names of Yams,
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Cocoes, or Eddoes. C. himalensis 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. macrorhiza are eaten in the South Sea Islands under the
name of Tara.

Natural Order 276. Pistiace^e or Lemnace^.—The Duck-
weed Order (^figs. 1068, 1069).— Floating aquatic plants

{fig. 236), with lenticular or lobed leaves or fronds. Flowers

2 or 3, enclosed in a spathe {fig. 1068), monoecious, placed

Fig, 1068.

I'-TiniLc^ai

Fig. 1068. A moncecious 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. 1069. Vertical section

of the pistil of the same.

on the margin or surface of the frond (fig. 236), or in the axils

of leaves. Perianth none, Male fiovoer with 1 {fig. 1068), or

a few stamens, which are often monadelphous. Female flower
consisting of a 1-celled ovary {fig. 1069), with 1 or more erect

ovules. Fruit 1- or more seeded, membranous or baccate, inde-

hiscent, or sometimes dehiscent. Embryo straight, cleft, in the

axis of fleshy albumen.
Distribution, 8fc.—They inhabit cool, temperate, and tropical

regions. Examples

:

—Lemna, Pistia, Ambrosinia. There are

9 genera, and 20 species. Their properties are unimportant.

Natural Order 277. Naiadages. — The Pondweed Order.

{figs. 1070— 1073). — Aquatic plants with jointed cellular

stems. Leaves with interpetiolar membranous stipules. Flowers
small, unisexual {figs. 1070, 1071), Perianth either want-
ing, or composed of 2 or 4 parts. Stamens few, hypogynous ;

pollen globose. Ovaries 1 or more, superior {fig. 1071) j ovule

sohtary {fig. 1072). Fruit 1-celled, 1-seeded {fig. 1073). Seed
exalbuminous {fig. 1073) ; embryo with a lateral cleft.
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Fig. 1070. Fig. 1071. Fig. 1072. Fig. 1073.

Fig. 1070. Two flowers of the Horned Pondweed {Zannichellia palustris\ one
staminate, the other pistillate Fig. 1071. The pistil of the same, com-
posed of four perfect carpels, and one imperfect Fig. 1072. Vertical
section of the ovary of the same. Fig. 1073. Vertical section of the fruit

and seed. All magnified. After Lindley.

Distribution, ^c. — Chiefly found in extra-tropical regions.

Examples :— Xaias, Zannichellia. They have no known uses.

Natural Order 278. Zosteeace^.—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 usually, by the

complete absence of a perianth.

Distribution, ^c.— They are widely distributed in the ocean

in various quarters of the globe. Examples :— AmphiboUs,
Zostera. There are 5 genera, and 12 species. Their properties

are of little importance. Zostera marina, Sea-wrack, is in

common use for packing, and for stuflSng chairs, mattrasses, &c.,

under the name of Alva (Ulva or Alga) marina.

Natural Order 279. Triuridace^.—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, however, sometimes perfect.

Distribution, ^c. —Exclusively found in warm and tropical

regions.— Examples .-— Triuris, Sciaphila. There are 5 genera,

and 8 species.

Their properties and uses are unknown.
Natural Order 280. Htdrocharidace^.—The Hydrocharis

or Frog-bit Order.— Aquatic plants. Flowers spathaceous,

regular, dioecious or polygamous. Perianth superior, in 1

T Y 2
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or 2 whorls, each of 3 pieces, the inner petaloid. Stamens

few or numerous. Ovary inferior, 1—9-celled. Fruit inde-

liiscent. Seeds numerous, without albumen.

Distribution, 8fc.—Inhabitants of fresh water in Europe, North
America, East Indies, and New Holland. Examples :—Anacharis,

Vallisneria, Stratiotes, Hydrocharis. There are about 16 genera,

and 25 species. Their properties are unimportant.

Natural Order 281. Restiace^. —The Restio Order.

—

Herbs or under-shrubs. Leaves absent, or narrow. Stems

either naked, or more commonly with slit equitant leaf-sheaths.

Flowers 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-hke. Seeds albuminous, without hairs; embryo lenticular,

and terminal.

Distribution, 8fc.—Natives principally of South Africa, South
America, and Australia. None occur in Europe. Examples

:

—
Leptocarpus, Willdenovia, Restio. There are 25 genera, and
171 species.

Properties and Uses. — Unimportant. The wiry stems of

some species have been used for basket-making, &c., and for

thatching.

Natural Order 282. Eriocaulace^. — The Eriocaulon or

Pipewort Order.—Aquatic or marsh plants. Leaves clustered,

linear, usually grass-like. Flowers minute, unisexual, in dense

heads, each arising from the axil of a membranous bract.

Perianth tubular, 2—3-toothed or lobed. Stamens 2—6; anthers

2-celled, introrse. Ovary superior, 2—3-celled. Fruit dehiscent,

2—3-celled, 2—3-seeded. Seeds pendulous, albuminous, hairy

or winged; embryo lenticular, terminal.

Distribution, Sfc.—Mostly natives of tropical America, and the

north of Australia. One species is found in Britain—Eriocaulon

septangiilare. There are 9 genera, and 200 species. Their

properties are unimportant.

Natural Order 283. DESVAUXiACEiE. — The Bristlewort

Order.—Small sedge-like herbs, with setaceous sheathing leaves.

Flowers glumaceous, enclosed in a spathe. Glumes 1 or 2.

Pale(^ none, or 1 or 2 scales parallel with the glumes. Stamens

1 or very rarely 2; anthers 1-ccllcd. 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 arc

carpels. Seeds albuminous ; embn/o lenticular, terminal.

Distribution, Sfc.— Natives of Anstralia and the South Sea
Islands. Examples : — Centrolopis (Dcsvauxia), Aphelia.

Their properties and uses are unknown.



GLUMAGE^. 693

Sub-class III.— GlumacecB or Glumiferce,

Natural Order 284.

—

Ctpeeace^.—The Sedge Order {figs.

1074—1079).— Grass-like or rush-like herbs {fig. 218). Stems

solid, without joints or diaphragms, frequently angular {fig.

1074). Leaves with entire or closed tubular sheaths round the

stem (^^f. 1074). i^/otf7ersspiked, imbricated, perfect (^^gr. 1077),

or unisexual {figs. 1075 and 1076), each arising from the axil

of 1—3 bracts or glumes. The lowermost glumes are frequently-

empty or without flowers in their axils. Perianth absent, or

existing in the female flowers in the form of a tube (perigynium)

Fig. 1074. Fig. 1075. Fig. 1076.

Fig. 1074. A portion of the angular stem of a species of Carex, with entire
sheath Fig. 1075. Staminate flower of a species oi Carex. st. Stamens,
with long filaments and pendulous innate anthers, g. Scale or glume
Fig. 1076. Pistillate flower of a species of Car-ix, consisting of a glume at
the base, and a pistil surrounded by an urn-shaped tube, m. (^Perigynium),
with a style, st, and three stigmas.

(fig. 1076, m), or as hypogynous scales or bristles (y?^. 1077, b).

Stamens hypogynous {Jig. 1077), 1— 12, commonly 3 {figs.

1075 and 1077)j anthers 2-celled, innate (figs. 1075 and 1077).
Ovary 1-celled, superior {fig. 1077), with 1 erect ovule. Fruit
indehiscent, 1- seeded (fig. 1078). Seed with fleshy or mealy
albumen {fig. 1078, alb); embryo lenticular {figs. 1078, pi, and
1079), enclosed in the base of the albumen {fig. 1078).

Distribution, ^c.— Natives of all parts of the world, and
found especially in marshes, ditches, and about running streams.

y Y 3
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Fig, 1077. Fig. 1078. Fig. 1079.

Ftg. 1077. Hermaphrodite flower of a species of Club-rush iScirpus), the glume
having been removed, b. Hypogynous setas or bristles forming a kind of
perianth, st. Hypogynous stamens -with 2-celled innate anthers, o.

Ovary, s. Style, stig. Stigmas Fig. 1078. Vertical section of the fruit

of a Carex. s. Pericarp, te. Testa, alb. Albumen, pi. Embryo Fig.

1079. Embryoof a species of Carex removed from the albumen, a. Lateral
swelling, r. Radicle, c. Cotyledon. /. Slit corresponding to the plumule.

Examples : — Carex, Elyna, Scleria, Rhyncospora, Schoenus,

Cladium, Chrysithrix, Hypolytrum, Fuirena, Scirpus, Cyperus.

Papyrus. There are 1 20 genera, and about 2000 species.

Properties and Uses. — Although closely allied in their bota-

nical characters to the Graminacece, the Cyperaceae 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 re-

markable for the absence of any important properties. Some
are slightly aromatic, stomachic, and diaphoretic ; others

demulcent and alterative, and some have been used for eco-

nomic purposes. The underground stems of certain species are

edible when roasted or boiled.

Carex. —The creeping stems of Carex arenaria and some allied species

have been used medicinally as substitutes for sarsaparilla, under the name of

German Sarsaparilla.
Scirpus Various species of this genus, as S. lacustris and S. Taber-

ncemontani , 8;c., are much employed like the common Rushes for mats, chair-

bottoms, baskets, &c., and also by coopers for filling up intervals in the seams
of casks. They are commonly known as Club-Rushes or Bull-Rushes. The
root of 5. lacustris was formerly used as an astringent and diuretic.
Eriophorum— The species of this genus are commonly known under the

name of Cotton-grasses, from their fruits being surrounded by cottony or

downy hairs. 'J'hcse hairs are sometimes used for stuffing cushions, &c. The
leaves are reputed to possess astringent properties.

Cyperus. — The rhizomes, tubers, or corms of C. longus, C. rotundus.
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and C. esculentus, were formerly employed in medicine, and regarded as
aromatic tonics, diaphoretics, and astringents. The corms of C. esculentus
are also used as food in the South of Europe, and when roasted, have been
proposed as a substitute for coffee and cocoa. The boiled corms of C. buibosus
are also edible, Royle says that they taste like potatoes. C. textilis is used for
making ropes, &c., in India.
Papyrus.—P. antiquorum appears to be the Bulrush of the Nile. 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. sicula
has likewise been employed for making paper. P. corymbosus is extensively
used in India for the manufacture of the celebrated ludlan matting.

Natural Order 285.

—

Graminace^.—The Grass Order {figs.

1080—1086).—Herbs {fig. 1080), shrubs, or arborescent plants,

with round, commonly hollow {fig. 187), jointed stems. Leaves

Fig. 1080. Pi^. 1081.

Fig. 1080. A portion of the stem of the Cat's-tail Grass {PhUum pratense),
bearing a leaf with parallel veins, and a split sheath Fig. 1081. Dia-
gram of a spikelet of an Oat {Avena). (From Maout). gl, gl. two glumes,
enclosing two perfect flowers, and one, a, abortive, h. the outer
palea. &, 6. the inner palea, which seems to be formed of two united, p,
p. two scales (squamulae or glumeUules), the doited curved line on the right
marks the position of a third abortive scale, e. Stamens, c. Ovary
Fig. 1082. A spikelet of the Oat {Avena sativa). ge. outer glume, gi.
inner glume, pe. outer palea of the fertile flower, pi. inner palea of the
«ame. e. Stamens, o. Ovary, /a, and a, abortive flowers.

Y Y 4
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alternate, with split sheaths {figs. 351 g, and 1080), and a'ligule

at the base of the lamina {fig. 351, %). Flowers perfect or uni-

sexual, arranged in spiked (/^. 395), panicled {fig. 396), or race-

mose locustae or spikelets; 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. 382
and 1081, 5^/, gl, and \Q%2,ge,gi). Occasionally the glumes
are altogether absent. Each flower is also usually furnished

with two other alternate bracts {palece) {figs. 1082, pe, pi, and
1084 and 1085), or sometimes the inner palea p, i is wanting ; and
2 or 3 scales {lodiculce or glumellules) {figs. 1081, p, p, and 1083,

j9), the latter also are sometimes wanting. Stamens 1—6 or more,
frequently 3 {figs. \0S3—1085); filaments capillary (figs. 490
and 1084); anthers versatile {figs. 490 and 586). Ovary superior

{fig. 1083), 1 -celled, with a solitary ascending ovule ; stigmas

feathery or hairy (Jigs. 586 and 1083). Fruit a caryopsis {figs.

686 and 687). Seed with mealy albumen {fig. 687, a), and a

Fig. 1083. Fig. 1084. Fig. 1085. Fig, 1086.

Fig. 10&3. Fertile flower of the Oat, without the palese. p. GlnmelluleB.
c. Stamens, o. Ovary, s, s. Feathery stigmas Fig. 1084. One of the
florets of a species of Meadow Grass (Poa pratcnsis') Fig. 1085. One of
the florets of the Hard Fescue Grass (Ftstuca duriuscitla) Fig. 1086.
The Embryo of the Oat. a. Lateral swelling, c. Cotyledon, r. Kadicle.
/. Slit corresponding to the plumule.

lenticular embrj'o {figs. 687 and 1086), lying on one side at the
base of the albumen (fig. 687, c, g, r).

Distribution, Sfc.—Grasses are universally distributed over the

globe. In temperate and cold climates they are herbaceous
and of moderate lieight, while in tropical countries they become
shrubby and arborescent, and sometimes grow to the height of
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50 or 60 feet. Grasses usually grow together in large masses,
and thus form the verdure of great tracts of soil ; and hence
they have been termed social plants. Examples:— Orj'za,

Phalaris, Panicum, Paspalum, Stipa, Agrostis, Arundo, Gy-
nerium, Pappophorum, Chloris, Avena, Festuca, Bambusa,
Ti-iticum, Secale, Hordeum, ^gylops, Rottbcellia, Saccharum,
Andropogon. There are 300 genera, and probably about 3800
species.

Properties and Uses.— Of all the Orders in the Vegetable
Kingdom this is the most important to man, as it affords his

principal food, and is eminently serviceable in other respects, by
supplying fodder for cattle, sugar, and other useful products.

The native countries of our more important Cereals or Corn
producing plants are altogether unknown. A few of the

Grasses yield fragrant volatile oils. Almost aU grasses are

wholesome, but one or more species of Bromus have been re-

puted erroneously to be purgative, and one, Lolium temukntum^
is said to be narcotic and poisonous. The powerful proper-

ties of the last grass would appear to be due to its becoming
ergotised, as its described effects upon the system closely re-

semble those produced by the common ergot.

Oryxa 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, known as Jones'
Patent Rice Starch, and Mechlin Glaze Starch, are largely prepared 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, &c. Spirit is sometimes dis-

tilled from 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.
Zizania aquatica yields a serviceable grain known as Canada Rice or Swamp

Rice.
Zea Mays is the Indian Corn or Maize Plant. The grain is extensively

used in warm countries. It is the most fattening of all the cereals, but it fre-

quently produces diarrhoea. Maize meal is soli under the name of polenta.
In South America a kind of beer, called Chica or Maize Beer is extensively
used. In Western Africa, a favourite fermented beverage is also prepared
from Maize, called pitto or peto.

Coix lachryma is remarkable for its hard stony fruits, which are used
for beads. They are reputed to be diuretic. They are known as Job's
tears.

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 a fodder for horses.
Holcus— H. saccharatus or Sorghum saccharatum, is called 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 Africa, and is termed Dochna. The
plant has been lately introduced into this country, and is highly recommended
by some, for cultivation as a summer forage for cattle, but at present, our
knowledge respecting it, will not allow of our drawing any positive con-
clusions upon its merits. H. Sorghum, Sorghuyn vulgare, or Andropogon
Sorghum, of which there are several varieties, is extensively cultivated in
Africa, India, &c., for the sake of its grain, which is known as Guinea Corn,
Durra, Turkish Millet, and Jaar. This grain is much used as food in warm
countries. In this country it has been employed for feeding poultry. The
stalks are used in the manufacture of carpet-brooms, whisks, &c. A kind of
beer called Bouza is prepared from the grains.
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Paspalum exile yields the smallest known cereal grain. The grain is

known on the West Coast of Africa, where it is used as food, under the name
of Fundi or Fundungi. It is commonly called in Sierra Leone Millet. P. scro-
biculatum also yields a kind of grain, known in India as the Menya or Kodro.
A variety of this grass is reputed to be injurious to cattle.
Panicum miliaceum yields Indian Millet. The grain is called Warree and

Kadi-kane, in the East Indies. P. spectabile, a Brazilian species, grows 6 or
more feet in height. It is a favourite fodder grass, and is commonly known
as the Angola grass. P.jumentorum 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 Shamoolain the Deccan. Some
of the Tartar tribes are said to prepare a kind of beer from Millet, which is

called Bouza, Murwa. or Millet-beer, but this is probably prepared from a
species of Eleusine. (See Eleusine.)

Setaria.—S. germanica is the source of German Millet, and S. italica, of
Italian Millet. These are largely used as food.
Penicillaria spicata or Panicum spicntum, is called CafTre Corn. It yields a

serviceable grain, which is commonly distinguished as African Millet.
Pennisetmn dichotomum.—The grains of this grass are known in some parts

of Western Africa under 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. &c.

Stipa— S. tenacissima, a Spanish grass, was formerly used for various pur-
poses under the name of esparto. It has been lately highly recommended as
a substitute for rags in paper-making. The grain of S. pennata, Feather-grass,
is said to be very nutritious.
Arundo Phragmites, the Common Reed.— The culms of this and some

other species are much used for thatching and other useful purposes.
Gfjnerium argenteum is the elegant Pampas-grass. G. saccharoides, a

Brazilian species, contains much sugar.
Eleusine coracana. — The grains of this plant constitute one of the Millets

of India. In Sikklm, a kind of beer, called vturwa or millet beer, is prepared
from them, and is in general use by the natives. E. Tocusso is an Abyssinian
plant. Its grain is used as food under the name of Tocusso.
Poa abyssinica is an Abyssinian corn plant, known under the name of Teff.

The grains are sometimes employed in the preparation of Bouza or Millet
beer.

Dactylis ccespitosa is the celebrated Tussac-grass of the Falkland Islands.
It is an excellent fodder grass for cattle and horses. It is now grown to
some extent in Shetland and other parts of Britain.
Bambusa arundinacea, the Bamboo. — The species of Bambusa are ap-

plied to many useful purposes in warm climates and elsewhere. Good paper
is made from them. The very young shoots are boiled and eaten like As-
paragus, and are also used for pickles and sweetmeats. Their hollow stems
are variously employed. 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 young 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 pur-
poses — for water-pipes, fishing-rods, for making hats, shields, umbrellas,
soles of shoes, baskets, ropes, paper, scaffolding-poles, trellis-work, sails,

covers of l)oats, 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.
Avrna saliva is the Common Oat. — A great number of varieties of this

species are cultivated in the north of Europe, kc. on account of its grains,
which are called Oats. Thev are extensively used as food for man and other
animals. Oats deprived of their husk and coarsely ground form the Oatmeal
of Scotland. When divested of their integuments, they are called Groats;
and these when crushed, constitute Embden and Prepared Groats. Oats are
also employed for the production of alcohol.

Triticum vulgarc is the Common Wheat. — A great many varieties of Tri-
ticum are cultivated, as T.testivum, Spring or Summer Wheat ; T. hybernum
Winter Wheat; T, cotnpositum, Egyptian Wheat, or Many-eared Wheal;
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T. Spelta, Spelt; T. polonicum, Polish Wheat, &c. Wheat is enormously
used ill this and some other countries in the manufacture of bread, and for

its starch. Various nutritious foods are also prepared from wheat, as Semo-
lina, Soujee, Manna Croup, Hard's Farinaceous Food, Vermicelli, Maccaroni,
Cagliari or Italian Paste, &c.

Secale cereale. Common Rye, is much cultivated in the northern parts of
the world for its grains, which are extensively employed for 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 fungi (see Cordyceps),
when its grains assume an elongated and curved form. The diseased
grains are commonly 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.
Hordeum, Barley. — Several species or varieties are commonly cultivated

in cold and temperate climates for their grain ; as H. distichon. Two-rowed
or Long-eared Barley ; H.vulgare, Bere, Bigg, Four-rowed or Spring Barley;

H. hexastichon, Six-rowed Barley, and H. zeocitron. Sprat 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 country. Barley
deprived of its husk, constitutes Scotch, Hulled, or Pot Barley. When both
husk and integuments are removed, and the seeds rounded and polished, they
form Pearl Barley, and this when ground is called Patent Barley.

JEgylops ovata. — This grass has lately become celebrated in consequence 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 M.
Fabre, and the grains of which ultimately assumed the form of cultivated
Wheat, were produced by hybridization between a species of Triticum and
JEgylomovata, the result being the formation of a variety of JEgylops, called

JEgylops triticoides. The seeds of this by cultivation for about twelve years
produce a grass -like ordinary wheat.
Saccharum officinarurn is the Common Sugar 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 dramed from refined

sugar in the sugar-moulds. Caramel is burnt sugar. Stigar-candy, pulled
sugar, barley-sugar, hard-bake, acidulated drops, S^c, are all familiar prepa-
rations of sugar. By the distillation of the fermented liquid of treacle or
molasses, rum is obtained.
Andropogon. — Several species of this genus are remarkable for their fra-

grance. This fragrance is due to the presence of volatile oils, of which several

are used medicinally, and in perfumery. There is much uncertainty, how-
ever, as to the particular species which yield the different oils. The precious
Spikenard Oil of Scripture is supposed by some to have been derived from
A. Iwarancusa. The oil known in India as Roshe or Rose Oil, and in Lon-
don as Turkish Essence of Geranium, and Oil of Geranium or Ginger-
grass, has been shown by Mr. Hanbury to be employed in Turkey to adulterate

Otto of Rose. {See Rosa). It is also sometimes termed o?7o/5/)/Aewa»-rf. 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 aro-

maticus. This oil is also considered by some to be identical with the grass-oil

of Nemaur. This plant is supposed by Royle to be the sweet calamus or
sweet cane of the Bible. A. citratum, Indian Lemon Grass, is probably the
source of the oil of lemon-grass of the shops. Oil of Lemon-grass is much
employed in perfumery under the name of oil of verbena, from its odour re-

semblingthe SweetVerbena orLemon Plantof our gardens {Aloysia citriodora).

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 pro-
duce of this or of an allied species of Andropogon. A. muricatus, Vittie-vayr

or Cuscus, yields a fragrant oil according to Dr. Hooker, which is much used
medicinally'in India, unde the name of Kuskus oil. Its root is imported into

this country, and used for scenting baskets, &c. Merticinally, it has been em-
ployed as a gentle stimulant, diaphoretic, antispasmodic, and diuretic.
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Artificial Analysis of the Natural Orders ofMoxocoTVLEDoyEs.
Modifiedfrom Lindley.

(The numbers refer to the respective Orders, as previously described.)

Sub-class I.

—

JDictyogence.

A. Ovary inferior.

Flowers unisexual Dioscoreace<s. 242.

B. Ovary superior.
a. Placentas basal Roxhurghiacece. IKh.

b. Placentas axile.

Leaves whorled, not articulated . . . Trilliacece, 244.

Leaves not whorled, articulated . . . Smilacets. 243.

c. Placentas parietal Philesiacece. 246.

Sub-class n.

—

Petaloidea.

1. Flowers with an evident Perianth.

A. Ovary inferior (Epigyncc).
a. Flowers gynandrous.
Ovary 1 -celled. Placentas parietal . . . Orchidace<e. 247.

Ovary 3-celled. Placentas axile . . . Apostasiacete. 248.

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 petaloid Zingiberacece. 2hQ.

Embryo not enclosed in a vitellus.

Anther I-celled. Filament one . . . Marantacece. 251.

Anther 2-celled. Filaments more than one Musacece. 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 Heemodoracece. 256.

Leaves flat.

Fruit 1 -celled Taccacete. 257.

Fruit 3-celled.

Outer whorl of the perianth petaloid.

Badicle next the hilum. Leaves not
dry Amaryllidace<E. 254.

Radicle remote from the hilum.
Leaves dry Hypoxidacece. 255.

Outer whorl of the perianth not pe-

taloid Bromeliacece. 258.

Stamens more than G Hydrocharidacece. 280

B. Ovary superior (Jlvpogynce).
a. Outer whorl of the perianth herbaceous or glu-

maccous.
Carpels more or less distinct.

Seeds attached over the whole inner walls of
the fruit Butomacece. 272.

Seeds attached to axile or basal placentas.
Flowers conspicuous. Embryo curved, with-
out a slit Alismacece. 271

.

Flowers inconspicuous. Embryo straight,
with a lateral silt Juncaginacece. 270.
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Carpels combined into a solid pistil.

Inner whorl of the perianth different from the
outer.

Placentas axile. Anthers 2-celled. Capsule
2—3-celled CommelynacecB. 264.

Placentas parietal.

Anthers 2-celled. Capsule 1-celled . . XyridacecB. 265.

Anthers 1-celled. Capsule 1-celled . . Mayacece. 263.

The outer and inner whorls of the perianth
alike.

Flowers on a spadix. Embryo with a lateral
slit Orontiacece. 268.

Flowers not on a spadix. Embryo without
a slit, JuncacecE. 267.

b. Outer whorl of the perianth petaloid, or the

whole petaloid when only one whorl is present.
Carpels more or less distinct.

Seed solitary. Flowers on a spadix . . Pabnacece. 269.
Seeds numerous. Flowers not on a spadix.
Anthers extrorse Melanthacece, 260.

Anthers introrse.

Perianth of 6 parts. Seeds without al-

bumen Butomacece. 272.
Perianth of 2 parts. Seeds with albumen Philydracece. 266

Carpels combined into a solid pistil.

Perianth rolled inwards after flower-
ing. Aquatics Pontederacea. 262.

Perianth not rolled inwards after flower-
ing. Perianth minute, with coloured
bracts externally GilliesiacecB. 261

.

Perianth not rolled inwards after flower-
ing, conspicuous, without coloured
bracts Liliacece. 259.

2. Flower.s either naked, or with a whorled scai,"? Perianth,
GENERALLY UNISEXUAL (DlcUneS).

A. Flowers on a spadix.

a. Flowers bisexual.
Embryo cleft Orontiacece. 268.
Embryo 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 Hydrocharidaceee. 28

b. Flowers unisexual.
Ovules erect.

Embryo complete.
Seed without albumen .... NaiadacecB. 277.
Seed with albumen Pistidcece. 276.*

Embryo rudimentary Triuridacece . 279.
Ovules pendulous.

Carpel solitary.

Seed without albumen.
Pollen globose Naiadacea. 277.
Pollen filamentous or confervoid . . . Zosteracece. 278

Seed with albumen Bestiacecc. 28l.
Carpels several, distinct.
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Anthers 2-ceUed. Embryo cleft .

Anthers 1-celled. Embryo solid .

Carpels several combined.
Anthers 1-celled.

Stamens 2—3
Stamen 1. Ovary more than 2-celled

Anthers 2-celled. Placentas central.
Seeds with rows of hairs

Seeds without rows of hairs .

Anthers 2-celled. Placentas parietal

'Naiadacece. 111.

DesvauxiacccE. 283.

Bestiacece. 281.

DesvauxiacecB- 283.

Eriocaulacece. 282.

R.-stiacete. 281.

Xyridacete. 265.

Sub-class m.

—

Glumacece.

Stem solid. Leaf-sheaths not slit. Embryo ba-
silar within the albumen Cyperacett. '

Stem hollow. Leaf-sheaths slit. Embryo basilar
outside the albumen Graminacece. 285.
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Sub-kingdom II.

CRYPTOGAMIA, ACOTYLEDONES, OR FLOW-
ERLESS PLANTS.

Class IH. ACOTYLEDONES.

Sub-class I. Acrogence,

Natural Order 286. Filices.—The Fern Order.— Herbs,

with rhizomatous stems {fig. 158), or arborescent plants {fig.
159). Leaves, or fronds as they are commonly called, arising

irregularly from the rhizome {fig. 158), or placed in tufts at the

apex of the stem {fig. 159); almost always circinate in vernation

{figs. 158, 159, and 273); simple or compound {figs. 158 and
782). Fructification consisting of sporangia {figs. 780 and
781), collected in heaps {sori^ usually on the under surface or at

the margin of the fronds, or rarely on the upper surface, or oc-

casionally in a spiked manner on a simple or branched rachis

{fig. 782) ; the sori are either naked {fig. 780), or covered by
a membranous scale (indusium), {fig. 781). Sporangia stalked

{fig. 783), or sessile, and either annulate {fig. 783), or exannu-
late. Spores enclosed in the sporangia {fig. 783). (For further

particulars upon the fructification of Ferns, see pp. 368 —
371.)

Division of the Order, Sfc This order is commonly divided

into three sub-orders, which are frequently regarded by botanists

as separate orders.

These sub-orders are called Polypodiese, Danseeag, and Ophio-
glosseee. Their distinctive characters are as follows :

—
Sub-order 1. Polypodiece or Polypodiacece. The Polypody Sub-

order, or Ferns proper {figs. 780—783). Fronds circinate

in vernation. Sporangia more or less annulate, collected in

sori on the under surface or at the margin of the fronds ; or

arranged in a spiked manner on a simple or branched rachis.

Examples : — Ceterach, Polypodium, Aspleniura, Lastraea,

Alsophila, Parkeria, Hymenophyllum, Mertensia, Schizaea,

Osmunda.
Sub-order 2. Danceeee or Danceacea. The Danaea Sub-order.

—

Fronds circinate in vernation, and all fertile. Sporangia
arising from the surface, or imbedded in the under surface

or back of the fronds, more or less united, exannulate. Ex-
amples ; —Danaea, Marattia.

Sub-order 3. Ophioglossece or Ophioglossacece. The Adder's

Tongue Sub-order {fig. 1087). Fronds not circinate in
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1087.

vernation, barren or fertile. Sporangia,
arranged in a spike-like form {fig. 1087),
on the margins of a contracted frond

(fig. 1087,6). distinct, 2-valved ifig. 1087,
b), exannulate. Examples: — Ophioglos-
sum, Botrychium.

Distribution, 8fc. — The plants of this

order are more or less distributed over the
globe, but they are most abundant in

moist, mild regions. In the northern hemi-
sphere 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 about 210 genera, and
upwards of 2000 species. The Polypo-
dies alone contains about 200 genera.

Properties and Uses.— Several species

of ferns have farinaceous rhizomes or

stems, which, when roasted or boiled, form

Barren and articles of food in certain parts of the

world, but generally only in times of

scarcity. The rhizomes of Pteris esculenta,

d/porMon of the fertile Diplazium esculcntum, Nephrodium escu-

2-va?ved,'di8t?nTr,'bS lentum, and Marattia alata, are those which
sporangia. are thus principally used. The leaves of

several species possess slightly bitter, as-

tringent, and aromatic properties, and those of others are muci-

laginous. The rhizomes of certain ferns are astringent and

tonic, and occasionally possess well-marked antlielmintic pro-

perties. The silky hairs found on the rhizomes and lower por-

tions of the stalks of some species have been used for stuffing

cushions, &c., and as mechanical styptics.

Fiff. 1087,
fertile fronds of tlieCom-
mon Adder's - tongue

( OphiogJossum vuIga tuin):

Acrostichum Huacsaro. -~ The rliizome of this species constitutes the

middling Calaguala or Little Cord, which is used medicinally in Peru. (See

Poll/podium.)
Polypodium. — The rhizomes of P. Calaguala, Genuine or Slender Cala-

puala ; of P. crassifolium. Thick Calaguala, or Deer's Tongue ; and those of

Acrostichum Huacsaro (see Acrostichum), are used medicinally in Peru, and
are said to possess sudorific, diuretic, febrifugal, and anti-venereal pro-

perties.

Adiantum The fronds and rhizomes of A. capillus Veneris, True Maiden-
hair, and those of A. pedatutn, Canadian Maiden-hair, possess mucilaginous,
bitter, slifihtly astringent, and aromatic properties, and have been employed
as pectorals in catarrhs. The latter is most esteemed. Syrup of Capillaire

is properly prepared, by adding to an infusion of Maiden-hair some sugar and
oran^je- flower water. The fronds of A. melanocaulon are reputed to have
tonic properties.

Pteris a'fiii/ina, the Common Br.ake. possesses anthelmintic properties.

Lastrtca The rhizome and the thickened bases of the i)etioles of the fronds

of Laslrepa{Nephrodium) Filix-mas constitute the fern root of the shops, which
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has been used from the earliest times as an anthelmintic. It possesses most
activity in a recent state. The rhizome oiLastrcea (Aspidium) Athamanticum,
under the names of Panna and Uncomocomo, is also much esteemed by the
Zoolu Caffres in Southern Africa as an anthelmintic.
Aspidium fragrans. — The fronds possess aromatic and slightly bitter pro-

perties, and have been used as a substitute for tea.

Cibotium. — The silky hairs covering the lower portion of the caudex of

C. Barometz, the Scythian Lamb of old writers, have been imported under the
name of Fenawar or Penghawar Jambie. This drug has been used in

Holland and Germany as a styptic. It has also been employed for stuflSng

cushions, &c. It is produced in Sumatra. Analogous hairs imported from the
Sandwich Islands under the name of Pulu, may be employed for similar pur-
poses as the preceding. Pulu is said to be derived from three species of

Cibotiujn, viz. C. glaucum, C. chamissoi, and C. Menziesii. Other species pro-
duce somewhat similar hairs.

Balanttum chrysotrichum. — The silky hairs found on the caudex of this

fern may be employed in like cases to "the preceding. They are imported
under the name of Pakoe Kidang, from Java. B. Citlcita and other species,

as well as some other allied ferns, produce analogous hairs.

Ophioglossum vulgatum, the Common Addf-r's-tongue, has been employed
as a vulnerary. In some districts it is used in the preparation of a popular
ointment.

Natural Order 287. Eqdtsetace^.—The Horsetail Order.
— Herbaceous plants, Avith striated, hollcvw, jointed, simple or

verticillately branched, aerial, siliceous stems, arising from slen-

der creeping rhizomes or underground stems. The joints are

surrounded by membranous toothed sheaths, which are regarded

by some botanists as modified leaves, but in general 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 {fig. 157).

Each mass is composed of peltate scales bearing numerous
sporangia on their under surface {fig. 787), which dehisce

internally by a longitudinal fissure. Spores surrounded by
elastic club-shaped elaters (figs. 788 and 789). (See page 371

for a more detailed account of the fructification.)

Distribution, ^c.— 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, the greater num-
ber of which are indigenous.

Properties and Uses.—Of little importance either in a medical

or economic point of view. They were formerly regarded as

slightly astringent, diuretic, and emmenagogue, but are never

employed at the present day. The rhizomes contain a good
deal of starchy matters in the winter months, and might there-

fore, in case of need, be used as food, like those of ferns. Sile.K

is abundant in their epidermal tissues ; this is especially the case

in Equisetumhyemale, Rough 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.

z z 2
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Natural Order 288. Marsileace^.—The Pepperwort Order.—Aquatic herbs, with small floating or creeping stems {fig. 1088),
from which arise sessile (fig. 1088), or stalked leaves (fig. 343).

Fig. 1088,

Fig. 1088. The Creeping Pill-wort (Pilularia gldbuUfera). The stems are
creeping, and bear numerous sessile leaves, whicli are circinate in vernatiou.
The sporocarps are downy, and placed in the axils of the leaves.

Fig. 1089

Fig. 1089. Lj/copodium inundatum. Marsh Chib-Moss. The stem is creeping,
and beara numerous small, sessile, imbricated leaves.
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Leaves with circinate vernation (^fig. 1088). Fructification at

the bases of the leaves or petioles {fig. 1088), and consisting of

stalked vahiilar sporocarps {figs. 790, 793, and 794), enclosing

antheridia {fig. 791) and sporangia {fig. 792), which are either

contained in the same cavity {fig. 790) or in separate sacs {fig,

794). (See pages 372—374.)
Distribution, Sfc.— They are widely distributed, but are most

abundant in temperate regions. Examples:— Pilularia, Mar-
silea. There are 4 genera and about 20 species.

Properties and Uses.— Unknown, or of little importance.

Natural Order 289. Ltcopodiace^.—The Club-moss Order.

—Herbaceous plants, usually resembling Mosses, with creeping

stems {fig. 1089) and forked ramification {fig. 156); or aquatic

plants with corm-like stems (fig. 1090). Leaves sessile, usually

Fig. 1090.

Fiff. 1090. IsoHtes lacustris. Lake Quill-wort. The stem is small and corm-
like, and bears its leaves, which are linear-cylindrical, in tufts.

small and imbricated {fig. 1089), sometimes tufted {fig. 1090),

and linear-cylindrical. Fructification in the axils of leaves

{figs. 795 and 796), or immersed in their substance, often spicate

z z 3
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{fig. 156): consisting of either one kind of sporangium called

the pollen-sporangium; or commonly of two, called oosporangia

{fig. 798), and pollen-sporangia {figs. 796 and 797). The pollen-

sporangia {fig. 797) contain a number of small spores {micro-

spores); and the oosporangia enclose 4 large spores {viacrospores)

{fig. 798). (See pages 374, 375.)
Distribution, ^c.— They are almost universally diffused, oc-

curring in cold, temperate, and warm climates. Examples:—
Lycopodium, Selaginella, Isoetes. There are 6 genera, and
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 are inflammable.

Lycopodium—L. clnvatum, the Common Club-moss, possesses well-marked
emetic and purgative properties, and is reputed diuretic and emmenagogue.
The spores 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 known as vepelahle sulphur. Besides their use in medicine as

alluded to above, they are employed in pharmacy for covering pills, the object

sought being, to render them tasteless and prevent their adhering together.

Lycopodium spores, however, from their inflammable nature, are principally

used in the preparation of tire-works, and for the production of artificial light-

ning at the theatres, &c. L. Selngo has similar medicinal properties, but it

sometimes acts as a narcotico-acrid poison. The i^pores are of a like nature
to those just noticed. L. catharticum is said to be a powerful purgative.

Natural Order 290. Musci.— The Moss Order. — Cellular

plants (^ys. 154, 155, and 802), terrestrial or aquatic, with erect

or creeping stems, and usually spirally imbricated leaves. Re-
productive organs of two kinds, called antheridia and archegonia.

(See pages 375—378), which are either placed on the same, or

on separate plants {figs. 154 and 155). The antheridium (fig.

799) is a more or less rounded, elliptic, or cylindrical sac, con-

taining when mature, a number of cells {zootheccc), each of which

encloses a spirally twisted filament {phy(ozoon). The arche-

gonium is usually a flask-shaped body (fig. 800), which after

fertilization developes an urn-shaped sporangium (figs. 803 and

804) with a central columella {fig. 807) ; the space between

which and the walls of the sporangium being occupied by
spores, without any elatcrs among them. The sporangium

is commonly placed on a stalk {seta) {figs. 801, t, and 802,/)),

and at first is covered by a hood {cahjptra) {figs. 802 and
803 c), beneath which is a kind of lid {operculum) {figs. 804, o,

and 805). The sporangium usually opens when ripe in

a transverse manner from the separation of the operculum

{fig. 805) ; or sometimes by splitting vertically into four

equal valves, which arc connected at tlie summit by the persist-

ent operculum {fig. 1091, a); or rarely irregularly. At the dc-
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hiscence of the sporangium, its mouth (stoma) is seen to be
either fringed by one or two-rows of teeth (peristome) (Jig. 804, p),

Fig. 1091.
or naked (gymnostomous) (Jig. 805).

Division of the Order, Sfc.— This order
is usually separated into two divisions,

which are frequently regarded as distinct

orders. The principal distinctive charac-

ters of the two divisions are as follows :

—

Sub-Order 1. Bryaceoe or Bryecs.—Urn-
Mosses.—Sporangium dehiscing trans-

versely by the separation of the oper-

culum, or irregularly. Examples : —
Pottia, Splachnum, Wardia, Bryum
Funaria, Polytrichum, Hypnum, Neck-
era, Hookeria, Sphagnum. The genus
Sphagnum is by Henfrey, made to con-
stitute a distinct order, under the name
of Sphagnaceae or Bog-mosses ; these

are principally distinguished from the

Bryacea? in habit, and in the curious

structure of their leaves.

Sub-Order 2. Andraacece or Andraece.

— Split- Mosses.— Sporangium splitting

vertically into 4 valves which are con-
nected at the summit. Examples :—
Andrsea, Acroschisma. These are the

only genera in this sub-order.

Distribution, ^c.— They are generally

diffused over the globe, but most abun-
dantly in temperate climates. There are

46 genera, and about 1200 species.

Properties and Uses.—Of little import-

ance either in a medical or economic
point of view. Some species possess astringent and diuretic

properties, but they are not used in medicine. The species

of Sphagnum fiu'nish food to the reindeer, and even to man
in the polar regions.

Natural Order 291. Hepaticace^.—The Liverwort Order.

—(See pages 378—381.) Small cellular plants, either with a
creeping stem bearing minute imbricated leaves (fig. 1092), or

v^ath a lobed leaf-like frond or thalloid expansion (^7^5. 808 and
810). Reproductive organs of two kinds, called respectively,

antheridia and archegonia, which are either on the same plant

or on different ones. The antheridia are small, oval, globular,

or flask-shaped (fig. 809,) cellular sacs, situated in the axils of

leaves, or immersed in the frond, or imbedded in the upper
surface of peltate or discoid- stalked receptacles (fig. 808). The

z z 4

Fig. 1091. A portion ofj4n-
drtea rupestrU, much
magnified. The stem is

erect, with numerous
small imbricated leaves,

and a terminal sporan-
gium, which is destitute

of a seta, o, sporangium
after dehiscence, showing
the 4 equal valves of
winch it is composed
connected at the summit
by the persistent oper-
culum. The valves are

seen to have dehisced ver-

tically. After Hooker.
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orchegonia (Jig. 811), are usually somewhat flask-shaped bodies,

which are imbedded in the fronds, or contained in receptacles

{fig. 810, r) elevated on stalks above the thallus. Each arche-

gonium developes after fertilization a sporangium, which either

bursts by valves {fig. 1093), or by teeth, or by irregular fissures.

The sporangium is usually without a columella, and contains spores

mixed with elaters (fig. 812) ; or it is furnished with a thread-

like columella, and contains spores and no elaters, or the latter

are imperfect ; or it has neither elaters or columella.

Fig. 1092. Fig. 1093.

Fifj. 1092. Jungermannia hidentata.

The stem is creeping, and bears

numerous small imbricated leaves.

Fig. lOO"). Sporangium of Jun-
germannia hijalina, dehiscing ver-

tically by 4 valves, and containing

spores in its interior.

• This order may be divided as
Division of the Order, Sfc.

follows :
—

Sub-order 1. Jungermanniacea or Jungcrmannecp..— ^c&\Q-

Mosses {figs. 1092 and 1093). — Sporangia oval; without

a columella; splitting vertically by 4 valves {fig. IQ9S).

Spores mixed with elaters. Examples: — Blasia, HoIIia,

Jungermannia, Sarcoscyphus.

Sub-order 2. Anthocerotece. —^porsmgia pod-shaped; 1—2-

valved; with a fiUform columella. Spores either mixed with

imperfect elaters, or these are absent. Examples ;— Antho-

ceros, Monoclea.
Sub-order 3. Marchantiacece or Marchantecp. ^lAVcrwoTts

{figs. 808—812).—Sporangia without valves ;
bursting irre-

gularly or by teeth ; without a columella. Spores mixed with

elaters {fig'. 812). Examples : —Fimbriaria, Marchantia.
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1094.

Sub-order 4. Ricciacece or Ricciea:.— Crystalworts.— Sporan-

gia without valves; bursting irregularly; without a columella.

Spores not mixed with elaters. Examples:—Riccia, Sphasro-

carpus.

Distribution, Sfc. —The plants of this order are generally dif-

fused over the globe, but they are most abundant in damp
shady places in tropical climates. There are about 65 genera,

and 700 species.

Properties and Uses.—Of no importance. Some have been

used in liver complaints, and Marchantia hemispherica and
other species have been employed in

the form of poultices, in dropsy.

Natural Order 292. Charace^.
— The Chara Order.— Water plants,

with a distinct stem, branching in a

whorled manner {fig. 1 094), and either

transparent or coated with carbonate

of lime. Reproductive organs of two
kinds, arising at the base of the

branches (fig. 813), and either on
the same or on different branches of

the same plant, or on separate plants.

These organs are termed globules

(Jigs. 813, ^r, 814, and 815), and nu-

cules (figs. 813,n, 816, and 817).

(See pages 381 and 382 for a de-

tailed account of their structure.)

Distribution, 8fc. — The plants of

this order occur in stagnant fresh

or salt water in all parts of the

globe; but they are most abundant
in temperate climates. Examples:—
There are two genera, Chara and
Nitella, and 35 species.

Properties and Uses.—These plants

give off a very foetid odour when in

a state of decay, which is regarded as

very injurious to animal life. They
have no known uses.

Fig. 1094. A small portion of a
species of Chara, magnified.
The branches are arranged in
a whorled manner. In the in-
terior of each cell the fluid
matters with the contained
granules exhibit a kind of cir-
culation. The direction of the
circulation is indicated by the
arrows. The circulating mat-
ter does not pass from cell to
cell, but is confined to that in
which it originates.

Artificial Analysis of the Natural Orders
AcROGEN^.

in the Sub-class

(The numbers refer to the Orders.)

1. With a distinct axis or stem.
A. Leafy plants.

a. Sporangia on the back or margin of (he fronds
or leaves, or on metamorphosed leaves . Filices. 286.
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b. Sporangia arranged in or near tlie axils of
leaves or bracts, or immersed in their substance.

1. Not enclosed in sporocarps.
Sporangia sessile, without a calyptra . . Lycopodiacce. 289,
Sporangia sessile, with a calyptra . . Musci. 21)0.

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 . . . Hepadcacece. 291.

B. Leafless plants.
Stem simple, or with whorled branches.

Fructification terminal, in club-shaped or
cone-lii<e masses Equisetace<e. 287.

Stem always branched in a whorled manner.
Fructification at the base of the branches . Characcce. 292.

2. With no distinct stem or axis.

Ho true leaves, but forming a green thalloid
expansion Hepaticacece. 291.

Sub-class II. Thallogence.

Natural Order 293. Lichenes.—The Lichen Order.—Peren-
nial plants, composed of pai'enchymatous cells, arranged so as

to form a foliaccous, somewhat woody, scaly, crustaceous, or

leprous thallus ; living and fructifying 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; usually epiphytic, but
sometimes parasitic, and commonly presenting a dry,

shrivelled, more or less lifeless appearance. Reproduction either

vegetative by gonidia (see page 38.5); or by trno, fructification^

consisting of 1. apothecia, which are either sessile or stalked, and
commonly of a rounded {fig. 819J, or linear form {fig. 818),

and composed of asci or thecce (figs. 820 and 821), enclosing

4, 8, 16, or numerous spores; 2. oi spermagonia containing s/>er-

watia (figs. 822 and 823); and 3. of rarely, pycnidia with

stylospores. (For detailed account of the fructification of

lichens, see pages 382—385.)

Distribution, Sfc.—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, foliaccous lichens follow these, and then Mosses and
Liverworts." They also form a considerable proportion of

the vegetation of the polar regions and of mountain-tops.
Examples: — Pulveraria, Opegrapha, Verrucaria, Endocarpon,
Ijccidca, Cladonia, Peltigcra, Usnea. According to Fee, there

are 2400 species.

Propertii's and Uses. — Several lichens possess nutritive pro-

])erties from containing amylaceous substances, such are also

(emollient and demulcent ; others contain bitter principles,

which render them tonic and astringent ; and several are
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important as dyeing agents. (See Dr. Lauder Lindsay's

papers on Lichens, in Transactions of the Royal Society of

Edinburgh.) 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.

Gi/rophora.—Severa.\ species, denominated tripe dc roche, possess nutritive
projjerties, and are used as food in the arctic regions. Franlilin and iiis com-
panions owed their preservation in 1821, in a great measure, to the use of these
liciiens as food. The Gyrophoras also possess slight tonic properties, owing
to the presence of a bitter principle. G. pustulata is one of the lichens used
in this country by the manufacturers of orchil and cudbear. (See Roccella.) It

may be also made to produce a brown colour.
Lladonia or Cenomyre C. rangiferina is the Reindeer Moss. It is so

termed, from constituting the food, especially in the winter months, of the
Keindeer. Cladonia pyxidata, or Scyphophorus pyiiduta, is commonly termed
Cup-moss; this and other species, have been employed as remedies in hooping-
cough.
Parmelia parietina, was formerly regarded as a valuable febrifuge, astrin-

gent, and tonic. It contains a yellow, crystalline, colouring matter, called

chrysophanic acid, which is identical with the yellow colouring principle of
rhubarb. P. perlata is employed by the manufacturers of orchil and cudbear.
(See Roccella.)

Variolaria. V. dealbata and V. oreina, are used for the production of orchil

in France.
Lecmora L. tartarea, was formerly 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 Roc-
cella, &c. (See Roccella.) L. Perella yields a similar dye. Two species of
Lecanora, namely, L. esculenta and affinis. form important articles of food
both to man and other animals in Persia. Armenia, Tartary, &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 that

they fall from heaven. L. esculenta is also found in Algeria, .Asia Minor, &c.,

and Dr. O'Rorke, in a recent communication, has endeavoured to )irove that

this substance was the true manna of the Hebrews,—that which fed them with
regularity for forty years in the wilderness.

Sticta pulmonaiia. Tree Lung-wort, Oak-lungs.—This lichen possesses
tonic and nutritious properties, resembling in these respects, the Cetraria
islandicus. 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 brown
dye.

Peltigera or Peltidea canina, and P. rufescens are known in the herb shops
of this country under the name of Ground Liverwort. This was formerly offi-

cinal in the London Pharmacopoeia, and regarded as a specific in hydrophobia.
Cetraria islandica. Iceland moss.— This lichen contains two kinds of

starchy matters—one called lichen starch, and the other inulin; it also contains

a bitter principle {cetrarin). It is officinal in our pharmacopoeia and is

employed as a nutritious food, and as a mild mucilaginous tonic in catarrh,

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 alkaline 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 some-
what similar properties.

Roccella. Ori liella Weeds.— R.fuciformis. tinctoria, hyjpomccha,fiaccida f
and their varieties, under the common name of Orchella Weed, are the
species commonly 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, Mauritius, Madeira, South America, Cape of Good
Hope, &c. In commerce they receive the name of the country from whence
they have been derived. Orchella weed is extensively used in this country and
elsewhere in the manufacture of purple and red colouis, called orcA/Z or archil,

and cudbear. In Holland a blue colour, called litmus, is also prepared from
the same lichens. Other lichens, as species of Lecanora, Gyrophora, Par-
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melia, Variolaria, 8fc., are also sometimes employed in' Britain and elsewhere
in the manufacture of orchil. (See these species above.) Orchil and cud-
bear are used for staining and dyeing purple and red colours, and also occa-
sionally as tests for acids and alkalies. Litmus is employed as a test for
alkalies, acids, and some salts with a basic reaction. A decoction of orchella
weed possesses mucilaginous, emollient, and demulcent properties, and has
been used in coughs, catarrhs, &c.

Natural Order 294. Fungi.— The Mushroom Order.— Pa-
renchymatous cellular plants, producing their fructification in

the air; growing in or upon decaying or living organic sub-

stances, and nourished through their vegetative structure called

the spawn or mycelium. (See page 385, and^95. 150— 152,

and 824). Fructification various. (See pages 385—388, and

figs. 824—827.)
Distribution, ^c.— They abound in aU parts of the world.

Examples : — Agaricus, Polyporus, Hydnum, Phallus, Lyco-
perdon, Bovista, Torula, Puccinia, Uredo, Botrytis, Morchella
Peziza, Tuber, Sphoeria, Mucor. The number of species is

estimated at about 4000.

Properties and Uses.—Fungi have very variable properties.

Some are medicinal, others edible, and others are deadly poi-

sons. Many deaths have occurred from poisonous fungi having

been mistaken for edible ones, and science as yet affords no
certain characters by which tliey 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 brownish.
3. Have a compact brittle flesh.

4. Do not change colour when cut by the action of the air
."i. Juice watery.
6. Odour agreeable.

7. Taste not bitter, acrid, salt, or astringent.

Poisonous Mushrooms.

1. Grow in clusters, in woods, and dark damp places.

2. Usually with bright colours.

3. Flesh tough, soft, and watery.
4. Acquire a brown, green, or blue tint, when cut and exposed to the air.

5. .Tuice often milky.
6. Odour commonly powerful and disagreeable.

7. .Have an acrid, astringent, acid, salt, or bitter taste.

Wc should, moreover, avoid all fungi which insects will not

touch ; and those which have scales or spot.s on their surface ;

and whatever may be the apparent qualities of the fungi, we
should use with caution all which liave arrived at their full

development, or when they exhibit any signs of change. When
we arc doubtful as to the qualities of the mushrooms, it is very

advisable to cut them into slices, and macerate them in vinegar
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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, we
shall sometimes throw aside edible species, but this is of little

consequence, as by so doing we shall be certain to reject all

injurious ones. The species or varieties of fungi commonly con-
sumed in this country, are, the Common Mushroom (Agaricus
campestis) and its varieties, those which are cultivated should be
preferred ; Agaricus arvensis, Agaricus Georgii, Agaricus oreades^

the Champignon, which is used on account of its savoury
qualities ; Morchella esculenta, the Morel, and Tuber cibarium,

the Truffle, and other species of the same genus. Dr. Badham
believes, that much valuable food is thrown away in this country
by our rejection of many edible fungi. He enumerates no less

than 30 species of edible fungi which are natives of Britain,

and which are eaten by himself and friends. In France,
Russia, &c. several fungi are also eaten which are regarded by
us as poisonous. It is difficult to account for these conflicting

statements about the fungi; but we beheve that the diflferences

observed in their effects, are due to differences of soil and climate,

manner of cooking, and the pecuhar idiosyncrasies of individuals

who partake of them. Even the Common Mushroom is some-
times poisonous, and in Italy, Hungary, &c. is commonly
avoided. We beheve, 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 prcfportion 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. 699), which is used medicinally, to excite

uterine contractions in labour, and for other purposes, is now
regarded by Berkley and others, as merely a transitional form,

or rather the first stage in the existence of a peculiar fungus.

Fungi are frequently 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 by, or accelerated by the agency of

fungi. Fungi are associated with several cutaneous and other

diseases of the human subject. The disease in the silkworm,

known under the name of muscardine, is produced by one or

more species of Botrytis. Similar diseases also occur in other

animals. Caterpillars are frequently attacked by species of

Sphceria or Cordyceps, in China, Australia, New Zealand, &c.
and ultimately destroyed. The mucous membrane of birds, &c.
is also commonly infested with fungi of various kinds. The
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disease called Dry Rot, which occurs in wood, is especially

caused by dampness, and the subsequent development of the

spores of fungi, as those of MeruUus lacrymans and vastator, and
PoJyporus destructor, Sfc. The di^erent kinds of ISIoulds which
are found on bread, cheese, preserves, fruits, paper, books, &c.
are fungi of the species Mucor, Botrytis, Aspergillus, Peni-

cillium, Oidium, &c. The following fungi require a more par-

ticular notice :

—

Agartcus.— Agaricus campestris, the Common Mushroom {figs. 824 and
825) and its varieties^ A Georgii, A. mvensis, A. oreades, the Champignon,
A. deUciosus, and A. procerus, §-c., are largely used for food in this and other
parts of the world. The subterranean mycelium of various species of
Agaricus, as that of A. oreades, prunulus, Orcella, campestris, £fc., and that
of allied genera, deveioiies in a radiating manner, aid, by the remains acting
subsequently as a manure, causes the grass in our meadows, in such
places, to grow in a very luxuriant manner in rings, whch are commonly called
fairy rings.

Amanita niuscaria 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 a^ent. It possesses
the remarkable property of imparting its intoxicating effects to the fluid

excretions of those who partake of it. This fungus, when steeped in
milk, &c., acts as a poison to flies ; hence its specific name.

Boletus edulis is an edible fungus, which is much esteemed in Italy, &c.
Cyttaria Darwinii and Berteroi are also employed for food, the former in

Terra del Fuego, and the latter in Chili.

Lycoperdon, the Puffbalis When the Lycoperdon giganteum 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 anaesthetic agent
instead of chloroform. A similar property is also possessed by some other
species.

Meruliiis lacrymans and vastator are two of the Fungi which occur in the
disease called Dry Rot. (See above.)
Polyporus.—P. destructor is one of the Fungi found in the Dry Rot ofwood.

(See Merulius ) Thin slices of P. igniarius .md. foriientarius, when softened
by beating with a mallet, are sometimes employed externally to restrain

haemorrhage. Similarly prepared slices, soaked in a solution of nitre, and
dried, constitute Amadou or German tinder. When impregnated also with
gunpowder, it forms black amadou. Amadou has been sometimes used to give
support and pressure in certain surgical affections, and as a moxa. P. squamosus.
and bctulinus, when pressed, sliced, and prepared by rubbing with pumice, &c.,
are used to make razi r strops. P. officinalis. Larch or White Agaric, has
been employed externally as an astringent; and internally, to check perspira-
tion, and as an emetic, cathartic, \c.

Tuber, the Truffle The species of Truffle, several of which occur in

Britain, are subterranean. They are highly esteemed as seasoning or flavouring
agents. The best are imported from France, Algeria, and Italy, preserved
commonly in oil. T. cestivum, cibarium, mclanosporum are the more fre-

quently used species.

Mytitla australis is called Native Bread in Australia, where it is maoh used
as food Jjy the natives. U frequently weighs from one to three pounds. One
or more species, nearly allied to Mylitta australis, are also used in China for
food and as medicines.
Pachyma Cocos, P'ries, is another fungus, allied to Mylitta, 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.
Elaphamyccs granulatus and muricatus are sold in Covent Garden Market

under the name of Lycoperdon Nuts. They are supposed to possess
aphrodisiac propertie«, and to promote parturition, and the secretion of milk.

Morchella esculcnta, the Morel, is a highly esteemed edible fungus, which
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is principally employed for flavouring. It is imported in a dry state from the
Continent.
Exidia Auricula Jitdce, 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.

Cordyceps (Sphccri'a).—The disease called Ergot, which occurs in the grains
of Rye and other gr;isses, is produced by Cordyceps purpurea. (See Proper-
ties and Uses of Funai.) C. Robertsii, sinensis, entomorrhiza, and other
species, frequently attack caterpillars in a living state, which they destroy as
their mycelium developes. The remains of the caterpillar with the developed
fungus of C. sinensis, is a highly esteemed drug in China, where it is much
used as a tonic.

Uredo.—The species of this genus produce the diseases of Corn and other
cultivated plants, called blights, rusts. Sec.

Puccinia graminis is the fungus which produces the Mildew of Wheat.
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,
Oidmm, is a mycelial form composed of conidial cells of some other fungus,
probably a specifs of Erysiphe.

Ptnicilliujji glaucum, Mucor mucedo, Aspergillus glaucus, Botrytis vul-
garis, ^c. in their fully developed conditions (figs 1.50—1.52), form thevarious
kinds of Moulds already noticed. (See Properties and Uses of Fungi.) Bo-
trytis infestans is the fungus seen in the Potato disease. The so-called
Vmegar plant, which, by its growth in saccharine liquids at moderate tempe-
ratures, converts them into vinegar, appears to be a mycelial st;-te of Penicil-
lium glaucum ; and the Yeast plant (jig. 142), which by its vegetation at a
high temperature, causes fermentation in bread, beer, &c., would seem like-
wise to be a mycelial state composed of conidial cells of a species of Peni-
cillium.

Natural Order 295. Alg^.—The Sea-weed Order.—Paren-
chymatous cellular plants

;
growing in salt or fresh water, or in

moist situations. The thallus is foliaceous and branched (Jig.

153), or filamentous (figs. 828 and 836), or pulverulent. Many
Algae 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. 388—393.)
Division of the Order, ^c.—The order is commonly divided

into three sub-orders, which are frequently regarded as distinct

natural orders; these are known under the names of the Mela-
nosporece or Fucoidece ; the Hhodosporece or Floridece ; and the

Chlorosporece or Confervoidece. To these sub-orders may be
added two others, called respectively, Diatomacece, and Voloo-

cinece. The distinctive characters of these different sub-orders

may be briefly described as follows :

—

Sub-order 1. Melanosporece, Fucoidece, or Brown-coloured Algce.— Multicellular Algae, growing in salt water, forming a
foliaceous (fig. 153), or filamentous thallus (fig. 836), and
of an olive-green or olive-brown colour. Keproduced by 1.

Zoospores (fig. 836); 2. Spores (figs. 153, t, and 837); and
3, Antheridia (figs. 838 and 839.) (See pp. 391—393.)
Examples : — Sargassum, Halidrys, Fucus, Chorda, Lamina-
ria, Ectocarpus.

Sub-order 2. Rhodosporece, Floridece, or Rose-coloured Algce.—
Marine multicellular plants, with a foliaceous or branched
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filamentous thallus, and of a reddish-purple, rose-coloured,

or reddish-brown colour. Reproduced by, 1. Tetraspores

{figs. 831—833) ; 2. Spores {figs. 834 and 835) ; and 3. An-
theridia. (See pp. 390, 391.)

Examples :— Corallina, Plocaria, Chondrus, Callithamnion,

Ceramium, Porphjra.

Sub-order 3. ChlorosporecB, Conferv ndeoe, or Green-coloured

Algce.—Unicellular or multicellular Algas, growing 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 (figs. 828 and 829), or by impregnation

from spermatozoids ; and, 2. Zoospores {figs. 14, 15, 146, 829

and 830). (See pp. 388—390.)
Sub-order 4. Diatomacece.—Brittleworts.—The following diag-

nosis is from Henfrey :
—" Microscopic unicellular plants,

occurring isolated or in

Fig. 1095. groups of definite form,

usually surrounded by a
gelatinous investment,

the cells exhibiting more
or less regular geome-
trical outlines and en-

closed by a membrane,
striated {fig. 1095) or

granular, either simply
tough and continuous

{fig. 1096), or impreg-
nated with silex and
separable into valves

{fig. 1095). Reproduc-
tion by spores formed after conjugation of the cells {fig.

1096), by zoospores formed from the cell contents, and by divi-

Fig. 1095. A species of Diatomaceous Alga
(^Diatoma marinum), dividing into parts by
merismatic or Jissiparous cell-diviaion. The
parts are seen to be striated.

Fig. 1096.

Fig. 1096. Two Desmidiaceous Algse {Docidium Ehrenbergii) after conjuga-
tion, with a resting or inactive spore between them. After Ralfs.

sion." The Diatomaccaj are again divided into two sections :

1. Diatomece {fig. 1095). Natives of fresh or salt water, of a
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brownish colour, valvular, and invested by a siliceous mem-
brane. Examples :— Diatoma, NaAdcula. 2. Desmidieoe

{fig. 1096). Found only in fresh water, of a green colour,

continuous, and not invested by a siliceous membrane. Ex-
amples :— Closterium, Dcsmidium.

Sub-order 5. Volvocinea (fig. 1097). Henfrey diagnoses

them as follows :— " Microscopic bodies swimming in fresh

water by the aid of cilia arranged in

pairs upon the surface of a common Fig. 1097.

semi-gelatinous envelope, the pairs

of ciha each belonging to a green

corpuscle resembling the zoospore

of a confervoid, imbedded in the

periphery of the common envelope.

Reproduction by the development of

each corpuscle into a new colony,

the whole being set free by the solu-

tion of the parent envelope or by
conversion of the corpuscles into

encysted resting- spores like those of f^, 1097. The Revolving
Confervae." Examples: — Volvox, yoivox {Voivox giobator),

Gonium. The members of this
T^/^o^ter surface is cm-

group are frequently regarded as

Infusorial Animalcules, but in all their essential characters

they closely resemble the Confervoideae.

Distribution, ^c.—Algas are more or less distributed through-
out the globe, growing in salt or fresh water, or in moist situa-

tions. Some species are found in the boihng springs of Iceland,

&c. ; others, occur in mineral springs, and some in chemical
solutions. The waters of whatever temperature have their own
peculiar forms. It is impossible to estimate with any degree
of accuracy the number of species of Algae, but they may be
roughly guessed at 2500,

Properties and Uses.— Several species are employed for food

in different parts of the world; as, Laminaria saccharina, digi-

tata, potatorum, Sfc. ; Alaria esculenta, Durvillcea utilis, Sargas-

sum species, Iridoea edulis, Chondrus crispus and mamillosus,

Gelidium comeum, 8fc., Gigartina speciosa, Laurencia papillosa,

Sfc, Gracilaria lichenoides and other Gracilarias, Rhodymenia
palmata, Porphyra vulgaris and laciniata, Ulva latissima, com-
pressa, Sfc; Nostoc edule, arcticum; and many others. The nu-
tritious properties of the above are due to the presence of starch,

sugary matter (mannite), mucilage, and albumen, J^. Payen
has recently discovered a new principle in Gelidium comeum
{Algue de Java), and some other Algae, to which he has given
the name of Gelose. To this substance also the nutritious pro-
perties of Algse are, to a great extent, due. According to Payen,
1 part of gelose dissolved in 500 parts of boiling water, will

3 A



720 SYSTEMATIC BOTANY.

afford, upon cooling, a colourless, transparent jelly,—thus form-
ing ten times more jelly than a like weight of the hest animal
gelatine. In order, therefore, to produce a jelly of equal con-
sistence, it would be only necessary to employ the tenth part of
what is necessary when isinglass is used. Jellies prepared from
species of Gelidium, Laurencia, 8fc., are much employed for food
in China, Japan, &c. The edible birds' nests of China, so

highly valued for food, seem to be constructed by swallows
from these, or closely alHed species of Algge.

In medicine the above-mentioned nutritious Algae may be
used for their emollient and demulcent properties. Several

species of Algae, particularly Fucus vesiculosus, have been used
as remedies in Goitre 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 kelp,

which was formerly much used for the preparation of carbonate
of soda; but this is now more cheaply obtained from sea-gait.

Iodine is, however, still obtained 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) atlanticus 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; Dolichospermim Thompsoni imparts a green colour to the

Serpentine and to some Irish and Scotch lakes; the red colour
of the Red Sea is also in part attributed to the presence of

Trichodesmium erythrceum ; &c. &c.
Some Algffi are met with in diseased animal tissues. The

Achlya prolifera, 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.

Lajninaria.—L. saccharina is remarkable for the large quantity of mannite
it contains, upwards of I'i per cent. The young parts of it, mixed with those
of L. dt'gilata, are eaten in Scotland, &c., under the name of Tangle. The
latter also contains much mannite. L. saccharina is called Sea-tape in China,
where it is used for food and other purposes. L. potatorum is used for food
in Australia, and other species possess similar properties.

Alaria escw/fn/a (Bladderlocks, Hen-Ware, or Honey-Ware) contains man.
nite. It is employed for food in Ireland, Scotland, Iceland, and other northern
regions of the world.

Fucus Several species contain mannite, as F. vesiculosus, nodosus, and
serratus. F. vesiculosus. Sea Wrack.—This Alga is much used in winter in
certain islands of Scotland for feeding horses and cattle. The expressed juice
of its vesicies has been given internally, and frictions of the plant have been
employed externally, in glandular and scrofulous affections. The substance
called Vegetable Kthiops, which has been used in similar diseases to the
above, is a kind of charcoal produced by the incineration of this Alga in close
vessels. The beneficial effects in such cases is principally due to the presence
of a small quantity of iodine. It was formerly extensively employed in the
preparation of kelp.
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Durvilltsa utilis is used.for food by the poorer inhabitants on the western
coast of South America.
Halidrys siliquosa contains nearly 6 per cent, of mannite.
Sargassum,— S. bacciferum is the Gulf-Weed of the Atlantic. This and

other species contain iodine, to the presence of which they owe their beneficial

eflTects in Goitre, for which purpose stems of the S. bacciferum are much em-
ployed in South America under the name of Goitre-sticks.

Iridcea edulis, as its name implies, is nutritious, and is sometimes used for

food in Scotland, &c.
Chondrus {Sphisrococcus).—C. crispus is commonly termed Carrageen or

Irish Moss. It possesses nutritive, emollient, and demulcent properties, and
may be used in the form of a decoction, jelly, &c., in pulmonary complaints,
&c. Bandoline or fixature, used for stiffening the hair, &c., is generally pre-

pared from Carrageen. C. mamillosus is always found in the Carrageen
Moss of the shops. Its properties are similar. Carrageen Moss is sometimes
employed as a substitute for size.

Gelidium corneuni, 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, &c., and is also used in the manufacture of a kind of glue, &c.
Gigartina speciosa is another edible Alga, in common use for food in certain

parts of Australia, &c.
Laurencia.— L. pinnat?fida is remarkable for possessing pungent proper-

ties. It is called Pepper-dulse in Scotland, where it is occasionally eaten.

L. papulosa (Tan-shwui), is extensively employed in China and Japan in the
preparation of a gelatinous substance called Yang-Tsai.

Gracilaria {Plocaria).—G. lichenoides or Plocaria Candida, is our commer-
cial Ceylon Moss. It is nutritive, emollient, and demulcent, and may be em-
ployed in the form of a decoction or jelly, as a food for children and invalids,

and medicinally, in pulmonary complaints, diarrhoea, &c. It is sometimes
imported under the name of Agar-agar, but G. spinosa (Fucus spinosus or
Eucheuma spinosa), has been also imported under the same name. Both
species are largely employed in the East for making nutritious jellies, for

stiflTening purposes, and for varnishing. G. tentix may be similarly used.

Gracilaria or Plocaria Helminthocorton is Corsican Moss. It has been used
principally as a vermifuge, but its properties have been much overrated. G.
crassa (Ki-tsai), is cooked with soy or vinegar in China. It is also employed
by the Chinese ladies to give a glossiness to their hair.

Rhodomenia palmata is an article of food in Scotland, Ireland, Iceland, &c.

It is the Dulse of the Scotch, and the DiUesk of the Irish.

Porphyra laciniata and vulgaris are 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).

Viva latissima is employed in the preparation of Green Laver. It is very
inferior to the laver prepared from the species of Porphyra. Both these lavers

might be beneficial in scrofulous affections, &c., as they contain iodine.

Nostoc.—N. edule is eaten in China, &c. N, arcticum is a valuable article

of food in the Arctic regions ; it is said by some to be far superior in this

respect to Iceland Moss. Other species possess similar properties.

Artificial Analysis of the Natural Orders in the Sub-class

Thallogen^.

(The numbers refer to the Orders.)

1. Plants with a mycelium, growing in or on decaying or liv-

ing organic matter, and fructifying in the air . . . Fungi. 294.

2. Plants without a mycelium.
Living and fructifying in the air Lichenes. 293.

Living in water, or in very moist situations . . . .Alga. 295.

3 A 2
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BOOK III.

PHYSIOLOGY OE ORGANOLOGY.

Having now described plants in reference to their structure,

classification, properties, and uses, we have, in the last place,

briefly to consider them in a state of life or action,— that is, to

explain, as far as science enables us, the laws which regulate

their life, growth, and reproduction. The department of botany

which investigates these phenomena is termed Physiology or

Organology ; and the various processes which the plant per-

forms, and which are the necessary accompaniments of its life,

are called itsfunctions. The different functions thus concerned

in the life of the plant, are naturally divided into two classes,

called, respectively, the functions of the organs of vegetation,

and the functions of the organs of reproduction ; the former

being those concerned in preserving the life of any particular

plant, and the latter in continuing the species. Physiology in-

cludes 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 special.

In the present unsatisfactory state of our knowledge of many
points connected with the physiology of plants, we have much
difficulty in arranging a good plan for its study. In treating,

therefore, of the functions of the diflferent organs, I shall follow,

as far as possible, the order of arrangement adopted in treating

of their structure and morphology, and conclude with a few

observations on some special phenomena in the life of the plant.
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CHAPTER 1.

SPECIAL PHYSIOLOGY.

Section 1.— Physiology of the Elementary Structures
OF Plants.

1. Functions OF Parenchymatous Cells and Parenchyma.
— As the simplest forms of Vegetable life, such as the Red Snow-
Plant (^Protococcus nivalis or Palmella cruenta) {figs, 147 and
148) merely consist of a single cell, that cell is necessarily

capable in such a case, of performing all the actions appertaining

to plant life. Parenchymatous 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 special functions

observed in cells are, 1. The formation of new cells ; 2. Ab-
sorption and transmission of fluids ; 3. Movements in their

contents ; and, 4. Elaboration of their fluids, and production of

the different materials necessary for development and secretion.

1. The Formation of New Cells.—All plants, as we have
seen (p, 4), in their earliest conditions, are composed of one or

more cells, hence, all the organs which afterwards make their

appearance must \)e produced by the modification of such cells,

or by the formation of new ones. The formation and growth of

cells has already been treated of (see pp. 56—62), and need
not be further alluded to. New cells may be either produced
by division of the parent cells (p. 58); or by free-ceU formation

(p. 56), in the cavities of their parents.

2. Absorption and Transmission of Fluids.—TheceU-wall of all

young and vitally active parenchymatous or prosenchymatous
cells is readily permeable by 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 endosmose. This phy-
sical force, as will be afterwards shown, 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

3 A3
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Fig. 1098.

analogous process (diffusion of gases), that the cells on the surface

of plants are enabled to absorb and transmit gaseous matters.

Endosmose may be explained as follows :— Whenever two
fluids of different densities are separated by a permeable mem-
brane which is capable of transmitting them, there will always

be a tendency to equilibrium of density between the two, from the

formation of a double current,—one passing from the thinner to

the denser liquid, and the other, from the denser to the thinner.

This endosmotic action may be easily observed,by filling abladder

with a colom-ed syrup, attaching to its open end a glass tube,

and then immersing it in a vessel containing water (Jig. 1098).

Under such circimistances, the volume
of the denser fluid in the interior of

the bladder becomes increased (as may
be at once seen by its rise in the tube),

by the passage through the membrane
of the thinner fluid ; whilst, at the same
time, a portion of the thicker liquid

passes out into the water or thinner

fluid, as maybe proved by the sweet taste

and colour which it gradually acquires.

This double current will continue as

long as there is any material difference

of density in the two liquids. The
stronger in-going current is termed en-

dosmose, and the weaker out-going cur-

rent, exosmose. If the position of the

liquids be reversed, the currents will be

reversed in like manner, the preponde-
rating current, in almost all cases, being

that which sets from the thinner to

the denser liquid. This rapidity, how-
ever, is modified to some extent by the

nature of the membrane ; for if two dif-

ferent liquids are separated by a mem-
brane, that will pass through most rea-

dily which is most freely imbibed by
the membrane.
The absorption and transmission of

liquid matters through cells is now
very easy to explain, for as the fluid contents of the cells of

the roots of plants are denser than the water contained in

the media in which they grow, they will continually absorb

by endosmose (see Absorption)-, and as the changes which are

going on in the cells by assimilation and other processes on the

surface of plants tend to thicken their contained Uquids, there

will also be a constant passage of the absorbed fluids from cell

to cell towards those parts where such processes arc taking place.

Fig. 1098. Apparatus to show
erulosmose and exosmose. It

consists of a bladder filled

with syrup, to the open end
of which a tube is attached,
and the whole placed iu a
vessel containing water.
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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 is

sometimes erroneously considered as a kind of circulation or

rotation of the watery cell-sap, but the very complete observa-

tions of Mohl have proved, that it is due to a circulation of the

protoplasm, which is rendered visible by the opaque granular

particles which it contains (/^s. 1099 and 1100). The proto-

plasm thus circulating, does not pass from one cell to another,

but is strictly confined to the respective cells in which it origi-

nates. This kind of movement has been termed Rotation,

Gyration, or Intra-cellular Circulation. This movement 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 appeai-ances presented by these movements vary in dif-

ferent cases. Thus, in the cells of many hairs, as in those of

Fig. 1099. Fig. 1100.

Fig. 1099. Three cells of one of the hairs

of the common Potato plant, showing
the circulation of the contents of each
cell in reticulated currents. In the cen-
tral cell the direction of the currents is

in part indicated by arrows. After
Schleiden.

Fig. 1100. Cells of the leaf of VaUis-
neria spiralis, showing the circulating

current with its granular contents, pass-

ing up one side of each cell, across, and
down on the other side. The direction

of the currents is indicated by the arrows.

the Common Spider-wort ( Tradescantia virginica), and Potato

CSolanum tuberosum) (Jig. 1099), the circulation is in reticulated

currents, radiating apparently from, and returning to, the

nucleus. In the cells of the leaves of Vallisneria {fig. 385), and

in those of other parts of the same plant, intra-cellular movements
3 A4



726 PHYSIOLOGY.

may be readily observed when they are submitted to a moderate
microscopic power; but here, the protoplasm with its granular

contents, will be seen to pass round the interior of the walls of each
cell {fig. 1100). In the Characece again, and especially in the

Nitellce the more transparent forms of such plants, the moving
protoplasm does not rotate round the walls, or in reticular

currents, but it passes obliquely up one side of the cell (Jig. 1094)
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 of the cell-contents, all that we
know is, that it is connected with the vitality of the plant, and
hence all agents that actually injure the cell will stop it at once

and permanently. The movements of the ciliated zoospores of

the Algae (see p. 389 soi&figs. 829 and 830), and those of the

ciliated spermatozoids of the Algse (see p. 393 axi^fig. 838) and
of the higher Cryptogamic plants (see p. 370 and^^f. 785), are

regarded by Henfrey and others, as " analogous to the I'Otation of
the protoplasm."

4. 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 azotized and unazotized

compounds which are concerned in the development of new
tissues, and in the formation of the various secretions of the plant.

(See Bespiration and Assimilation.) In old cells the secretions

of the plant are also, in part, deposited.

2. Ftjnctigns of Prosenchyma.—Prosenchymatous cells are

especially adapted by their construction and mode of combi-
nation into a tissue, for giving strength and support to plants;

hence there can be no doubt, but that this is one of the oflSces

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 external organs, to be elaborated by the

agency of light and air. The experiments of Hoffman, Unger,
and others, would seem clearly to prove this. Thus, IIoflFman,

by placing plants in such a situation as to cause them to absorb

a solution of fcrrocyanide of potassium, and then adding a per-

salt 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 juice, and tracing its passage. It should be
noticed, however, that other experimenters, such as Link and Ro-
minger, have arrived at diametrically opposite conclusions.

(See Vessels, below.)

3. Fdnctions of Vessels.—The functions ofthe spiral, annular,

reticulated, pitted, and scalariform vessels have been a subject
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ofmuch dispute from an early period, and have been repeatedly

investigated. Hales, BischofF, and others, came to the conclu-

sion that, these vessels were carriers of air ; while Dutrochet,

Link', Kominger, &c., believed that their essential function was
to carry fluids from the root upwards. According to Link, Avhen

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

would seem to prove (see page 726). The opinion now more
generally entertained is, that the vessels in their normal con-

dition in the regular course of vegetation contain air, but that

when plants are gorged with fluids, as in the spring of the year,

they, as well as the prosenchymatous cells (the usual carriers of

fluids), are filled with sap, and assist in its diffusion throughout

the plant.

Functions of Laticiferous Vessels or Canals.— The physio-

logical importance of these vessels has given rise to much dis-

cussion, 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. 37.)

Lindley, and some other authors, believe, that they " convey the

elaborated sap of a plant to the places where it is needed, and
especially dovra the inner part of the bark of Exogens."
Schultz called the tissue formed by the ramifications of the

laticiferous vessels, cinenchyma, 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 cyclosis. This movement
may be generally observed, by placing a leaf of the common
Celandine (Chelidonium majus), 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." We haA-e, however, never succeeded

in observing such an evident circulation in any. laticiferous

tissues 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 uninjured 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

which the juice flows." Further investigation is, therefore,

necessary, before we can come to any positive conclusions upon
this subject.

, Recently, Trecul has propounded a new theory as to the
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functions of the laticiferous vessels. As already stated (p. 38),
Trecul believes that he has seen the laticiferous vessels in many
milky plants, communicating freely with the other vessels, and.

he concludes that they act as venous reservoirs to the circulating

fluid. Trecul having kindly afforded us an opportunity of
examining several of his microscopic preparations, which he
believed would prove the connection of the true vessels with the

laticiferous, we are bound to state, that we could not satisfac-

torily trace any such a union as he has described.

4. Functions of Epidermal Tissue and its Appendages.
— The special functions 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 ex-
halation of Avatery 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 ready 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 epidermis 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 epidermal
cells especially thickened, or protected by a dense layer of

cuticle ; whilst in aerial plants groAving in very dry regions,

and more especially in those of warm and tropical climates, as

the Oleander {fig. 81), we have frequently an epidermis of two,
three, or more layers of thick- sided cells, and other special con-

trivances to prevent a too ready exhalation of fluids. While
the epidermis may thus be shown to have for its object the

restraining of a too abundant exhalation, the stomata are espe-

cially 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, cateris paribus, so will be
the exhalation from them. The exact manner in which the

stomata act is not readily explained, but it may be always no-
ticed, that when plants are freely supplied with moisture, that

the stomata have their bordering cells distended with fluid,

and curved outwards, so that the orifices between them are

open ; whilst in those cases, where there is a deficiency of fluid,

the ])ordcring cells contract, straighten on their inner surfaces,

and thus close the orifices. Under the former condition of

stomata, 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
stomata 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-

ciaUj through the stomata, that certain gaseous matters are

absorbed from, and exhaled into, the atmosphere, in the processes

of Respiration and Assimilation. (See these processes.)

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, &c., frequently

coated with hairs. Hairs also appear in certain instances, at

least to some extent, to absorb fluid matters from the atmo-

sphere, &c. ; whilst in other cases, they serve to assist the epir

dermis 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 withstand without injury a

season of drought.

Glands are those organs which contain some of the peculiar se-

cretions of the plant. These secretions are either permanently

stored up in them, or excreted.

It is still a disputed question whether the epidermal tissue

and its appendages have the power of absorbing hquids, such

as water. Some authors, as linger, not only deny the pos-

session of such a power, but also that of taking up watery

vapour. We think, however, that there can be no doubt upon
the latter point, for otherwise, how is it possible to account for

the immediate recovery of drooping plants in a greenhouse,

when water is sprinkled upon the floors, &c., or the revival upon
a large extent in nature, of vegetation, when a mist follows a

long succession of dry weather,—except by believing that watery

vapour is taken up by the epidermal tissue and its appendages ?

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 endosmotic 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
gradually diminished as they approached maturity, and was alto-

gether lost when they became old. 2. The absorption 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 cu-

ticle is absorbent, the epidermis presents impediments to ab-
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sorption. 5. Simple wasliing 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.

5. Functions of the Intercellular 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, and 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 with the stomata. The intercellular spaces are also,

in most cases, filled with air ; while the air-cells 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 or reservoirs

of secretion, as their name implies, contain the peculiar secretions

of certain plants, and are hence closely allied in their nature to

glands.

Section 2.— Physiology op the Organs of Nutrition or
Vegetation.

1. Of the Root or Descending Axis.—The oflSces 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 cases, as in many
aquatic plants, to float it in the water ; 2. To absorb liquid food

;

3. According to some authors, 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 reservoir 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 Boot—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 (Jig. 232) of the newly developed portions and young
parts adjacent to them. 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 conditions of the soil at the time

in wliich such an operation is performed ; thus, under the favour-
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able circumstances of a warm soil and moist atmosphere the

destruction of a large portion of the young extremities of the

root will do but httle injury, as the plant will then speedily form
new absorbent extremities, but if the conditions of the earth

and soil be the reverse of those stated above, then a large de-

struction of the young extremities of the roots will cause the

plant to die before new absorbent 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, httle 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 pages 779 and 780.)

This absorption of food by the young extremities of the roots

is due to endosmosc taking place between the contents of their

cells and the fluids of the surrounding soil, and the immediate
cause of this action is the greater density of the cell-contents

of the roots produced by the vital actions which are there going

on. (See page 781.)

Roots, as we have already seen (page 119), 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.

Roots can only absorb substances in a liquid state, and hence

the different inorganic substances, &c. which are derived from
the soil, and which form an essential part of the food of plants

(page 777), 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 ; thus showing

that substances in solution are alone taken up by roots.

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 vital condition. The experiments of

Daubeny, Trinchinetti, and others, lead essentially to the same
conclusions. Again, if the seeds of two different plants, such

as the common bean and wheat, be sown in the same soil, and
exposed, as far as possible, to the same influences in their after
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growth and development, it may be shown by chemical analysis

afterwards, that the wheat stalk will contain a much larger pro-

portion 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

presented 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 me to prove incontestably, 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 ofthe root and the substances which surround it in the soil.

This power or property of selection is without doubt due to some
obscure, and at present 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, by which different roots acquire different endosmotic

action for the same substances, while those of the same plant,

in like manner, possess a varying endosmotic action for different

substances. It follows also, from the recognition of endosmotic

action as the cause of the absorption of fluid matters by the

plant, that poisonous substances may be also taken up when
in solution by the roots, provided their tissues are not injured

by them in their passage ; and we find accordingly, that when
injurious substances are found in the soil a corresponding effect

is produced upon plants by their absorption.

Excretion ofRoots.—The roots of plants have been considered

by Urugmans, Plenk, De Candolle, Macaire-Prinsep, and others,

to possess the power of excreting into the soil certain of their

peculiar secretions. Thus Prinsep found, that the Lettuces

and Poppies excreted a matter analogous to opium ; the Legu-

minoscB gummy matters ; the Euphorbiacea acrid matters, &c.

;

and it was therefore concluded by De Candolle and others, that

such substances were thrown off by plants because they were in-

jurious to them. It was also believed that while such substances

were injurious to the plants producing them, they were bene-

ficial to others; and as plants could not therefore be grown
for any length of time in soil impregnated with their own
injurious excretions, rotation ofcrops was necessary. (Seep. 777).

These experiments, when repeated by Braconnot, Walser,

Meyen, Boussingault, &c., with every precaution, did not lead

to the same results, but, on the contrary, to the conclusion

—

that the effects observed by Macaire-Prinsep were due to his

experiments having been made without sufficient care, and
that no excretions of the peculiar substances of the plant took
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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, so far as we are able to judge, 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
a necessary result and accompaniment of endosmose by which
absorption takes place.

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 tuber-

cles of the dahlia {fig. 244) and orchis {figs. 242 and 243), and
the roots of the turnip {fig. 250) and carrot {fig. 248), are

familiar illustrations of such roots.

2. Of the Stem or Ascending Axis. — The oflfices per-

formed 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 hght and atmospheric air,

which are essential for the proper performance of their functions

and development ; 2. To convey air and fluid matters upwards,
downwards, and inwards, to the organs of respiration, assimila-

tion, 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 in all newly formed parts,

the cells of the pith are filled with a greenish fluid containing

gum 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. Hence it appears to

serve the temporary purpose of nourishing the parts which sur-

round 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-cells, when in a young and per-

vious condition, are the main agents by which the crude sap is

conveyed to the external organs to be aerated and elaborated

;

whilst the vessels of the medullary sheath and other parts are

carriers of air through the plant, and only in exceptionable

cases convey fluids. (See pages 726 and 727.) As the wood
increases in age, the tissues of which it is composed become
filled with various secretions by which they are hardened and
solidified, and in this manner the stem acquires strength ^nd
firmness. On the outside of the young wood, but organically
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connected with it and with the bark 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 layer 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 structures. Great diiFerences 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, and that hence

without leaves there can be no additions to the wood, and 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. As the formation of the elabo-

rated sap also depends upon the proper exposure of the crude

sap to air and light, and as new wood is formed out of the

materials it contains, it is necessary when trees are planted for

timber that they should be placed at proper intervals, in order

that they may be freely exposed to those influences which are

favourable for their development.

3. The Medullary Rays.—The principal function which these

rays perform is, to convey a portion of the elaborated 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 ; it also conveys the elaborated sap from
the leaves downwards, in order that new tissues may be developed,

and the different secretions deposited in the wood and in its

own substance. The bark frequently contains very active medi-
cinal substances, and others which are useful in the arts, &c.

3. Of the Leaves. — 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 formation of the various organic products and secre-

tions of plants. These functions they are enabled to perform

through the influence of the air and light, to which agents, by
their position on the ascending axis of the plant, they are

necessarily, under ordinary circumstances, freely exposed.

1. Exhalation of Watery Vapour by Leaves.— This process,

which is commonly termed transpiration, is considered to be some-
what analogous to the perspiration of animals. Its immediate
object is, the thickening of the crude sap, and the consequent in-

crease of solid contents in any particular portion of it. This trans-

piration of watery vapour, as already noticed (see p. 728), 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
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modifications to which it is liable, have also an important influ-

ence upon the transpiration of fluid matters. (See p. 728.)
From some interesting experiments of M. Gan-eau on the

transpiration by leaves, he was led to draw the following con-
clusions :— 1. That the quantity of water exhaled by the upper
and under surfaces 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 posi-

tion of the surfaces, for the leaves, Avhen reversed, gave the same
results as when in their natural position, 2. There is a corre-

spondence 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 some extent by
the varying conditions of the atmosphere as to moisture and
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 CandoUe, 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 diff"used 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 ex-

periments of Henslow, Daubeny, and others, also demonstrate,

in a most conclusive manner, the great influence of light upon
transpiration. Daubeny, moreover, found that the different

rays of the solar spectrum had a varying influence, the illumi-

nating rays having more eff"ect 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 different

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 tropicid and wami 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 exhalation

by certain special adaptations of their epidermal tissues and
appendages. (See p. 728.)

The quantity of fluid thus exhaled has been the subject of

various experiments. The most complete observations upon
3 B
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this point were made by Hales. He found that a common Sun-
flower 3^ feet high, weighing 3 pounds, and with a surface esti-

mated at 56 1 6 square inches, exhaled on an average, about twenty
ounces of fluid in the course of the day ; a Cabbage-plant, with

a surface of 2736 square inches, exhaled about nineteen ounces

per day ; a Vine, with a surface of 1820 square inches, from five

to six ounces ; and a Lemon-tree, exposing a surface of 2557
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 enormous and almost incalculable quantity must be exhaled

by the whole vegetation of the globe, and it is in this manner
that a large supply of moisture is constantly thrown off into the

atmosphere ; and hence we can readily understand one cause

which leads to the difference between the air of a thickly wooded
country and that in which vegetation is more or less scanty,

for the former will be always in a damp condition, while the

latter will be comparatively free from humidity. Thus, we see

that a country to be perfectly healthy, should have the propor-

tion of plants to a particular area carefully considered, for

while, on the one hand, too many plants are generally preju-

dicial to health by the dampness they produce ; on the other,

a deficiency or want of them, wiU produce an equally injurious

dryness. 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 fact, that as vapour is constantly given off by plants, rain is

more abundant in those regions which are freely supplied with
forests, than in those Avliich are comparatively free from them,

and we find accordingly, that a great change may be produced
in the climate of a country by clearing it of forests, for while

an excessive amount of vegetation is injurious to the healthy

growth of plants, if the country be deprived of them, it will

become entirely barren from its extreme dryness. By inatten-

tion 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 Avere formerly remarkable for their fertility,

are now barren wastes ; and in like manner, many districts for-

merly 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 of 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. 367), Sarracenia {fig. 368), and
Heliamphora {fig. 369), watery excretions of this nature always

exist. From the extremities or margins of the leaves of various
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Marantaceae, Musacese, Aracese, Graminaceffl, &c., water is con-

stantly excreted in drops at certain periods of vegetation.

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 Epi-
dermal Tissue and its appendages (see page 729), and need
not be further alluded to.

3. Absorption and Exhalation of Gases by Leaves.— We have
already noticed (pp. 730 and 731) 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. 732).

Whilst i^lants are thus intimately connected by their roots with
the soil or medium in which they are developed, they have also

important relations to the atmosphere by their leaves and other

external organs, which are constantly absorbing from, or exhal-

ing into it, certain gases. The gases which are thus absorbed and
exhaled by the leaves, have been proved by a vast number and
variety ofexperiments, to be essentially carbonic acid and oxygen.
Draper, Mulder, Cloez and Gratiolet, and others, also believe, that

leaves and other parts, exhale nitrogen when exposed to sun-

light. Again, the experiments of M. Ville would lead to the

conclusion, that plants under certain circumstances, also absorb

nitrogen from the air, but the recent able investigations of

Lawes, Gilbert, Daubeny, and Pugh, so far as they extend, do
not confirm his results, but tend, on the contrary, to negative

them. The whole matter connected with the subject of the ab-

sorption and exhalation of other gases rather than those of

carbonic acid and oxygen gases, 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, decom-
posed, leaving its carbon, which is the result of the decomposi-

tion, behind, and evolving its oxygen. It is in this way, that by
far the largest proportion of carbon, which, as will be presently

shown, is so essential to 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 pdant or some freshly gathered

leaves placed in water, are exposed to the direct rays of the sun.

These bubbles are oxygen gas. No such evolution of oxygen
takes place unless the water contains carbonic acid gas, and not

3^2
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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 oxygen by the leaves, but also that it

must be derived by the decomposition of the absorbed carbonic

acid. These changes do not take place in the deep-seated

tissues of the plant, nor in the epidermal cells, but in those

immediately beneath them.
This absorption of carbonic acid with fixation of carbon

and evolution of oxygen, is in direct proportion to the inten-

sity of the light to Avhich the plants are exposed ; but the expe-
riments of Draper, Hunt, and others, show that the different

rays of the spectrum have a varying influence in promoting
such a decomposition. 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 ray; 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 concluded, 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 change takes

place,—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 prove, that if plants be enclosed in jars containing

ordinary atmospheric acid, and be supplied under such circum-

stances with carbonic acid, that the quantity of oxygen gas in

the contained air becomes increased.

Some authors, such as Burnett, Carpenter, and Garrcau,
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 Gratiolet, deny that leaves, at any time
when in a healthy state, give off carl)onic acid.

Those who liold the more generally received opinion—that

leaves when exposed to solar light give off oxygen gas, in con-
seciucncc of tlic absorption and decomi)osition of carbonic acid,

and tliat a contrary ciiangc takes i)lace by night ; take different

views upon the luiture of these changes. Most of them regard
the cvohition of oxy<:cn by day as a true vegetable resi)iration,

and hence they look upon vegetable respiration as affording
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diametrically opposite results to that of animal respiration, upon
the atmosphere we breathe. Others, such as Mohl and Hen-
frey,say that here we have two distinct functions going on,

—

one,

taking place hy day, and consisting in the consumption of car-

bonic 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

carbonic acid. The former function they regard as a process of

assimilation, and the latter as a kind of respiration.

Those Avho maintain Burnett's views, also 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

The supporters of Pepys' views regard the exhalation of

oxygen gas as a 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 views of diffe-

rent physiologists, that various opinions 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 leaves,

is very doubtful.

Whatever views 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 I state, that it is

the only knowm process by which the oxygen gas, which is so

essential to our existence, and which is constantly being removed
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 which are constantly

going on upon the globe,— is restored to it in a free condition.

Suppose that plants had not this power of restoring oxygen to

the air by their respiration, it would necessarily happen that, the

proportion of oxygen in it would gradually diminish, and in its

place we should have a coiTesponding amount of the poisonous

carbonic acid gas, and the effect would be ultimately, that the

air we breathe would become unfit for animal life, precisely as

the air of a close room where chai-coal is burnedwould, from simi-

lar changes, destroy life. But such is not the case, for chemical

3 B 3
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analysis shows, that the amount of oxygen present in the air

under ordinary circumstances, is not hable to appreciable varia-

tion, and we find, accordingly,— that Avhilst man and other ani-

mals vitiate the atmosphere by robbing it of oxygen gas in their

respiration, and by the various processes which are necessarily

carried on by them, plants purify it by restoring that vitally

necessary gas in their respiration. Thus we see that, '' the tAvo

great organised kingdoms 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 effectswithout

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 devised."

In a like manner, plants purify the water in which they grow,
and render it habitable by animals. We all knoAv by early

experience, that if any kind of fish be placed in Avater in Avhich

no plants are grown, they Avill soon perish. This is the case,

because there is then nothing present in the Avater to destroy

the noxious matters Avhich are given off by them in their respi-

ration and other processes, and thus they perish by their own
action upon the medium in which they are placed. In Nature,

Ave always find plants existing with animal life in the Avater, 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 il-

lustrated in our vivaria. Hence avc see the importance again,

in our sanitary arrangements, of bearing in mind these eflfects

of plants ; for Ave are taught by them, that it is absolutely neces-

sary, if Ave desire to maintain a large toAvn in a healthy state, to

set apart large areas and plant them freely, for by such means, avc

not only maintain the purity of the air, but also, at the same
time, afford spaces for exercise and recreation.

Let me here briefly notice a Avidely-spread notion, that plants,

when groAvn in rooms Avhere 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 the circumstance of plants, Avhcn not exposed to solar light,

having a contrary effect upon the atmosphere to that Avhich

they have Avhcn submitted to its influence ; that is to say that

they then absorb oxygen and give off carbonic acid gas, instead

of absorbing car})onic acid gas and giving oft" oxygen. The
amoimt of carbonic acid gas, hoAvever, Avhich is then given off

by plants is so extremely small, that it can have no sensible
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effect upon the atmosphere in which they are placed. It might
be readily shown that it would require some thousands of plants,

in this way, to vitiate 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 this action, is altogether erroneous. It is certain, however,

that the odours of plants may affect injuriously, to some extent

at least, certain individuals of delicate organization or peculiar

idiosyncrasies.

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 the Products and Secretions hy Leaves.—
By the changes produced in the watery contents of the green
leaves by exposure to air and light, as noticed in the three

preceding sections, the materials which they then contain

are in a very active chemical condition, and freely combine
together, by which various substances are formed, such as

starch, sugar, gum, proteine matters, &c., which are directly

concerned in the growth and nutrition of the plants in which
they are found; 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 acccordingly removed from the young and
vitally active parts, and either stored up in the older tissues of

the plants as secretions, or removed altogether from them as

excretions. The production of these substances 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; and that with-

out the exposure of even the leaves to light, no proper assimila-

tion of the various matters taken up by the plant could take place;

and hence, if a plant be put into the dark, it becomes blanched

{etiolated), in consequence of the non-development of chloro-

phyll, and that, moreover, 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 under a diminished supply of light, as when they are

grown in an orchard, or under trees, under which circumstances,

the tubers are what is called watery, in consequence of the small

quantity of starch then produced. 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
3b4
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tough or stringy; and also peculiar secretions, which are either

unpleasant to the taste or absolute^^ injurious. The formation of

these secretions and woody matter is prevented when light is more
or less absent, and hence such then become useful vegetables.

How such a vast variety of compound substances can be
formed in such simply organised bodies as plants are, at present

we know but very little. It is to the combined labours of the

chemist and physiologist that we must look for the elucidation

of this important matter, but it is not our purpose to allude

here to the various theories that have been entertained upon
their formation and nature, but we must refer the reader who
wishes to become acquainted with this subject, to Mulder's
"Physiological Chemistry," as translated by Fromberg and
Johnston, in which he will find full details.

5. Effects of Gases generally npon 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 various products and secretions, is absorbed.

It must be understood, however, that plants will not live in "an

atmosphere composed simply 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 effect of carbonic acid, when in excessive quantities,

would seem to be owing to a directly poisonous influence which
is then exerted by it upon them. When 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 when 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 atmospheres containing much ammonia,
common coal gas, cyanogen, &c., also act prejudicially. The
action of sulplmrous and hydrochloric acid gases upon plants

appears to resemble that of irritants upon animals, for they first

exert a local action upon the extremities of the leaves, and then
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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 re\'ive, the parts

attacked alone being permanently injured.

"While such gases act as imtant 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 an injurious

influence is produced generally on their vitality, and a general

di'ooping of the leaves, &c., takes place, and 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 manu-
factories are going on, we have at once an explanation of the

reason, why plants submitted to such influences Avill not thrive.

The air of an ordinary sitting room, and more especially 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. The dryness of the atmosphere, and the con-

sequent excessive transpiration from the leaves, is also another

cause which prevents plants growing vigorously in such situations.

Wardian Cases.—In order to protect plants from the injurious

influences thus exerted upon them by the soot and air of large

towns, &c., Mr. N. B. Ward, some years since, introduced a plan

of growing them under closed glass cases, which has been found

to succeed admirably. These cases consist simply, of a box or

trotigh 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 necessar}^, 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 ; this ultimately returns to the soil, and 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

frequently 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. The most im-

portant influence, however, which is exerted by such cases 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 to

them, has to pass through the very narrow crevices beneath the
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cover, and in so doing, becomes filtered, as it were, in a great

measure, from its impurities, before it is brought into contact

with them.

Besides 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
successfully 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

either without losing their vitality.

The action of the Wardian cases in this mode of transport-

ing plants is twofold ; thus, 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 20), is only formed
under the influence of light, and hence the leaves of plants

grown in darkness are blanched or etiolated (page 741). 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 green,

and the intensity of the coloui*, will be in proportion to the

amount of light to which they have been exposed.

The different 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 738), have the greatest effect in promoting the decora-

position of carbonic acid, are those also which are the most
active in the production of chlorophyll.

M. Fremy has recently made some important investigations

upon chlorophyll. He has ascertained that it is composed of two
colouring principles, — one a yellow, which he lias termed phyU
loxanthine ; and the other a blue, which he has called phyllo-

cyanine. Both these principles have been isolated by M. Freray.

M. Fremy has also endeavoured to show, that the yellow colour

of etiolated and very young leaves, is due to the presence of a

body, which he has termed phylloxanthcine, and which is

coloured blue by the vapour of acids. The same principle

results from the decoloration of phyllocyanine ; hence, it would
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seem, that phyllocyanine is not an immediate principle, but that

it is formed by the alteration of phylloxantheine. The more
recent experiments of M. Filhol do not, however, altogether

correspond with those of M. Fremy.
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 phyllocyanine, and hence that their

colour is entirely due to the phylloxanthine, 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 principles 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 the chloro-

phyll is composed.
7. Defoliation, or the Fall of the Leaf.—After a certain period,

which varies in different plants, the leaves either die upon the

stem upon which they are placed before they fall, as is the case

commonly in those of Monocotyledonous and Acotyledonous

plants (see page 184), and also in some Dicotyledonous ones

(page 174); or they separate from the stem by means of an

articulation or joint when they have performed their active func-

tions, 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 other plants, however, generally remain for two or more years.

In the former case they are annual or deciduous, and in the latter

persistent. The fall of the leaf is commonly termed defoliation.

The cause or causes which lead to the fall of the leaf are by
no means well understood. The opinion commonly entertained

is this : the cells of the leaf contain various inorganic matters

dissolved in their liquid contents, and therefore, as exhalation of

watery matters proceeds, the membrane constituting their walls,

gradually become incrusted by the deposit of earthy matters

which are left behind, until ultimately, the tissues of the leaf

become choked up -with such deposits, and are no longer able to

perform their proper functions. The leaf then begins to dry

up, its attachment to the stem becomes weakened, and it ulti-
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mately falls off, either by its own weight, or in consequence of the

subsequent increase of the stem upon which it is placed, or by
the operation of external causes.

According to Dr. Inman, the fall of the leaf in those cases

where no articulation exists " is not an accidental occurrence,

arising from vicissitudes of temperature and the like, but a
regular and vital process which commences with the first forma-

tion of the organ, and is completed only when that is no longer

useful." Asa Gray thus describes it:—"The formation of the

articulation is a vital process, a kind of disintegration of a trans-

verse layer of cells, which cuts olF the petiole by a regular line,

in a perfectly uniform manner in each species, leaving a clean

scar {figs. 193 and 349 f), at the insertion. The solution of
continuity begins at the epidermis, where a faint line marks the

position of the future joint wliile the leaf is still young and
vigorous ; later, the line of demarcation becomes Aveli marked,
internally as well as externally ; the disintegrating process ad-

vances from witliout 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." Gray, 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. Development of Leaves.—This subject has been already

alluded to. (See p. 184.)

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 tho

organs of reproduction, but those who may desire to finish the

description of the life of the nutritive organs, may pass at once to

Chapter 2, which treats of the General Physiology of the Plant.

Section 3.

—

Physiology of the Organs of
Keproduction.

1. Functions of Bracts and Floral Envelopes.—One of

the princi))al offices performed by tlicsc organs is, to jjrotect the

young and tender parts placed within them from injury. When
green, their colour is due to the presence of chlorophyll in their
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component cells, and when in this state, as is commonly the

case with the bracts and the parts of the calyx, they perform
the same functions as ordinary leaves. When coloured, however,
as is generally the case with the corolla, and occasionally with the

bracts and calyx, they appear to have, in conjunction with the

receptacle or thalamus, a sj^ecial 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 hy the varying 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 pro-

ceeds, these matters become converted into saccharine substances,

upon which the surrounding parts are nourished ; and finally,

after floAvering it dries up. In fact, a similar change takes

place in the process of flowering in the composition of the con-
tents of the surrounding parts, as in the process of gemiination,
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 without the flower suffering therefrom.

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 or those not green, upon the sur-

rounding air, is directly the reverse of that of the green leaves

and other green organs whilst under the influence of solar light.

The absorption of oxygen thus noticed as occurring in the

coloured floral envelopes, also 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 oftlie flower and the oxygen ofthe 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 leafy stnicture,

such as a spathe, which confines the evolved heat, it may be
readily noticed. The flowers of the male cone of Cycas circi-
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nalis, those of the Victoria regia, of several Cactt, and of many
AracecE, present us with the most marked illustrations of rise of

temperature.

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 Vriese ; for

they showed that the evolution of heat by the spadix of an Arum,
is much greater when it is placed in oxygen gas than in ordinary

atmospheric air ; and that when introduced into carbonic acid

or nitrogen gases, it ceased altogether.

2 . Of the Essential Organs of Eepkoduction.—Sexuality

of Plants.—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 may now be considered as positively

established in an immense majority of flowering plants ; and
although certain apparent exceptions occur, which we find it im-

possible to explain in the present state of our knowledge, where
perfect seeds have been produced Avithout 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 some
pollinic influence is generally essential to the production of a
seed with a perfect embryo. It would appear from various ob-

servations, that a kind of Parthenogenesis takes place in some
plants, and hence, that a single impregnation is sufficient to

produce several generations.

While the presence of two distinct sexes may thus be shown
in flowering plants, both of which are necessary for the forma-
tion of perfect seed ; it seems almost certain that flowerless

plants, in like manner, possess certain organs, which represent

the two sexes of flowering plants, and that their functions are

accordingly, essentially the same. It is quite true that the ex-

istence of sexuality has not been proved in all the Cryptogamia,
but as it exists in the greater number, we may fairly conclude

from analogy that it is present in all. (See Structure of the

Reproductive Organs of Flowerless Plants, pp. 367—393.)

SEXUAL REPRODUCTION OF PLANTS.

We have just stated, that a seed is only to be considered per-

fect when it contains an embryo which is capable of germinating
and ])roducing a new plant ; and that for its formation the

mutual influence of two sexes is necessary, as has been conclu-

sively shown in an immense majority of flowering plants, and
hence wc conclude from analogy that such an influence is ne-

cessary in all.

In flowerless jdants, also, as noticed above, the influence of

two sexes has been shown to be necessary in the majority of
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cases, and hence we may also fairly conclude that it is neces-

sary in all, although not absolutely proved. Flowerless plants,

however, have no true seeds containing an embryo, but are

propagated by spores (page 367), which either reproduce the

plant directly, or give rise to an intermediate body, called the

pro-embryo or pro-thallus {fig. 784, p), from which the fructiferous

or fruit-bearing plant ultimately springs (see page 368). Much
difference of opinion has arisen of late years, amongst botanists,

as to the mode in which reproduction takes place in the diffe-

rent divisions of the vegetable kingdom. The detailed dis-

cussion of these different views would be incompatible with the

object of an elementary manual of botany, and we shall content

ourselves, therefore, with a general summary of the more im-
portant conclusions which appear to be most in accordance with
our present knowledge upon so difficult a subject.

1. Keproduction of Cryptoga3ious or Acottledonous
Plants.—We have already described the structure of the repro-

ductive organs of these plants (sec pp. 367—393), and in doing
so, M'e 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 aiTangement
in describing their modes of reproduction, except, that we shall

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 an inverse order.

A. JReprodaction of Thallogens.—The sexuality of plants in all

the natural orders of Thallogens has not been absolutely proved,

but only concluded by analogy. In the Algie alone, have sexes

been clearly shown to exist. The reproductive organs of

Fungi and Lichens having been already described, and as no-

thing is positively known as to the mode in which they are re-

produced, it will only be necessary for us to give a summary of

the modes of reproduction in the Algae or Sea-weeds.
Beprodiiction of AJgce.— The existence of sexes has been

proved in members of all the sub-orders of Alga;, although
the actual impregnation of the female corpuscle has only been
directly observed in four of them, namely, in the Volvocineae,

Diatomaceag, Chlorosporeae, and Melanosporere.

The fecundation of Alga; takes place in two very distinct

ways, namely, by conjugation, and by the direct impregnation of
naked spores or germ corpuscles by ciliated spermatozoids. Each
mode is also subject to modifications. We can only briefly al-

lude to the subject here.

1. Conjugation.—This process has been noticed in the Diato-
macese generally, and in certain Chlorosporeae. It consists in

the union of the contents (endochrome) of the cells of two fila-

ments (fronds), (fig. 828), and the formation of a germinating
spore by their mutual action. No difference can be detected in
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the structure of the conjugating cells, previous to impreg-
nation.

Two methods of conjugation may be noticed, one, which oc-
curs generally in the Diatomace£e, and the other in certain of
the Chlorosporeas. In the first mode ( figs. 1096 and 1101), two

Pi^. 1101.

Fig. 1101.—Two Desmidiaceous AlgjE {Docidivm 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 Ralfs.

individuals, each of which is composed of a single cell, approach
one another, the external cellulose membranes bounding their

respective cells bui'st, and the contents of the two, invested by
a primordial utricle, issue from the orifices thus produced {fig.

1101), intermingle in the intervening space, and form ulti-

mately, by their mutual action, a rounded body {fig. 1096),

called a resting or inactive si)ore, which ultimately germinates.

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. 1096), are

sometimes called sporangia, because they ultimately pi'oduce

two or more germs in their interior, and are not therefore simple

spores.

In the other mode of conjugation, which occurs in certain

Chlorosporcaj, as in Zygnema {fig. 828), the cells of two fila-

ments develop on their adjoining sides a small tubular process
;

these ultimately meet, and adhere, and the intervening septum
existing at the point of contact becoming absorbed, the two
cells freely communicate together. The contents of the cells

then contract into a mass, and ultimately combine together,

cither by the passage of the contents of one cell into tlie other,

or by the mixture of the contents of the two cells in the tu-

bular process between them. Under either circumstance, the

mixture of the contents of the two cells results in the formation

of a resting spore, which ultimately germinates into an individual

resembling its ])arents.

2. Imprcgnatiuii of naked spores or germ-corpuscles by ciliated

spermatozoids.— Tliis mode of fecundation has been observed

in some of the Chlorosporca;, in Volvociuca), and in Mclano-
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sporecE, and probably occurs also in the Ehodosporeae. There
appear to be two modes in which such fecundation occurs in the

above ; thus, in the Volvocinea, and in certain Chlorosporea^,

the fecundation takes place before the spore has separated from
its parent ; and in the Melanosporeae, after both the spore and
ciliated spermatozoids have been discharged.

As an illustration of the first mode offecundation we may take

Vaucheria. It is thus described by Henfrey :—" This plant is com-
monly propagated by a peculiar kind of zoospore {fig. 830, g),
discharged from the thickened end of the filament or its branches.

But at certain epochs lateral structures are developed at the sides

of the filaments, as branch-cells, which become shut ofi' 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. When ripe, the antheridia or ' horns ' dis-

charge 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 phe-

nomenon is followed by the closing up of the sporangium by a

membrane, and the conversion of its contents into a fertile

resting spore.'' 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 especially

investigated by Thuret, His observations have been thus con-

densed by Henfrey:—"In this order the conceptacles (fig. 837)
produce in their interior, bodies of two kinds, antheridia (figs.

838, and 839, a, a, a) and spore-sacs (fig. 837, sp), either toge-

ther or in separate conceptacles (monoecious), or in separate

plants. The antheridia discharge 2-ciliated spermatozoids (fig.

838), which are poured out through the pores of the receptacles

(fig. 153, t) into the surrounding water. At the same time

the spore-sac (fig. 837, sp) bursts, and emits an inner sac,

in which may be observed 2, 4, or 8 spherical corpuscles, des-

titute of a cellulose membrane ; this inner sac breaking loose,

bursts and discharges its corpuscles, 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
usually, a cellulose membrane is formed upon the surface of the

globular corpuscle (by secretion from its primordial utricle ? )

and it becomes a cell, which subsequently germinates, growing-

by cell- division into a new frond."

B, Beproduction of Acrogens. — Of the sexual nature of the

3c
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plants in all the orders of this sub-division of the Cryptogamiaj
there can be no doubt, although the actual process of fecun-

dation has only been clearly observed in the Fihces, The
sexual organs in all are also of an analogous character, and are

of two kinds, one of which is termed an antheridium, which
contains spirally wound ciliated spermatozoids, and which is

regarded as the male organ ; and the other, called an archego-

nium or pistillidium, in which an embryonal cell or germ-cell is

contained, which appears to be the female organ. Fecundation
is supposed to take place by the contact of a spermatozoid with

an embryonal cell or germ-cell. In the Characeae no distinct

archegonium occurs, but the nucule is considered as the repre-

sentative of that structure. We have already described the struc-

ture of the reproductive organs of Acrogens (pp. 368—382), both

before and after fecundation ; it will be only necessary therefore,

in the present place, to say a few words upon the mode in which
fecundation is supposed to take place in the different natural

orders included in this division of the Cryptogamia.

1. CharacecE or Charas.— In this order we have two kinds of

reproductive organs, called respectively, the globule {fig. 813, gr),

and the nucule {fig. 813, n) ; the former is regarded as the

viale ; and the latter as the female. Fecundation is believed to

take place, by the passage of the spermatozoids of the globule

{fig. 814) down the canal which extends from the apex of the

nucule {figs. 816 and 817) to the central cell of the same struc-

ture, which then becomes fertilized. No free spore is, however,

produced, but the nucule then drops off, and after a certain

period germinates in a manner closely resembling the seed of a
monocotyledonous plant, by which anew 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. 808 and 809) and Archegonia or ristillidia

{figs. 810 and 811), tlie former representing the male sex, and the

latter the female. When the antheridium bursts {fig. 809), 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. 811) to the germ or embryonal cell which is situated

at its bottom, which thus becomes fertilized. This cell after

fertilization imdcrgoes various important changes, as already

noticed (see p. 380), and ultimately becomes a sporangium
enclosing spores. When these spores germinate, they generally

produce a sortof confervoid structure or mycelium {pro-thallus),

which in its after development resembles the like structure of

Mosses {fig. 11 02).

3. Musci or Musses.— The reproductive organs of this order

consist of antheridia {fig. 799) and archegonia {fig. 800), which
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closely resemble the same structures of the Hepaticacese. Ferti-

lization takes place in a similar manner to them (see p. 752),

and the changes which take place after fertilization in the

embryonal cell which ultimately forms a sporangium containing

spores {fig. 807) have been already described. (See p. 376.)

In germination, the spore forms a green, cellular, branched mass

or pro- thallus, resembhng a Conferva. This structure is some-

times termed protonema (see

p. 378). Upon the threads Fig. 1102.

of this structure {fig. 1102),

buds (a) are ultimately pro-

duced, which grow up into

leafy stems (6), upon which
archegonia and pistiUidia

are afterwards developed.

4. Lycopodiaceoe or Club-

Mosses.—The two reproduc-
tive organs of this order are

termed oosporangia or oopho-

ridia (figs. 795 and 798),

which represent the female;

and antheridia or poUen-spo-

rangia (figs. 796 and 797),

which are regarded as male
organs. The contents of

the pollen-sporangium are

called small spores (micro-

spores), in which cells en-

closing spermatozoids are

contained (fig. 1 1 03 c) ; those

ofthe oosporangia are termed
large spores, macrospores, or megaspores (fig. 798).

In germination, the macrospore produces a pro-thallus in its

interior (fiy. 1104, p), on which archegonia (fig. 1105, a) are

subsequently developed. Each archegonium (fig. 1105, a) con-
sists of an intercellular canal leading into a sac below, which
contains a single germ or embryonal cell. Fertilization is con-
sidered to take place by the spermatozoids contained in the

microspores (fig. 1103, c), passing down the canal of the arche-

gonium and coming into contact with the germ-cell. This cell

then grows by cell-division and forms the embryo (fig. 1105, e),

which in Selaginella grows down into the pro-thallus (fig. 1105),
and ultimately produces a new leafy sporangiferous stem.

5. Marsileacece or Pepperworts.—The two reproductive organs
of this order are generally distinguished as antheridia (figs. 791
and 794, a) and pistiUidia sporangia or ovules (figs. 792 and
794, b). These two structures are either contained in separate

sacs, as in Salvinia (fig. 794); or in the same, as in Marsilea
3 c 2

Fig. 1102. Pro-thaUus or protonema of a
Moss iFunaria hygrometrica). p. Confer-
void protonema; a. Bud; 6. Young leafy
stem; r. Kootlets.
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(fig. ?90). The antheridia contain a number of small cells

called generally pollen-spores or small spores (fig. 791), which

Fig. 1103. Fig. 1104. Fig. 1105.

OOO G-,

© ©

2^tgr, 1103. Small spore, poUen-spore, or microspore, of a species of Selagi-

nella, bursting and discharging small cells, c, in which spermatozoids
are contained Fig. 1104. Large spore, macrospore, or megaspore, of a
species of Selagindla. The outer coat of the spore has been removed to

show the entire inner coat, with the young pro-tliallus,p, at the upper end.
Fig. 1105. Vertical section of a portion of the pro-thallus of the above

in a more advanced state, showing the archegonia. a. Archegonium, in

which the embryo e, has been developed from the germ-cell it contained, by
contact with the spermatozoids. This embryo, by the growth of the sus- ;

pensor, is forced downwards and imbedded in the upper part of the cellular
mass of the spore-sac.

enclose spermatozoids (fig. 1106). The pistillidia sporangia

(fig. 794, b) contain commonly but one spore (fig. 792), called

an ovulary spore, large spore, or megaspore. In their organs of

fructification the plants of this order closely resemble the

Lycopodiaceffi (see p. 374). Like the Lycopodiaceae also,

the large spores produce a pro-thallus in their interior (fig.

Fig. 1106.

f.

s.

©*©

Fig. HOC. Pollen-spore, small spore, or microspore, of Pill-wort (.Pilularia

glohttlifera), bursting and discharging small cells enclosing spermatozoids.

Some of the latter may be observed to have escaped by the rupture of the

small cells in which they were contained Fig. 1107. Vertical section

of the pro-thalius of tiie above, which is formed, as iu the Lycopodiaceae,
in tlie interior of the large sjiore or viegasporc. Only one archegonium, a,

is here produced in the centre. The archegonium consists of an intercel-

lular canal, leading into a sac below, in which may be seen a solitary germ
or embryonal cell.

1107), in -which subsequently only a single archegonium gene-

rally ajjpcars (fig. ] 107, a), as in Pilularia and Marsilca,

although iu iSalvinia there are several archegonia formed. Im-
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pregnation takes place by the contact of the spermatozoids

with the germ- cell of the archegonium, which immediately de-

velopes and forms the embryo, from which a leafy stem bearing
fructification is ultimately produced.

6. Equisetacece 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. 369—372), their leafy structures bear sporangia in

which the spores are enclosed {figs. 783 and 787—789). There
is, however, but one kind of spore.

The germination of these spores has already been noticed

(p. 369), but it will be better for us to refer to it again in this

place. In germination, these spores form ultimately a thin, flat,

green parenchymatous expansion {figs. 784 and 1108, 6), which
somewhat resembles the permanent thallus of the Hepaticaceae

{figs. 808 and 810). Upon the under surface of this structure we
have ultimately formed, in the Filices, both antheridia and arche-

gonia; but in the Equisetacece, the antheridia and archegonia have
only been found on separate pro-thalli, and hence these plants

would appear to be dioecious. The antheridia {fig. 785) contain

a number of minute cells called sperm-cells {se), each of which
contains a spirally wound ciliated spermatozoid {sp). The
archegonium {fig. 786), is a little cellular 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 embryo-cell is simply a germinal corpuscle till after fertiU-

zatiou,—that is, a free primordial utricle, with-

out an external wall of cellulose.

When mature, the upper part of the an-

theridium separates from the lower, something
like the lid of a box ; the sperm-cells then

escape, become ruptured, and emit their con-

tained spermatozoids. These spermatozoids

make their way down the canal of the arche-

gonium to the embryo- sac, by which the

contained germ-cell, embryo-cell, or germi-

nal corpuscle, is fertilized. This embryo-cell

then developes, and the embryo thus formed ^. „„„^^ .' J
•' Fig. 1108. — a, young

continues to increase, and soon possesses gporangiferous plant

rudimentary leaves and roots {fig. 1108),
?pte;.'|farisi? from

and ultimately produces a plant with fronds an embryo pnfduced

bearing sporangia, which resembles the one ^J
impregnation in

.. 1 • 1 ^1 • • n 1 . • 1 the archegonium of
from which the spore was originally obtained, the pro-thaiius, b.

The Ferns and Horse-tails, as already noticed

(pp. 371 and 372), are thus seen to exhibit two stages in their

growth; in the first of which the spores produce a thalloid ex-

3 c 3
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pansion ; and in the second, by the development of antheridia

and archegonia upon the surface of this pro-thallus, by the ac-

tion of which there is ultimately produced a new plant, resem-
bling in every respect the one from which the spore was ori-

ginally derived. Hence Ferns and Horse-tails exhibit what has
been termed alternation of generations.

2. Keproduction of Phanerogamous or Cotyledonous
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 anther
enclosing pollen-grains (Jig. 423, p); and the female, by one or

more carpels (figs. 711—713), in or upon which (fig. 709), one
or more ovules are formed. When the ovules are enclosed in

an ovary, the plants to which they belong are called Angio-
spermous ; but when they are only placed upon metamorphosed
leaves or open carpels, the plants are said to be Gymyiospermous.

In the plants of both these divisions of the vegetable kingdom,
the ovules by the action of the pollen are developed into per-

fect seeds whilst connected to their parent,— the distinguishing

character of that seed from a spore being the presence of a
rudimentary plant called the embryo. The modes in which
reproduction takes place, and the after development of the

embryo, differ in several important particulars in Gymno-
spermous and Angiospermous plants; hence it is necessary to

describe them separately.

1. Reproduction of Gymnospermia.—We have already given a
general description of the pollen and ovules, but as these

structures present certain differences in the Gymnospermia
from those found in the Angiospermia, it will be necessary for

us to allude to such peculiarities before describing the actual

process of reproduction.

The pollen of the Phanerogamia generally,—that is of the

Angiospermia, consists, as Ave have seen (p. 359), of a cell

containing a matter called the fovilla, and having a wall which
is usually composed of two coats, the outer of which is termed
the eztine, and which possesses one or more pores (fig. 556),

or slits (^^s. 554 and 555), or both; and the inner, called

the intine, which is destitute of any pores or slits, and con-
sequently forms a completely closed membrane. Each pollen-

grain of the Angiospermia is thus seen to be a simple cell.

In the Gymnospermia, on the contrary, the pollen-grains are

not simple cells, but they contain other small cells, which
adhere to the inside of the internal membrane close to the point
where the external membrane presents a slit.

The ovules of the Gymnospermia, excluding those of the Gne-
taceaj wliich require further investigation, consist of a nucleus

(fig. 1109, a), enclosed by a single coat, and with a large mi-
cropyle, m. Before the contact of the pollen with the micro-
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pyle of the ovule, the primary embryo-sac, (b,) is developed in

the nucleus. This embryo-sac is at first very small (Jig. 11 09, b),

but gradually enlarges (Jig. 1110, a), and after a long period,

becomes filled with delicate cells, called endosperm cells

1109. Fig.UlO.

Fig. 1109. Vertical section of the yotingunimpregnated oviile of a species of
Finus. a. Nucleus containing a small primary embryo-sac, b. m. Micro-
pyle, which is here very large Fig. 1110. Vertical section of an older
ovule of a species of Pi'/iits. a. Enlarged primary embryo-sac. h. Eudo-
spermal cells withia the embryo-sac. c. rollen-tubes penetrating the
apex of the nucleus.

{fig. 1110, h). 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 (Jig. 1110, 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 i, but from cells of the second layer, so that

each is separated from the membrane of the primai y embryo-sac
by one cell {fg. 1 111, a). Those cells lying between the secon-

dary embryo-sacs and the surface of the endosperm, next under-

go division cross-wise, so as to form a rosette of four cells,

which separate at the converging angles, and leave a central

intercellular passage down to the secondary embryo-sac

{fig. 1111, b). In this state, these corpuscula, as they were
called by R. Brown, their discoverer, are very much like the

archegonia in the internal prothallium-structure of Selaginella

(Lycopodiace^e, p. 7.53, and^^. 1105)."

The process of fertilization takes place as follows : — " The
pollen-grains fall at once upon the ovules and pass into the

micropyle, (sending 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

upper part of the nucleus {fig. 1110, c), and reach the mouth
of the canals of the corpuscula, one entering each {fig. 1111,

B, pt). At the same time, germinal corpuscles are produced at the

3 c 4
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base of the secondary embryo-sacs (^fig.
1111 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 cellular

mass, the lower cells of which break out through the bottom

Fig, nil.

Fig. 1111. Development of the embryo in a species of Pimis (Coni ferae). After

Henfrey. a. Upper part of the embryo-sac, with two secondary embryo-
sacs, corpuscula, or archegonia. B. The same, more advanced, pf. Pollen-

tube in the canal leading down to the corpuscula. a. Germinal corpuscles

at the base of the secondary embryo-sac. C. Four cellular filaments or

sus2)ensors, which are developed from the germinal corpuscles after im-
pregnation. D. One of these suspensors, with the embryo (em) at its

apex.

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 (suspensois), 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 fully developed,

gradually increases in size, and most of the structures above

described disappear, so that the ripe seed exhibits a single em-

bryo, imbedded in a mass of endosperm or albumen, the latter

originating apparently from the nucleus of the ovule."

2. Ileproduction of Angiospermia.— The structure of the

pollen-grains of the Angiospermia have been already described,

(see Pollen, and p. 756), and need nOt be further alluded to

in this place.

The ovule has also been particularly noticed, and we shall

now only recapitulate its component parts at the time Avhen the

pollen is discharged from the anthers,— that is, just before im-

pregnation takes place. It tlien consists of a cellular nucleus

(Jig. 1112, n), enclosed generally in two coats, as in the present

figure. Sometimes there is but one coat (Jig. 717), and in

rare cases the nucleus is naked, or devoid of any coat (^fig. 715).

These coats completely invest the nucleus except at the

apex, where a small opening or canal is left, termed the mi-
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cropyle {Jig. 1112, m). In the interior of the nucleus, but of
various sizes in proportion to it, the embryo-sac {Jig. 1112, s) is

commonly seen. This sac is, however, liable to many modi-
fications; thus, in some cases, as in the Orchidacece {Jigs. 1113
and 1114), the embryo-sac completely obliterates the cells

of the nucleus by its development, so that the ovule consists

Fig. 1112. Fig. 1113. Fig. 1114.

Fig. 1112. Vertical section of the orthotropous ovule of a species of Polygonum.
ch. Chalaza. n. Nucleus invested by two coats, tn. Micropyle. s. Em-
bryo-sac. c. Germinal vesicle, or corpuscle Fig. 1113. 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. 1114. The in-

!^ ternal parts of the ovule a short time before fertilization, a. Inner coat of
the ovule, s. Embryo-sac. 6. Germinal vesicle. After Hofmeister.

simply ,of it and its two proper coats {Jig. 1113, a, 6). In the

Leguminosce, 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 aftenvards appear {fig. 1113, s), which by
the process of free-cell development, form a corresponding

number of cells (usually three), which are commonly termed
germinal vesicles {Jigs. 1112, c, and 1114, b). The vesicles are

situated at or near the summit of the embryo-sac {Jigs. 1112, c,

and 1114, b). Henfrey says, that these are not perfect vesicles

with a cellulose coat before impregnation, but merely corpuscles

of protoplasm, or rather free primordial utricles hke the unferti-

lized spores of Fucus (p. 751). Hence he terms them germinal

corpuscles, and applies the term germinal vesicle only to the

impregnated corpuscle or rudimentary embryo. "Whether these

are simply cori^uscles 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 has, until lately, existed amongst
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physiologists, 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. If such had been proved to

be true, the sexuality of Phanerogamous plants would have
been shown to be incorrect ; but such a view was at once
combated by many accurate observers, who all agreed in de-

scribing the presence of one or more germinal vesicles or cor-

puscles in the sac before impregnation. Indeed, Schleiden

himself, who originated this view of the origin of the embryo,
has been convinced of his error, by Eaddlkofer, one of his own
distinguished pupils, so we may now consider the point as

settled.

When the pollen falls upon the stigma, (the tissue of which at

this period, as well as that forming the conducting tissue of the

style and neighbouring parts, secretes a peculiar viscid fluid

[p. 272]), 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 Avhen 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—a kind of germination,

which is occasioned by the nourishing viscid secretion which it

meets with in its passage through the stigma and style.

These tubes arc extremely thin. They vary in length ac-

cording to circumstances, but are frequently many inches.

The time required for their development also varies in dif-

ferent pollens ; thus, sometimes the pollcn-tubcs are developed

almost immediately the pollen 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 stig-

matic 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 pollcn-tubcs having reached the ovary arc distributed to
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the placenta or placentas, and then come into contact with the

ovules. One or sometimes two of these pollen-tubes enter into

the micropyle ofeach ofthe ovules {figs. 1115 and 1116), by which
it reaches the nucleus and embryo-sac. When it reaches the

1115. -ig. 1116.

Fig. 1115. Section of the ovule of a species of CEnothera. t. Enlarged end of

pollen-tube containing fovilla, whiich has entered the micropyle, and is seen
pressing inwards tlie 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 be-

comes the embryo, e. Endosperm cells or albumen. Fig. 1116. 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,

latter it is generally somewhat enlarged (figs. 1

1

15, f, and 1116, t),

and adheres firmly to it at or near its apex {figs. 1115 and 1116).

The embryo-sac is frequently introverted to a slight extent at

the point of contact with the pollen-tube {figs. 1115 and 1116),

and it is stated by Hofmeister, to perforate it in Canna, but if such

a perforation occurs in this case, it is altogether an exception to

what is generally observed. As soon as contact of the pollen-tube

and embryo-sac is effected, a kind of conjugation, or endosmotic

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 embryos. Accord-
ing to Henfrey, as previously noticed (see p. 759), 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. 11 16, e);

the upper of which by elongating, and frequently by further
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division, forms a suspensor (fig. 1115, s), by which the lower cell

is suspended from the apex of the embryo-sac. This lower
cell assumes commonly a globular form (figs. 1115, r), and
ultimately by cell-division forms the embryo, which is either

mono- or di-cotyledonous according to the conditions under
which it is developed. The suspensor is not present in all cases,

while in others in which it is found it varies in its 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 em-
bryo. Other variations occur in the mode in Avhich the ger-

minal 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 notice.

The changes which take place in the ovule during the de-

velopment of the embryo, and the subsequent growth of the

latter, have been already alluded to when treating of the seed.

(See Nucleus or Kernel, p. 342 ; and. Development of the

Embryo, p. 345.)

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 oiFspring inter-

mediate in their characters between the two parents. Such
plants are called hybrids or mules. The true hybrids which are

thus produced between two 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 allied genera ; these are

called bigeners. The latter, however, are not so permanent as

the former, for in almost all cases they are short-lived.

Hybrids are always intermediate in their characters between
the two 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 deter-

mining the characters of the hybrid. In very rare cases, it has
been noticed, that ditterent shoots of the same hybrid plant
have exhibited diflerent characters, some bearing flowers and
leaves like their male parent, others like the female, and some
intermediate between the two. In such cases, therefore, the

hybrid characters are more or less separated in the diflerent

shoots, which present respectively, the characters of one or tlic

other of their parents.
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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
may be rendered fertile by the application of 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 suc-

cessive 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 M^hen with that of the

female, to the female type. The influence of the latter is,

however, more gradual.

Hybrids rarely occur in -vvild 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 the anthers

immediately surrounding it, than by that of others remote from
it ; and secondly, the stigma has a sort of elective affinity or

natural preference for the pollen of its own plant, so much so,

indeed, that 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 ; and, moreover, that when the natural was apphed a
short period subsequently to the foreign pollen, the seeds thus

produced never formed 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. Recent investigations show that hybrids are far more
common amongst wild plants than the above observations

indicate.

Hybrids are, however, frequently produced artificially by
gardeners applying the pollen of one species to the stigma of

another, and in this way, important 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.

Eecent investigations would appear to show, that a similar

law as regards hybridation occurs in the Cr}'ptogamia as in the

Phanerogamia. Thus, Thuret has succeeded in fertilizing the

spores of Fucus vesiculosus wdth 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 Crypto-

gamous 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
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circumstances, plants make their appearance, which present

characters of an intermediate nature between two known species.

3. Of the Eruit.—When the process of fertilization has

been effected in the ovule, as already noticed (see p. 297),
important changes take place in the walls of the ovary and the

surrounding organs of the flower, the result of which is the for-

mation of the fruit. The calyx and corolla generally fall off,

or if persistent, do not form any portion of the fruit, except when
the calyx is adherent, as in the Apple {fig. 702), when it neces-

sarily constitutes a part of the pericarp ; the style and stigma

also become dry, and either fall off, or are persistent, as in

the Poppy {fig. 428), and Anemone {fig. 684). The principal

changes, however, take place in the wall of the ovary, which
usually becomes more or less swollen, and soon undergoes im-
portant chemical changes, and forms the pericarp, either by itself,

or combined with the adherent calyx. Some pericarps, as al-

ready noticed (p. 300), are fully developed Avithout the fer-

tilization of the ovule, as those of many Oranges, Grapes,

Bananas, &c. The fruits thus formed, although frequently

more valuable than others for food, &c. , are useless for reproduction.

The fruit in its growth attracts the food necessary for that

purpose from the surrounding parts, hence, the fruiting of

plants requires for its successful accomplishment an accumula-
tion of nutrient matter, and is necessarily an exhaustive process.

That the reproductive processes, and especially the maturation

of the pericarp, tends to exhaust the individual, is proved in

various ways. Thus, plants are annual, as already noticed

(p. 126), when they fruit the same year in which they are

developed from the exhaustion of nutrient matter thus occa-

sioned ; 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, and thus enabling

them to produce wood, &c. Again, 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 126.

The changes produced upon the atmosphere in the maturation

or ripening of the fruit, depend upon the nature of the pericarp.

Thus, when tlic pericarp preserves its green state, and always
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when first formed, it'produdes similar changes to 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 gas, as in the former cases, under the influence of solar

light.

The chemical constitution of fruits varies according to their

nature and age. When the pericarp is of a dry nature, it com-
monly assumes a whitish or brownish colour, and its cells become
incrusted with hardened matters Qignine). Under such circum-
stances, no further changes take place in its chemical con-
stitution, and its vital activity ceases. When the pericarp,

however, becomes of a succulent nature whilst ripening, it

assumes various tints ; transpiration goes on from its outer

cells, the contents of which thus becoming of a denser nature,

absorb the watery matters from those within them, and these

in like manner react upon the contents of those within them,
so that there is a constant passage of fluid matters from the

surrounding parts by endosmotic action into the pericarp 5 in

this way, therefore, it continues to enlarge, until it has arrived

at maturity, when transpiration nearly ceases from the deposi-

tion of waxy matter in or upon the epidermal cells, and the

stalk by Avhich it is supported to the plant becomes dried up.

Tiie chemical constitution of succulent pericarps varies ac-

cording to their age. When first formed they have a like com-
position with leaves, and have but little or no taste. After a
time they acquire an acid flavour from the formation of vegetable

acids, and salts with an acidreaction. The nature of these acids

and salts varies in different fruits ; thus the Grape contains

tartaric acid chiefly and bitartrate of potash, the Apple, mahc
acid, and the Lemon, citric acid. As the pericarp ripens, sac-

charine matter is formed, and the quantity of free acids dimi-

nishes, partly from their conversion into other matters, and
partly from their combination with alkalies. In order that these

changes may be properly eff'ected, it is necessary that the fruit

be exposed to the sun and air, for if grown in the dark, it will

continue acid; and will be moreover, much less sweet when de-

veloped in diifused daylight, than when freely exposed to the

sun. As fruits ripen they evolve carbonic acid gas, as already

noticed, give ofi" 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 detei'mined. • According to most observers, ripe

fruits contain grape sugar, but M. Buignet has lately stated, that

the sugar which is primarily formed in acid fruits is cane sugar

(C,2 H,, 0,,), and that during the process of ripening, this

sugar is gradually changed into interverted sugar (C,2 H12 O12),

but very often there remains in the ripe fruit a mixture of these

two sugars. The origin of the sugar is variously attributed
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to the transformation of the acids,' cellulose, lignine, starch,

dextrin, gum, and matters of a like nature. According to

M. Buignet's recent investigations, the cause of the change of the

primarily formed cane sugar into interverted sugar is not the

acids of the fruits, but that it appears to depend on the influence

of a nitrogenous body playing the part of a glucosic ferment,

analogous to that which M. Berthelot has extracted from yeast.

M. Buignet adds, that "the abundance in which starch is found

distributed through the vegetable kingdom, leads to the supposi-

tion 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 principle resembling

the tannins, 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 :
—

Names of Fruits.
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part in the changes which are taking place during the ripening
of the fruit. M. Fremy has recently discovered a new acid in
fruits, to which he has given the name of celluHc acid; but at

present nothing is known of its action or use in the plant.

The time in which 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 commonly 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 and unfit for food.

When succulent fruits are ripe, they undergo another change,
a species of oxidation, which produces either a decay, or
bletting of their tissues, as it has been called by Lindley. This
bletting, according to Berard, is especiaDy evident in the fruits

of the Pomacese and Ebenacea, and it would appear that the
more austere the fruit is, the more it is capable of bletting regu-
larly. This 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,

according to Berard, loses a great deal of water (83-88, which
it contains when ripe, being reduced to 62-73); pretty much
sugar (11-52, being reduced to 8*77); and a httle hgnine (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, in a few days
commonly; while others, as some of the Coniferae, &c., require

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 the section of

this work which is especially devoted to the Seed (p. 335—351).

Our limited space prevents us from alluding to the multitude

.

of ways and contrivances by which the natural dissemination of

seeds is effected ; 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, on the one hand, whUe the extinction of the species in

consequence of the decay of seeds, and their use for food, &c.,

by animals, is provided against, at the same time, their too great

increase is prevented.

Vitality of Seeds.—Seeds vary very much as to the time which
they retain their vitality. By retaining vitahty we mean pre-

serving their power of germinating. This vitality is frequently

lost long before they lose their value for food. Some seeds as

those of an oily or mucilaginous nature, or which contain much
3 D
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tannin, 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 sown imme-
diately or within a short time of their arriving at maturity, or

special means must be adopted for their preservation. 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

the Leguminosce, frequently retain their vitahty for some years,

and even in certain cases for many centuries.

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 Malvaccje preserve their

vitality longest, while those of Compositce, Cruciferaj, Graminacese
soon lost 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 centuries. 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 well-authenticated instances of wheat
taken from mummies which has been untampered with, germi-

nating. Some instances of seeds germinating after having been
preserved for centuries are, however, supported by good evi-

dence. Thus Lindley records the remarkable case of some
Raspberry plants having been "raised in the garden of the

Horticultural Society from seeds taken from the stomach of a
man, whose skeleton Avas found thirty feet below the surface of

the earth, at the bottom of a barrow Avhich was opened near
Dorchester. He had been buried with some coins of the

Emperor Hadrian, and it is therefore probable that the seeds were

sixteen or seventeen hundred years old." Mr. Kemp in the Annals
of Natural History, has narrated a still more remarkable case, in

which the retention of the vitality of seeds for many centuries was
undoubted. This gentleman received some seeds which were
found upwards of twenty-five feet below the surface of the earth

at the bottom of a sand-pit in process of excavation. Specimens
of these, upon being sown, produced plants of Polygonum Con-
volvulus, Rumex Acetosella, and a variety of Atriplex patula. All

these seeds were of a mealy or farinaceous nature. Mr, Kemp
concluded from various circumstances, that these seeds were
deposited at a period when the valley of the Tweed was occu-

pied by a lake; and as it is certain that in the time of the

Romans, about 2000 years ago, no lake existed there, they must
have retained their vitality during many centuries. Many other

cases might be cited of a similar character to the above, but

these nuist suffice, as our space is limited. It lias been noticed

that when a new soil is turned up, it is conmionly found that
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plants previously; unknown in the locality spring up, hence the

seeds of such must have lain dormant for frequently a very
lengthened period.

Preservation and Transportation 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 hable to

decaj, 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 natm-e, if ripe and dry, will retain their

vitality for a long period, and such may be readily trans-

ported to a distance. For the latter purpose they should be
placed in perfectly dry papers in a dry coarse bag, wliich should

be afterwards suspended from a nail in a cabin, in which posi-

tion 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 diflScult 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. 743), and should be resorted to, when
possible, in all doubtful cases.

Germination.—Bv germination we mean the power or act by
which the latent vitality of the embryo is brought into activity^

and it thus becomes an independent plant capable of supporting

itself. The germination of Acotyledonous plants has already

been sufficiently alluded to, when treating of the. Root, at page
127, and in the sections devoted to the Organs of Reproduction,
and the Sexual Reproduction of Acotyledonous Plants. Our
future remarks will apply therefore solely to Cotyledonous plants.

Length of Time requiredfor Germination.—The time required

for germination varies much according to the nature of the

seeds and the conditions under which they are placed. Gene-
rally speaking seeds germinate most rapidly directly after they

3d 2
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are 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 of a limited duration in exalbuminous seeds, more
especially if such seeds have thin soft integuments. Heat is the

agent wliich most accelerates germination.

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. Absence from

light, however, is another condition, which is favourable to

germination in most cases.

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 in this way enabled to expand, and the embryo to

burst through the integuments.

Heat is necessary to excite the dormant vitality of the embryo,

but the amount required varies very much in different seeds.

As a general rule from 50° to 80° of Fahr. may be regarded 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 of

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 with a
sensible increase of temperature, as is well seen in the malting

of Barley, as carbonic acid. 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 why seeds frequently lie dormant at

great depths in the soil, and only germinate when that soil

is brought to the svirface ; and hence we see the necessity of

admitting air to seeds by the ordinary operations of agri-

culture.

Process of Germination.—When the above requisites arc 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,
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as under such circumstances, while the light is excluded, air,

moisture, and warmth, have free access. Seeds thus placed

absorb moisture, soften, and swell ; certain chemical changes
go on at the same time in the substance of the albumen, or,

when that is absent, in the cells of the cotyledonarv portion, by
which a proper supply of nourishment is provided for the embryo.
These chemical changes chiefly consist in the conversion of starch

and other analogous substances which are insoluble and there-

fore not in a suitable state for absorption, into soluble matters

such as dextrine and grape sugar. The immediate cause of this

transformation of starch is due to a nitrogenous substance called

Diastase, which is developed during germination, from an al-

teration of a portion of the azotized contents of the seed.

During these changes, as already noticed, heat is evolved, and
carbonic acid gas driven off" fi*om the combination of the super-

fluous carbon of the seed with the oxygen of the air. The
nutriment being thus available for use, it is absorbed 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 {fig. 160, r), or one or more
branches from it {fig. 742, 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 becomes
fixed in the soil. The opposite extremity soon elongates up-
wards {fig. 161, <)» and is terminated above by the plumule or

gemmule, which is the first terminal bud or growing apex of

the stem; and at the same time the cotyledonary portion is

either left under ground or is carried upward to the surface.

The embryo during this development continues to be nourished

from the matters contained in the albumen or cotyledonary

portion, and ultimately by continuing to absorb nutriment it is

enabled to develop its first leaves {primordial) {fig. 161, d), and
root {fig. 161, r), and then the young plant being placed in a
position to acquire the necessary nourishment by itself for its

further support and growth from the media by which it is sur-

rounded, is rendered independent of the seed, the cotyledonary

portion accordingly perishes, and the act of germination is

complete.

Direction of Plumule 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. By some it has 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 endosmotic action as the cause. All these explanations
are unsatisfactory, and need not be further alluded to in an
elementary manual. It seems certain, however, that the chief

3d 3
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cause of the downward descent of the root is due to the greater

amount of moisture which it receives in that direction, and such

a supply is necessary for the multiplication of its cells near the

extremity.

Differences between the Get'mination of Dicotyledonous and
Monocofi/tedonous Seeds.— There are certain differences between
the germination of Monocotyledonous and Dicotyledonous em-
bryos, which have already been alluded to briefly (see pp. 126

and 127), but which require some further notice.

1. Monocotyledonous Germination.—The seeds of Monocotyle-

donous plants, in by far the majority of instances, contain

albumen, which, as the embryo developes, is either entirely ab-

sorbed, or a more or less considerable portion remains, as in the

seed of tlie Phytelephas or Ivory Palm, where the contents of

the constituent cells are removed, and the walls left as a kind of

irkeleton.

The single cotyledon of Monocotyledonous seeds, when they

contain albumen, always remain entirely (Jig. 742, c), or par-

tially within the integuments, during germination. The intra-

seminal portion of the cotyledon coiTcsponds to the hmb of

the cotyledonary leaf, and the portion which elongates beyond
the integuments (extra- seminal) re])resents the petiolar portion.

The latter part varies much in k^ngth, and is commonly ter-

minated by a sheath, which encloses the young axis with the

plumule. At otlicr 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.

In the Oat (fig. 742), the cotyledon, c, is seen within the seed,

and the plumule, g, rises upwards from its axil, into the air.

In some few Monocotyledonous Orders, such as Naiadaceae,

Alismacea?, &c., where the seeds are exalbuminous, the cotyle-

don is commonly freed from the integuments, and raised up-

wards with tlie plumule.

As already noticed (p. 127), in the germination of Mono-
cotyledonous embryos, 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. 742, /). Each of these

rootlets, at the point wliere it pierces the radicular extremity,

is surrounded by a cellular sheath termed the coleorhiza (fig.

742, co). This mode of germination is commonly termed
endorhizal.

Dicutyledonnns Germination.—The seeds of Dicotyledonous

plants arc cither albuminous or exalbuminous, and their germi-

nation in such respects, as a general rule, presents no peculiarity

worth notice. The two cotyledons cither remain within the

integuments of the seed as fleshy lobes, as in the llorse-chcstnut,



LIFE OF THE WHOLE PLANT. 773

Oak, Bean, Tesi(fig. 160, c, c), 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, 161,

c, c), in which case they are epigeal (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. 160, n, and 161). In those cases

where they remain within the integuments, they sometimes be-

come more or less united, so that the embryo resembles that of

a Monocotyledon; but a Dicotyledonous embryo maybe always
distinguished from a Monocotyledonous one, by its plumule
coming out from between the bases of the cotyledons, and not by
passing through a sheath, as in Monocotyledons {fig. 162).

The radicle of a Monocotyledonous embryo (see p. 126)
is itself prolonged downwards by cell-multiplication just within

its apex {fig. 230, a), to form the root. An embryo which
germinates in this way, is termed cxorhizal.

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. 235), 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.

GENERAL 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 required as food by plants ;

then proceed to consider the function of absorption by which food

is taken up, dissolved in water, by the roots ; then the process

oi circulation, or more properly the distribution of the fluid food

thus absorbed ; next in order will be described the functions

of respiration and assimilation, the objects of which are tQ

aerate and elaborate the crude food or sap, which, when it

reaches the leaves and other external organs, is not adapted for

3d 4
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the requirements of the plant, but is but little altered from the

condition in which it was absorbed ; and lastly, our attention

will be briefly directed to the functions of development and
secretion.

Section 1. Food of Plants, and its Sources.

The various substances required as food can only be ascertained

when we know 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, and hence an acquaintance with them is at

once an indication to us of the nature of their food.

As plants are commonly fixed to the soil, they must gain

their food from it, or from the air which surrounds them. 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 (fg. 237), derive their food entirely from

the air by which they are surrounded (see p. 124) ; while

Parasites (Jigs. 238 and 239) are essentially different from both

Epiphytic and ordinary plants, since their food, instead of being

derived entirely from inorganic materials, which are afterwards

assimilated in their tissues, as is the case with them, is obtained

entirely or partially from the plants upon which they grow,

—

that is, in an already assimilated condition. (See p. 125.)

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 at once enables

us to distinguisli the comparative proportion of these, and
acquaints us with one of their distinctive peculiarities. Thus,

if we take a piece of wood, or a leaf, or any other part of a

plant, and bum 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
tlie organic, and tlie latter the inorganic or earthy constituents.

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 organic products and secretions.

The relative ])roportion of the organic and inorganic consti-

tuents varies in different plants, but as a general rule, the former

constitute from 89 to 99 parts, while the latter form from one

to about eleven parts in every hundred, of all plants.
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1. The Organic Constituents and their Sources.—The organic
constituents of plants are, Carbon, Oxygen, Hydrogen, and
Nitrogen. The first three alone form the cellulose of which
the cell-walls are composed (see p. 9), 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 ele-

ments, namely, Sulphur and Phosphorus, are also necessary
constituents of these nitrogenous cell-contents.

These organic constituents are required alike by every
species 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 difierent

parts of the same plant. The following table, by Johnston,
indicates the relative proportion of the organic and inorganic
constituents of some of our vegetable food substances in 1000
parts, and of the different elements of which the former are

composed. These substances were first dried at a' temperature
of230°rahr:—
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directly in a gaseous state by the leaves, and from the earth,

dissolved in water, by the roots.

Oxygen is, next to carbon, the most abundant organic con-

stituent of plants ; and when we consider to what an enormous
extent it exists in nature, constituting as it does about 21 per

cent by volume of the atmosphere we breathe, eight ninths by
weight of the water we drink, and at least one lialf of the solid

materials around us and of the bodies of all living animals

;

we see that there are abundant materials from which plants can
obtain this necessary portion of their food. The whole of the

oxygen required by plants as food appears to be taken up by
them, either combined with hydi'ogen in the form of water, or

with carbon as carbonic acid. Some of the oxygen is therefore

obtained by the roots from the soil, and the other portion from
the air by the leaves.

Hydrogen, the third organic constituent of plants, as just

noticed, forms one ninth by weight of water, and it is in this

form that plants obtain nearly the whole of this ingredient of

their food. It does not exist in a free state in tlie 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.

The roots in like manner absorb the ammonia which is con-

tained in the soil. "While the larger proportion of hydrogen,

therefore, is taken by plants combined with oxygen as water, a

small portion is derived with nitrogen in the form of ammonia.
Nitrogen, 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 there found.

Whether nitrogen can be taken up by plants in a free state is at

present doubtful (see p. 737), 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 phosphorus, which as we have noticed (p.

775) arc always combined with nitrogen in the protoplasmic

cell-contents, are obtained in a state of combination from the

soil. They arc dissolved in the water, and are thus absorbed

by the roots.

In reviewing tlie sources of, and modes in Avhich, the different

organic constituents of plants are derived and taken up, wc see
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that the sources are the earth and the air, more particularly the

latter ; and that they are principally absorbed in the fonns 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 Inoraanic Constituents and their Sources. — The
amount of inorganic matter found in plants, as already observed

(p. 774), 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, and hence we see again, how important a
proper supply of water is to plants. While the organic consti-

tuents are the same for all plants, the inorganic constituents

vary very much in different plants. The inorganic consti-

tuents -differ from the organic also, in the following parti-

culars: — 1st, they are incombustible, and hence remain as ash,

when the organic constituents are dissipated by burning ; 2nd,

they are not hable to putrefaction, as is the case with them,
under the influence of warmth and moisture ; and 3rd, they can
be formed in the laboratory of the chemist, whereas the organic, as

a inile, have at present, only been produced in the tissues of the

living plant.

The inorganic constituents of plants are the following :
—

Chlorine, Bromine, Iodine, Fluorine, Sulphur, Phosphorus,
Sihcon, Potassium, Sodium, Calcium, Magnesium, Aluminium,
Manganesiura, Iron, Zinc, and Copper. Some of these appear
to be almost universally distributed in varying proportions, but

others are only occasionally met with. These various inorganic

constituents are not taken up in their simple states, but princi-

pally 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 pomt of view, as it is to their presence or absence,

the quantities contained, and the solubility or insolubility of

their compounds, which are present in a particular soil, that it

owes its fertility or otherwise, and its adaptability of growing
with success one or another kind of plant.

notation of Crops.—The principle of the rotation of crops in

agriculture is founded upon the fact of different plants requiring

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 Excretions of Boots, p. 732.) Thus, Wheat or any
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Cereal Crop, requires more especially for its proper growth a full

supply of silica and phosphates ; hence it will only flourish 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 hence the silica and phosphates obtained from the soil

will have been 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 for

the immediate vigorous growth of the same class of plants ; but

by growing in a soil thus exhausted by Wheat another crop of a
different class of plants, such as Clover, Peas, Beans, &c. &c.,

which require either altogether different substances, or a dif-

ferent 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, &c.

The consideration of the above facts shows how important it

is for the agriculturist to have some acquaintance with vege-

table physiology and chemistry. He should know the compo-
sition 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 hence he would be able

to adapt the particular plants to the soils proper for them, and if

such soils did 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 agricul-

ture are thus seen to be most important, and the great improve-

ments which have of late years taken place in agriculture are

mainly due to the increased interest taken in such matters, and
the many admirable researches to which it has led. However
interesting in an agricultural 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, ob 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 considera-

tion of tliese matters involves a notice of the functions of

vegetation, namely, of Absorption, Circulation, Kespiration,

Assimilation, Development, and Secretion.

The more imi)ortant facts connected with these have, how-
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ever, already been referred to in treating of the Special Physi-
ology of the Elementary Tissues, and of the Koot, 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.

1. Absorption. — The root, as already noticed (see p. 730), is

the main organ by which food is taken up in a state of solution,
for the uses of the plant. No solid 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 (see
page 723, and^^'. 1098) between them.

That the roots do thus absorb fluid matters may be proved
by a very simple experiment. Thus, if we take two glasses of
the same capacity, and pour water into them until it is at the
same level in each, and then put 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 hence the more rapid removal in the
former case must be owing to the absorption of the roots. In
this way we can also estimate, in some degree at least, the
amount absorbed, which will be found to be very considerable,

commonly in a few days, far exceeding in weight that of the
plants which are experimented upon. The amount of fluid ab-
sorbed 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 proportioned to transpi-

ration 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, and hence, therefore, all stimulants to transpiration

are at the same time exciters of absorption. "When absorption
and transpiration vary much 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 they are grown in dark places, the fluids in them are ex-
cessive in amount ; whilst if the atmosphere be too dry, as is the
case in plants grown in the sitting-rooms of our dwelling-
houses, transpiration is greater than absorption, and hence re-

quire to be frequently supplied with water, or otherwise they
will suffer from a deficiency of fluid.

The mutual dependence of absorption upon transpiration should
also be borne in mind in the process of transplanting trees, &c.
Thus, as transpiration is greatest at those seasons of the year
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•when the plants are most abundantly covered with leaves, and
when solar light is most intense, we ought not 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. 730), the
amount of fluid absorbed cannot compensate for the loss by
transpiration, and hence the plants will languish, or die, accord-
ing to circumstances. By transplanting in autumn or spring,

we do not expose the plants to such unfavourable influences, as

the light is then less intense, and there are no leaves upon them.
(For further particulars on Absorption, see Absorption of Hoots,
p. 730.)

2, Distribution of Fluid Matters through the Plant, and their

Alteration in the Leaves.—The fluid matter thus absorbed by
the roots is carried upwards by their tissues (fig. 1117) to the
stem, and thence through it to the leaves, &c., as indicated by
the arrows in the figure, to be aerated and elaborated, after

which it is returned to the stem and descends by the inner bark
and cambium layer (Jig. 1117) 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 the plants are

composed, it becomes gradually

distributed to the different parts

of the plant where new tissues

are being formed, and where se-

cretions are to be deposited. This
general distribution of the fluid

matters through the plant is com-
monly termed the circulation of
the sap. The fluid as it ascends

is called the Ascending or Crude
Sap, and as it descends, the De-
scending or Elaborated Sap. Al-
though the term Circulation is thus

commonly applied to this move-
ment of the saj), it must be borne

in mind, that the process bears no
analogy to the circulation of the

blood in animals; for plants have
no heart or any organ of an ana-

logous nature to propel their

fluid matters, nor any series of

vessels in which a flow thus produced takes place. The circula-

tion of tiic sap of plants is simply a distribution of fluids, and
the essential and direct cause is, endosmotic action.

Ascent (f the Sap.— The sap in its ascent to the leaves, &c.,

passes principally through the young unincrusted ^wood-cells

Fiff. 1117. Diagrammatic section of

the stem of a Dicotyledon, showing
the distribution or circulation of

the sap. The direction is indicated

by the arrows, a, a. Roots, by
wliich the fluid matters arc ab-

sorbed, h, h. The tissues by which
tlicy ascend to the leaves, c,r. r/, d.

Outer portions of Htem and bark
where the descent takes place, c.

Section of a branch. After Bal-
four.
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(p. 726), 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 Acotyledonous 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 number of more or less distinct ascending streams. In
the lower Acotyledons, as Thallogens, which have no stems, there
is no regular course of the sap, but the fluids may be noticed
flowing in all du-ections through their cells, and to be more
especially evident in those parts which are of a lax nature.

The cause of the flow of the sap in Thallogens and in plants
even such as Mosses, &c., which have no fibro-vascular tissues, is

simply endosmotic action, arising from the varying densities of
the contents of the cells at difi"erent parts.

In the higher plants, such as those which have true stems with
fibro-vascular bundles, the principal cause of the ascent is, also,

endosmotic action. This is probably assisted also, at certain

periods, such as in the spring of the year, &c., when the whole
plant is gorged with sap, by capillary attraction. (Trecul says
that capillary attraction and endosmose are quite insuflicient to

account for this rise of the sap. He has also put forward some
entirely new views regarding the distribution of fluids through
the plant, but as these have not been confirmed we cannot
explain them here.) The mode in which endosmotic action
thus produces the ascent of the sap may be explained as fol-

lows :—The fluid contents of the cells of the leaves and other

external parts where transpiration or assimilation is going on,

become increased in density, and thus act by endosmotic action
upon the more fluid contents of the cells within them ; these
in like manner by becoming thickened, also react upon those
below them, which in like way do so upon those beneath, and
so on, until the influence is communicated to the cells of the

root by which fluid is absorbed from Avithout, and thus the in-

creased density of the fluid contents of the leaves, &c., is the
cause of endosmotic action, and this leads directly to the ascent

of the sap through the stem. This influence of the leaves in

promoting the absorption and ascent of fluid matters is well
shown by introducing a branch of a plant growing in the open
air in winter, into a hot-house. In this case, as soon as the
leaves expand, absorption and ascent of fluid matters imme-
diately take place.

Endosmose being thus shown to be the principal direct cause
of the ascent of the sap, the force with which this ascent takes
place will necessarily vary at the ditiSerent seasons of the year,

according to the activity of those processes, such as transpiration

and assimilation, by which condensation of the fluid contents of

the leaves, &c., is produced. Thus in the winter no transpira-
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tion takes place, and the cells of the young buds are moreover
then filled with watery matters holding starch and other in-

soluble 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 dextrine, sugar, &c., by
which the contents of the cells become thickened, development and
transpiration immediately follow, which give rise to endosmotic

action and a consequent 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
when 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 plants being then in an abnormal state, for the vessels as

well as the prosenchymatous cells are filled with sap, so that the

whole plant is, as it were, gorged with it, and thus in conse-

quence of the leaves being not then fully formed, and unable,

therefore, to absorb for their use all the sap which the stems

contain, such stems will bleed when wounded. But as soon

as the leaves, &c., are in full activity, or when the flowers are

developed before the leaves, the sap becomes rapidly absorbed,

and the current is soon confined to its proper channels— the

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, but 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 state of the plant, as already noticed (p. 779),

absorption of fluid matters by the roots and their transpiration

by leaves are directly proportionate tha one to the other, and
hence all stimulants to transpiration are in hkc manner stimu-

lants to absorption. In like manner, as we have just observed,

the force of the circulation is promoted by transpiration, and
thus in a healthy plant in a perfectly normal state, the amount
of fluid absorbed by the roots, the force with which it ascends

to the stem, and tlic amount transpired by the leaves, are

directly proportionate to one another.
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The force of the circulation was measured by Hales in the
stem of the Vine by the apparatus represented in fig. 1118,
where a represents a section of a vine stock, to the upper end
of which is attached a bent glass tube, d e/g, by means of
a copper cap, b, a piece of bladder, and a lute, c. The bent tube
being filled Avith mercury to the level, ef, at the commencement
of the experiment, the force of the sap Avas 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 suflScient to support a column of
mercury upwards of 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 mercury 17i

inches high.

As the fluid rises in the stem it is of a
watery nature, and contains dissolved in

it the various inorganic matters in the

same state nearly in which they were ab-

sorbed by the roots. It also contains

some sugar, dextrine, and other matters

which it has dissolved in its course up-

wards to the leaves, &c. In its passage

upwards, although it becomes more and
more altered from the state in which it

was absorbed by the roots; when it

Fig. 1118. Apparatus em-
ployed by Hales to show
the force of the ascent of the
sap. a. Cut vine stock, b.

a copper cap, winch is se-

cured to the stock by means
of a piece of bladder and
lute, c; d, e, f, g, bent
glass tube attached to the
copper cap, and containing
mercury, the level ofwhich,
at the commencement of
the experiment, is marked
by e, /, and at the conclu-
sion in one leg of the tube
by g ; and hence the mer-
cury in the other leg must
have risen to a correspond-
ing degree to its depression
in the former.

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 particulars, 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, Sfc.— The changes
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 particularly alluded to

in treating of the Functions of Leaves (p. 734); it Avill ba
3 E
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here, therefore, only necessary, to state in what those changes
consist. They are:— 1st. The transpiration of the super-

fluous fluid of the crude sap in the form of watery vapour,

by which it becomes thickened. This transpiration is not
a distinct function, but is simply an accompaniment of the

second change which occurs in the crude sap, and which is com-
monly termed Respiration. This consists essentially, and per-

haps entirely, in the absorption and decomposition of carbonic

acid gas, by which carbon—that most important constituent of

plants, is added to the crude sap. The third change is the

formation out of the various inorganic elements present in the

crude sap, of the numerous organic products and secretions,

which process is properly termed Assimilation. The crude sap

being thus altered, contains in itself all the various azotized

and unazotizcd 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. 739),
the healthiness or othemase of a particular country (p. 736),
and the fertility or barrenness of a soil (p. 736), &c., have
been already noticed. We have also seen, that in order that

these changes may be properly performed, the leaves must
be freely exposed to light (p. 741), or otherwise no proper
assimilation of the various inorganic substances which they con-
tain takes place, and hence the formation of the various organic

substances necessary for the free development of the tissues, and
for the production of the secretions, is more or less interfered with.

As light is thus seen to be essentially necessary for the for-

mation of the secretions of the plant, it follows, as we have seen

(p. 741), that when the secretions of particular plants which
are otherwise agreeable, are injurious, or of unpleasant flavour,

that, by growing them in darkness or in diminished light,

they can then be used as vegetables for the table, as is the case

with Celery, Sea Kale, Lettuce, Endive, &c. 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 illus-

trated by the strong odours of their flowers, and the rich

flavours of their fruits, as contrasted with those of cold and
temperate chmates.

Again, as the production of secretions depends upon the

intensity of light, it frequently follows,—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,

&c., when transported to this or any other climate in which
the intensity of the light is much less than it is in its native
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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, because light is the main agent concerned in their for-

mation, and we cannot increase the amount of light like 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 im-

portant 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 diiferent

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 Um-
belliferous plants, as Cicuta virosa (Water Hemlock), and Hem-
lock Water Dropwort {(Enanthe crocata), which are poisonous

in most districts of England, are innocuous when grown near

Edinburgh. The causes which lead to such differences are

at present obscure, but the varying conditions of soil and
moisture under which such 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 can-

not be doubted, but that each plant wUl only form its proper

secretions when grown under those circumstances which are

natural to it, and that consequently any change from those con-

ditions will modify to some extent the properties of the plant. I

cannot but believe that 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. We cannot, however, further

discuss this matter here; the above is only thrown out as a
suggestion for ftiture inquiries.

Descent of the Sap.—After the crude sap has been transformed
into the elaborated sap in the manner akeady described, it is

returned from the leaves to the inner-bark and cambium region

of Dicotyledons ; and apparently to the parenchymatous tissues

3£ 2
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generally of the stems of Monocotyledons and Acrogens. It then

descends in the stems of the several kinds of plants towards the

root, and in its course affords materials 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 ex-

periments upon Ferns, however, could not find any path by
which the elaborated juices descended in the stem.

In Dicotyledons, the elaborated sap is commonly said to

descend through the internal bark and cambium-layer towards

the root, and to be transmitted laterally inwards by the medullary

rays. (See p. 734, and Functions of Laticiferous vessels, p. 727.)

The causes which lead to this descent of the sap are ahogether

unexplained, indeed, this descent is totally denied by some
physiologists ; but that a descent of assimilated nutriment does

take place is beyond doubt, for otherwise, how could we ex-

plain the fact, — that when a ligature is tied tightly round the

bark of a 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. Again, it is Avell

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.

Another circumstance which also clearly proves to my mind the

descent of the nutritive matter, is the fact, that ifyou peel otF the

cortical parts of the stems of a potato plant, the formation of

underground tubers is prevented. We may conclude therefore,

.that although we cannot explain the cause or causes which lead

to the descent of the elaborated sap, the fact of that descent is

undoubted.

CHAPTER 3.

SPECIAL PHENOMENA IN THE LIFE OF THE PLANT.

1. DEVELOPaiENT OF Heat BY PLANTS.—As thc various organs
and parts of living plants are thc scat of active chemical and
other changes during their development, and in the performance
of their different functions, we might conclude, that their tem-
perature would rarely or ever, under natural circumstances, cor-

respond 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. 770).

This is more especially evident, when a number of seeds ger-

minate together, as in the process of malting. The development



DEVELOPMENT OF HEAT BY PLANTS. 787

of heat also, in the process of flowering, has been alluded to

(p. 747). The rise of temperature which thus occurs in the

processes of germination and flowering, is due, without doubt,

essentially, to the production 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 temperature.

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 surrounding air, that it

is due to external influences, such as the sun's rays, and the

temperature 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 the surrounding air, for at such

a period vegetation is in avery active condition, evaporation and
assimilation being then in full play. Again, when the tempera-

ture 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 in them than the external air.

The conclusions come to in the last paragraph do not, how-
ever, altogether 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

atmosphere so as to restrain evaporation, that a slight increase of

temperature took place, and thus seeming to prove that the che-

mical changes taking place in plants nroduced a rise rather than

a diminution of temperature. Probably this slight increase of

heat under such circumstances is due to an oxidation or com-
3e 3
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bustion of a portion of the carbon of the plant. Dutrochet
found, however, that when evaporation was allowed, that 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 after-

noon, the minimum occurring at midnight. The variation, how-
ever, 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 by him in

green and soft structures, 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 re-

gard to the development of heat by plants, and even these are by
no means of a satisfactory nature. Much further investigation

is required upon the development 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 authority 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 Rhizomorpha. According to Prestoc, the myceHum of the
common Truffle is also luminous in the dark.

The statement that certain Mosses, as Schistostega osmundacea
and Milium punctatum, were phosphorescent, appears to be
founded on imperfect observation.

With regard to the development of light by the higher
classes of plants, we have at present no very satisfactory obser-

vations 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,

Red 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

delusion, and the fact of such luminosity having been only no-
ticed in flowers with such bright and gaudy tints, appears strongly

to favour such a conclusion.

The 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 Euphorbia phosphorea
is luminous after removal from the plant, when it is heated.

3. Electricity of Plants.—All the statements which have
been made upon the 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
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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. MOVE3IENTS OF PLANTS.— Three kinds of movements

have been described in plants:— 1. Motions of entire plants,

such as those which occur in the Oscillatoriese, Diatomacese,

and some other forms of the lower Algae; and of parts connected
with the reproductive processes in some of the lower kinds of

plants. The locomotive power thus possessed by some of the
lower Algae is a marked deviation from what ordinarily occurs
in vegetables. 2. Movements produced in parts of plants which
are dead, or which, at least, have lost their active vitality.

Such movements maybe 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 Euphorbiaceae and Geraniaceae, and
many other phenomena of a hke 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 cilia 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 movements must be more particularly

noticed. They only occur during active vegetation. The
directions taken by organs properly come under this head.

This matter, so far as the Plumule and Radicle are concerned,

has been already noticed (p. 771). We shall not further allude

to this portion of the subject. The remaining movements
belonging to this class have been divided by Schleiden as

follows : —
1. Movements which evidently depend on external influences.

These are again divided into two:—
a. Periodical.

6. Not periodicaL

2. Movements independent, at least to some extent, of ex-

ternal influences, which are also divided into two :
—

a. PeriodicaL

b. Not periodical.

1. Movements depending on external Influences— a.

Periodical.— Under this head we include such movements as

3e4
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those of certain leaves, and the petals of flowers, >^hich occur

at particular hours, and Avhich remain in the new position thus

taken up until the return of a particular period, when they re-

sume 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 daylight.

In the petals of flowers great differences occur in different

plants, some opening or closing at particular hours of the day;
and thus, by observing these changes in a variety of flowers,

Linnaeus 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 Oxalidacere are marked illustrations

of these periodical movements. All the above movements are

indirectly dependent upon the varying conditions of light to

which the parts of the plant in which they are found are exposed.

b. Not periodical.— Such movements are exhil)itedin 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 Oralis,

Mimosa {fig. 350), in Dioncea

muscipula {fig. 352), &c. In
the Reproductive 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, Helianthemum vulgare

and other Cistacex ; also in

the stigmas of the Lobeliaceae,

&c. ; and in the style of Gold-

fussia anisophylla, ^c. All
the above movements are pro-

duced by external agency,

such as the action of insects,

the agitation caused by the

wind, &c.; and the immediate
object of such movements is

evidently to bring the pollen

into connection with the

stigma.

2. Movements indepen-
dent, AT LEAST TO SOME EX-
TENT, OP EXTERNAL INFLU-
ENCES.— O. Periodical.—These
movements arc seen in the

leaflets of certain tropical species of Desmodium {Hedysarum),
iind more especially in those of Desmodium gyrans {fig. 1119).

Fig. 1119. A portion of a branch, and the
ivaf of Desmodium gi/rans. The leaf is
trifoliate, and coiisistB of a large
terminal leaflet, n, and two smaller
ones. Ii. There are two other rudimen-
tary leiiflctH. marked also h. near the
tcrminul leaflet, hence the leaf would be
perhaps better characterised as inipari-
])iniuite.
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The leaf in this plant is trifoliate, the terminal leaflet, a,

being much larger than the two lateral leaflets, b. The
large terminal leaflet, a, when exposed to the influence of a
bright light, becomes more or less horizontal, but it falls

downwards on the approach of evening. Such movements
are therefore clearly analogous to the sleep of plants pre-

viously described. The lateral leaflets, h, exhibit a con-

stant movement during the heat of the day, advancing by
their edges towards the large terminal leaflet and then

retreating towards the base of 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.

These movements resemble those of the arms of the old

semaphore telegraphs, and hence this plant has been termed

the Telegraph plant. These movements go on to a less

extent even in the dark. They 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.
b. Not periodical.— These movements occur in the repro-

ductive organs of a large number of the Phanerogamia, and their

object is clearly to transfer the pollen to the stigma. The stamens

sometimes curve inwards separately towards the stigma, as in

Huta graveolens {fig. 596), and Parnassia palustris ; or in pairs,

as in Saxifraga tridactylites. After the pollen is discharged, the

stamens commonly return as nearly as possible to their former

position. In Passiflora, Nigella sativa, certain Onagraceae and
Cacti, &c., the styles move to the stamens; while in other

Onagraceae and certain Malvaceae, &c., both styles and sta-

mens move towards each other. No explanation of a satis-

factory nature has been given of the cause of these movements.
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INDEX
TO

STRUCTURAL AND THYSIOLOGICAL BOTANY.

The technical terms mentioned below are explained at the pages referred to,
and thus the Index may be used as a Glossary.

A.

Abaxial embryo, 351

.

Abortion, 363.

Abortive, 241 .

Abrupt root, 132. '

Absorption, 779.

Absorption by roots, 730.
Acaulescent, 70.

Accessory buds, 105.

Accrescent, 229.

Accumbent, 349.

Acerose, 164. '

Achaenium, 316.
Achlamydeous, 216.
Acotyledonous, 3i5.
Acotyledonous leaves, 184.

roots, 127.

stems, 96.

Acrogenous, 71-

Acrogenous stems, 96.

Acrosporous, 387.
Acuminate, 163.

Acute-pointed, 163.

Adelphous, 256.

Adherent calyx, 226.

Adnate stipules, 177.

Adnate filament, 248.

Adnation, 360.

Adventitious buds, 103.

Adventitious root, 12'i.

Aerial bulbs, 117.

leaves, structure, 146.

roots, 123.

stems. 111.

.aistivation, 146, 217.

Age of endogenous stems,
96.

of exogenous trees,

80.

Aggregate fruits, 316, 324.

Air plants, 124.

AlsB, 232.

Albumen, 342, 343.
Albuminous, 343.
Alburnum, 80.

Alternate leaves, 139.

Alternation ofgenerations,
371.

Amentum, 198.
Amphisarca, 318.
Amphitropous, 334, 351.
Amplexicaul, 135.

Anatropous, 333.

Andria, 254.

Androeclum, 216, 241.
Androphore, 258.

Andria, 254.

Angiospermous, 328, 336.
Anisomerous, 357.
Anisostemonous, 2.^4.

Annual layers of wood, 78.
leaves, 133.

roots, 126.

Annular cells, 15.

vessels, 34.

Annulate. 369.
Annulated root, 130.
Annulus, 378.

Antheridia, 370.
Anther, 216,244.
Antherozoid, 382.
Anthesis, 221.
Anthocarpous, 324.
Anthodium, 203.

Anthotaxis, 187.
Antitropous, 351.
Apetaloid, 230.
Apicilar, 288.
Aploperistomous, 378.
Apocarpous, 274.

Apocarpous fruits, 314.
Apophysis, 376.

Apothecia, 383.

Appendiculate, 251.

Arbusculus, 108.
Archegonia, 370.
Arillus, 340.
Arillode, 340.

Articulated, 133.
Ascent of the sap, 781.
Ascending ovule, 329.
Asci, 383.

Ascidia, 182.

Assimilation, 739.
Atropous, 333.

Augmentation, 360.
Auriculate, 167.
Axial embryo, 351.
Axil, 133.

Axile placenta, 283.
Axillary, 133.

Axillary inflorescence, 197-
stipules, 177.

B.

Bacca, 322.
Balausta, 324.

Banvan tree, 123.
Bark, 85.

, growth of, 87.
Basidia, 387.
Basidiospores, 387.
Basilar style, 288.
Bast tissue, 30.
Berry, 322.
Biennial roots, 126.
Bifoliate, 170.

Biforines, 25.

Bigeners, 762.
Bilabiate, 225.
Binate, 170.
Bipinnate, 169.
Biserrate, 158.
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Bisexual, 240.
Biternate, 171.
Blade. 133, 150.

Bletting, 767.

Botany, object of, 1.

Bothrenchyma, 32.

Bractlets, 188.
Bracts, 187.

Bristles. 48.

Buds, 99.

Bulb, 116.

Bulbils, 117.

Bulblets, 117.

Bush, 108.

Caducous, 133, 228.
Calcarate, 228, 237.
CalyciflorcB, 256.
Calyptra, 376.
Calyptrate, 229.
Calyx, 214, 221.

, duration of, 2
Cambium layer, 83.
Campanulate, 233.
Campylotropous, 333.
Capillary, 242.
Capitate, 46.

Capitulum, 203.
Capsule, 318.

Carcerule, 318.
Carpels, 216, 268.
Carpophore. 2S9.
Caruncles, 3*0.
Caryophyllaceous, 232.
Caryopsis, 317.
Catkin, 192.

Caudex, 97.

Candicle, 262.

Caulescent, 70.
Caulicule, 344.

Caulis, 107.

Caulinary stipules. 177.
Cauline leaves, 135.
Cell-contents, 16.

Cell-division, 58.

Cell-formation, 56.

Cell-membrane, 9.

Cell-nucleus, 18.

Cellular plants, 67.
Cellulose, 9.

Cell-wall, 9.

Central placenta, 284.
free, 284.

Centrifugal, 207.
Centripetal, 198.

Ceramidium, 390.
Chalaza, ;3;k'.

Chlorophyll, 19,744.
Chlorosporea;, 388.
Chorisis, ,361.

Chromulc, 20.

Cicatrix, 133.

Circlnate, 144.

Circinate cyme, 210.

Circulation, 780.

Circumscissile, 309.

Circumscription, 133.

Cirrhus, 110.

Cistome, 41, 55.

Clavate, 46.

Clawed, 230.

Climbing, 106.

Clinanthium, 193.

Coarcture, 119.

Coalescence, 359.
Cocci, 306.

Coccidium, 390.

Cochlear, 220.

Coleorhiza, 127.

Collateral, 330.

Collecting hairs, 49.

Collective fruits, 324.
Colienchyma, 28.

Colour of leaves, 744.
Columella, 376.

Coma, 108, 338.

Commi.ssure, 321.

Common petiole, 173.

Comose, 338.
Complete flower, 358.

Composition of Leaves,155.
Compound, 274.

leaves, 134, 167.
spike, 200.

Conceptacles, 390.

Conceptaculum, 315.

Conducting tissue, 272.
Conduplicate, 144.

Cone, 200, 324
Conical root, 130.
Conidia, 385.

Conjugation, 3S8.
Connate, 136.

Connective, 245, 249.
Connivent, 223.

Contorted, 219.
root, 132.

Contracted cyme, 212.
Convolute, 145, 219.

Coralline root, 128.

Cordate, 165.

Cork. 87.

Corolla, 214, 229.
Corolliflorffi, 256.

Corm, 117.

Cormophytes, 98.

Corona, 238.

Corpuscula, 757-

Corrugated. 217.

Cortical system, 85.

Corymb, 201.

Cotton, structure of, 49.

Cotyledoiious, 3i5.
Cotyledons, 135, 344.

Creeping stem, 114.

Cremocarp, 321.

Crenate, 158.

Crenulate, 1.58.

Crisped or curled, 159.

Cross-breeds, 762.

Cruciate, 231.

Cruciform, 231.

Crumpled, 217.

Cryptogamous, 67-
Cuncate, 165.

Cupule, 191.

Curviserial, 141.

Cuspidate, 163.

Cuticle, 41.

Cyclosis, 727.
Cyme, 107.

Cynarrhodum, 316.

Cvpsela, 321.

Cytoblast, 18.

Cytoblastema, 56.

Cystidia, 385.

Cystolithes, 25.

D.

Deciduous, 133, 229.

Declinate, 244.

Decompound, 170.

Decumbent, 106.

Decurrent, 1.35.

Decussate, 137.

Deduplication, 361.

Definite In florescence, 206.

Defoliation, 745.

Degeneration, 366.

Deliquescent, 108.

Dentate or toothed, 158.

Derm, 86.

Descent of the Sap, 785.

Development, 784.

Diachajnuim, 321.
Diadclphous, 257.

Dialycarpous, 274.

Dialypetalous, 231.
Dichlamydeous, 216.

Diclinous, 240.

Dicotyledonous, 344.

leaves, 184.

roots, 126.

stem, 73.

Didynamous, 259.

Diffusion of gases, 724.

Digitalilbrm, 236.

Digitate, 161, 171.

Digitipartite, 161.

Diopcious, 241.

Diplopcristomous, 378.

Diplostemonous, 254.

Diplotegia, 319.32-2.

Disc-bearing cells, 13.

Disk, 265.

Dissected, 161.

Dissepiment, 277.

Distichous. 139.

Distractile, 2.-)0.

Divergent, 223.

Dor.^al suture, 269.

Dotted cells. 11.

vc.ssels, 32.

Doum Palm. 94.

Dragon-tree, 95.

Drupe. 313.

Ducts, 32.

Duramen, 80.
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Ebracteated, 189.
'

Elaters, 311.

Electricity of plants, 789.
Elementary structure, 4.

Elongated parenchyma, 28.

Emarginate, 163.

Embryo, 344.

Embryo-buds, 104.

cell, 370.
sac, 330.

Embryotegia, 339.

Empty bracts, 189.
Endocarp, SOD.
Endogenous, 71.

Endogenous stems, 89.
Endophlceum, 8.5.

Endopleura, 339.

Endorhizal, 127.

Endosmose, 724.
Endosperm, 343.
Endostome, 332.

Endothecium, 247.
Epicalyx, 189.

Epicarp, 300.

Epidermal appendages, 45.

tissue, 38.
Epidermis, 3S.

, functions of, 728.
Epigeal, 773.
Epigone, 376.

Epigynous, 255.

Epipetalous, 255.

Epiphiceum, 86.

Epiphragma, 377.
Epiphytes, 124.

Episperra, 337.
Epithelium, i:70.

Equally pinnate, 168.
Equitant, 146.

Erect ovule, 329.
Etffirio, 316.

Etiolated, 741.

Evergreen, 133.

Exalbuminous, 3i3.

Exannulate, 369.
Excipulum, 383.

Excrescence, 105.

Excrescent, 196.

Excretion of roots, 732.
Excretions, 741.

Excurrent, 108.

Exhalation, 734.
Exocarp, 300.

Exogenous, 70.

Exogenous stems, 73,

Exorhizal, 126.

Ex osmose, 724.

Exospores, 386.
Exostome, 332.

Exothecium, 247.
Exserted, 258.

Exstipulate, 134.

Extine, 262.

Extra-axillary, 106.

Extrorse, 247.

F.

Fall of the leaf, 745.
False bark, 90.

Fasciated btanches, 106.
Fascicle, 212.

Fascicled leaves, 137.

Fasciculated root, 129.
Faveilae, 390.

Fibrilliform tissue, 29.
Fibrils, 121.

Fibro-cellular tissue, 29.

Fibro-vascular system, 38,
70.

Fibrous cells, 14, 16.

root, 128.

Filament, 216, 241.
Filiform, 242.

Fimbriated, 231.
Fissiparous, 58.

Fissures of leaves, ]59.
Fixed embryo, 102.
Flngellum, 111.

Floral envelopes, 221.
Flowering plants, 67.
Flovverless plants, 67.
Foliaceous, 226.
Folioles, 156.

Follicle, 315.

Food of plants, 774.
Foramen, 332.

Forked venation, 154.
Forms of cell, 4.
-^— hairs, 46.

leaves, 167.
Fossil botanv, 2.

Fo villa, 263.'

Fringed, 231.

Fronds, 184.
Fruit, 296.

Fugacious, 133.

Functions of bracts,

fruit, 764.

glands, 729.

hairs, 729.

intercellular system,
730.

leaves, 734.

seeds, 767.
stomata, 728.

Funiculus, 327, 335.

Fusiform root, 130.

G.

Galbulus, 324.

Galeate, 227.

Gamopetalous, 232.

Gamosepalous, 224.

Gasteromycetous, 387.

Gemmation. 60.

Gemmule, 344.

General physiology, 773.

Geniculate, 244.

Geographical botany, 2.

Germ cell, 370.

746

Germinal corpuscles, 757,
759.

Germination, 769.

Monocotyledonous,
772.

Dicotyledonous, 772.
Gibbous, 227, 237.
Glands, 50.

compouud, 50,
external, 50.

internal, 52.
simple, 50.

sessile, 50.

stalked, 50.

Glandular hairs, 49.
Glans, 322.

Globule, 381.
Glochidiate, 46.

Glomerule, 212.

Glummellules, 193.
Glumes, 192.

Gonidia, 385.

Gummi-keulen, 25.
Gymnospermous, 328, 336.
Gymnostomou.<;, 377.
Gynandrous, 256.
Gynia, 274.
Gynobase, 289.

Gyncecium, 267, 273.
Gynophore, 281.

Gynostemium, 256.
Gyrate cyme, 211.

H.

Hairs, 45.

Hastate, 167.

Head of flowers, 203.
Heart-wood, 80.

Heat of plants, 786.
He'.icoid cyme, 210.
Helmet-shaped, 227.
Hemicarp, 321.
Herbs, 108.

Hermaphrodite, 240.
Hesperidium, 320.

Heterorhizal, 127.

Heterotropous, 334.
Hidden-veined, 150.

Hilum, 327, 335.

Histology, 4.

Homologous, 214.
Homotropous, 351.

Hooded, 227.

Horizontal ovule, 329.
Hybridization, 762.
Hybrids; 762.

Hymenium, 386.

Hymenornycetous, 387.
Hypanthodium, 204.
Hypocrateriform, 233.
Hypogeal, 773.
Hypogynous, 255.

Hypothec! um, 383.
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Imbricate, 145, 219,

Impari-pinnate, 168.

Inactive spore, 388.

Incision of leaves, 159.

Included, 258.

Incomplete flower, 358.
Incumbent, 349.

Indup'.icate, 146, 218.

Indusium, 291, 369.

Induviate, 133.

Inferior calyx, 226.— ovary,'281.
Inflorescence, 187, 196.— definite, 196.

determinate, 196.— indefinite, 196.

indeterminate, 196.

Infra-axillary, 133.

Infundibuliform, 233.

Innate, 248.

Insertion of leaves, 135.

Integumentum simplex,

331.

Intercellular passages, 54.

'— spaces, 54.— substance, 55.— system, 54.

Interlacing tissue, 29.

Internodes, 98.

Interpetiolar, 178.

Interruptedly pinnate, 169.

Intine, 26-2.

Intra-cellular oirculation,

725.
Intrafoliaceous, 178.

Introrse, 247.

Inverse ovule, 329.

Involucre, 190.

Involucel, 190.

Involute, 145.

Irregularity, 366.

Irregular, 231.

Irregular flower, 358.

Isomerous, 357.

Isostemonous, 254i.

Jointed or articulated, 99.

Jugate uni., 168, 170.

. bi., 168.

tri-, 168.— multi-, 168.

K.

Keel, 232.

Kidney-shaped, 167.

Kinds of cells, 26.

Knob, 105.

Labiate, 234.

Laciniated, 1(

Lamellae, 386.

Lamina, 133, 150.

Lanceolate, 165.

Laticiferous vessels, 36.

Layering, 112.

Leaf-arrangement, 136.

Leaf defined, 132.

Leaf development, 184.

Leaflets, 156.

Legume, 312,

Leniicels, 53.

Lepidote. 48.

Lianas, 107,

Lignine, 11,

Ligulate, 236.

Ligule, 175.

Limb, 133, 225,

Linear, 164.

Liquor amnios, 331.

Lirellse, 383.

Lobes of leaves, 159.

Loculi, 245, 278,

Loculicidal, 305.

Locusta, 199.

Lodiculae, 193,

Lomentum, 313.

Luminosity of plants, 78?

Lunate, 167.

Lymphatic hairs, 49,

Lyrate, 160.

Lyrately pinnate, 169.

M.

Macrogonidia, 389.

Macropodous, 347.

Macrospores, 374.

Mangrove tree, 123,

Marcescent, 229.

Marginal placenta, 283.

Margins of leaves, 157. ;

Medulla, 75.

Medullary rays, 83,

Meiostemonous, 254.

MelanosporccC, 391.

Membranous, 226,

Merenchyma, 27.

Mericarp, 321.

Merismatic, 58,

Meros, 357,

Mesocarp, 300.

Mesophloeum, 86.

Metamorphosis, 356.

ascending, 356.

descending, 356.

direct, 356.

retrograde, 356.

Microgonidia, 389,

Micropyle, 332,

Microspores, 374.

Midrib, 150.

Mixed inflorescence, 213,

Monadelphous, 257.

Moniliform, 46.

root, 130.

Monochlamydeous, 21 G.

Monocotyledonous, 345.

Monocotyledonous leaves,
184.

roots, 127.

stem, 89,

Monoecious, 240.

Monopetalous, 232.
Monophyllous, 224.

Monosepalous, 224.
Monstrosities, 354,
Morphological botany, 1, 4.

Morphology, general, 63,
352.

Movements of plants, 789.
Mucronate, 163.

Mules, 762.

Multicostate, 152,

Multifoliate, 170.

Multiple fruits, 324.
Murilbrm parenchyma, 28.

Mycelium, 3b5.

N.

Naked bud, ICO,

Naked bulb, 117.

Napiform, 131.

Neck or coUum, 119.

Nectaries, 53, 239,

Nervation, 150,

Neuter, 240.

Nodes, 98.

Nodulose root, 130,

Non-adherent, 226.

Non-articulated, 133.

Normal buds, 102.

Nucleoli, 18,

Nucule, .382,

Nut, 322.

Obcordate, 166.

Oblique leaf, 163.

Oblong, 165.

Obovate, 165.

Obsolete, 226.

Obtuse, 162.

Obvolute, 146.

Ochrea, 178,

Octastichous, 140.

Offset, 112.

Omphalodium, 335.

Oophoridia, 374.

Oosporangia, 374.

Operculate, 229, 263.

Operculum, 376.
Opposite leave?, 141*

Orbicular, 167.

Organography, 1, 4.

Organology, 1, 722.

Organs of nutrition, 69.

reproduction, 69, 187.

vegetation. 69,

Orthotropous, 332.



STEUCTUEAL AND PHYSIOLOGICAL BOTANY. 797

Ostiole, 384.
Oval or elliptical, 165.

Ovary, 216, 280.

Ovate, 165.

Ovulary-spore, 572.

Ovule, 216, 327.

Paginae, 133.

Palffiontological botany, 2.

Palate, 235.

Paleae, 192, 193.

Palmate, 161, 171.

Palmated root, 129.

Palmatifid, 161.

Panduriform, 161.

Panicle, 202.

Panicled cyme, 210.

Papilionaceous, 232.

Pappus, 227.

Papulae, 50.

Parallel-veined, 151.

Paraphyses, 376.

Parasites, 125.

Parenchyma, 27.— complete, 28.—. incomplete, 27.

, functions of, 723.

Parench ymatous cells,7.27

. system, 38, 70.

Parietal placenta, 284.

Pari-pinuate, 168.

Patent, 108.

Patulous, 223.

Pedate, 162.

Pedicel, 193.

Peduncle, 193.

, duration of, 195.

Peloria, 237.

Peltate, 47.

Peltate leaves, 135.

Pendulous, 108.

Pentastichous, 139.

Pepo, 323.

Perennial roots, 126.

Perfoliate, 136.

Perianth, 214.

Pericarp, 300.

Pericladium, 179.

Periderm, 86.

Peridium, 387.

Perigone, 214.

Perigynous, 255.

Peripherical, 351.

Perisperm, 3+2, 343.

Perispore, 390.

Perisiomium, 376.

Persistent, 133.

Personate, 235.

Peruls, 100.

Petaloid, 226.

Petals, 214, 229.

Petiolate or stalked, 135.

Petiole or leaf-stalk, 133,

172.

structure of, 173.

Petiolule, 156.

Phanerogamous, 67.

Phoranthium, 193.

Phragmata, 278.

Phyllaries, 191.

Phyllodes, 181.

Phylloid peduncle, 194.

Physiological botany, 1.

Physiology of the root
730.

Phytons, 102.

Phytozoa, 370, 378.
Pileorhiza, 124.

Pileus, 38fi.

Pilose, 227.

Pinnffi, 168.

Pinnatifid, 160.

Pinnatipartite, 160.

Pinnatisected, 160.

Pinnules, 170.

Pistil, 216. 267.
Pistillidia, 379.

Pistillidia sporangia, 372.

Pitchers, 182.

Pith, 75.

Pitted cellular tissue, 29.

cells, 11, 16.

vessels, 32.

Placenta, 268, 282.

Placentaries, 282.

Placentation, 282.

Placentiform, 131.

Plaited or plicate, 144.

Pleurenchyma, 29.

Plumose, 227.

Plumule, 344.

Pod, 312.

Podetium, 383.

Podosperm, 327.

Pollen-sporangia, 374.

spores, 372.

tube, 265.

PoUinia, 261.

Pollinaria, 387.

Polyadelphous, 257.

Polycotyledonous, 348.

Polyembryonic, 346.

Polygamous, 241.

Polypetalous, 231.

Polyphyllous, 223.

Polysepalous, 223.

Polystemonous, 254.

Pome, 323.

Porous cells, 11, 16.

Praefloration, 146, 217.

Prffifoliation, 101, 144.

Praemorse root, 132.

Preserving seeds, 769.

Prickles, 49.

Primary root, 119.

Primine, 332.

Primordial leaves, 135.

utricle, 17.

Procumbent, 106.

Pro-embryo, 368.

Prosenchyma, 29.

I
. . functions of, 726

Prosenchvmatous cells, 7,

27.

Prostrate, 106.

Prethallus, 368.

Protonema, 378, 753.
Protoplasm, 17.

Pseudo-bulb, 106.

Punctated cells, 13.

Pulvinus, 174.

Putamen, 301.

Pycnidia, 383, 385.

Quadrifoliate, 170.

Quadrinate, 170.

Quinate, 170.

Quincuncial, 139, 220.

Quinquecostate, 1.52.

Quinquefoliate, 170.

Quintupli-costate, 153.

.R.

Raceme, 201.
Racemose cyme, 210.
Rachis, 173, 193.

Radical hairs, 49.

leaves, 135.

Radicle, 344.

Ramal leaves, 135.

Ramenta, 48.

Ramification, 102.

Raphe, 533.

Raphides, 24.

Receptacle, 193, 294.

Receptacles of Secretion,

54.
Reclinate, 144.

Reclinate ovule, 329.

Rectiserial, 141.

Reduplicate, 218.

Reflexed, 223,
Regma, 319,
Regular, 231.

Regular flower, 358.

parenchyma, 28.

Reliquiae, 133.

Reniform, 167.

Replum, 319.

Reproduction of :

—

Algae, 749.

Angiospermia, 758.

Characeae, 752.

Equisetacese, 755.
Filices, 755.

Gymnospermia, 756.
Hepaticaceae, 752.

Lycopodiaceae, 753.
. Marsileaceae, 753.
Musci, 752.

Reproductive Organs of.—
Algae, 388.
Characeae, 381.

Equisetaceae, 371.

Filices, 368.

. Fungi, 385.
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ReproductiveOrgans of :
—— Hepaticacea;, 378.

Lichenes, 383.

Lycopodiaceae, 374.
Marsileaceas, 372.

Musci, 375.

Respiration, 739.
Resting spores, 388.

Reticulated cells, 15.—— veined, 151.—— vessels, 35.
Reticulum, 179.

Retinacula, 262.
Retuse, 162.

Revolute, 145.

Rhizome, 113.

Rhodosporeje, 390.
Ringent, 235
Root defined, 119.

Root-sheath, 125.

Rootstock, 113.

Rosaceous, 232.

Rostellum, 262.

Rotate, 233.

Rotation, 725.
of Crops, 777.

Round parencliyma, 27.

Ruminated, 3+0.
Runcinate. 161.

Runner, 111.

Saccate, 227, 237.

Sagittate, 167.

Samara, 318.

Sap. 19.

Sap-wood, 80.

Sarcocarp, 300.

Sarmentum, 107.

Scalariform vessels, 35.

Scales or scurf, 47.

Scaly buds, 100.

bulb, 117,

Scandent, 106.

Scape, 194.

Sclerogen, 11.

Scorpioid cyme, 210.

Secondary root, 122.

Secretion, "84.

Secretions, 741.

Secundine, 332.

Seed, 335.
Seed-bud, 327.

Seed-nucleus, 337. 342.

Semi-anatropous, 334.

Sepals, 214, 221.

Septemfoliate, 170.

Septenate, 170.

Septicidal, 3()4.

Septifragal,;307.

Serrate, 158.

Serrulate, 1.58.

Sessile leaves, 134, 135.

.Seta, 376.

Setaceous, 48.

Sets, 48.

Sexuality of plants, 748,
Sheath, 174.

Sheathing, 135.

Shrubs, 108.

Silicula, 320.
Siliqua, 319.
Silver-grain, 83.

Simple, 273.

Simple fruits, 312.

leaves, 134, 156.
Sinuate, 158.

Sinuose, 250.
Size of cells, 8.

trees, 82.

Skeleton leaves, 147.

Sori, 368.
Sorosis, 325.

Spadix, 199.

Spathe, 192.

Spathella, 192.

Spawn, 385.

Special functions of the
stem, 733.

phenomena, 786.

physiology, 723.

Spermagonia, 384.

Spermatia, 384, 3.'J5.

Spermatophores, 384.

Spermatozoids, 370, 378.
Spermophore, 283.

Sphalerocarpium, 325.
Spike, 197.

Spiked cyme, 209.

Spikelet, 199.

Spines, 109.

. of leaves, 179.
Spiral cells, 15.

vernation, 145.

vessels, 33.

Spongiform parenchyma
28.

Spongiole, 120.

Sporangia, 368.
Spares, 367.
Sporidia, 334,
Sporocarp, 372.

Sporophores, 387.

Spreading, 108.

Sf.urred,228,237.
Squamaj or scales, 190.

Squamula;, 193.

.Stamens, 216, 241.

Standard, 232.

Starch, 20.

amorphous, 22.

nucleus of, 23.
Stem defined, 69.

Stercnchyma, 28.

Sterigmata, 388.

Sterile, 241.

Stichidia, 390.
Stigma, 216. 291.

Stings, 51.
Stipe, 97.

St i pel late, 176.

Stipels, 176.

Stipitate, 281. I

Stipulate, 176.

Stipules, 133, 176.

Stolon, 112.

Stoloniferous, 112.
Stomata, 42.

Stone-fruit, 313.
Strobile, 200.

Strobilus, 200, 325.

Structural botany, 1, 4.

Strophioles, 340.

Struma, 174, 376.

Style, 216, 288.
Stylopodium, 266.

Stylospores, 384, 385.
Sub-hybrids, 762.

Submerged leaves, 149,

, structure of, 149.

Sub- rotund, 167.

Subterranean stems, 113.

Subulate, 165.

Sucker, 112.

Superior calyx, 226.

ovary, 281.

Superposed, 330.

Supervolute, 146.

Suppression, 363.

Supra-axillary, 133.

Surculose, 112.

Suspended ovule, 329.

Suspensor, 345.
Suture, 302.

Syconus, 326.

Symmetry of flower, 357,
Synantherous, 256.

Syncarpous, 274, 276.

fruits, 317.

Syngenesious, 256.
Synochreate, 177.

Systematic botany, 394.

Tabular parenchyma, 28.

Taphrenchvma, 32.
Tap-root, 122.

Tegmen, 339.

Tegmenta, 100,

Tela-conti'Xta, 29.
Tendril, 110.

Tendrils of leaves, ISO.

Tercine, 331.

Tcrnate, 170.

Testa, 337.
Tetradynamous, 259.

Tetraspores, 390,

I'etrathecal, 246.

Tlialamiflonc, 256.

Thalamium, 383.
Thalamus, 294,

Thallogens, 64.

Thallophvtes, 64.

Thallus, 98.

Theciu, i;4().

Thccaspores, 387,
Thorns, 109.

Throat, 225,

Thyrsus, 20S.
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Tigelle, 344.
Torus, 294.

Trachenchyma, 34".

Transformation, 366.

Transpiration, 734.

Transplanting, 730.

Transporting seeds, 769.
Tree, 108.

Triadelphous, 257.

Trichosporangium, 391.

Tricostate, 152.

Trifoliate, 170.

Tripinnate,170.
Tripli-costate, 153.

Tristichous, 140.

Triternate, 172.

True root, 119.

Truncate, 163.

Trunk, 108.

Tryma, 321.

Tube, 225.
Tuber, 115.

Tuberculated root,

Tubercule, 129.

Tubular, 233.

Tun icated bulb, 116.

Turpentine vessels, 55.

Twining, 107.

Tympanum, 377.

129.

U.

Umbel, 204.

Umbilical cord, 327.

Umbilicus, 327, 3^5.

Uncinate, 46.

Undershrub, 108.

Undulated, 158.

Unequally pinnate, 168.

Unguiculate, 230.

Unisexual, 240. .

Urceolate, 234.

Utricle, 4, 314.

V.

Vagina, 174.

Vaginule, 376.

Valvate, 145, 218.
Valves, 303.

Vascular bundles, 72.

definite, 72.

indefinite, 72.

plants, 67.

tissue, 32.

Vasiform tissue, 32.

Venation, 150.

varieties of, 152.

Ventral suture, 269.

Vernation, 101, 144.

Versatile, 248.

Verticillaster, 213.

Verticillate, 136.

Verticillate leaves, 141.

Vessels, functions of, 727.

of plants, 32.

Vexillary, 220.

Vexillum, 232.
Vital node, 119.

Vitality of seeds, 767.
Vitellus, 339.
Vittae, 55.

Volva, 386.

W.

Wardian Cases, 743.
Weeping, 108.

Whorled, 136.

Winged, 175.

Wings, 232.

Wood, structure of, 76.
Woody parenchyma, 90.
Woody fibre, 29.

tissue, 29, 30.

kinds of, 30.

Z.

Zoospores, 389.

Zoothecse, 376.
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Abbreviations, 402.

Abelmoschus, 466.

Abies, 659.

Abietes, 659.

Abroma, 470.

Abrus, 526, 528.

Abutilon, 467.

Acacia, 531.

Acasna, 536.
Acanthaceee, 614.

Acanthus, 614.

Acer, 488.

Aceracea;, 487.

Achlva, 720.

Achras, 588.

Aconitum, 436.

Acoracea;, 682.

Acorns, 682.

Acotyledones, 703.
Acrodiciidium, 631.

Acrogenae, 703.

, analysis of, 711.

Acrostichum, 704.

Actaeeae, 436.

Adansonia, 469.

Adder's Tongue, 705.
Adenanthera, 531.
Adiawtum, 704.

.Sgiceracpffi, 603.

^gilops, 699.

JEgle, 494.

.fflschynomene, 528.

iEsculus, 4S3.

iEthusa, 563.

African Hemp, 677.

African Teak, 645.

Agar-agar, 721.

Agaricus, 716.

Agathophylliim, 631.

Agathotes, 593.
Agave, 673.
Aglaia, 492.

Agrimonia, 5.36.

Akee-fruit, 483.

Aki, 553.

Alangiacofc, 558.

Alaria, 720.

Alchemilla, .536.

Alcornoque bark, 490, 529,

Alder, 652,

Alectris, 674.
Aleurites, 643.

Alexanders, 562.

Algffi, 717.

, edible, 719.
Algaroba, 531.
Algarobilla, 531.
Algue de Java, 721.
Alhagi. 528.

AlismacejB, 686.

Alkanet, 607.
Allium, 677.
Allspice, 553.

Almond, 535.
Alnus, 652.
Aloe, 677.

Aloes, 677.

Aloysia, 611.

Alpinia, 669.

Alsinea;, 463.

Alsodeaj, 458.

Alstonia, 591.

Alstrcemeria, 673.

Altha;a, 466.

Altingiaceae, 652.

Alum-root, 512,

Alyxia, 590.

Amanita, 716.

Amaranthaceae, 622.

Amaranthus, 622.

Amaryllidacese, 672.

Amelanchier, 537.

American Aloe, 673.

Sarsaparilia, 565.

Calumba, 593.

Ipecacuanha, 536.

Ammoniacum, 563.

Amomum. 668.

Amorphophallus, C89.
Ampclideae, 495.
Ampelopsis, 496.

Ainygdaleae, 534, 535.
Amygdalus, 535.
Amyris, 524.

Amyridacea;, 523.
Anacardiacca;, 520.

Anacardium, 522.

Anacyclus, 580.
Anagyris, 526.

Anamirta, 442.

Ananassa, 675.
Anastatica, 453.
Anchusa, 607.
Anda, 643.

Andira, 528.

Andra;aceae, 709.
Andropogon, 699.
Androsaemum, 479.

Anemoneae, 436.

Anesorhiza, 562.
Anethum, 562.

Angelica, 562.
Angiospermia, 434.

Angraecum, 667.
Angustura Bark, 502.
Anise, 562.

Anon a, 440.
Anonaceae, 439.

Anthemis, 579.

Anthoceroteae, 710.
Anthriscus, 562.

Antiaris, 639.

Aphloia, 457.
Apiacea;, 560.
Apium, 562.

Apocynaceae, 589.

Apocynum, 591.

Apostasiaceae, 667.
Appalachian tea, 520.

Apple, 537.
Apricot, 535.

Aquifoliaceae, 587.

Aquilaria, 628.

Aquilariaceaj, 628.
Araceae, 688.

Arachis, 527.
Aralia, 565.
Araliaccje, 564.

Araucaria, G60.

Archangelica, 562.

Arctostaphylos, .085.

Areca, 684.

Argel leaves, 595.

ArKcmone, 448.

Arisa-ma, 688.

Aristolochia, 646.

Aristolochiaceffi, 646.

Aristotclia, 473.

Armcria, (505.

Armoracia, 453.

Arnatto, 457.
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Arnica, 580.
Arracacha, 51 0,562.
Arrow-root,

. East Indian, 670.
, AVest Indian, 669.

Artanthe, 626.

Artemisia, 580.
Artichoke, 579, 680.
Artocarpaceae, 639.
Artocarpus, 640.

Arum, 680.
Arundo, 698.
Asagrsa, 679.
Asarabacca, 646.
Asarum, 646.

Asciepiadaceje, 593.
Asclepias, 595.
Ash, 602.

manna, 602.
Asparagus, 677.
Aspergillus, 717.
Aspidium, 705.

Aspidosperma, 591.
Assafcetida, 563.

Asteracese, 575.
Astragalus, 527.
Astroloraa, 586.

Atherosperma, 632.

Atherospermaceffi, 632.
Atriplex, 623.

Atropa, 601.

Atropaceae, 600.

Attalea, 685.

Aucklandia, 580.
Aucuba, 554.

Aurantiaceae, 493.

Australian manna, 553.
Ava, 625.
Avena, 698.

Averrhoa, 510.

Avicennia, 612.
Avocado pear, 631.
Azalea, 585.

B.

Babool, 531.

Balanites, 524.

Balantium, 705.

Balanophoraceae, 654.
Balatas, 588.

Balaustine, 553.

Bald-money, 562.
Balm, 611.

of Gilead, 523.

Balsamifluae, 652.

Balsaminaceae, 510.
Balsamodendron, 523.
Balsam of Peru, 529.

Tolu, 529.
Bamboo, 698.

Bambusa, 698.

Banana, 670.

Bandoline, 721.
Baobab tree, 469.

Baphia, 531.

Baptisia, 526.

Barbadoes cherries, 489.
Barberry, 443.

Barley, 699.

Barosma, 502.
Barricarri seeds, 531
Barringtoniaceas, 544.
Basella, 623.

Basel laceee, 623.
Bassia, 588.
Batatas, 596.
Batideje, 645.
Batis, 645.
Bauhinia, 530.
Bdellium, 523.
Bean-caper, 506.
Beans, 526.
Beatsonia, 460.

Beaver tree, 439.
Beeberu, 631.

Beech, 650.
Beef-wood, 651.
Beet, 623.

Begoniaceee, 633.

BelvisiacecB, 555.

Benjamin-tree, 589.

Ben-nuts, 532.

Berberidaceae, 442.
Berberis, 443.
Bertholletia, 554.
Beta, 623.

Betel nut, 684.
Betula, 652.

Betulaceas, 651.
Bigg, 699.

Bignonia, 614.
Bignoniaceae, 614.
Bilberry, 583.
Biilardiera, 497.
Billbergia, 675.
Birches, 652.

Birthwort, 646.
Bish, 437.
Bistort, 621.

BixaceaB, 456.
Bizarres, 464.
Black alder, 520.
Black bryony, 663.
Bladderlocks, 720.
Bladder Senna, 527.
Blighia, 483.
Blimbing, 510.

Blood-root, 448.
Boehmeria, 636.

Bog-bean, 593.

Boletus, 716.

Bombaceae, 468.

Eombax, 469.

Bookum wood, 529.

Borage, 607.

Boraginaceze, 607.
Borago, 607.
Borassus, 684.

Boswellia, 523.

Botany Bay Kino, 553.
Botrytis, 715, 717.

Bourbon tea, 667.

3 f2

Bouza, 698.
Bowdichia, 529, 650.
Box, 645.

Brassica, 453.

Brassicaceae, 450.

Brayera, 510, 536, 643.
Brazil nuts, 554.
Brazil wood, 529.

Braziletto wood, 529.
Bread fruit, 640.

Brexiaceffi, 498.
Brocoli, 453.

Bromelia, 675.
Bromeliaceffi, 674.
Bromus, 697.
Broom, 526.

Brosimum, 639.
Broussonetia, 638.
Bruniaceffi, 559.
Brunoniacese, 584.
Bryaceae, 709.
Bryonia, 548.

Buchu, 502.
Buckthorn, 520.
Buckwheat, 621.
Bullace, 535.
Bulrush, 688.

Bunium, 562,
Bunchosia, 490.
Burmanniaceae, 667.
Bursera, 523.
Butcher's broom, 678.
Butea, 528.

Butomaceae, 686.
Butomus, 687.

Butter-tree, 478.
Butterwort, 616.
Buxus, 645.
Byrsonima, 489.

Byttneriacese, 470.

C.

Cabbage-bark, 528.
Cabbage Palm, 684.
Cabombacea, 443.
Cactaceie, 549.
Cadaba, 455,
CaesalpinieJB, 525, 529.
Caffre-bread, 662.
Cahoun nuts, 685,
Cajanus, 526.

Cajeput, 552.
Calabash, nutmeg, 440.
Caladium, 689.

Calaguala, 704.
Calamus, 685.

Calendula, 580.
Calla, 682.

Callitrichaceae, 641.
Callitris, 660.

Calophyllum, 478.
Calotropis, 595.

Calumba, 442.

CalycanthaceEB, 537.
Calycanthus, 537.
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Calyceraceae, 575.

Calyciflora;, 517, 658.

, analysis of, 565.

Camara nutmeg, 631.

Camassia, 677.

Camelina, 453.

Camellia, 476.
CamelliaceaB, 475.

Camomile, 579.

Campanula, 582.

Campanulaceas, 581.

Camphor, 630.

Camphora, 630.

Campylospermeas, 561.

Camwood, 531.

Canarium, 524.

Canary-grass, 697.

Cancer-root, 616.

Candle-tree, 614.

Canella, 498.

Canellaceae, 497.

Canes, 685.

Canna, 669.
Cannabinaceae, 637.

Cannabis, 6 57.

Capers, 455.

Capparese, 454.

Capparidaceae, 454.

Capparis, 455.

Capraria, 616.

Caprifoliaceae, 568.

Capsicums, 599.

Carambole, 510.

Carapa, 492.

Caraway, 562.

Cardamine, 452.

Cardamoms, 667.

Cardiospermum, 483.

Carduus, 580.

Carex, 694.

Careya, 555.

Carica, 545.

Carissa, 590.

Carludovica, 688.

Carnauba wax, 684.

Carob bean, 531.

Carolina pink, 591.

Carpinus, 650.

Carrageen, 721.

Carrot, 562.

Carthamus, 580.

Carum, 562.

Carya, 649.

Caryophyllacea;, 462.

Caryophylius, 553.

Carvocar, 481.

Caryota, 684.

Casca, 631.

Cashew-nut, 522.

Casimora, 494.

Cassava, 644.

Cassia, 524, 030.

Cassumunar, 668.

Cassylhaceac, 631

.

Castanea, 6;")0.

Castanospermum, 529.

Castor oil, 644.

Casuarina, 651.

Casuariiiaceae, 651.

Catechu, 531, 572, 684.

Catha, 518
Cauliflower, 453.
Cava, 625.

Ceanothus, 520.

Cecropia, 640.
Cedar, 660.

Cedrela, 491.

Ccdrelaceae, 491.

Cedrus, 660.

Celandine, 448.

Celastracese, 517.

Celastrus, 518.

Celery, 562.

Celosia, 622.

Celteje, 635.

Celtis, 635.

Centaury, 593.
Cephaelis, 571.

Cerasus, 535.

Ceratonia, 530.

Ceratophyllaceee, 641.

Ceropegia, 594.

Ceroxylon, 684.

Cetraria, 713.
Cevadilla, 679.
Ceylon moss, 721.
Chacha, 549.

Chailletia, 635.

Chailletiaceae, 635.

Chamaelauciaceaj, 554.

Chamcerops, 685.

Champignon, 716.

Characea2, 711.

Characters, 400.

Chaulmoogra, 546.

Chavica, 625.

Chay-root, 571.
Cheirostemon, 469.

Chelidonium, 448.

Chenopodiacea;, 6-22.

Chenopodium, 623.

Cherry, 535.

laurel, 535.

Chervil, 562.

Chestnut, 483.

Chian turpentine, 521.

Chica, 697.

Chicory. 580.
Chimaphila, .586.

Chinese grass-cloth, 637.

tallow, 643.

wax. 602.

Chiretta, 593.

Chive, 677.

Chlajnaceae, 474.

ChloranthaccEP, 626.

Chloranthus, 626.

Chlorosporeae, 718.
Chloroxylon, 491.

Chocolate, 471.

Chondrus, 721.
Chorisia, 469.

Chrysobalaneae, 534, 535.

Chrysobalanus, 535.

Chrysophyllum, 588.

Cibotium, 705.
Cicer, 526.

Cichoraceae, 577.

Cichorium, 580.

Cicuta, 563.

Cinchona, .571.

Cinchonaceaj, 570.

Cinchoneae, 570.

Cinnamodendron. 498.

Cinnamomum, 630.

Cinnamon, 630.

Cissampelos, 442.

Cissus, 496.

Cistacese, 455.

Cistus, 456.

Citron, 495.

Citronelle, 699.

CitruUus, 54a
Citrus, 494.

Cladonia, 713.

Classes, 399.

Claytonia, 543.

Clearing nut, 592.

Cleavers, 573.

Clematis, 43&
Clematidea2, 436.

Cleome, 455.

Cleomeai, 454.

Clove-bark, 631.

Clove-pink, 464.

Cloves, 553.

Club-moss, 708.

Club-rushes, 694.

Clusia, 478.

ClusiaccEB, 477.

Coca, 490.

Coccoloba, 621.

Cocculus, 442.

indicus, 442.

Cochlearia, 453.

Cochlospermum, 456.

Cocoa, 471.

Cocoa nut, 685.

plum, 535.

tree, 470.

Cocoes, 690.

Cocos, 685.

Codarium, 530.

Coelocline, 440.

Coelospermeae, 561.

Coffea, 571.
Coffeffi, 570.

Coffee, 571.

Coix, 697.

Colchicaceae, 678.

Colchicum, ff79.

Cole, 453.

Collomia, 597. ,

Colocasia, 689.

Colocynth, 548.

Coltsfoot, 579.

Columelliaceae, 573.

Colutca, 527.

Combretaceae, 557.

Combretum, 557.

Comfrey, 607.



Coramelynaceae, 680.
CompositcE, 575.
Comptonia, fi51.

Conessi bark, 591.
Confervoider, 7J8.
Conifers, 658.
Conium, 563.

Convolvulaceae, 595.
Convolvulus, 596.
Cookia, 494.
Copaiba, 530.
Copaifera, 530.
Copal, 530.
Copalche, 644.

bark, 592.
Copernicia, 684.
Coprosma, 571.
Coptis, 437.
Coquilla nuts, 685.
Corchorus, 473.
Cordia, 595.

Cordiaceas, 595.
Cordyceps, 717.
Corema, 645.
Coriander, 562.
Coriaria, 504.

Coriarieacese, 504.
Cornacese, 558.
Cornelian cherry, 559.
Cornus, 55y.
Corolliflorae, 568, 658.

, analysis of, 617.
Coronilla, 526, 527.
Correa, 502.
Corsican moss, 721.
Corylaceae, 649
Corylus, 650.
Corymbiferae, 577.
Corypha, 684.
Coscinium, 442.
Costus, 580.
Cotton, 467.

grass, 694.
Cotyledon, 542.
Cotyledones, 434.
Cowberry, 583.
Cowhage, 528.
Crambe, 454.
Cranberry, 583.
CrassulacccE, 541.
Crassuleffi, 541.
Cratfflyus, 537.
Cratoxylon,480.
Creasote plant, 506.
Crescentia, 613.
Crescentiacea?, 613.
Critiimuin, 562.
Crocus, 671.

Crotalaria, 467, 526.
Croton, 644.
Croton oil. 644.
Crowberry, 645.
Crozophora, 645.
Cruciferae, 450.

Cryptocarya, 631.

Cryptogamia, 703.
Cubeba, 626.

SYSTEMATIC BOTANY.

Cubebs, 626.

Cuckoo-flower, 452.
Cuckow.pint, 689.
Cucumber, 548.
Cucumis, 543.
Cucurbita, 548.
Cucurbitaces, 546.
CucurbiteEB, 547.
Cudbear, 713.
Cummin, 562.
Cunoniaceffi, 540.
Cupania, 483.
Cuphea, 538.

Cup-moss, 713.
Cupresseae, 659.
Cupressus, 660.
Cupulifera;, 649.
Curcas, 643.

Curcuma, 668.
Currant, 551.

Curvembryeee, 598.
Cuscus, 699.
Cuscutaceffi, 597.
Cusparia bark, 502.
Custard apple, 440.
Cycadaceaj, 661.
Cycas, 662.

Cyclamen, 604.

Cydonia, 537.
Cynanchum, 595.
Cynara, 580.

Cynarocephalffi, 577.
Cynomorium, 654.
Cyperaceffi, 693.
Cyperus, 694.
Cyphia, 582.
Cyril lacecB, 500.
Cyrtandreffi, 613.
Cytinaces, 654.
Cytinus, 655.
Cytisus, 526.
Cyttaria, 716.

803

D.

Dacrydium, 661-
Dactylis, 698.
Dalbergia, 528.
Dammara, 660.
Dammar pitch, 474.
Danffieffi, 703.
Dandelion, 581.
Daphne. 628.
Dates, 685.

Datisca, 634.
Datiscaceje, 634.
Datura, 601.
Daucus, 562.

Deadly nightshade,
Deals, 659.

Delphinium, 437.
Desmidieee, 719.
Desvauxiaceae, 692.
Deutzia, 551.

Dialium, 530.
Diainorphe£B, 541.

3f 3

Dianthus, 464.

Diapensiacea;, 592.
Diatomaceae, 718.
Diatomese, 718.
Dicentra, 450.

Diclines, 687.
, analysis of, 701.

Dicotyledones, 434, 658.
Dictamnus,502.
Dictyogenae, 662.

analysis of, 700.
Dicypellium, 631.
Dielytra, 450.
Digitalis, 616.
Dill, 562.

Dilleniacefe, 437.
Dillesk, 721.
Dimorphanthus, 565.
Dion, 662.

Dionffia, 460.

Dioscoreaceffi, 662.
Dioscorea, 663.;,

Diosmete, 501.

Diospyros, 587.
Diplazium, 704.
Diplecolobeffi. 452.
Dipsacaces, 574.
Dipsacus, 575.

Dipteracese, 473.
Dipterocarpus, 474.
Diptervx, 529.
Dirca, 628.
Discaria, 520.
Dittany, 502.
Divi-divi, 529.
Docks, 621.
Dodoncea, 483.
Dodoneee, 482.
Dog-wood bark, 559.
Dolichospermum, 720.
Dombeya, 470.
Dorstenia, 639.
Dracaena, 677.
Dragon tree, 677.
Dragon's blood, 528.
Drimys, 439.

Drop-wort, 563.

Droseraceas, 459.

Drupacea?, 534, 535.
Dry rot, 716.
Dryobalanops, 474.
Duchai hemp, 528.
Duguetia, 440.
Dulse, 721.
Durian, 469.
Durio, 469.
Durra, 697.
Durvilloea, 721.
Dutch rushes, 705.
Dyers' broom, 527.

East- Indian ebonv, 528
Ebenaceae, 586.
Ebon), 587.
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Ecbalium, 548.

Ed does, 690.

Egg apples, 599.

Egyptian bean, 446.—— soap-root, 464.

Ehretia, 608.

Ehretiaceae, 607.

EliBagnaceee, 628.

Elseagniis, 629.

Elasocarpeae, 472.
Elaeocarpus, 473.
Elaeococca, 643.

Elaeodendron, 518.

Elais, 685.

Elaphomyces, 716.

Elaphrium, 523.
Elaterium, 548.
Elatinaceffi, 461.
Elder, 570.

Elecampane, 579.

Elephants foot, 663,

Elettaria, 66<?.

Eleusine, 698.

Elm, 635.

Emblica, 645.

Empetraceaj, 645.

Empetrum, 645.

Encephalartos, 662.

Epacridacea;, 586.

Epigyna;, 546, 5G8, 665.

, analysis of, 617.

Epipetalae, 586.

, analysis of, 617.

Epiphegus, 616.

Equisetaceje, 705.

Equisetum, 705.

Ergot, 699, 717.
Ericaceae, 584.
Ericeae, 584.

Eriobotrya, 537.

Eriocaulaceae, 692.

Eriodeiidron, 469.

Eriophorum, 694.

Erodium, 512.

Ervum, 526.

Eryngium, 526.

Eryngo, 562.

Erythraea, .593.

Erythrophlcsum, .5.31.

Erythroxylaceae, 490.

Erythroxylon, 490.

Esralloniaceae, 551.

Escnbeckia, 502.

Eucalyptus, 553.

Eucheuma, 721.
Eugenia, 553.

Eulophia, 667,
Euonymus, 518.

Eupatorium, 626, 579.

Euphoria, 4f<.'3.

Euphorbia, 643.

Euphorbiaceai, 611.

p:uscai)his, 518.

Euterpe, 684.

Exidia, 717.

Exogonium, 59G.

Faba, 526.

Fabaceas, 524.

Fagopyrum, 621.

Fagus, 650.

Families, 398.

Fennel, 562.

Fern-root, 704.
Feronia, 494.

Ferula, 562.

Feuillaea, 548.

Ficoidecp, 543.

Ficus, 638.

Fig, 638.

Filbert, 650.
Filices, 703.
Flacourtiacese, 456.

Flakes, 464.

Flax, 508.
Florideae, 717.

Floridae, 665.

Flowering plants, 434.

Flowerless plants, 703.

Foeniculum, 562.

Fool's par.sley, 563.

Forbidden fruit, 495.

Foxglove, 616.

Fox-grapes, 497.

Fragaria, .536.

Francoa, 542.

Francoaceae, 542.

Frankeniaceae, 4G0.

Frasera, 593.

Fraxinus, 602.
French berries, 520.
Freziera, 476.
Fuchsia, 556.

Fucoideae, 717.

Fucus, 720.

Fumariaceae, 448.
Fundi, 698.

Fungi. 714.

edible, 714, 715.

poisonous, 714, 715.

Fungus melitensis, 654.

Fusanus, 647.

Fustic, 638.

Fustic, young, 521.

Galactodendron, 639.

Galbanum, 563.

Galiacea?, 572.

Galium, 573.

Galipea, 502.

Galls, 651.

Gambler, 572.

Gamboge, 478.

Garcinia, 478.

Garden cress, 453.

Orach, 623.
Gardeni.i, 572.
Garlic, 677.

Garryacca;, 648.

Gelidium, 721.
Gelose,719, 721.

Genera, 397.

Genipap, 572,

Genista, .527.

Gentian, 593.

Gentiana, 593.

Gentianaceas, 592.
Gentiane», 593.
Geoftroya, 529.

Geraniaceffi, 511.
Geranium, 512.

Geranium oil, 699.

German millet, 698.

Gesneraceae, 613.

Gesnereae, 613,
Geum, 5:36.

Gigartina, 721.

Gillenia, 536.
Gilliesiaceae, 679.
Ginger, 668.
Ginseng, 564.

Glaphyria, 553.

Globularia, 612.

Glumaceae, 693.

, analysis of, 702.
Glycyrrhiza, 527.
Gnetacea;, 661.

Goitre-sticks, 721.

Gold of Pleasure, 453.

Gold Thread, 437.
Gomphia, 504.

Gomphocarpus, 594.
Gompholobium, 526.

Goodeniaceas, 583.

Gooseberry, 551.

Gopher Wood, 660.

Gordonia, 476,

Gossvpium, 467.
Gouania, 520.
Gourds, 548.
Gracilaria, 721.

Grains of Paradise, 667.

Graminaiea?, 695.

Granadillas, 544.

Grapes, 496.

Grass oils, 699.
Grass-trees, 677.
Graliola, 616.

Green Hellebore, 679.

Greens, 453.
Grevvia, 473.

Grislea, 538.

Groats, 698.

Grossulariacoa?, 5.50.

Ground Liverwort, 71S.

Nut, 527.

Guai.icum, 507.

Gualtheria, 585.

Guarana, 4^.
(Juarea, 492.

Guavas, 553^
Guazuma, 470.

Guelder-rose, 569.

Gucttarda, 571,

Ouit)ourti{i, MO.
Guilandina, 529.
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Guimauve, 467.

Guinea Corn, 697.

Guizotia, 579.

Gulf Weed, 721.

Gum Anime, 530.

Arabic, 531.

Dragon, 527.

Juniper, 660.

Kuteera, 456, 470.

trees, 553.

Gunnera, 565.
Gustavia, 555.

Gutta Percha, 588.

Guttiferae, 477.

Gymnema, 595.

Gymnospermia, 658-

, analysis of, 662.
Gynerium, 698.
Gypsophila, 464.

Gyrophora, 713.

Gyrostemonese, 625.

H.

Halidrys, 721.
Haemodoraceae, 673.
Hzemodorum, 674.

Haloragaceae, 556.

Haloscias, 562.

HEemanthus, 673.

Hcematoxylon, 529.

Hamamelidaceae, 559.

Hamamelis, 559.

Hancornia, 590.
Hand-plant, 469. '

Haricots, 526.

Hawthorn, 537.
Hazel, 650.

Hebradendron, 478.
Hedeoma, 611.

Hedera, 565.

Hedge Hyssop, 616.
Heisteria, 499.

Helianthus, 579.
Helicterese, 468.

Heliotropium, 608.

Helleboreae, 436.

Helleborus, 437.
Helosciadum, 562.

Helwingia, fttS.

Helwingiacese, 648.

Heraidesmus, 594,

Hemlock, 563.
Hemp. 637.

Henbane, 601.
Henna, 538.
HensloviaceJB. 540.
Hen-ware, 720.

Hepaticaceae, 709.
Heuchera, 540.
Hibisccce, 466.
Hibiscus, 467.
Hickory, 649.

Hippocastaneas, 482.
Hippocratea, 489.

Hippocrateaceae, 488.

Hippomane, 643.
Hippophae, 629.

Hog-gum, 521.

nut, 649.

plums, 522.

Holcus, 697.

Holigarna, 522.

Hollv, 587.

Hollyhock, 466.
Homaliacese, 549.
Hop, 637.

Hordeum, 699.
Horehound, 611.

Hornbeam, 650.

Horse-chestnut, 483.

Horse-radish, 453.
Hovenia, 520.

Humiriaceae, 500
Humirium, 500.
Humulus, 637.

Huon Pine, 661.

Hya-hya, 5y0.\

Hydnocarpus, 546.

Hydnora, 655.

Hydrangea, 540.

Hvdrangeacees, 540.
Hydrastis, 436.

Hydrocharidaces, 691.

Hydrocotyle, 563.

Hydrophyllaceae, 606.

Hymenaa, 474, 530.

Hyoscyamus, fiOl.

Hypericacese, 478.

Hypogynae, 675.

Hyphaene, 685.
Hypostamineae, 584.

analysis of, 617.

Hypoxidaceae, 673.

I.

Icacinaceje, 499.

Ice plant, 544.

Iceland moss, 713.

Icica, .523.

Ignatia, 591.
Ilex, 581.

Illecebraceje, 542.

Illicium, 439.

India rubber, 643.

Indian bael, 494.
. bread, 716.

cress, 513.

heinp, 697.

millet, 608.

. sarsaparilla, 594
teak, 611

tobacco, 582.

;

Indigo, 527.

Indigofera, 527.

Inocarpus, 628.

Inula, 579.

lonidium, 4.58.

Ipecacuanha, 571.

, annulated, 571.

, striated, 571.

3f4

Ipecacuanha, undulated,
571.

woody, 458.

Ipomaea, 596.

Iridaceze, 670.

Iridaea, 721.
Iris, 671.

Irish moss, 721.
I satis, 453.
Isonandra, 588.
Italian millet, 698.
Ivy, 565.

Jacaranda, 614.
Jack-fruit, 640.
Jaggery, 684.
Jalap, 596.

Janipha, 644.
Japan Lacquer, 522.

sago, 662.

Japanese pepper, 503.
wax, .522.

Jasminaceffi, 602.
Jasminum, 603.

Jateorhiza, 442,
Jatropha, 643.
Jew's ear, 717.
Jew's mallow, 473.
Job's tears, 697.
Juglandaceje, 648.
Juglans, 648.

Jujube, 420.

Juncacese, 681.
Juncaginaceae, 686.

Jungermanniaceae, 710.
Juniper, 660.

Juniperus, 660.

Jussieea, 556.

Jute. 473.

Kalmia, 585.
Kamala, 644.
Kawrie Pine, 660.

Khat, 518.

Kielmeyera, 476.
Kino, 528.

Kohl-rabi, 453.

Kokum- butter, 478.
Kola-nuts, 469.

Kousso, 536.
Krameria, 486.

Krameriaceae, 486.

Kukui oil, 643.

Kumquat, 495.

Kuteera, 456, 470.

L.

Labiatse, 608.
Labiati flora, 578, 580.

Labrador tea, 585.

Lace-bark, 628.
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Lachnanthes, 674.

LacistomaceJB, 634.

Lactuca, 581.

Ladanum, 456.
Lagenaria, 548.

Lagerstromia, 538,

Lagetta, 628.

Lamb's lettuce, 574.

Lamiace^, 608.

Laminaria, 720.
Laiice-wood, 440.
Langsat, 492.

Langsdorffia, 654.
Lansium, 492.
Lantana, 611.
Larch, 659.

Lardizabalacese, 440.

Larrea, 506.

Lathyrus, 526.
Lauraceas, 629.

Laurel, 631.

Laurelia, 632.
Laurencia, 721.
Laurus, 631.

Lavandula, 610.

Lavender. 610.
Laver, 721.

Lawsonia, 538.
Lecanora, 713.
Lecythidacea?, 553'

Lecythis, 554.

Ledum, 585.

Leek, 677.

Leguminosae, 524.

Lemnaceae, 690.

Lemon, 495.

Lemon-grass oil, 699.

LentibuTariaceae, 616.
Lentils, 526.

Leontodon, 581.
Leopoldinia, 684.
Lepidium, 453.

Lepidostachys, 645.

Leptospermeje, 552.

Leptospermum, 553.

Lei)urandra, G39.

Lettuce, .OSl.

Lcucopogon, 586.

Lcvisticum, 562.

Lewisia, 5+4.

Lichents, 712.

Lignum vitae, 5!)7.

Liguliflorae, 578, 580.
Lilac, 602.

Liliacea;, 67.5.

Lilium, 677.
Lime, 495.

Lime tree, 473.

Limnanthacea;, 513.
Linacex, 507.

Ling, !)51.

Linseed, 5C8.

Linum, 508.

Lippia, 611.

Liquidambar, 652.

Liquid camphor, 474.

storax, 652.

Liquorice, 527.
Liriodendron, 4J9.
Lissanthe, S8Wi
Litchi, 483.
Litmus, 714.
Liverworts, 709.

Loasaceae, 549.
Lobelia, 582.

Lobeliaceae, 582.

Locust-wood, 530.

Locust-tree, 527.

Loganiacese, 591.

Logwood, 529.
Lo-kao, 520.

Lolium, 697.

Loraentaceas, 452.
Longan, 483.

Loosestrife, 538.
Lophiraceae, 474.
Lophophytura, 654.

Loquat, 537-

Loranthaceas, 647.

Loranthus, 648.

Lotus, 446, 520.

Lotus-tree, 490.
Lovage, 562.

Lucuma, 588.

Luhea, 473.
Luffa, 548.
Lung-wort, 713.
Lycoperdon, 716.
Lycopersicon, 599.

Lycopodiaceae. 707.

Lycopodium, 708.
Lythracea;, 537.
Lythrum, 538.

M.

Mace, 633.
Madura, 638.

Macropiper, 625.

Macropthalma, 638.

Madder, 573,
Magnolia, 439.

Magnoliacea;, 438.
Magnoliea;, 438.

Mahogany, 491.

Maiden-hair, 704,
Maize, 697.
Mnjorana, 610.

Malachra, 467.
Malambo Bark, 644.

Malasherbiacea?, 544.

Mallow, 466.

Malpighia, 489.

Malpighiaccae, 489.

Malva, 466.

Malvacea?, 464.
Malvejc, 466.
Mammea, 478.

Manohineel, 643.
Mandragora, 601.
Mandrake, 548, 601.
Mangifcra, 522.
Mango, 522.

Mangold Wurzel, 623.
Mangosteen, 478.
Mangrove, 558, 612.
Manihot, 644.

Manilla Elemi, 521.
hemp, 670.

Manna of the Israelites,

528, 713.

Maple, 488.

Maple sugar, 488.
Maranta, 669.

Marantaceee, 669.
Marattia, 704.
Marcgravia, 480.
Marcgraviacese, 480.
Marchantia, 711.
Marchantiaceee, 710.
Marking Xut, 522.
Marigold, 580.

Marjoram, 611.
Marrubium, 611.
Marsdenia, 595.

Marsh- Mallow, 466.
Marsileaceas, 706.

Mastic, 521.

Matico, 579, 626.

Matricaria, 586.

Mauritia, 684.

Mayaceae, 680.

May Apple, 437.
'

Meadow saffron, 679.
Meadow-sweet, 536.
Medicago, 526.

Melaleuca, 552.
Melampyrum, 615.
Melanorrhcea, 522.
Melanosporeje, 717.
Melanthaceee, 678.
Melastoma, 555.

Melastomaceae, 555.
Melia, 492.
Meliaceae, 491.
Melianthus, 507.

Melilotus, 526, 527.
Melio&meae, 482.

Melissa, 611.
Melloca, 624.

Melocactus, 550.
Melon, 548.

Memccylon, 555.

Menispermaceae, 441.
'

Mentha. 610.

Mcntzelia, 549.

Menyanthese, 593.

Mcnyanthes, 593.

Mcrulius, 716.

Mcsembryaceac, 543.

Mesembryanthemum, 544.

Mescmbryea?, 543.

Mespilodaphne, 031.

Mespilus, 537.
Mesua, 478.

Metrosideros, 553.
Meum, 562.

Mexican Klenii, 523.
tea, (1-23.

thistle, 448.
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Mezereon, 628.

Micromeria, 611.

Mignonette, 455.

Mikania, 579.
Milde** 717.
Millet, 698.

beer, 698
Milnea, 492.

Mimoseee, 525, 531.

Mimusops, 588.
Mints, 610.

Mirabilis, 622.

Mishmee bitter, 437.

Mistletoe, 648
MollugineEe, 463.

Molucca berries, 473.

Monarda, 611.

Monimiaceee, 632.

Monkshood, 437.

Monkey apple, 478.—— pot, 554.

Monnina, 486.

Monochlamydeae, 620.

, analysis of, 655.

Monocotyledones, 662.

, analysis of, 700.
Monodora, 440.

MonotropaceJE, 585.

Mora wood, 530.
Moracese, 638.

Morchella, 716.

Morel, 716.

Morinda, 571.
Morin^a, 532.

Moringace£e, 531.

Morus, 638.
Mount Sinai Manna, 461.

Mountain Damson, 506.

tea, 585.

Mucor, 717.

Mucuna, 528.

Mudar bark, 595.

Mulberry, 638.
. paper, 638.

Mulleins, 615.

Munjeet, 573.
Musa, 670.

Musaceffi, 669.

Musci, 708.

Mushroom, 715.

Mustard, 453.

Mylitta, 7 16.

MyoporaceEB, 612.

Myrica, 651.
Myricaceas, 651.

Myricaria, 461.
Myristica, 633.

MyristicacecB, 632.

Myrobalans, 557.

Myrospermum, 529.
Myrrh. 523.

Myrsinaceee, 603.

Myrsine, 603.

Myrtaceee, 552.

Myrteee, 552.

Myrtle, 553.

Myrtus, 553.

Nag-kassaf, 478.
Naiadaceae, 690.

Nardostachys, 574.

Nasturtium, 452, 513.
Native bread, 716.
Nauclea, 572.

Xeb-neb,531.
Nectarine, 535.
Nectandra, 631.

Neem-tree, 492.
Nelumbiaceae, 445.
Nelumbium, 446.
Nepenthaceas, 645.

Nephelium, 483.
Nephrodium, 704.
Nerium, 590.
Nettle, 636.

New Jersey tea, 520.
New Zealand flax, 677-
Nhandirobeee, 547.

Nicker tree, 529.
Nicotiana, 600.
Nigella, 437.

Niger seeds, 579.
Nipa, 687.
Nitraria, 490.

Nolanaceee, 608,

Nomenclature, 400.
Nostoc, 721.

Notorhizeae, 452.

Nucumentacea?, 450.

Nutmegs, 633.

, Brazilian, 6S1.

, Calabash, 440.

, Camara, 631.

, Clove, 631.

, Long, 633.

Nux-vomica, 591.

Nyctaginaceae, 621.

Nyctanthes, 603.

Nymphaeacese, 444.

Nyssa, 558.

Oaks, 65a
Oat. 698.

CEnanthe, 562, 563.

CEnothera, 556.

Ochnaceae, 503.

Ochro, 466.

Ochroma, 469.
Ocotea, 631.

Ocymum, 610.
Ogechee Lime, 558.

Oidium, 717.
Olacaceee, 499.

Olax, 499.

Oldenlandia, 571.
Oldfieldia, 645.

Olea, 602.

Oleaceae, 601.

Oleander, 590.

Olibanum, 523.

Olive, 602.''

Ombrophytum, 654.
Omphalea, 643.

Omphalobium, 522.
Onagracete, 556.

Oncoba, 457.

Onions, 677.

Onobrychis, 526.

Onopordum, 580.
Ophelia, 593.

Ophiocaryon, 483.
Ophioglofseas, 703.

Ophioglossum, 705.

Opium Poppy, 448.

Opoponax, 563.

Orange, 494.

Orchella Weeds, 713.

Orchidaceae, 665.

Orchis.6iS7

Ordeal bean, 526.

Orders, 3S8.

Oreodaphne, 631.

Origanum, 610, 611.
Orobanchaceae, 616.

Orobus, 527-

Orontiacese, 682.

Orris, 671.

Orthoploceae, 452.

Orthos[)erme£e, 561.

Oryza, 697.

Ostrya, 650.

Oswego tea, 611.
Oxalidacese, 500.

Oxalis, 510.

Oxleya, 491.

Oxvcoccus, 583.

Oyster plant, 581.

P.

Pachyma, 716.
Pakoe Kidaiig, 705.
Palmaceae, 682.
Palmella, 720.

Palm oil, 685.
Palms, 682.

Palo de Vaca, 639.
Pampas-grass, 698.
Panax, 564.

Pandanaceae, 687.
Pandanus, 687.
Pangiaceae, .546.

Pangium, 546.
Panicum, 698.
Papaver, 448.
Papaveraceffi, 446.
Papayaces, 545.
Papaw, 545.

Papilionaceae, 525, 526.

, nutritious, 526.
, poisonous, 526.

Papyrus, 695.

Paraguay tea, 587.
Parietaria, 637.

Parinarium, 535.

Parkinsonia, 529.
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Parmelia, 713.

Parmcntiera, 613
Paronychiaceae, 542.

Paropsis, 544.

Parsley, 562.

Parsley Piert, 536.
Parsnip, 562.

Partridge Wood, 499. 528.
Passiflora, 544.

PassifloracefP, 544.
Paspalum, 698.

Pastinaca, 562.

Patchouly, 610.

Paullinia, 483.
Pavonia, 467.

Peach, 535.

Peach-wood, 529.
Pear, 537.
Peas, 526.

Peccan-nut,'649.
Pedaliaceee, 612.

Peganum, 506
Pekea, 4S1.

Pelargonium, 512.
Pellitory, .'580.

Peltidea, 713.
Peltigera, 713.

Penseaceae, 629.

Penawar Jambie, 705.
Penicillaria, 698.

Penicillium, 717.
Pennisetum, fi98.

Penny-royal, 610.

Pentadesma, 478.

Pepper-dulse, 721.

Peppers, 625, 626.

Pcrigvnae, 517.

Persea, 631.

Persian berries, 550.

Persimmon, .587.

Petaloidea?, 665.

, analysis of, 700.

Petiveria, 625.

Petiveriacca;, 624.

Petroselinum, 562.

Petty rice, 623.

Phalaris, 697.

Phanerogamia, 434.

Pharbitis, 597.

Phascolus, 526.

PhiladelphaceiJP, 551.

Philadelphus, .)51.

Philesiaccse, Gdi.

Philydracea?, 681.

Phcenix, 685.

Phormium, 677.

Physalis, 599.

Physic nuts, 643.

Phytelephas, 685.

Phytocrenacea", 640.

I'hytocrcne, (rV).

I'hytolaixa, 62 1-.

Phvtolaccacea;, 624.

I'iassaha, 6H4.

Pichurim boans, 631.

Picotecs, 464.

Picrasma, 505.

Pigfaces, 544.

Pig-nuts, 562.

Pimenta, 553.

Pimpinella, 562.

Pinaceae, 658.

Pine-ai)ple, 675.

Pine woods, 659.

Pine wool, 659.

Piney resin, 474.

Pinguicula, 616.

Pin us, 659.

Piper jethiopicum, 439.

nigrum, 626.

Piperaceae, 625.

Pipi-pipi, 529.

Piratinera, 639.

Piscidia, 526.

Pistacia, 521.

Pistacia-nut, 521.

Pistiaceffi, 690.

Pisum, 526.

Pita hemp, 673.

Pittosporaceje, 497.

Plantaginaceae, 606.

Plantago, 606.

Plantain, 670.

Platanaceae, 640,

Pleurorhizeac, 452.

Plocaria, 721.

Plum, 535.

Flumbaginaceie, 605.

Plumbago, 605.

Poa, 698.

Podocarpus, 631.

Podophyllum, 437.

PodoslemaceiE, 627.

Pogostemon, 610.

Poinciana, 529.

Poison-oak, 521.
Poke, 624.

Polanisia, 455.

Polemoniaceae, 597.

Polygala, 486.

Polygal aceas, 484.

Polygonaceae, 620.

Polygonatum, 678.

Polygonum, 621.

Polypodieas, 703.

Polypodium, 704.

Polvporus, 716.

Pomeae, 534, 537.

Pomegranate, 5'iS.

Pompclmoose, 495.

Pontuderaceaj, 679.

Poplar, 653.
Popjjy, 448.

Populus, 653,

Porphyra, 721.

Portland sago, 689.

Portugal laurel, 5J6.

Portulaca, 543.

Portulacacea;, 542.

Potato, 5'J9.

Potcntilla, 536.

Prangos, 562.

Prayer-beads, £28.

Prickly ash, 503.

Prickly pear, 550.

Primula, 604.
Primulaceee, 604.

Prinos. 587.

Prosopis, 531.

Protea, 629.

Proteaceje, 629.

Protococcus, 720. ,

Prunus, 535.

Psidium, 559.

Psoralea, 527.

Psvchotria, 571.

Ptelea, 503.

Pteris, 704.
Pterocarpus, 528.

Pterospermum, 470.
Puccinia, 717.

Purcoon, 448.

Pulas cordage, 528.
Pulque, 673.
Pulu, 705
Pumpkin, 548.

Punica, 553.

Punneeria, 599.
Pupli, 520.

Purple wood, 530.

Puffhalls, 716.

PyrolaceiE, 585.

Pyrus, 537.

Quadrang nut, 647.
Quamash, 677.
Quassia, 505.

Quercitron, 650.
Quercus, 650.

Quillaia, 536.
Quill-wort, 707.
Quince, 537.

Quinoa, 623.

R.

Races, 395.
Racine am&re, 544.
Radish, 454.

Raisins, 496.

Rambutan, 483.

Ranunculacea^, 434.
Uanunculea?, 436.

Ranunculus, 436.

Rai)e, 453.

Raphanus, 454.

Raspberry, 536.
Ravcnala, 670.
Ravensara nut, 631.

Koauinuria, 480.

Kcaumuriacca;, 480.

Ui'cteinbryoae. .'5!>S.

Ui'd sandal wootl, 531.

Kofd, f.IIS.

Uoindcer moss, 713.]

Kescda, 455.

Rcscdaccse, 455.
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Restiacea, 692.

Rhamnacese, 519.
Rhamnus, 5:20.

Rhatany, 486.

Rhea fibre, 636.
Rheum, 621.

Rhinaiithus, 615.
Rhizantheffi, 653.

Rhizobolaceae, 480.
Rhizogens, 653.

, analysis of, 657.
Rhizophora, 558.
Rhizophoraceas, 557.
Rhodiola, 5-12.

Rhododendres, 584.
Rhododendron, 585.
Rhodoleia, 539.

Rhodomenia, 721.
Rhodoriza, 596.
Rhodosporeas, 58i.
Rhubarbs, 621.
Rhus, 521.

Ribes, 551.

Rice, 697.

paper, 565.
Ricciaceae, 711.

Richardsonia, 571.
Ricinus, 644.

Ripogonum, 664.
Robinia 527.

Rocambole, 6/7.
Roccella, 713.

Rohuna-tree, 491.

Rosa, 536.

Rosaceae, 533.
Rose, 536.

Rose of Jericho, 453.
Rose-apples, 553.

Roses, 534, 536.
Rosemary, 610,
Rosewood, 528.
Rosmarinus, 610.
Rottlera, 644.
Roupellia, 591.
Roxburgh iaceas, 664.
Rubia, 573.
Rubus, 536.
Rue, 502.

Rueliia, 614.
Rumex, 621.
Ruscus, 678.
Rushes. 682.
Ruta, 502.

Rutaceae, 501.
Ruteae, 501.
Rye, 699.

S.

Sabbatia, 59-3.

Sabiaceffi, 522.
Sabicu, 531.

Saccharum, 699.
Sack tree, 639.
Safflower, 580.
Saffron, 671.

Sagapenum, 563.

Sage, 610.
Sageretia, 520.
Sago, 684.

Saguerus, 684.

Sagus, 684.

St. Ignatius's beans, 591.
St. John's bread, 531.
Salep, 667.
Salicaceae, 653.

Salicornia, 623.
Salix, 653.

Salmalia, 469.

Salsafy, 581.
Salsola, 623.

Salvadora, 603.

Salvadoraceae, 603,
Salvia, 610.

Sambucus, 570.

Samphire, 562.
Samydacea?, G34.

Sandal wood, 647.

Sanguinaria, 448.

Sanguisorbeae, 534, 536.

Sanseviera, 677.

Santa Fe tea, 589.
Santalaceas, 647.

Santalum, 647.

Sap-green, 520.

Sapindaces, 481.

Sapindeffi, 482.

Sapindus, 483.

Saponaria, 46-3.

Sapotacese, 587.
Sappan-wood, 529.

'

Sapodilla plum, 588.
Sapucaya-nuts, 554.
Sarcinula, 720.

Sarcocephalus, 572.

Sarcocolla, 629.

Sargassum, 721.

Sarothamnus, 526.

Sarraceniacese, 446.

Sarsaparilla, 664.

Sassafras, 631.

nuts, 631.

Sassy tree, 531.

Satureja, 610.
Saururaceae, 626.
Sauvagesia, 459.

Sauvagesiaceae, 459.
Savory, 610.

SaxifragacecB, 539.
Scabiosa, 575.

Scffivola, 583.

Scammony, 596.
Scepacesel 645.

Schizandracese, 440.
Schmidelia, 483.
Scirpus, 694.

Scleranthacese, 624.

Scorzonera, 581.

Scrophularia, 615.

Scrophulariaceae, 614.

Scurvy-grass, 453.

Scyphophorus, 713.

Scythian Lamb, 705.

Sea-buckthorn, 629.

Sea-kale, 454.

Sea-tape, 720.

Sea-wrack, 691, 720.
Seaside-grape, 621.
Secale, 699.

Sechium, 549.
Sedum, 542.
Selaginaceje, 612.
Semecarpus, 522.
Semen contra, 580.
Semina cataputiae, 643,
Senega snake-root, 486.
Senna, 529.
Septulatae, 452.

Serpentary root, 646.
Service tree, 537.
Sesamum, 613.
Sesuvese, 543.
Setaria, 6P8.

Shad-berry, 537
Shaddock, 495.

Shallot, 677.
Shamrock, 510.
Shanghae oil, 453.

Shola, 528.

Shorea, 474.
Siceae, 547.
Sida, 467.
Sideae, 466.

Silenea^, 463.
Siliculosse, 450.
Siliquosse, 4.50.

Silk.cotton. 469.
Simaba, 505.

Simaruba, 505.

Simarubaceae, 505.
Sinapis, 453.
Singhara nut, 557.
Siphonia, 643.
Slum, 562.

Skirret, 562.
Skunk cabbage, 682.

Sloe, 535.
Stoke, 721.

Smilacese, 663.
Smilax, 664.

Smyrnium, 562.
Snake-nut, 483.

Snake-wood, 639.
Sobralia, 667.

Soja, 528.

Solanaceae, 598.
Solanum, 599-

Solenostemma, 595.
Solly a, 497.

Solomon's seal, 678.
Sophora, 529.
Sorghum, 697.
Sorrel, 621.

Souari-nut, 481.
Soulamea, 486.

Sour-sop, 440.
Soy, 528.
Soymida,491.
Spanish chestnut, 650.
Species, S94.

Specularia, 582.
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Spelt, G99.

Sphaeria, 717.

Sphaerococcus, 721.
SpliEerostema, 441.

Sphagnum, 709.

Spigelia, 591.
Spikenard oil, 699.
Spinacia, fi23.

Spinage, 623.

Spindle-tree, 518.
Spiraea, 536.
Spirolobeae, 452.

Spondias, 522.

Sport, 396.

Sprat, 699.

Spruce firs, 659.
Squill, 677.

Stachys, 610.
Stachytarpha, 611.
Stackhousiaccie, 518.
Stagmaria, 522.
Staph y lea, 518.
Staphyleaceae, 518.
Star-anise, 439.
Star-apoles, 588.
Statice,"605.

Staves-acre, 437.
Stellatfe, 572.
Sterculia, 469.

Sterculiacea?, 468.
Sterculieae, 468.
Sticta, 713.

Stilaginaceae, 640.
Stilbace£B, 592.
Stillingia, 643.
Stipa, 698.

Stonecrop, 542.
Storax, 589.
Stravadium, 554.
Strawberry, 536.

Stringy-bark tree, 553.
Strychnos,591.
Stylidiacea, .583.

Styracacea;, 588.
Styrax, .%9.

Sub-genus, 398.
Sub-orders, 398.

Sub-tribes, 399.
Sugar cane, 699.
Sumach, 521.
Sumatra camphor, 474.
Sumbul, 562, 573.
Sun-dew, 460.

Sunflower, 579.
Sunn, 526.

Sunnee hemp, 467.
Surianacea?, (r24.

Surinam bark, 528.
medlar, .088.

Swamp rice, 697.
sassafras, 439.

Sweet bay, fi31.

rem, i\5l.

flag, 682.
Potato, .096.

William, 461.

Swietenia, 491.

Sycamore, 488.

Sycamorus, 639.
Symbols, 402.

Symphytum, 607.

Symplocarpus, 682.

Symplocos, 589.

Syringa, 551, 602.

System of
De Candolle, 421.

Endlicher, 423.

Jussieu, 419.
Lindley, 425.

Linnajus, 407.
this Manual, 431.

Systems artificial, 406.

, comparison of, 430.
natural, 416.

of classification, 403.

T.

Tabernaemontana, 590.

Tacamahac, 523.

Tacca, 674.

TaccaceaD, 674.

Tacsonia, 544.

Tahiti arrow-root, 674.

Tallicoonah,492.
Tamaricacese, 460.

Tamarind, 530.

Tamarind plum, 530.

Tamarindus, 530.

Tamarix, 461.

Tamus, 663.

Tanacetum, 530.

Tangle, 720.

Tanghinia, 590.
Tansy, 580,
Tapioca, 644.

Tara, 690.

Taraxacum, 581.
Tares, 526.
Tasmannia, 439.

Taxacea;. 660.

Taxus, 661.

Tea, 476.

Teak-tree, Gil, 645.

Teazel, 57-0.

Tectona, 611.

Teel oil, 613.

Telfaria, 548.

Tephrosia, 526, 527.
Terminalia, 557.

Ternstrcemiaceae, 475.

Terra Japanica, .072.

Testudiuaria, 663.

Tetilla, .042.

Tetragonea;, 543.

Tetragonia, 544.

Thalamifloric, 434. 658.

, analysis of, 513.

Thallogenaj, 712.

, analysis of, 721.

'I'histles, .WO.

Theobroma, 471.

Theophrasta, 603.

Thorn-apple, 601.
Thrift, 605.

Thyme, 610.

Thymelaceae, 627.

Thymus, 610.
Ticorea, 502.
Tilia-, 473.

Tiliaceffi, 471.
Tiliea;, 472.

Tillandsia, 675:
Tobacco, 600.
Toddalia, 503.
Toddy, 684.

Tomatoes, 599.
Tonquin beans, 529.
Tontelea, 489.
Toon or Jeea-wood, 491

.

Tooth-ache tree, 565.
Tormentilla, 536.

Tortoise wood, 571.
Tous les mois, 669.

Tragacanth, 527.

Tragopogon, 581.
Trapa, 557.
Tree of long life, 553.
Tree-beard, 675.

Tremaridraceae, 487.
Tribes, 399.

Tribulus, 506.

Trichilia, 492.
Trichodesmium, 720.
Trichosanthes, 549.
Tril'olium, 526.

Trigonella, 527.
Trilliaceae, 664.

Triosteum, 569.
Tripe de roche, 713.

Triptolomoea, 528.

Triticum, 698.

Triumfetta, 473.
TriuridaceiB, 691.

Tropasolacese, 512.

Tropa;olum, 513.

Truffles, 716.

Tuber, 716.

Tubuliflor«, 578,579.
Tulip-tree, 439.
Turmeric, 667.

African, 669.

Turneraccae, 545.

Turnip, 453.

Turnsole, 64;j.

Turpentine, 659.

Tui)a, 582.

Tussac-grass, 698.

Tussilago, 579.

Typha, (W8.

Typhacea;, (588.

U.

Ullucus, 624.

Ullmacea?, (\35.

\J\n\i.>w, Ci35.

Ulmus, 635.

Ulva, 721.
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Umbelliferae, 560.
Umiri balsam, 500.
Uncaria, 573.

Uncomocomo, 7C5.
Unona, 440.

Upas. 639.

Urceola, 590.
Uredo, 717.
Urginea, 677.

Urostigma, 638.
Urtica, 636.

Urticaceae, 635.

Uvaria, 440.

Uvularia, 679.

Vaccaria, 463.
Vacciniacese, 583.

Vaccinium, 583.
Vahea. 590.

Valerian, 574.
Valerianaceae, 573.
Valerianella, 574.
Vallea, 473.

Valonia, 650.

Vanilla, 667-

Varieties, 395.

, permanent, 395.
VarioJaria, 713.

Varronia, 595.
Vateria, 474.

Vegetable Ethiops, 720.

ivory, 685.
—^ marrow, 548.

silk, 469.
Velvet Tamarinds, 530.
Ventilago, 520.
Veratrum, 679.

Verbascum, 615.
Verbena, 611.
Verbenaceae, 611.
Verbesina, 579.

Vernonia, 579.
Veronica, 616.

Vetches, 526.
Viburnum, 569.

Vicia, 526.

Victoria, 445.

water-lily 445.
Vine fungus, 717.
Vinegar-plant, 717.
Viola, 458.
Violacese, 457. ',

Vioieaa, 458.

Violet, 458.
Virginian creeper, 496.
ViscaceEB, 647.
Viscum, 648.

Vismia, 479.
Vitaceae, 495.
Vitex, 612.
Vitis, 496.

Vittie-vayr, 699.

Vivianiacese, 464.
Voandzea, 528.

Vochysiaceae, 519.

Volvocineje, 719.

W.

Wai-fa, 529.

Walnut, 648.

Waltheria, 470.

Wampee-fruit, 494.

Wanzey, 595.

Water-chestnut, 557.

cress, 452.

hemlock, 563.
—— maize, 445.

melon, 548.

Wax myrtle, 651.
Weld, 455.

Wheat, 698.
White hellebore, 679.

bryony, 548.

mangrove, 612.
Whortleberry, 583.

Wild apricot, 478.

ginger, 646.

Indigo, 526.

liquorice, 528.

senna, 528, 612.

Willow, 653.

Winter cherry, 599.

green, 586.

Wintereas, 438.

Winter's bark, 439.

VVoad, 453.

Wood-apple, 494.

oil, 474.

sorrel, 510.

Woody ipecacuanha, 458—- nightshade, 599.
Woorali poison, 592.

Wormseed 580, 623.

Wormwood, 580.

Wrightia, 591.

Xanthorrhiza, 437.
Xanthorrhcea, 677.

Xanthoxvlaceae, 502.

,

Xanthoxylon, 503.
Ximenia, 499.
Xylopia, 439.

Xyridaceae, 680.
Xyris, 681.

Y.

Yams, 663,
Yeast-plant, 717.
Yellow-root, 43d
Yew, 661.

Yucca, 677.

Zamia, 662.

Zea, 697.
Zebra-wood, 571.

Zedoary, 667.

Zerumbet, 667.
Zingiber, 668.

Zingiberaceae, 667.
Zizania, 697,
Zizyphus, 520,
Zostera, 691.

Zosteraceae, 691.

Zygophyllaceee, 506.
Zygophyllum, 506.

THE END.
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